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Time Series Student Project

Introduction

As an Employee of John Hancock/Manulife Financial, I am extremely interested in what our company stock price is and where it might end up in the next few years. I would like to fit a time series to the available data in order to attempt to predict future values. For the scope of this project, I have focused on the last 4 years of daily MFC closing prices on the NYSE and will attempt to fit a model to this historical data.
Data & Analysis
The MFC daily historical closing prices, in USD, for February 5, 2009 through February 4, 2013 were collected from Google Finance and graphed in Figure 1 below.
[image: image1.png]Figure 1. MFC Daily Closing Prices
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There are no easily observable trends in the data. The annual graphs are plotted over each other in Figure 2 below which clearly shows no seasonality as none of the series’ show similar peaks or trends.

[image: image2.png]Figure 2
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The sample autocorrelations for the data were calculated and graphed against their lags to verify that there is no seasonality present in the data.
rk = Σnt=k+1(Yt - Ῡ)(Yt-k - Ῡ)/ Σnt=1(Yt - Ῡ)2  for k = 1,2,…
[image: image3.png]Figure 3. Sample Autocorrelations
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Based on the sample autocorrelations, the daily stock price is very highly dependent on the stock price on the prior day, slightly less so on the price from the day before that, etc. An AR or ARMA model would likely be a best fit for this time series. In order to determine the best fit model, the Excel regression tool was used to calculate the regression statistics. This analysis follows below.

1. Test an AR(1) model   
Yt = ф Yt-1 + et
	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.991753
	
	
	
	
	
	
	

	R Square
	0.983573
	
	
	
	
	
	
	

	Adjusted R Square
	0.983557
	
	
	
	
	
	
	

	Standard Error
	0.438339
	
	
	
	
	
	
	

	Observations
	1016
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	11665.62
	11665.62
	60713.98
	0
	
	
	

	Residual
	1014
	194.83
	0.19
	
	
	
	
	

	Total
	1015
	11860.46
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	0.1245
	0.0630
	1.9760
	0.0484
	0.0009
	0.2480
	0.0009
	0.2480

	X Variable 1
	0.9917
	0.0040
	246.4021
	0.0000
	0.9838
	0.9996
	0.9838
	0.9996


Based on this output, the AR(1) model is Yt = 0.9917Yt-1 + 0.1245
The Adjusted R Squared statistic is very close to 1 indicating that the AR(1) model is a very good fit for this data. In Figure 4 below, the predicted values are graphed alongside the actual values, which line up extremely closely, demonstrating that the AR(1) model is a very good match.
[image: image4.png]Figure 4. AR(1) Predicted and Actuals
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2. Test an AR(2) model   
Yt = ф1 Yt-1 + ф2 Yt-2 + et
	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.9917846
	
	
	
	
	
	
	

	R Square
	0.9836366
	
	
	
	
	
	
	

	Adjusted R Square
	0.9836043
	
	
	
	
	
	
	

	Standard Error
	0.4378438
	
	
	
	
	
	
	

	Observations
	1015
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	2
	11662.20
	5831.10
	30416.70
	0
	
	
	

	Residual
	1012
	194.01
	0.19
	
	
	
	
	

	Total
	1014
	11856.20
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	0.1301
	0.0630
	2.0638
	0.0393
	0.0064
	0.2538
	0.0064
	0.2538

	X Variable 1
	1.0314
	0.0314
	32.8796
	0.0000
	0.9698
	1.0930
	0.9698
	1.0930

	X Variable 2
	-0.0401
	0.0314
	-1.2785
	0.2013
	-0.1017
	0.0214
	-0.1017
	0.0214


Based on this output, the AR(2) model is Yt = 1.0314Yt-1 – 0.0401Yt-2 + 0.1301

As with the AR(1) model, the Adjusted R Squared statistic is very close to 1 indicating that the AR(2) model is a very good fit for this data. In Figure 5 below, the predicted values are graphed alongside the actual values, which line up extremely closely, demonstrating that the AR(2) model is a very good match.

[image: image5.png]Figure 5. AR(2) Predicted and Actuals
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3. Test an AR(3) model   
Yt = ф1 Yt-1 + ф2 Yt-2 + ф3 Yt-3 + et
	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.9918322
	
	
	
	
	
	
	

	R Square
	0.9837312
	
	
	
	
	
	
	

	Adjusted R Square
	0.9836829
	
	
	
	
	
	
	

	Standard Error
	0.4369123
	
	
	
	
	
	
	

	Observations
	1014
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	3
	11658.19
	3886.06
	20357.35
	0
	
	
	

	Residual
	1010
	192.80
	0.19
	
	
	
	
	

	Total
	1013
	11850.99
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	0.1406
	0.0630
	2.2301
	0.0260
	0.0169
	0.2643
	0.0169
	0.2643

	X Variable 1
	1.0275
	0.0314
	32.7560
	0.0000
	0.9660
	1.0891
	0.9660
	1.0891

	X Variable 2
	0.0403
	0.0450
	0.8963
	0.3703
	-0.0480
	0.1287
	-0.0480
	0.1287

	X Variable 3
	-0.0773
	0.0313
	-2.4661
	0.0138
	-0.1387
	-0.0158
	-0.1387
	-0.0158


Based on this output, the AR(3) model is Yt = 1.0275Yt-1 + 0.0403Yt-2 - 0.0773Yt-3 + 0.1406

As with the AR(1) and AR(2) models, the Adjusted R Squared statistic is very close to 1 indicating that the AR(3) model is a very good fit for this data. In Figure 6 below, the predicted values are graphed alongside the actual values, which line up extremely closely, demonstrating that the AR(3) model is a very good match.

[image: image6.png]Figure 6. AR(3) Predicted and Actuals
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Conclusion

Based on the analysis above, all 3 models tested provide good estimates for the MFC stock price. The chart below shows the regression statistics for each model. 
	 
	Multiple R
	R Square
	Adjusted R Square
	Standard Error

	AR(1)
	0.991753
	0.983573
	0.983557
	0.438339

	AR(2)
	0.991785
	0.983637
	0.983604
	0.437844

	AR(3)
	0.991832
	0.983731
	0.983683
	0.436912


For each model, the Multiple R, R Square and Adjusted R Square are all close to 1 and the Standard Errors are all very small. It can clearly be seen that the AR(1) fit is extremely good and that adding extra parameters does not significantly improve the fit based on the minimal improvement in the regression statistics when moving from AR(1) to AR(2) or AR(3). Given that the principle of parsimony requires using the smallest number of parameters that accurately represents the time series, my recommended model for this time series is the AR(1) model Yt = 0.9917Yt-1 + 0.1245.
