Asset Pricing with Disequilibrium Price Adjustment: Theory and Empirical Evidence*
Cheng-Few Leea
Distinguished Professor of Finance, Rutgers University, USA

Janice H. Levin Building

Piscataway, NJ 08854-8054

E-mail: lee@business.rutgers.edu

Phone 732-445-3907

Fax 732-445-5927

Chiung-Min Tsai

Central Bank of China

Department of Foreign Exchange
The Central Bank of China, Taipei, Taiwan
2, Rooveselt Road, Sec. 1
Taipei, 100-66 Taiwan, ROC

E-mail: cmtsai@mail.cbc.gov.tw
Alice C. Lee

San Francisco State University

1600 Holloway Ave

San Francisco, CA 94132

E-mail: alice.finance@gmail.com
Working Paper

Please do not cite or quote without authors’ permission

Third Version; February 2009
*: We would like to thank the two reviewer’s excellent and detailed comments to improve the presentation and quality of this paper.
a: Corresponding Author
ABSTRACT

Breeden (1979), Grinols (1984), and Cox, Ingersoll, and Ross (1985) describe the importance of supply side for the capital asset pricing. Black (1976) derives a dynamic, multi-period CAPM, integrating endogenous demand and supply. However, this theoretically elegant model has never been empirically tested for its implications in dynamic asset pricing. We first review and theoretically extend Black’s CAPM to allow for a price adjustment process.  We then derive the disequilibrium model for asset pricing in terms of the disequilibrium model developed by Fair and Jaffe (1972), Amemiya (1974), Quandt (1988), and others.  We discuss two methods of estimating an asset pricing model with disequilibrium price adjustment effect. Finally, using price per share, dividend per share, and outstanding shares data, we test the existence of price disequilibrium adjustment process with international index data and US equity data. We find that there exists disequilibrium price adjustment process in our empirical data.  Our results support Lo and Wang’s (2000) findings that trading volume is one of the important factors in determining capital asset pricing.

I. INTRODUCTION

Breeden (1979), Grinols (1984), Cox, Ingersoll, and Ross (1985) describe the importance of supply side for the capital asset pricing. Grinols focuses on describing market optimality and supply decisions that guide firms in incomplete markets in the absence of investor unanimity.  Cox et.al. study a restricted technology to explicitly solve their model in reduced form. Black (1976) extends the traditional static CAPM derived by Sharpe (1964), Litner (1965), and Mossin (1966), by explicitly allowing for the endogenous supply effect of risky securities in a dynamic asset pricing model.
 Black concludes that if the supply of a risky asset is responsive to its price, large price changes will be spread over time as specified by the dynamic capital asset pricing model. One important implication in Black’s model is that the efficient market hypothesis holds only if the supply of securities is fixed and independent of current prices. In short, Black’s dynamic CAPM adopts an endogenous supply effect of risky securities by setting the supply equal to demand in the equilibrium. Lee and Gweon (1986) and Lee et.al (2009) extend Black’s framework to allow time varying dividend payments and then tests the existence of supply effect in the situation of market equilibrium. Their results reject the null hypothesis of no supply effect in U.S. domestic stock market. 
Campbell et al. (1993), and Lo and Wang (2000) have studied the relationship between aggregate stock market trading volume and the serial correlation of daily stock returns. Campbell et al. (1993) find that a stock price decline on a high-volume day is more likely than a stock price decline on a low-volume day. They propose that trading volume changes when random shifts in the stock demand of non-informational traders are accommodated by the risk-averse market makers. Lo and Wang (2000) derive an intertemporal CAPM (ICAPM) by defining preference for wealth, instead of consumption, by introducing three state variables into the exponential terms of investor’s preference as we do in this paper. This state-dependent utility function allows us to capture the dynamic nature of the investment decision without explicitly solving a dynamic optimization problem. Thus, the marginal utility of wealth depends not only on the dividend of the portfolio but also on future state variables. That is, this dependence forces investors to care about future market conditions when choosing their portfolio. In equilibrium, this model also implies that an investor’s utility depends not only on his wealth but also on the stock payoffs directly. This “market spirit,” in their terminology, affects investor’s demand for the stocks. 

Black (1976), Lee and Gweon (1986), Lee et.al (2009), and Lo and Wang (2000) develop models by using either outstanding shares or trading volumes as variables to connect the decisions in two different periods, unlike consumption-based CAPM that uses consumption or macroeconomic information. Thus, the information of quantities demanded and supplied can now play a role in determining the asset price. This proposes a wealth-based model as an alternative method to investigate intertemporal CAPM.

The paper is structured as follows. In Section II, a simultaneous equation system of asset pricing is constructed through a multi-period equation to represent the dynamic relationship between supply and demand for capital assets.  Derivation of disequilibrium model for asset pricing is presented in Section III.  Section IV discusses alternative methods of estimating disequilibrium asset pricing model.  Section V describes three set of data used to do empirical studies.  In addition, the empirical findings for the hypotheses and tests constructed in previous sections are then presented in this section. Our summary and concluding remarks are presented in Section VI.
II. DEVELOPMENT OF MULTIPERIOD DYNAMIC ASSET PRICING MODEL 

  Black (1976) generalizes the static wealth-based CAPM by explicitly allowing for the endogenous supply effect of risky securities. The demand for securities is based on well-known model of James Tobin (1958) and Harry Markowitz (1959). However, Black further assumes a quadratic cost function of changing short-term capital structure under long-run optimality condition. Lee and Gweon (1986) and Lee et.al (2009) modify and extend Black’s framework to allow time varying dividends and then test the existence of supply effect with two major different assumptions: . (1) our model allows for time-varying dividends, unlike Black’s assumption of constant dividends; and (2) our model allows only the existence of unanticipated random shock in the supply side.
 By using these assumptions, we first derive the demand function for capital assets, and then we derive the supply function of securities. Next, we solve the demand and supply schedule simultaneously to reexamine the price adjustment behavior due to market in disequilibrium. 

