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Times Series Modeling of Modern Time Gold Prices 

I. Project Summary

As one of the most frequently traded commodity with the longest trading history, gold’s price has drawn much of investors’ attentions. Whether or not gold can be used as inflation hedge is a long debated topic. This project applied learned time series techniques onto daily gold prices per ounce in USD since January 1998 to investigate modern time gold price movement and its relationship with the inflation.
Data was obtained from the World Gold Council website: www.gold.org/investment/statistics/#start/0/limit/10/ordering/date/direction/desc/c/prices
II. Graph of the Time Series
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Note in the graph that gold’s nominal prices move along closely with inflation adjusted prices, a reasonable support of gold’s hedging property against inflation during the period. The observed prices stayed relatively constant from 1998 to 2004, and showed homogeneously increasing trend with random fluctuations thereafter. No serious seasonality was observed. Despite the similarities between the before- and after- inflation adjustment prices, I applied inflation adjusted gold prices for the following analysis. 
III. Stationary
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Sample autocorrelation of original time series data show linearly decreasing trend and fail to decline quickly to zero, an indication of non-stationary.
To make the time series stationary, I applied logarithm of the price to even out large values then take the first difference to eliminate the increasing trend. Following figures show the time plot and the sample autocorrelation of the transformed time series.
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After logged first differentiation, data arrived at stationarity: sample autocorrelation dropped to zero level immediately after lag 1 and fluctuate around zero thereafter. This is also an indication that the time series is a MA (q) model and no need to introduce any AR (p) parameters.
Bartlets’ test exams whether the time series is a white noise. Here we have 95% CI of (-0.035, 0.035). [*stdev = 1/sqrt(3260) = 0.017514] A total of 47 or 1.44% of data lies outside the 95% confident interval, less than significant level 5%. 

IV. Model Selection and Goodness of Fit 
Previous findings indicate that the gold prices can be described as ARIMA (0, 1, q) model. Excel calculated that ρ1 = 0.179%, ρ2 = 0.28546%.  The constant term δ can be estimated as the mean of the time series, δ= 0.000395. 
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= -0.00179. 
For MA (2) process, Excel solver returned [image: image10.png]61



 = 0.00179, [image: image12.png]62



= 0.00285

Attempted models:

ARIMA (0, 1, 1) 
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ARIMA (0, 1, 2)
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MA (1) Plots
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MA (2) Plots
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Use Bartlett’s test, Box-Pierce Q statistic and

Durbin-Watson statistic to test the quality of the ARIMA fit.
 (1) Bartlets’ Test exams whether the residuals have a normal distribution with a variance of 1/T, where T is the number of observations. Here we have 95% CI of (-0.035, 0.035). [*stdev = 1/sqrt (3260) = 0.017514] Both MA (1) and MA (2) processes have total of 48 or 1.47% of data lies outside the 95% confident interval, which are less than the 5% significant level. Therefore the both fitted time series residuals are white noise process based on the Bartlets’ Test.  

 (2) Box-Pierce Q statistic has a Chi-sq distribution with appropriate degrees of freedom. I applied sum of the first 19 terms to get the test statistics of 3.53074 for the MA (1) process and 3.633 for the MA (2) process. At 10% significant level, the Chi-sq critical value is 27.2 with 19 degrees of freedom, which is well above the test statistics 3.53074 and 3.633. We cannot reject the null hypothesis that both residuals follow white noise process. 
(3) Durbin-Watson has a test statistics of 2.00031 and 2.00262 for the MA (1) and MA (2) process respectively, indicates no serial correlation between the residuals.  

Compare to IMA (1, 1) model, IMA (1, 2) show similar residual pattern and no significant improve of the fittings (refer to the plot below). Following the Principles of Parsimony, I would select IMA (1, 1) model with fewer parameters.

ARIMA (0, 1, 1) 
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V. Forecasts: 
Test the model fit quality through applying an out of sample test
Since gold shown to be good hedge against inflation, despite the fact the future inflations and real GDPs are unknown, the model could be used as a possible forecasting tool for future gold prices. Due to the nature of the IMA (1, 1) process and for our case with a very low θ1 value, forecast values are largely influenced by the current error term [image: image25.png]


, which is an independent random draw from the normal distribution with mean zero and standard deviation  [image: image27.png]


. Therefore the level of forecast precision is relatively low. I provided three possible forecast paths and compared them with the most recently observed gold prices in the plot below.  
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VI. Conclusions

As shown in the previous plots, model 
ARIMA (0, 1, 1) 
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roughly simulate modern time gold prices’ general path. Much fluctuation was failed to be modeled. This model also over estimated the prices throughout the selected period. Although immunized from inflation, gold prices were largely depending on the previous state and the current random term, therefore making it hard to forecast with current model. This randomness may due to other influential factors that were not considered. To build more accurate and complex model, further industrial analysis on gold prices will be needed. 
