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ABSTRACT
This paper uses a grey forecasting model GM(1,1) on improving the investment performance of classical Markowitz efficiency frontier’s investment portfolio using the component securities of Dow Jones Industry Index from 1999 to 2005 as the samples. Using grey Markowitz efficiency frontier’s investment portfolio models, we establish a more stable and correct connection between ex-ante model and ex-post performance. The results show the Grey Markowitz efficiency frontier investment portfolio model could improve the investment performance effectively and stably.
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1. Introduction

The separation theorem established by Markowitz (1952) was the foundation of modern invention theory. The capital asset pricing model (CAPM) became the important pricing model on assets after florence of Tobin (1958) and Sharpe (1964).

Due to the close relationship between the systematic risk coefficient β and asset’s return, a lot of papers have discussed it since the 1960s. Classic CAPM founded on ex-ante sincerely hypothesis, cause to a problem of using a simple model to estimate a complex economics. That confuses many scholars. In 1970s, Blume found that beta estimation was greater than the real figure if it had a big beta, and would be smaller if it had a small one.

A lot of empirical research found a paradox between the ex-ante Markowitz efficiency portfolio model and the real investment performance after that.（see Douglas, 1969; Chan and Lakonishok, 1992）The noise between that resulted from self-correlation of asset’ returns, time varying of betas estimation（likes Brennan, 1988; Chen, Lee, and Yeh, 2002）, thin trading (or trading delays, like Fabozzi and Francis, 1978), and infrequent trading.

Academics and practitioners have extensively discussed modified models over the past 30 years. Thought the paradox existed several years, no one could replace the classic CAPM, and improve the paradox between ex-ante model and ex-post performance. This paper tries to build a grey forecasting model to correct the inconsistent phenomenon and improve the investment performance of efficiency frontier in CAPM effectively and stably.

In the study intending to eliminate noise, increase accuracy of forecasting effectiveness. The Grey forecasting model was used in the VAR model first.（Chang, 1997; Chang and Wu, 1998; Chang, Wu, and Lin, 2000） The results show that the Grey forecasting model could capture the securities price impulse, made the prices discovering process more stable. The out-of-the-period forecasting accuracy had been increased. 

Grey theorem founded by Deng (1982) has been applied in research in agriculture, engineering, but scarcely in business, especially finance. 

Chang (1997) applied GM (1,1) in the study of transmission mechanism between security market, monetary market, and foreign exchange market in a VAR model. The result showed that GVAR could eliminate noise of markets, increase the accuracy of forecasting stock prices in the out-of-the-period. 

Chang and Wu (1998) discussed seasonality about the Chinese Festival in Taiwan’s Security Market using the Grey Forecasting Model. The results showed that the forecasting accuracy was better than that of a MovingAverage Model. 

Chang (2004; 2005) applied GM (1,1) in the study of systematic risk coefficient forecasting. Using the Dow Jones Industrial Index’ Component Securitiesand the MSCI World Index from 1998 to 2003 as samples, the author found that forecasting effectiveness and efficiency from the Grey Forecasting Model on forecasting the systematic risk coefficient are clearly excellent. The Grey Forecasting Model on forecasting systematic risk coefficient is a suited and good model. 

This study wants to build a Grey Markowitz efficiency frontier’s investment portfolio and modifies the classic one in order to eliminate deviation between ex-ante model and ex-post performance effectively. Part 2 presents methodology, part 3 presents the results of study, and part 4 presents some conclusions.
2. Methodology

This study samples the component securities of Dow Jones Industry Index from 1999 to 2005. First of all, the raw daily returns of samples are whitened using a GM (1,1). And the grey variances and co-variances are computed. Four investment portfolios are constructed using raw variances and co-variances and grey variances and co-variances. Portfolio A is the classic efficiency frontier’s investment portfolio of CAPM, portfolio B is the grey efficiency frontier’s investment portfolio of CAPM using raw variances and grey co-variances, portfolio C is the grey efficiency frontier’s investment portfolio of CAPM using raw co-variances and grey variances, and portfolio D is the grey efficiency frontier’s investment portfolio of CAPM using grey variances and co-variances. See figure 1.
In order to examine the effectiveness and efficiency of grey efficiency frontier’s investment portfolios, this paper compares the four investment portfolios’ performance on the market portfolio point (M point), the minimum variance portfolio point (MVP point), and the maximum return portfolio point (X point) using the Sharpe Index, Treynor Index and Jenson Index. Three hypotheses are set as, 
Hypothesis I   The grey portfolios have lower variance than the classic portfolio on the minimum variance portfolio point (MVP point). 

Hypothesis II  The grey portfolios have higher investment performance than the classic portfolio on the market portfolio point (M point). 

Hypothesis III  The grey portfolios have higher return than the classic portfolio on the maximum return portfolio point (X point).
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In the study schedule, three months data are used to build investment portfolios on the efficiency frontier. The performance comparisons are examined by pair-wise t examination during next three months on the minimum variance portfolio point (MVP point), the market portfolio point (M point), and the maximum return portfolio point (X point). After rolling per 1 months each time, 72 examination periods are studied in this paper. See figure 3.

3. Results

First of all, we observe the times that superior and inferior number of grey portfolios than classic portfolio separately. See table 1, on the MVP, grey portfolios B and D’s  investment performance are superior to classic portfolio A using Sharpe index and Jenson index separately. Grey portfolio and D’s investment performance are superior to classic portfolio A using Treynor index. 