A. The Demand Function for Capital Assets

The demand equation for the assets is derived under the standard assumptions of the CAPM. An investor’s objective is to maximize his/her expected utility in terms of the negative exponential function of wealth:
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[image: image1.wmf]}

{

1

+

-

´

-

=

t

bW

e

h

a

U

,

where the terminal wealth Wt+1 =Wt(1+ Rt); Wt is initial wealth; and Rt is the rate of return on the portfolio. The parameters, a, b and h, are assumed to be constants. 
Assuming the returns are normally distributed, Lee and Gweon (1986), and Lee et al. (2009) have derived the following demand function for the optimal portfolio: 
(2) 
q t+1 = b-1S-1 (xt+1 – r* P t).   

The definitions of the variables used in equation (2) are as follows: 

qt+1 = (q 1, t+1, q 2, t+1, q 3, t+1, …, q N, t+1)’, where qj,t+1 = number of units of security j after reconstruction of his portfolio. S = E (Xt+1 – xt+1 ) ( Xt+1 – xt+1 )’ = the covariance matrix of returns of risky securities, where X t+1 = (X1, t+1, X2, t+1, …, XN, t+1) as Xj, t+1 = Pj, t+1 – Pj, t + Dj, t+1 is the dollar returns on jth of N marketable risky securities and xt+1= (x 1, t+1, x 2, t+1, …, x N, t+1)’ = E tP t+1 – P t + E tD t+1 as xj, t+1 is the expected returns for each security. r* represents the risk-free rate. [Note: P t= (P1, t, P2, t, …, P N, t)’, where Pj, t = price of security j at time t and Dt+1 is the vector of dividend or coupon on N security at time t+1.]
Under the assumption of homogeneous expectation, or by assuming that all the investors have the same probability belief about future return, the aggregate demand for risky securities can be summed as:
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[image: image2.wmf][

]

å

=

+

+

-

+

+

+

+

-

=

=

m

k

t

t

t

t

t

k

t

t

D

E

P

r

P

E

cS

q

Q

1

1

1

1

1

1

*)

1

(

,

where c = Σ (bk)-1.

In the standard CAPM, the supply of securities is fixed, denoted as Q*. Then, equation (3) can be rearranged as P t = (1 / r*) (xt+1 – c-1 S Q*), where c-1 is the market price of risk. In fact, this equation is similar to the Lintner’s (1965) well-known equation in capital asset pricing.
B. Supply Function of Securities

An endogenous supply side to the model is derived in this section, and we present our resulting hypotheses, mainly regarding market imperfections. For example, the existence of taxes causes firms to borrow more since the interest expense is tax-deductible.  The penalties for changing contractual payment (i.e., direct and indirect bankruptcy costs) are material in magnitude, so the value of the firm would be reduced if firms increase borrowing. Another imperfection is the prohibition of short sales of some securities.
 The costs generated by market imperfections reduce the value of a firm, and thus, a firm has incentives to minimize these costs. Three more related assumptions are made here. First, a firm cannot issue a risk-free security; second, these adjustment costs of capital structure are quadratic; and third, the firm is not seeking to raise new funds from the market. 

It is assumed that there exists a solution to the optimal capital structure and that the firm has to determine the optimal level of additional investment. The one-period objective of the firm is to achieve the minimum cost of capital vector with adjustment costs involved in changing the quantity vector, Q i, t+1:

(4)       Min  Et Di,t+1 Qi, t+1 + (1/2) (ΔQi,t+1’ Ai ΔQi, t+1),        

   

subject to  Pi,t ΔQ i, t+1 = 0, 

where Ai is a n i × n i positive define matrix of coefficients measuring the assumed quadratic costs of adjustment. If the costs are high enough, firms tend to stop seeking to raise new funds or retire old securities. The solution to equation (10) is 

(5)           ΔQ i, t+1 = Ai-1 (λi Pi, t - Et Di, t+1),                   

where λi is the scalar Lagrangian multiplier.

Aggregating equation (5) over N firms, the supply function is given by 

(6)          ΔQ t+1 = A-1 (B P t - Et D t+1),

where 
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Equation (6) implies that a lower price for a security will increase the amount retired of that security. In other words, the amount of each security newly issued is positively related to its own price and is negatively related to its required return and the prices of other securities. 

Equations (3) and (6) will be used to develop a disequilibrium system in the next section for our empirical analyses in Section V.

III. Development of Disequilibrium Model for Asset Pricing

The demand and supply functions derived in the previous section can be used to derive a simultaneous equation model for the disequilibrium case. Disequilibrium models have a very long history. All the partial adjustment models are in fact disequilibrium models. Much of the literature concerning the structure of disequilibrium markets focus on the commercial loan market and the labor market. For the commercial loan market, the structure of disequilibrium is frequently due to the government’s credit rationing for economic policies. For the labor market the structural disequilibrium is frequently due to a rigid wage. The theory of credit rationing is first developed by Jaffee (1971) for a commercial loan market. One of the reasons for credit rationing is the existence of bankruptcy costs, as proposed by Miller (1977). Given that bankruptcy costs rise when firms fail, banks thus choose a lower amount of loan offerings than they would have if there were no bankruptcy costs. As a result, some firms will not receive the loan regardless of the rate they are willing to pay.

        In this section, we discuss and develop a model and methodology similar to these issues regarding commercial loan markets.  Early studies of the disequilibrium model of commercial loan markets include Jaffee (1971), Maddala and Nelson (1974), Sealey (1979), and Nehls and Schmidt (2003). They use the disequilibrium methodology similar to Sealy to evaluate whether loans are constrained by demand or supply.  In fact, one can see the disequilibrium model as a special case of simultaneous equation models. Thus, here a similar demand and supply schedule is derived and solved simultaneously to reexamine the price adjustment behavior by assuming that market is in disequilibrium.

       All disequilibrium models share the feature that prices do not fully adjust to the market clearing level. The model used throughout this section is a basic model first proposed by Fair and Jaffee (1972) and Amemiya (1974) and modified as model C in Quandt (1988). This model consists of the following equations:

(7)              QDt = α1 Pt + β1’XD,t + μt,              

(8)              QSt = α2 Pt + β2’XS,t + υt ,             

(9)              Qt = min (QDt, QSt ),                       

(10)            ΔPt  =  Pt - Pt-1 = γ(QDt - QSt ),  

where the QDt and QSt are the quantities of securities demanded and supplied, respectively; Qt is the actual or observed quantity of securities in the market; Pt is the observed prices of securities; XD,t and XS,t are vectors of exogenous or predetermined variables including the lagged Pt-1; α1 and α2 are unknown parameters for Pt; β1 and β2 are vectors of unknown parameters for exogenous variables; γ is an unknown positive scalar parameter; and μt and νt are disturbance terms and assumed to be jointly normal and independent over time with distributions N(0, σ2μ) and N(0, σ2υ); respectively. The difficulty comes in estimating α1, α2, β1, β2, γ, σ2μ, and σ2υ with observations of XD,t, XS,t, Qt and Pt for t =1, 2, …, T.

