Module 4, 2005/6
Econometrics of Financial Markets

Final Exam Solutions
1. In the semi-strong efficient market, stock prices fully and correctly reflect all public information in set It: 

Rt+1 = E[Rt+1 |It] + εt+1,

where the error has zero expectation and is orthogonal to It, and E[Rt+1 |It] is normal return or opportunity cost implied by some model. The significant relation between annual stock returns and the company’s past dividend yield, profitability, and leverage found in a given study has several possible interpretations and implication for the SSE. First, this result could be driven by incorrect statistical methodology of testing an economic model, e.g., due to the data snooping bias or mechanical relation between prices and returns. One could explicitly adjust the s.e. of coefficients e.g. via bootstrap to account for these effects. Second, even a statistically significant relation between stock returns and given variables does not necessarily imply that the market is operationally inefficient, if one cannot earn profit based on the return predictability accounting for such frictions as transaction costs and short-sale restrictions. An additional test could investigate returns on rolling portfolios formed on the basis of the forecasting model. Third, this result could be a consequence of the more complicated model describing stock returns. All three variables are related either to cash flows or the cost of capital, which explain the stock prices according to the DCF model. An additional test could investigate predictability using a more advanced model for expected stock returns, explicitly controlling for the impact of cash flow and interest rate variables. Finally, one could make a conclusion that the market is indeed inefficient. 

2. The impact of a specific event on company stock returns can be measured using the event study analysis. The specifics of the methodology in this case is that we do not have stock return data before the event (the trading on stocks starts right after the IPO). Therefore, we measure normal return for each of the 95 companies as value- or equal-weighted return on the portfolio of companies that have similar characteristics, e.g., industry, capitalization, and leverage. Thus, the abnormal return for each IPO company is computed as the difference between the actual post-IPO return of this company and return on the control portfolio. Then, we can compute cumulative abnormal return of each IPO company during the period up to 30 days (the short-run effect) and up to 5 years (the long-run effect) after the IPO. For each period, we compute the average CAR as 
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 and check the null that ACAR=0. The short-run test will give more precise and reliable results, since it is usually insensitive to the joint hypothesis problem (i.e., to the quality of the forecasting model for the normal return). One robustness check could be the non-parametric rank test. In contrast, the long-run test results may change dramatically depending on the way normal returns are measured, e.g., due to survivor, rebalancing, and positive skewness biases. The event clustering problem, which could lead to underestimation of the s.e., is characteristic for IPOs, since most of them happen during the periods of market growth when equity becomes a cheaper and more attractive way of financing. An alternative approach correcting for this problem is to form calendar-time portfolios of IPO companies (i.e., each month invest only in stocks that went through the IPO not more than T months ago) and examine their abnormal returns.
3. According to the null hypothesis implied by the CAPM, coefficients in the cross-sectional regressions of the excess returns on estimated betas and other variables X:
Ri,t = γ0 + γ1βi + γ2Xi + εi,t
should satisfy the following restrictions: γ0=0, γ1=RM-RF>0, γ2=0. Fama and MacBeth (1973) sort stocks by betas to make sure that portfolios used in the cross-sectional regressions have sufficient difference in the main independent variable. The first two stages require different time periods, since otherwise portfolios with extreme betas would have biased estimates (several stocks would appear there only due to the large measurement error, and their betas need to be re-estimated). According to the Fama-MacBeth approach, which is robust to cross-correlation in stock returns, one runs the above regression for each period t and obtains the time series of each coefficient. Then, you can compute the mean and s.e. of each coefficient and test the null. One can control for the measurement error of betas by using portfolios of stocks in the regressions and making Shanken’s correction when computing s.e. of γ1. Betas of infrequently traded stocks can be measured using the “trade-to-trade” approach, in which stock returns are measured over irregular trading intervals (from the last trading day to the next one) and index returns are matched to the same trading intervals. A complementary approach to improve precision of these betas is to use Bayesian adjustment of Vasicek (1973), which moves imprecisely estimated individual stock betas towards the average beta in the sample (see lecture notes for details on both methods).
4. The empirical evidence on asset pricing anomalies (relative to the CAPM) found during the last 30 years based on the US stock market is summarized in the table below. 
Asset pricing anomalies:

	
	Variable
	Sign of the premium

	Seasonal:
	
	

	Reinganum (1983)
	January dummy
	+

	French (1980)
	Monday dummy
	-

	Price-related:
	
	

	Basu (1977, 1983)
	E/P
	+

	Stattman (1980)
	Book-to-market: BE/ME
	+

	Banz (1981)
	Size: ME
	-

	Bhandari (1988)
	Leverage: D/E
	+

	Past performance:
	
	

	Jegadeesh and Titman (1993)
	Momentum: 6m-1y return
	+

	De Bondt and Thaler (1985)
	Contrarian: 3y-5y return
	-

	Market microstructure:
	
	