On the market portfolio point, grey portfolios B, C and D’s investment performance are all superior to classic portfolio A using Sharpe index and Jenson index separately . Grey portfolios B and D’s investment performance are superior to classic portfolio A using Treynor index. And on the maximum return point, the grey portfolio’ investment performance are superior to classic portfolio A using Sharpe index. 

From the above result, it shows that grey portfolios are superior to classic portfolio, portfolio B and D are the stable ones specially. 

By suing pair-wise t examinations, we compare investment performances between grey Markowitz efficiency frontier’s investment portfolios and classic portfolio.
Table 1： A comparison of investment performance evaluation between grey portfolios and classic portfolio
	
	MVP
	M
	X

	Panel A: Sharpe Index
	
	
	

	B
	39（33）
	39（33）
	

	C
	36（36）
	38（34）
	

	D
	39（33）
	43（29）
	38（34）

	Panel B: Treynor Index
	
	
	

	B
	36（36）
	41（31）
	

	C
	33（39）
	35（37）
	


	D
	39（33）
	39（33）
	34（38）

	Panel C: Jenson Index
	
	
	

	B
	41（31）
	40（32）
	

	C
	35（37）
	37（35）
	

	D
	37（35）
	38（34）
	33（39）


Note: The pair wise numbers in table denotes the superior and inferior number of grey

portfolios than classic portfolio separately.

Table 2 ：The t examination of comparing variance between grey portfolios and classic portfolio on the MVP
	
	A
	B
	C
	D

	Variance
	0.0105594400 
	0.0104299320 
	0.0118023960 
	0.0113857561 

	t
	
	-0.81158166 
	1.99875089** 
	1.3026923* 


Notes: 1. Portfolio A is the classic Markowitz efficiency frontier’s investment portfolio, portfolio B is the grey Markowitz efficiency frontier’s investment portfolio using raw variances and grey co-variances, portfolio C is the grey Markowitz efficiency frontier’s investment portfolio using raw co-variances and grey variances, and portfolio D is the grey Markowitz efficiency frontier’s investment portfolio using grey variances and co-variances.
2. The * denotes significant at 10%, ** denotes significant at 5%, and *** denotes significant at 1%.

Table 2 show the t examination of comparing variance between grey portfolios and classic portfolio on the MVP. Grey portfolio C and D has higher variance than classic portfolio A significantly.

Table 3 show the t examination of comparing investment performances between grey portfolios and classic portfolio on the market portfolio M point using Sharpe index, Treynor index, and Jenson index separately. Grey portfolio C and D have higher investment performance than classic portfolio A significantly by Sharpe index.  Grey portfolio B and D have higher investment performance than classic portfolio A significantly by Treynor index.  And Grey portfolio B, C and D have higher investment performance than classic portfolio A significantly by Jenson index. 
The t examination of comparing investment return shows that the grey portfolio has lower investment return than the classic portfolio on the maximum return point. The t value –0.831 is not significant at 10% level.

The results show that the grey investment portfolios on Markowitz efficiency frontier are effective and stable model than the classic investment portfolio model, portfolio D is the best one specially.

Table 3 ：The t examination of comparing investment performance indexes between grey portfolios and classic portfolio on the market portfolio point
	
	A
	B
	C
	D

	
	
	
	
	

	Sharpe Index
	-0.0284832283 
	-0.0141237199 
	-0.0042388295 
	-0.0007698585 

	t
	
	0.97373887 
	1.56671918* 
	1.60383437* 

	
	
	
	
	

	Treynor Index
	-0.0020844322 
	0.0000657563 
	-0.0018186740 
	0.0004717070 

	t
	
	1.35379103* 
	0.15017124 
	1.55943957* 

	
	
	
	
	

	Jenson Index
	-0.0003364887 
	-0.0001071939 
	-0.0000686633 
	-0.0000722480 

	t
	
	1.36176254*
	1.52080648* 
	1.60533175* 

	
	
	
	
	


Notes: 1. Portfolio A is the classic Markowitz efficiency frontier’s investment portfolio, portfolio B is the grey Markowitz efficiency frontier’s investment portfolio using raw variances and grey co-variances, portfolio C is the grey Markowitz efficiency frontier’s investment portfolio using raw co-variances and grey variances, and portfolio D is the grey Markowitz efficiency frontier’s investment portfolio using grey variances and co-variances.

2. The * denotes significant at 10%, ** denotes significant at 5%, and *** denotes significant at 1%.

4. Concluding Remarks
Using component securities of the component securities of Dow Jones Industry Index from 1997 to 2005 as the samples, we use a grey forecasting model GM(1,1) on improving the investment performance of classical Markowitz efficiency frontier’s investment portfolio.

We observe the times that superior and inferior number of grey portfolios than classic portfolio first. Generally, the grey portfolios’ investment performance is superior to classic portfolio on the MVP, market portfolio point, and maximum return point separately.

Next, we use t examination to compare investment performances between grey portfolios and classic portfolio using Sharpe index, Treynor index, and Jenson index separately.  The results show that the grey investment portfolios on Markowitz efficiency frontier are effective and stable models than the classic investment portfolio on the MVP, market portfolio point, and maximum return point separately.
Base on the study results, hypothesis I is supported weakly, and hypothesis II and III are supported strongly.  Especially, a grey Markowitz investment portfolio model D using grey variance and grey covariance, is the best one that constructs a more stable and correct connection between ex-ante model and ex-post performance.
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Figure 1 The Markowitz’Efficiency Frontier
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Figure 2 The Study Frame
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Figure 3 The Rolling Study Schedule
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