        Some assumptions should to be made to deal with the relationships between Qt, QDt QSt and the price adjustment process. A basic assumption is reflected in equation (9), which shows that when demand exceeds supply, the observed quantity lies on the supply schedule, and the market is characterized by the conditions of excess demand. This assumption is often referred to as voluntary exchange. That is, in the presence of excess demand, seller cannot be forced supply more than they wish to supply; and in the presence of excess supply, purchasers cannot be forced to buy more than they wish to buy. Another assumption in this model is that the price adjustment is proportional to excess demand, which is shown by the last equation (10) in the above system. Besides, the model is also assumed to be identified by different sets of exogenous variables (i.e. XD,t and XS,t.)

Clearly, the equation system, equations (7) to (10), is a special case of simultaneous equation models. Equations (7) and (8) represent an identified equation system; therefore, from these two equations we can consistently estimate α1, α2, β1, β2, γ, σ2μ, and σ2υ by using methodologies of simultaneous equation. Since we have equation (9) therefore we need to introduce equation (10) into the system for estimation of α1, α2, β1, β2, γ, σ2μ, and σ2υ. However, one primary problem exists in this disequilibrium model, which is that QDt and QSt are not observable variables in the absence of the market clearing condition. 

        The last topic of this section is to incorporate the demand and supply schedules developed in the previous section into this disequilibrium equation system. The demand and supply schedule in equations (3) and (6) can be restated and presented as equations (11) and (14) as part of the disequilibrium system as:

(11)              QDt+1 = cS-1 EtPt+1 - cS-1(1 + r*)Pt + cS-1EtDt+1+ μ1t     

(12)              QSt+1 = QSt + A-1B Pt - A-1Et Dt+1 + μ2t     

(13)              Qt+1 = min (QDt+1, QSt+1 )                           

(14)              ΔPt+1  = γ(QDt+1 - QSt+1 ).   

        From the above equation system, it is clear that some conditions in equation (11) and (14) are different from the basic disequilibrium equation system, particularly QSt in the supply schedule. These problems are dealt with, before the empirical studies, by imposing more assumptions or by using alternative specifications in econometric methodologies in the next section.  

IV. Alternative Methods of Estimating Asset Pricing Model with Disequilibrium Effect

In this section, we first reformulate the disequilibrium asset pricing model required for empirical study. Then we discuss the alternative methods of estimating and testing price adjustment process in capital asset pricing.  

A. Estimation Methods and Hypothesis of Testing Price Adjustment Process

To estimate α1, α2, β1, β2, γ, σ2μ, and σ2υ with observations of XD,t, XS,t, Qt and Pt for t =1, 2, …, T in equations (7), (8), (9), and (10). It is clear that the ordinary least squares will produce inconsistent estimators. Following Amemiya (1974) and Quandt (1988), we discuss two estimation methods to obtain consistent estimators. The first method is the two stage least square (2SLS) estimator, and the other is the maximum likelihood estimator (MLE). 

        One can reformulate the above model by considering periods of rising prices ΔPt > 0 and periods of falling prices ΔPt < 0. As a result, in the period with rising prices, the supply function (8) can be estimated using the observed quantity, Qt, as the dependent variable since there will be excess demand and thus Qt will equal to QSt. Thus, the disequilibrium system described as equations (7) to (10) can be reformulated and summarized as the following equations:

(15)  (a)      
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Two alternative methods (2SLS and MLE) for estimating the above disequilibrium model are also proposed as the following paragraphs.
1. 2SLS Estimator

The equations system shown in (15) contains the jointly dependent variables Qt, Pt, 
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in equation (15a), and regress Qt on X2t and 
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are not asymptotically efficient in this model, though could be consistent if the predictions of the endogenous variables are used for all observations.
 The reasons are, first, there is no imposed restriction to force the same γ to appear in both equations and, second, 
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2. Maximum Likelihood Estimator

Quandt (1988) employs an appropriately formulated full-information maximum likelihood technique. He suggests one can use the log likelihood function represented as equation (16) to find the ML estimator.
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On the other hand, Amemiya (1974) shows the following iterative method of obtaining the maximum likelihood estimators. He suggests the maximum likelihood estimators can be obtained by solving the following equations simultaneously:

(17)   (a)     
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That is, the ML estimators of α and β are the same as LS estimators given γ applied to equation (15). The equations for σ2μ and σ2υ (equations c and d) are the residual sums of squares of equations (15a) and (15b), given γ, divided by T as for the usual ML estimators. Equation (d) is a quadratic function in γ. Following Amemiya’s suggestion, one can solve the above parameters by using the following iterative procedures:

Step 1: Use 2LSL estimates of α, β, σ2μ and σ2υ as the initial estimates.      

Step 2: Substitute
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Step 3: Use 
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in (15) to obtain least squares estimates of α, β, σ2μ and σ2υ.
Step4: Repeats step 2 and 3 until the solutions converge.

