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Time Series

Fall 2011

Student Project

Monthly Gold Prices

OBJECTIVE
Construct a time series analysis to forecast the monthly price of gold.  References to the accompanying spreadsheet have been included in brackets.  
DATA
The data is contained in the [Gold Data] tab of the accompanying spreadsheet, and contains 301 monthly gold prices from January 1987 to January 2012.  Monthly gold prices in US Dollars per Troy Ounce were obtained from http://www.indexmundi.com/commodities/?commodity=gold.  
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The price of gold appears relatively stable from 1987 to 2001.  Beginning in 2002, there appears to be an increasing trend, so this does not appear to be a stationary series.  No seasonality is apparent from this graph.  The data from February 2011 to January 2012 will be reserved for validation of the forecast.

Seasonality
I first examined seasonality by constructing average monthly prices [Seasonality].  Based on this analysis, I determined that a small amount of seasonality may be present in the data, but it did not appear material.
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Autocorrelation
The autocorrelation was examined for the full data set [Auto-Corr AY] and a subset of just the more recent data from January 2002 through January 2011 [Auto-Corr RY].

All Years (Jan-87 to Jan-11)
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Recent Years (Jan-02 to Jan-11)
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Both graphs show distinct patterns of autocorrelation and do not quickly converge around zero.  This confirms that this is not a stationary time series.

I next examined the autocorrelation of several data transformations.  These were examined for both the full data set (AY tabs) and the subset from January 2002 through January 2011 (RY tabs).  For each transformation, Bartlett’s test was run for a 95% confidence interval. 
Transformations:

	Name
	Formula
	% Exceeding Bartlett’s Test

	
	
	All Years
	Recent Years

	First Difference
	Wt = Yt - Yt-1
	2.1%
	1.9%

	First Difference of Ln(Price)
	Wt = Ln(Yt)- Ln(Yt-1)
	1.7%
	0.9%

	Second Difference
	Zt = Wt - Wt-1
	3.1%
	4.7%


The graphs for the autocorrelations are below.  All transformations appear to be improvements over the original data set.  Based on these graphs and the results of Bartlett’s Test, I concluded that the First Difference of Ln(Price) for Jan-02 to Jan-11 was an appropriate stationary series.
First Differences

All Years (Jan-87 to Jan-11)
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Recent Years (Jan-02 to Jan-11)
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First Differences of Ln(Price)

All Years (Jan-87 to Jan-11)
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Recent Years (Jan-02 to Jan-11)
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Second Differences

All Years (Jan-87 to Jan-11)
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Recent Years (Jan-02 to Jan-11)
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MODEL ANALYSIS
Using the selected data set, I proceeded to construct four models – AR(1), AR(2), AR(3), and an AR(12) model with zero coefficients for parameters from (t-4) through (t-11).  The last model was used to see if a seasonal component would add anything significant to the results.
Using the regression add-in for Excel to determine the coefficients, the models are:


AR(1)
Yt = 0.019089 Yt-1 + 0.013957

AR(2)
Yt = 0.025562 Yt-1 - 0.138417 Yt-2 + 0.016115

AR(3)
Yt = 0.032642 Yt-1 - 0.143028 Yt-2 + 0.034612 Yt-3 + 0.015376

AR(12)
Yt = 0.039687 Yt-1 - 0.139212 Yt-2 + 0.028377 Yt-3 - 0.111015 Yt-12 + 0.016597
All coefficients are less than one and the sum of the coefficients in each model is also less than one.  This further confirms the series as stationary.

In order to select the most appropriate model, I examined several statistics.  
· The R2 is a goodness of fit measure for the regression, with zero being a poor fit and one being a perfect fit.  

· The Durbin-Watson statistic is calculated on the residuals and helps evaluate whether the residuals are a white noise process.  If the regression with a one period lag has no serial correlation, the DWS will equal two.   

· The Box-Pierce Q statistic can be compared to a chi-squared distribution.  A p-value greater than 10% means we do not reject the null hypothesis that the residuals are white noise.
The statistics from the models tested were:

	Model
	R2
	DWS
	Box-Pierce Q Chi-sq p-value

	
	
	
	Lag 20
	Lag 40

	AR(1)
	0.036%
	1.9762
	57.39%
	78.11%

	AR(2)
	1.967%
	1.9752
	65.65%
	81.82%

	AR(3)
	2.189%
	1.9983
	63.89%
	80.12%

	AR(12)
	3.061%
	2.0079
	72.83%
	90.05%


All four models could be considered appropriate, although the AR(1) model has an extremely low R2 compared to the other models.  Adding more parameters seems to improve the model performance.   I selected the AR(3) model due to its reasonable statistics and use of more data.  Adding the extra parameter for the AR(12) model reduces the training data significantly for the addition of one parameter.  
In any case, the low R2 for all the models makes me suspect the overall fit will not be great.

FORECAST RESULTS
I now compare the forecast results with the actual data for February 2011 to January 2012 [Forecast].  I performed two forecasts, one running 12 months ahead using the data ending January 2011, and one running one month ahead using the previous month’s actual data.  Both used the estimated parameters from only the training data set.
Forecast results
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As should be expected, the one month running forecast performs better than the annual.  The annual forecast does not anticipate some of the larger increases in April and August.  Nonetheless, both predictions come really close in the February 2011, and again in January 2012.  The one month projection is also close in May, June, and September 2011.

Overall, the model performs adequately, but may be best suited for longer term predictions.  It does not keep up well with the large swings that have occurred in the price of gold over the last year.  Even the one month projections often lag the actual for the more extreme price swings.  Based on the model statistics, a model with more parameters may be appropriate, but care should be taken not to over fit the data.
