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Time Series Student Project  (Fall 2011)

Feb 8th 2012

Exchange Rate USD/CAD Analysis

Introduction

Canada and the United States are currently the world's largest trading partners while sharing the world's longest border. In 2011, total trade with Canada consisted of $258 billion in imports and $290 billion in exports. The two economies are heavily dependable and their currencies play an important role in the trade. So I decided to look at the USD/CAD conversion rate over the past 5 years for my Time Series student project. This project will aim to model the USD/CAD exchange rate with time series models. In particular, this project will examine the ARI(1,1) model and IMA(1,1) model.
Data 
The data I will be using for the project is weekly historical USD/CAD rate for the past 5 years from February 5, 2007 to January 29, 2012. 

http://www.oanda.com/currency/historical-rates
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It appears that for the majority of time the USD is worth more than the CAD with the USD being the strongest in mid-year 2009. Starting from mid-year 2009, the USD depreciated gradually against the CAD and was worth less than CAD for the most of 2011. From the later half of 2011 until present, the USD has gained value and stayed above CAD. 

Seasonality Check
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The graph does not indicate a seasonal effect. We will proceed with looking at the sample autocorrelation function of the original data. 

Model Specifications

First, let’s look at the autocorrelation functions of the original data. 

[image: image3.png]Autocorrelation

Autocorrelation of original data

Lag





For a moving average process, the sample autocorrelation function drops to 0 after lag q. For an autoregressive process and autoregressive moving average process, the sample autocorrelation function tails off or declines geometrically. As we see from the graph above, the autocorrelation function of the original data declines very slowly as lag increases. This does not represent a moving average process, or autoregressive process. The data also does not suggest seasonality. The correlogram suggests that the data is non-stationary. 
We will now consider the first difference of the original data and the correlogram of the first difference. 
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The dotted orange lines indicate the standard error of the sample autocorrelation function, which is [image: image7.png]


0.12155404. As we can see, the first lag is significantly different from 0, and immediately starting from the second lag the sample autocorrelation function drops to within the orange lines, indicating that they are not significantly different from 0. Lags 6, 27, and 32 can be considered outliers in this case. This resembles a first order process and so I will fit an AR(1) and a MA(1) model to see which process fits the data better. 
Parameter Estimation
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For the MA(1) process, we will estimate [image: image11.png]
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 is the average of the first differences, which is        (-0.000673359). Assume [image: image15.png]


, and [image: image17.png]


. Using the least square estimation for [image: image19.png]5.(6) =Z(e,)?



, we can find the value of [image: image21.png]


 which will minimize [image: image23.png]X(e,)’



. The calculation is done by using the Solver add-in in Excel and [image: image25.png]


= -0.4522. Since [image: image27.png]6] <1



, the first difference time series is invertible. 
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For the AR(1) process, we will estimate [image: image29.png]


 using the Regression add-in in Excel. The summary output below shows that [image: image31.png]


 = 0.280857693, and  [image: image33.png]


 = -0.000467372. 
Model Diagnostic

Now that we have determined the parameters, we can test the AR(1) and MA(1) model against the original data. We will do this by analyzing the residual of the models. To verify that our models are good fits to the original data, the residuals must be white noise process. A white noise process is independent, and identically distributed normal variables with zero mean and common standard deviation. The residuals should not inherit serial correlation. Furthermore we will compare the residuals of the two models using the Durbin-Watson Test Statistic and the Box-Pierce Q Statistic. 
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Residual Diagnostics
	 
	AR(1)
	MA(1)

	The residual mean 
	-0.00002374
	0.00002835

	The residual standard deviation
	0.014189056
	0.013831077

	# of positive residuals
	143
	118

	# of negative residuals
	115
	140

	The minimum residual 
	-0.058357017
	-0.064494199

	The maximum residual
	0.070234039
	0.05433904

	The residual range
	0.128591057
	0.118833239


	 
	AR(1)
	MA(1)

	Durbin-Watson Test Statistic
	1.882452501
	2.13672729

	Box-Pierce Q Statistic (lag 100)
	147.1486035
	133.9691454

	Chi-Square Test Statistic (lag 100 and 1%)
	135.8067231
	135.8067231


The results for Durbin-Watson Test Statistic are very close to 2 for both AR(1) and MA(1), therefore we can say that the residuals are not correlated. For the MA(1) model, the Box-Pierce Q Statistic is lower than the Chi-Square Test Statistics at 1% and 100 degrees of freedom, therefore we cannot reject the null hypothesis that the residuals are white noise process. However for the AR(1) model the Box-Pierce Q Statistic is lower than the Chi-Square Test Statistics. 
Conclusion 

In my opinion the IMA(1,1) model fits the original data better. The moving average parameter [image: image43.png]


 is less than 1, indicating the first difference time series is invertible. The results for Durbin-Watson Test Statistic are very close to 2, indicating that the residuals are not correlated. Furthermore the Box-Pierce Q Statistic is lower than the Chi-Square Test Statistics, indicating the residuals are white noise process. The graph below shows the comparison of the IMA(1,1) against the original data:
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