B. Testing of the Price Adjustment Process

In this paper, we are more interested in the market adjustment parameter, γ. Comparing with equilibrium model, the parameter of most interest in the disequilibrium model is the market adjustment parameter, γ.  In the case of continuous time, the limiting values of γ are zero and infinity. If γ = 0, then there is no price adjustment in response to an excess demand, and if γ is infinity, it indicates instantaneous adjustment. In other words, if one assumes there is price rigidity in response to an excess demand, then the value of γ should be equal to zero. That is, the most important test of the disequilibrium model is to test the hypothesis that the price adjustment parameter is zero. The null hypothesis can be stated as: if there is no price adjustment mechanism in response to an excess demand, the value of γ will be equal to zero. Or, can be stated as: 

H0: γ = 0 vs. H1: γ ≠ 0.
This hypothesis will be empirically tested in the following section.
C. Estimating Disequilibrium Adjustment Parameter, γ
The last topic of the section is to incorporate the demand and supply schedules developed in the previous section into this disequilibrium equation system. It is clear that some conditions of the demand and supply schedule represented as equations (11) and (12) are different from the basic disequilibrium equation system proposed (e.g., QSt in the supply schedule and the expectation term of price in the demand function). Since the purpose of this study is to understand the price adjustment in response to an excess demand; therefore, some assumptions imposed to the variables on the right hand side are needed to modify the equation system. First, the original model derives the supply schedule based on the assumption that there exist quadratic costs to retire or issue securities. That is, there is a quadratic cost on ∆QSt. The cost is assumed to impose to the deviation from the long run trend of the quantities issued. Thus, the QSt on the right hand side of equation (12) is treat as a constant. The second assumption is that the price follows random walk process, and the last assumption is that the expectation of the adjustment in dividend can be forecasted and computed from the adaptive expectation model by utilizing the past dividend and earnings information. The quantity observation, Qt, for each index can be obtained from the capitalization data. As a result, the disequilibrium equation system, i.e., equation (11) to (14), can be restated as followings:

(18)              QDt =α1 Pt-1+α2Pt +α3Dt + u1t 

(19)              QSt = 
[image: image39.wmf]Q

+β1Pt-1 +β2 Dt + u2t     

(20)              Qt = min (QDt, QSt )      

(21)              ΔPt  = Pt -Pt-1 = γ(QDt - QSt ).   

In order to estimate the disequilibrium model described as equation (18) to (21), we follow the method presented in the previous section, that is, the method proposed by Amemiya (1974) and Quandt (1988). The procedures of estimating the disequilibrium model are discussed in the Appendix.

V. Data and Testing the Existing of Price Adjustment Process

Now that we have our disequilibrium asset pricing model for empirical study, we test for the price adjustment mechanism by examining the market adjustment parameter, γ, as stated in the previous section.  First in this section, we describe our empirical data.
A. Data Description

Our data consists of two different types of markets--the international equity market and the U.S. domestic stock market, which we examine here in terms of summary return statistics and key profitability financial ratios.  In addition, we also analyze 30 firms of the Dow Jones Index.  Most details of the model, the methodologies, and the hypotheses for empirical tests are discussed in previous sections.  We first examine international asset pricing by looking at summary statistics for our international country indices, and then we look at our data for the U.S. domestic stock market with portfolios formed from the S&P 500 and also the 30 companies used to compile the Dow Jones Industrial Average.  
1. International Equity Markets – Country Indices
The data come from two different sources. One is the Global Financial Data (GFD) from the databases of Rutgers Libraries, and the second set of dataset is the MSCI (Morgan Stanley Capital International, Inc.) equity indices. Mainly we focus on the Global Financial Data, with the MSCI indices used for some comparisons. We use both datasets to perform the Granger-causality test. The monthly (GFD) dataset for February 1988 to March 2004 consists of the index, dividend yield, price earnings ratio, and capitalization for each equity market.  Sixteen country indices and two world indices are used to do the empirical study, as listed in Table 1. For all country indices, dividends and earnings are converted into U.S. dollar denominations. The exchange rate data also comes from Global Financial Data. 

      In Table 2, Panel A shows the first four moments of monthly returns and the Jarque-Berra statistics for testing normality for the two world indices and the seven indices of G7countries, and Panel B provides the same summary information for the indices of nine emerging markets. As can be seen in the mean and standard deviation of the monthly returns, the emerging markets tend to be more volatile than developed markets though they may yield opportunity of higher return.  The average of monthly variance of return in emerging markets is 0.166, while the average of monthly variance of return in developed countries is 0.042. 

2. United States Equity Markets

Three hundred companies are selected from the S&P 500 and grouped into ten portfolios by their payout ratios, with equal numbers of thirty companies in each portfolio. The data are obtained from the COMPUSTAT North America industrial quarterly data. The data starts from the first quarter of 1981 to the last quarter of 2002. The companies selected satisfy the following two criteria. First, the company appears on the S&P500 at some time period during 1981 through 2002. Second, the company must have complete data available--including price, dividend, earnings per share and shares outstanding--during the 88 quarters (22 years). Firms are eliminated from the sample list if either their reported earnings are not positive for most periods or their reported dividends are zero.

Three hundred fourteen firms remain after these adjustments. Finally excluding those seven companies with highest and lowest average payout ratio, the remaining 300 firms are grouped into ten portfolios by the payout ratio. Each portfolio contains 30 companies. Figure 1 shows the comparison of S&P 500 index and the value-weighted index (M) of the 300 firms selected.  Figure 1 shows that the trend is similar to each other before the 3rd quarter of 1999.  However, the two follow noticeable different paths after the 3rd quarter of 1999.
To group these 300 firms, the payout ratio for each firm in each year is determined by dividing the sum of four quarters’ dividends by the sum of four quarters’ earnings; then, the yearly ratios are further averaged over the 22-year period. The first 30 firms with highest payout ratio comprise portfolio one, and so on. Then, the value-weighted average of the price, dividend, and earnings of each portfolio are also computed. Characteristics and summary statistics of these 10 portfolios are presented in Table 3 and Table 4, respectively.  Table 3 presents information of the return, payout ratio, size, and beta for the 10 portfolios.  There appears to exist some inverse relationship between mean return and payout ratio.  However, the relationship between payout ratio and beta is not so clear.  This finding is similar to that of Fama and French (1992). 

Table 4 shows the first four moments of quarterly returns of the market portfolio and 10 portfolios. The coefficients of skewness, kurtosis, and Jarque-Berra statistics show that one can not reject the hypothesis that log return of most portfolios is normal. The kurtosis statistics for most sample portfolios are close to three, which indicates that heavy tails is not an issue. Additionally, Jarque-Berra coefficients illustrate that the hypotheses of Gaussian distribution for most portfolios are not rejected. It seems to be unnecessary to consider the problem of heteroskedasticity in estimating domestic stock market if the quarterly data are used. 

Finally, we use quarterly data of thirty Dow-Jones companies to test the existence of disequilibrium adjustment process for asset pricing. The sample period of this set of data is from first quarter of 1981 to fourth quarter of 2002.