	Brennan et al. (1996)
	Liquidity: trading volume
	-


According to the Roll’s critique, it is impossible to test CAPM, since any market index is not complete and differs from the true global market portfolio. The data snooping bias leading to the underestimation of s.e. arises from the observation that only the successful results (out of many investigated variables) are published. The error-in-variables problem arises from the imprecise measurement of betas, as significant relationship between stock returns and anomalous variables could be due to the correlation between the latter and true betas. The sample selection problem is that e.g. exclusion of the smallest stocks with low returns that did not survive could lead to the upward bias in the returns on surviving small stocks. Finally, the negative mechanical relation between prices and returns (lower current prices automatically imply higher returns) could explain higher returns of stocks with low market capitalization, low BE/ME, higher leverage, etc. If these results are indeed anomalies (relative to the CAPM), then either a more advanced asset pricing (e.g., multifactor) model is valid, or investors are irrational and market is inefficient. 
5. The market factor RMRFt is defined as the difference between the market return (the CRSP value-weighted index of stocks in NYSE, AMEX, and NASDAQ) and risk-free rate (30-day T-bill rate). The size and book-to-market factors are defined as returns on factor-mimicking portfolios: SMB (HML) is the difference between the returns on small and large (high and low BE/ME) stocks. Stocks with high market betas should compensate investors for the procyclical nature of their returns. Small-cap and value companies are more likely to suffer from the market downturn and therefore must have higher expected returns than their counterparts. The bond market factors are TERM measured as the difference between the returns on long-term US Treasury bonds and 30-day US T-bill rate and DEF measured as the difference between the returns on long-term corporate bonds and US Treasury bonds. They reflect premiums for risks from investing in instruments with longer maturity (and higher sensitivity to the interest rate risk) and instruments with higher probability of losses (in particular, because of the default). Using time-series approach, Fama and French (1993) discovered that the market factor was essential to bring alphas (i.e., pricing errors) closer to zero, whereas size and book-to-market factors helped to explain the cross-sectional differences between stock returns. The bond market factors describe term and default premiums, which are manifested not only among bonds, but also among stocks. TERM and DEF are significantly related to the market factor, which explains why they had insignificant impact on stock returns when the market factor was also included in the regression. The Fama-French model could not explain the one-year momentum anomaly.
6. The basic regression for the market timing tests would be a multi-factor model, e.g., Carhart model:
Ri,t-RF,t = βi,1RMRFt + βi,2SMBt + βi,3HMLt + βi,4MOMt + ei,t
where βi,1 is a function of the market factor. According to the Treynor-Mazuy approach, this is a linear function and the estimation model becomes

Ri,t-RF,t = βi,1RMRFt + γiRMRF2t + βi,2SMBt + βi,3HMLt + βi,4MOMt + ei,t

The Merton-Henriksson approach assumes a step function, with the estimation model

Ri,t-RF,t = βi,1RMRFt + γiRMRF+t + βi,2SMBt + βi,3HMLt + βi,4MOMt + ei,t

where RMRF+t = max{RMRFt, 0}. In both tests, the null is γ=0. 
The presence of positive timing ability leads to the downward bias in the Jensen’s alpha estimated from the unconditional model via cov(β, RMRF)>0. 

Rejection of the null could be the consequence of the underlying assets having option-like features. To correct for this, the modified null would be that the fund’s γ be equal to that of the control portfolio (with the same risk characteristics as the fund’s one). 

Another reason for rejecting the null could be that fund managers use dynamic strategies based on publicly available information. This can be accounted for by the conditional tests, in which the following macroeconomic variables are typically used as instruments: interest rates, dividend yield, inflation, consumption and industrial growth, oil prices, etc. Two of the most popular instruments are term spread and default spread defined as the difference between YTM (yield-to-maturity) of long-term and short-term government bonds and as the difference between YTM of long-term corporate and government bonds, respectively. The difference between them and the two bond market factors is that the latter are returns realized on the corresponding bonds in a given period, whereas the former are based on forward-looking (and more stable) YTM. The main problem with the conditional tests is that the number of estimated coefficients (as well as the estimation error) increases dramatically. Another problem is a high sensitivity of the results to the correct specification of the functional form of dependence of betas on instruments.
Consider the following regression-based methodology of measuring performance persistence among US mutual funds, using Fama-MacBeth approach. Each period t=1,…,T consisting of K days (e.g., 1 month or 1 quarter), we estimate the cross-sectional regression

Perfi,t = at + btPerfi,t-1 + ctXi,t + εi,t,



(1)
where Perfi,t is fund i’s performance in period t, Xi,t includes other fund’s characteristics (e.g., size, fees, riskiness, etc.), and b shows the degree of performance persistence. If performance is measured as raw return, then we should explicitly control for market risk and for other risk factors, which is impossible in the cross-sectional regression. Therefore, we use risk-adjusted performance measure: Jensen’s alpha, Sharpe ratio or appraisal ratio. The advantage of the latter is that it gives more weight to funds with precisely estimated performance and thus partly solves the measurement error problem. The measurement error is not dangerous per se, since it will be reflected in larger s.e. of b. The main danger is that bias in estimated performance may lead to spurious results if we use the same performance measure in LHS and RHS of (1). Therefore, it is better to estimate (1) with different performance measures to ensure the robustness of the results. Choosing the horizon, we would like to optimize the trade-off between small K (which is good, since allows us to capture short-living persistence) and large K (more precise estimation of risk-adjusted performance). We compute b and its s.e. based on time series of estimated coefficients bt, which is robust to the cross-correlation problem. Unfortunately, this approach is not robust to the survivor bias arising due to disappearance of some funds. We could alleviate it by tracking funds that were merged and assigning new fund returns to the old ones, but this does not fully solve the problem. An alternative approach could be to use bootstrap or simulations, where one can explicitly model survivorship (as in Brown and Goetzmann, 1995) and account for cross-correlations. The main advantages of the alternative methods (contingency tables and spreads) is that they give more explicit and easier-to-interpret evidence on persistence and seem to be more flexible (e.g., allow preliminary filtration of funds with imprecisely estimated performance) than the regression approach.
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