B. Testing the Existence of the Price Adjustment Process

The maximum likelihood estimators are computed from the derivation in Section IV. First, use the 2SLS approach to find the initial values for the estimates, and then the maximum likelihood estimate is obtained from the calculation of the log likelihood function described as equation (16).

The results of sixteen country indexes are summarized in Table 5. Fifteen out of sixteen, the maximum likelihood estimates of γ are significant different from zero at the 1% significance level.9 The results indicate some but much less than complete price adjustment during each month.

The results in terms of 10 portfolios are summarized in Table 6. There are six portfolios, including market portfolio, with a maximum likelihood estimates of γ statistically significantly different from zero. For example, for portfolios 1, 2, 4, and 7, γ is significantly different from zero at the 1% significance level.  Portfolio 5 and the market portfolio are significance level of 5 %, and portfolio 10 is significant at a 10% level. We cannot reject the null hypothesis that γ equals to zero for three portfolios -- 3, 6, 8, and 9. The results imply some but less than complete price adjustment during each quarter in the U.S. stock markets. 

Table 7 shows the results of thirty companies listed in the Dow Jones Index. The price adjustment factor is significantly different from zero at the 5% level in twenty-two companies out of twenty-eight companies.  On average, an individual company has a higher estimated value of γ than the individual portfolio and individual portfolio has a higher value than market portfolio. For example, IBM’s γ is 0.0308, which indicates that an excess demand of 32.47 million shares is required to cause a change in the price of 1 dollar, whereas 476 million shares is required to cause one unit price change for market portfolio since its γ is only 0.0021.
 

The estimates of demand and supply elasticities and other structural parameters can be found in appendix B. From the information of appendix B we can conclude that the model derived in this paper perform fairly well for empirical study.   
In this section, we used three kinds of data to test the existence of the disequilibrium adjustment process in terms of the disequilibrium model that is defined in equations (7) to (10). We found that there exists a disequilibrium adjustment process for international indexes, ten portfolios from S&P 500, and thirty companies of Dow Jones index. 
Lee et al. (2009) have found that there exists supply effect in the asset pricing determination process. The existences of supply effect and disequilibrium price adjustment process are important for investigating asset pricing in security analysis and portfolio management. First, these results imply that market efficiency hypothesis is questionable. Second, these results imply that technical analysis is useful for security analysis. Finally, this information can be useful for either Fed or SEC to regulate the security industry. 
VI. SUMMARY

In this paper, we first theoretically review and extend Black’s CAPM to allow for a price adjustment process. Next, we derive the disequilibrium model for asset pricing in terms of the disequilibrium model developed by Fair and Jaffe (1972), Amemiya (1974), Quandt (1988), and others.  MLE and 2SLS are our two methods of estimating our asset pricing model with disequilibrium price adjustment effect. Using three data sets of price per share, dividend per share and volume data, we test the existence of price disequilibrium adjustment process with international index data, US equity data, and the thirty firms of the Dow Jones Index.  We find that there exists disequilibrium price adjustment process.  Our results support Lo and Wang’s (2000) findings that trading volume is one of the important factors in determining capital asset pricing.
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Table 1. World Indices and Country Indices List
I. World Indices

	WI     
	World index: FT-Actuaries World $ Index (w/GFD extension)

	WIXUS
	World index excluding U.S.


II. Country Indices

	AG     
	Argentina: Buenos Aires SE General Index (IVBNG)

	BZ
	Brazil: Brazil Bolsa de Valores de Sao Paulo (Bovespa) (_BVSPD)

	CD
	Canada: Canada S&P/TSX 300 Composite Index (_GSPTSED)

	FR
	France: Paris CAC-40 Index (_FCHID)

	GM
	German: Germany Deutscher Aktienindex (DAX) (_GDAXD)

	IT
	Italy: Banca Commerciale Italiana General Index (_BCIID)

	HK
	Hong King: Hong Kong Hang Seng Composite Index (_HSID)

	JP
	Japan: Japan Nikkei 225 Stock Average (_N225D)

	MA
	Malaysia: Malaysia KLSE Composite (_KLSED)

	MX
	Mexico: Mexico SE Indice de Precios y Cotizaciones (IPC) (_MXXD)

	SG
	Singapore: Singapore Straits-Times Index (_STID)

	KO
	South Korea: Korea SE Stock Price Index (KOSPI) (_KS11D)

	TW
	Taiwan: Taiwan SE Capitalization Weighted Index (_TWIID)

	TL
	Thailand: Thailand SET General Index (_SETID)

	UK
	United Kingdom: UK Financial Times-SE 100 Index (_FTSED)

	US
	United States: S&P 500 Composite (_SPXD)


Table 2. Summary Statistics of Monthly Return1, 2



Panel A: G7 and World Indices

	Country
	Mean
	Std. Dev.
	Skwness
	Kurtosis
	Jarque-Berra

	WI
	0.0051
	0.0425
	-0.3499
	3.3425
	4.7547

	WI excl.US
	0.0032
	0.0484
	-0.1327
	3.2027
	0.8738

	
	
	
	
	
	

	CD
	0.0064
	0.0510
	-0.6210
	4.7660
	36.515**

	FR
	0.0083
	0.0556
	-0.1130
	3.1032
	0.4831

	GM
	0.0074
	0.0645
	-0.3523
	4.9452
	33.528**

	IT
	0.0054
	0.0700
	0.2333
	3.1085
	1.7985

	JP
	-0.00036
	0.0690
	0.3745
	3.5108
	6.4386*

	UK
	0.0056
	0.0474
	0.2142
	3.0592
	1.4647

	US
	0.0083
	0.0426
	-0.3903
	3.3795
	5.9019




Panel B: Emerging Markets

	Country
	Mean
	Std. Dev.
	Skewness
	Kurtosis
	Jarque-Berra

	AG
	0.0248
	0.1762 
	1.9069
	10.984 
	613.29**

	BZ
	0.0243
	0.1716
	0.4387
	6.6138
	108.33**

	HK
	0.0102 
	0.0819 
	0.0819
	4.7521
	26.490**

	KO
	0.0084
	0.1210
	1.2450
	8.6968
	302.79**

	MA
	0.0084
	0.0969 
	0.5779
	7.4591 
	166.22**

	MX
	0.0179 
	0.0979 
	-0.4652
	4.0340
	15.155**

	SG
	0.0072 
	0.0746
	-0.0235 
	4.8485
	26.784**

	TW
	0.0092 
	0.1192 
	0.4763
	4.0947 
	16.495**

	TL
	0.0074
	0.1223 
	0.2184
	4.5271
	19.763**


    Notes:  1 The monthly returns from Feb. 1988 to March 2004 for international markets. 

     2 * and ** denote statistical significance at the 5% and 1%, respectively.

Table 3. Characteristics of Ten Portfolios

	Portfolio1
	Return2
	Payout3
	Size (000)
	Beta 

	1
	0.0351
	0.7831
	193,051
	0.7028

	2
	0.0316
	0.7372
	358,168
	0.8878

	3
	0.0381
	0.5700
	332,240
	0.8776

	4
	0.0343
	0.5522
	141,496
	1.0541

	5
	0.0410
	0.5025
	475,874
	1.1481

	6
	0.0362
	0.4578
	267,429
	1.0545

	7
	0.0431
	0.3944
	196,265
	1.1850

	8
	0.0336
	0.3593
	243,459
	1.0092

	9
	0.0382
	0.2907
	211,769
	0.9487

	10
	0.0454
	0.1381
	284,600
	1.1007


Notes: 1The first 30 firms with highest payout ratio comprises portfolio one, and so on.

2The price, dividend and earnings of each portfolio are computed by value-weighted of the 30 firms included in the same category.

3The payout ratio for each firm in each year is found by dividing the sum of four quarters’ dividends by the sum of four quarters’ earnings, then, the yearly ratios are then computed from the quarterly data over the 22-year period.

Table 4. Summary Statistics of Portfolio Quarterly Returns1

	Country
	Mean  (quarterly)
	Std. Dev. (quarterly)
	Skewness
	Kurtosis
	Jarque-Bera2

	Market

portfolio
	0.0364
	0.0710
	-0.4604
	3.9742
	6.5142*

	
	
	
	
	
	

	Portfolio 1
	0.0351
	0.0683
	-0.5612
	3.8010
	6.8925*

	Portfolio 2
	0.0316
	0.0766
	-1.1123
	5.5480
	41.470**

	Portfolio 3
	0.0381
	0.0768
	-0.3302
	2.8459
	1.6672*

	Portfolio 4
	0.0343
	0.0853
	-0.1320
	3.3064
	0.5928

	Portfolio 5.
	0.0410
	0.0876
	-0.4370
	3.8062
	5.1251

	Portfolio 6.
	0.0362
	0.0837
	-0.2638
	3.6861
	2.7153

	Portfolio 7
	0.0431
	0.0919
	-0.1902
	3.3274
	0.9132

	Portfolio 8
	0.0336
	0.0906
	0.2798
	3.3290
	1.5276

	Portfolio 9
	0.0382
	0.0791
	-0.2949
	3.8571
	3.9236

	Portfolio 10
	0.0454
	0.0985
	-0.0154
	2.8371
	0.0996


Notes: 1Quarterly returns from 1981:Q1to 2002:Q4 are calculated. 

       2 * and ** denote statistical significance at the 5% and 1% level, respectively.

Table 5. Price Adjustment Factor, γ, for 16 International Indexes. 

	
	γ
( MLE)
	Std. deviation
	z-statistic

	
	
	
	

	Canada1
	1.5092
	0.1704
	8.859

	France
	2.5655
	0.370
	6.931

	Italy1
	0.3383
	0.0585
	5.786

	Japan
	0.0016
	0.0003
	5.171

	Germany
	2.3242
	0.5849
	3.974

	U.K.1
	3.2916
	0.7396
	4.451

	U.S.
	0.2404
	0.0557
	4.307

	Argentina1
	0.2194
	0.0107
	20.609

	Brazil 1
	0.0024
	0.0005
	5.069

	Hong Kong1
	0.8342
	0.2421
	3.446

	Malaysia
	0.5675
	0.1144
	4.962

	Mexico
	0.3407
	0.1014
	3.362

	Singapore1
	0.0917
	0.0939
	0.9758

	S. Korea
	0.0282
	0.0042
	6.6679

	Taiwan
	1.8893
	0.3827
	4.9371

	Thailand
	0.0710
	0.0194
	3.6622


Note: 1. Sample periods used are other than: 1988:2 to 2004:3

2. Null hypothesis: if there is no price adjustment mechanism in response to an excess demand, the value of γ will be equal to zero. (H0: γ = 0).

Table 6. Price Adjustment Factor, γ, for 10 Portfolios from S&P 500.1, 2

	
	γ
( MLE)
	Std. deviation
	z-statistic
	p-value

	Market portfolio
	0.0021
	0.0007
	2.8773
	0.0040

	
	
	
	
	

	Portfolio 1
	0.0474
	0.0158
	3.0086
	0.0026

	Portfolio 2
	0.0178
	0.0058
	3.0280
	0.0025

	Portfolio 3
	0.0169
	0.0113
	1.5028
	0.1329

	Portfolio 4
	0.0476
	0.0142
	3.3560
	0.0008

	Portfolio 5
	0.0340
	0.0155
	2.1867
	0.0288

	Portfolio 6
	0.0244
	0.0197
	1.2349
	0.2169

	Portfolio 7
	0.0200
	0.0073
	2.7182
	0.0066

	Portfolio 8
	0.0431
	0.0284
	1.5171
	0.1292

	Portfolio 9
	0.0088
	0.0098
	0.9016
	0.3673

	Portfolio 10
	0.0129
	0.0078
	1.6514
	0.0987


 Note: 1. Sample periods used are other than: 1981:Q1 to 2002:Q4.

      2. Null hypothesis: if there is no price adjustment mechanism in response to an excess demand, the value of γ will be equal to zero. (H0: γ = 0).

Table 7. Price Adjustment Factor, γ , Dow Jones 30. 1, 2
	
	γ ( MLE)
	Std. deviation
	z-statistic
	p-value

	Alcoa Inc.
	0.0559
	0.0285
	1.9622
	0.0497

	Altria Group Inc. 
	0.0118
	0.0057
	2.0696
	0.0385

	American Express
	0.0264
	0.0176
	1.4936
	0.1353

	AT&T
	0.0587
	0.0220
	2.6650
	0.0077

	Boeing Co.
	0.0357
	0.0090
	3.9307
	0.0001

	Citigroup Inc.
	0.0169
	0.0113
	1.5028
	0.1329

	Caterpillar Inc.
	0.1328
	0.0750
	1.7705
	0.0766

	Disney Co.
	0.0367
	0.0301
	1.2212
	0.2220

	Honeywell Inc.
	0.0258
	0.0097
	2.6717
	0.0075

	JP Morgan Chase Co.
	0.0248
	0.0073
	3.3799
	0.0007

	Coca Cola Co.
	0.0131
	0.0045
	2.8895
	0.0039

	Du Pont
	0.0223
	0.0084
	2.6680
	0.0076

	Eastman Kodak Co.
	0.0707
	0.0377
	1.8763
	0.0616

	GE
	0.0080
	0.0020
	4.0130
	0.0000

	GM
	0.0343
	0.0121
	2.8474
	0.0044

	Home Depot Inc.
	0.0317
	0.0161
	1.9630
	0.0496

	HP
	0.0170
	0.0071
	2.3924
	0.0167

	IBM
	0.0308
	0.0095
	3.2365
	0.0012

	Intl’ Paper Co. 
	0.0393
	0.0205
	1.9165
	0.0503

	Exxon
	0.0014
	0.0003
	4.0822
	0.0000

	Johnson & Johnson
	0.0105
	0.0023
	4.4941
	0.0000

	MacDonald
	0.0129
	0.0038
	3.4029
	0.0007

	3M
	0.0564
	0.0131
	4.3081
	0.0000

	Merck & Co.
	0.0156
	0.0060
	2.5954
	0.0094

	Procter & Gamble Co.
	0.0222
	0.0063
	3.5219
	0.0004

	SBC Communication Inc.
	0.0051
	0.0020
	2.5754
	0.0100

	United Technologies Corp.
	0.0588
	0.0217
	2.7074
	0.0068

	Wal-Mart 
	0.0360
	0.0096
	3.7343
	0.0002


Note: 1. Sample periods used are other than: 1981:Q1 to 2002:Q4.

          2. Null hypothesis: if there is no price adjustment mechanism in response to an excess demand, the value of γ will be equal to zero. (H0: γ = 0).

          3. Microsoft and Intel are not in the list since their dividends paid are trivial during the period analyzed here.

Figure 1

Comparison of S&P500 and Market portfolio
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Appendix A: Estimation of the Disequilibrium Model
From section IV, the disequilibrium equation system of equation (18) to (21) can be reformulated as: 
(A.1a)     
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And, from equation (16), we can derive the log-likelihood function for this empirical study. That is, we need to estimate the following equations simultaneously.
(A.2)  
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The procedures and the related code in Eviews-package are as followings. For step 2, we use the Marquardt procedure implemented in the Eviews-package to find out the ML estimates of α, β, σ2μ and σ2υ in equations (A.2) to (A.4). The order of evaluation is set to evaluate the specification by observation. The tolerance level of convergence, tol, is set as 1e-5.
Step 1  Use 2LSL estimates of α, β, σ2μ and σ2υ in equation (A.1) as the initial estimates.
Step 2  Substitute
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into equation (A.2) to (A.4) and solve for the MLE of 
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simultaneously.
Code

'Aassume zero correlation between demand and supply error

‘Define delta(p)+ and delta(p)- in (A.1)

series dp_pos = (d(p1)>0)*d(p1)

series dp_neg = (d(p1)<=0)*(-1)*d(p1)

‘Estimate 2SLS for Equation (A.3.1a) and (A.3.1b)

‘Equation (A.1a)

equation eqa.tsls q p(-1) dv p dp_pos @ p(-1) p(-2) dv(-1) dv(-2)
alpha = eqa.@coefs

sigma(1) = eqa.@se

show eqa.output

‘Equation (A.1b)

equation eqb.tsls q p(-1) dv q(-1) dp_neg @ p(-2) dv(-1) q(-2) dv(-2)
beta = eqb.@coefs

sigma(2) = eqb.@se

show eqb.output

mu(2) = -1/eqb.c(4)
'Setup log likelihood as in (A.2) to (A.4)

logl ll1

ll1.append @logl logl1

‘Equation (A.3)

ll1.append u1 = q-alpha(1)*p(-1)-alpha(2)*dv-alpha(3)*p+dp_pos/gamma(1)

‘Equation (A.4)

ll1.append u2 = q-beta(1)*p(-1)-beta(2)*dv -q(-1)+dp_neg/gamma(1)
‘Equation (A.2)

ll1.append logl1 = -log(2*!pi) -log(@abs(beta(1)-alpha(1)+1/(gamma(1)))) 
- log(sigma(1)) -log(sigma(2)) 
- u1^2/sigma(1)^2/2 –u2^2/sigma(2)^2/2

'Do MLE
ll1.ml(showopts, m=1000, c=1e-5)
Appendix B: Structrual Coefficient Estimates
In this appendix, we present the parameter estimate in terms of empirical data. Table B1 presents the estimate results of ten portfolios. Table B2 presents the results of stock indices of 14 countries. Table B3 present the result of 30 Dow Jones stocks.
Table B1
	
	α1
	α2
	α3
	β1
	β2
	β3

	
	
	
	
	
	
	

	Prtf 1
	0.078
	-0.119
	17.394
	1.002
	0.004
	-0.480

	Prtf 2
	0.043
	-0.056
	6.906
	1.107
	0.006
	-1.004

	Prtf 3
	0.040
	-0.098
	14.921
	0.981
	0.003
	-0.057

	Prtf 4
	0.021
	-0.067
	17.887
	1.106
	0.012
	-3.023

	Prtf 5
	0.083
	-0.098
	9.567
	1.097
	0.019
	-3.553

	Prtf 6
	0.086
	-0.123
	16.493
	0.938
	0.003
	0.308

	Prtf 7
	0.072
	-0.089
	10.527
	1.057
	0.016
	-2.793

	Prtf 8
	0.055
	-0.078
	20.702
	1.048
	0.005
	-1.226

	Prtf 9
	0.220
	-0.022
	-76.326
	1.111
	0.014
	-1.714

	Prtf 10
	0.011
	0.094
	-85.209
	0.981
	0.001
	0.097


alpha(1): p(t),     alpha(2): p(t-1),    alpha(3): d(t)
beta(1): Q(trend),  beta(2): p(t-1),     beta(3): d (t)

Table B2
	
	α1
	α2
	α3
	β1
	β2
	β3

	
	
	
	
	
	
	

	Ag
	3.163
	-1.828
	3985.7
	1.015
	0.125
	1.579

	Bz
	256.90
	-233.59
	204520.2
	0.211
	21.633
	172208.7

	cd
	0.025
	-0.021
	0.005
	1.013
	0.005
	0.016

	fr
	0.226
	-0.214
	0.028
	0.836
	0.008
	0.004

	gm
	0.215
	-0.266
	0.068
	0.926
	0.001
	0.011

	hk
	0.005
	-0.004
	0.097
	0.708
	0.0008
	0.023

	it
	1.972
	-1.729
	0.044
	-0.0002
	0.192
	0.099

	jp
	177.02
	-175.79
	185.32
	1.189
	37.873
	-45.617

	mx
	0.194
	-0.081
	-0.025
	1.027
	0.026
	-0.291

	sg
	0.090
	-0.054
	0.024
	-0.248
	0.023
	0.035

	tl
	6.270
	-10.077
	3.428
	1.056
	1.019
	-0.407

	tw
	0.241
	-0.197
	0.144
	1.019
	0.046
	-0.897

	uk
	0.120
	-0.152
	0.042
	0.847
	0.003
	0.005

	us
	51.567
	-15.793
	-1.665
	0.825
	1.670
	7.772


alpha(1): p(t),     alpha(2): p(t-1),    alpha(3): d(t)
beta(1): Q(trend),  beta(2): p(t-1),     beta(3): d (t)

Table B3
	
	α1
	α2
	α3
	β1
	β2
	β3

	
	
	
	239.13
	
	
	

	AA
	10.010
	1.893
	239.13
	1.008
	1.356
	-49.290

	AXP
	12.996
	1.550
	2463.6
	1.134
	6.446
	-325.06

	BA
	13.543
	-1.582
	809.2
	1.149
	6.418
	-1039.1

	C
	88.025
	-10.927
	-776.49
	1.005
	40.516
	-8728.0

	CAT
	5.761
	-0.057
	322.59
	0.749
	2.328
	-12.615

	DIS
	21.992
	10.517
	-556.13
	0.881
	7.905
	-1035.09

	HON
	16.907
	-1.078
	-158.35
	1.642
	8.076
	-328.84

	KPM
	21.536
	3.945
	-753.86
	0.888
	8.804
	-325.39

	KO
	36.235
	4.872
	2058.2
	0.576
	29.928
	-559.36

	T
	7.774
	-0.200
	140.09
	0.928
	3.027
	-110.41

	DY
	15.802
	-6.336
	1591.0
	1.056
	12.098
	-475.24

	ST
	6.169
	-0.445
	-56.412
	0.828
	2.949
	-135.46

	GM
	14.143
	-7.317
	387.75
	1.024
	7.478
	-470.09

	HD
	25.123
	3.960
	16925.5
	0.880
	9.837
	-2380.2

	HPG
	17.341
	-8.254
	2542.4
	1.119
	20.515
	-7187.1

	IBM
	18.036
	-4.162
	-731.5
	0.880
	4.779
	-274.91

	IP
	10.016
	-2.864
	-415.92
	0.853
	6.435
	-677.4

	JNJ
	38.179
	-0.946
	-4332.9
	0.609
	40.225
	-7433.3

	XOM
	251.0
	-114.78
	-874.33
	1.162
	35.366
	-4254.2

	MCD
	29.791
	-0.799
	-6275.7
	0.713
	20.053
	-4539.2

	MMM
	8.289
	-1.415
	-372.0
	0.344
	6.931
	-531.10

	MO
	14.694
	-19.094
	2215.9
	1.641
	52.499
	-5485.5

	MRK
	19.269
	-3.314
	-622.1
	0.809
	30.175
	-4188.6

	PG
	16.588
	4.233
	-1596.0
	0.549
	24.422
	-2155.3

	SBC
	47.554
	15.271
	-3235.7
	0.868
	82.676
	-5028.4

	UTX
	6.961
	0.374
	-525.9
	0.691
	6.370
	-826.43

	WMT
	88.08
	-54.048
	24271.4
	1.371
	109.39
	-88328.6


alpha(1): p(t),     alpha(2): p(t-1),    alpha(3): d(t)
beta(1): Q(trend),  beta(2): p(t-1),     beta(3): d (t)

ENDNOTES


� This dynamic asset pricing model is different from Merton’s (1973) intertemporal asset pricing model in two key aspects. First, Black’s model is derived in the form of simultaneous equations. Second, Black’s model is derived in terms of price change, and Merton’s model is derived in terms of rates of return.


� It should be noted that Lo and Wang’s model does not explicitly introduce the supply equation in asset pricing determination.  Also, one can identify the hedging portfolio using volume data in the Lo and Wang model setting.


� Black (1976) allows the existence of both anticipated and unanticipated shocks. In other words, our assumption is more restrictive than Black’s assumption.


� Theories as to why taxes and penalties affect capital structure are first proposed by Modigliani and Miller (1958) and then Miller (1977). Another market imperfection, prohibition on short sales of securities, can generate “shadow risk premiums,” and thus, provide further incentives for firms to reduce the cost of capital by diversifying their securities.


� There are four major models and some alternative specifications in constructing disequilibrium issues (see Quandt (1988), though the time period notation is slightly different from the models here).


� While there is a slight difference in the notation of time period, the essence of model is still remained.  


� Amemiya show that the 2SLS estimators proposed by Fair and Jaffee are not consistent since the expected value of error in first equation, Eμt given t belonging to period B, is not zero, or, according to Quandt, the plim Xa’ μa/T is not zero (see Amemiya (1974) and Quandt (1988)).


� According to equation (16), ΔPt = γ (QDt+1 - QSt+1 ), the amount of excess demand needed to cause a dollar change in price can be calculated by 1/0.0308.
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