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1. Introduction
I am a fan of Japanese fashion and always shop online for Japanese goods. In this time series project, I would like to found out what time series models can be used to model the US Dollar to Japanese Yen exchange rate. I chose to use the 2007-2011 weekly USD/JPY exchange rates to conduct this analysis. 
Next, I would like to test the model fit quality by comparing the forecasted data for Q1 2012 against the actual data. 
2. Data
The data used for this project is obtained from the Oanda website.
http://www.oanda.com/currency/historical-rates/
The data are complied in the following worksheets in the Excel file:
“Raw Data”

There is a wide range of historical data available; I have chosen to use the average weekly bid price from 2007 to 2012. 
3. Model Specification
The USD/JPY exchange rates from 2007 to 2011 are shown in Graph 1 below. 

Graph 1: US Dollar to Japanese Yen from 2007 to 2011
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Graph 1 shows an overall decreasing trend over the 5 year period. There are fluctuations and the data also do not appear to be stationary. To verify this, I have created a correlogram using the sample autocorrelation function (SACF), the results is shown in Graph 2 below. (Workings can be found in worksheet “SACF”)
Graph 2: Correlogram
[image: image2.wmf](0.60)
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The correlogram in graph 2 indicates that the time series is non-stationary. Since i) the SACF decreases rather slowly and only reaches zero after 94 lags, and ii) the SACF does not fluctuate around a constant mean.
Since the original time series is non-stationary, I have attempted to examine the 1st difference to see whether it is stationary. The 1st difference and its correlogram are shown in Graph 3 and 4 below.
Graph 3: US Dollar to Japanese Yen from 2007 to 2011 – First Difference
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Graph 4: Correlogram - First difference
[image: image4.wmf](0.2000)
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Note: The dotted horizontal red lines in Graph 4, plotted at ±2/√259 = ±0.1243, are intended to give critical values for testing whether or not the SACFs are significantly different from zero. 
The correlogram in Graph 4 shows that only the first lag is significantly different from zero. The fact that the SACF cuts off after lag 1 is an indication that the time series is a MA(1) process. However, the correlogram also show a subtle trend that it slowly die off after reaching zero at lag 3, meaning that it could also be a AR(q) process. 
In view of this, I will fit both MA(1) and AR(1) model to see which process fits the data better.
4. Model Parameterization
i) For the MA(1) process: [image: image6.png]—B,e,_,+ 6,
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 is estimated to be the average mean = -0.1581, and [image: image10.png]


 is estimated using the Yule-walker equation,  [image: image12.png]



ii) For the AR(1) process: [image: image14.png]N

, Y, te.+ 6,




The parameters [image: image16.png]


 and [image: image18.png]


 are estimated using Excel’s regression add-in. (Workings can be found in worksheet “AR(1) regression”). 

[image: image20.png]


 and [image: image22.png]


 are estimated to be 0.3272 and -0.1088 respectively.
The complete model equations are:

MA(1) : [image: image24.png]—(—0.3725)e,_, + (—0.1581)




AR(1)  : [image: image26.png]Y, = 0.3272Y,_,+e, + (—0.1088)




5. Model Diagnostic
To test the quality of the selected models, I have back tested the model against the actual data and examined the residuals. Ideally, the residuals should be i) a white noise process, and ii) have no serial correlation. (Workings can be found in worksheet “AR(1)” and “MA(1)”).

i) Box-Pierce Q Statistic
I have used the Box-Pierce Q statistic to diagnose whether the residuals are white noises. The results are shown in table 1 below. 
Table 1: Box-Pierce Q Statistics
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For both AR(1) and MA(1) models, with 52 degrees of freedom, the Box-Pierce Q Statistic is lower than the Chi-Square Test Statistic at 5% significant level. Hence we cannot reject the null hypothesis that the residuals are white noise processes.
ii) Durbin-Watson Statistic
I have used the Durbin-Watson Statistic to analyse whether the residuals have serial correlation. The statistic value always lies between 0 and 4, and a value equals to 2 indicates no autocorrelation. 
The results are shown in table 2 below.

Table 2: Durbin-Watson Statistics
[image: image28.wmf]Statistic

AR(1)

MA(1)

1.95

2.03

Durbin Watson Statistic


For both AR(1) and MA(1) models, the Durbin Watson statistics are fairly close to 2. This suggests that the residuals have no serial correlation.
Based on the statistics above, it is difficult to tell which model is a better fit to the data. 

iii) Back Test
To identify the better model, I have back-tested the selected models against the actual data (from 2007 to 2011) and compared the one-period forecasts. (Workings can be found in worksheet “Back Test”).

The results are shown in Graph 5 and 6 below. Based on the graphs, AR(1) seem to fit better.
Graph 5: Back-test AR(1)
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Graph 6: Back-test MA(1)
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iv)  Forecast
To further check the quality of the models, I have also used the model to forecast the USD/JPY exchange rates for 2012 Q1 and compared the forecasted data against the actual data. (Workings can be found in worksheet “Forecast”).

The results are shown in Graph 7. Again, AR(1) seem to forecast better.

Graph 7: USD/JPY forecast for 2012 Q1
[image: image31.wmf]72

74

76

78

80

82

84

2

6

-

D

e

c

-

1

1

2

-

J

a

n

-

1

2

9

-

J

a

n

-

1

2

1

6

-

J

a

n

-

1

2

2

3

-

J

a

n

-

1

2

3

0

-

J

a

n

-

1

2

6

-

F

e

b

-

1

2

1

3

-

F

e

b

-

1

2

2

0

-

F

e

b

-

1

2

2

7

-

F

e

b

-

1

2

5

-

M

a

r

-

1

2

1

2

-

M

a

r

-

1

2

1

9

-

M

a

r

-

1

2

USD / JPY Forecast

Actual

AR(1)

MA(1)


6. Conclusion
MA(1) and AR(1) can be used to model the first difference of the average weekly USD/JPY exchange rate.  Based on my analysis, I found that AR(1) fits better than MA(1).
In conclusion, the average weekly USD/JPY exchange rate can be roughly modelled and forecasted using the ARIMA(1,1,0) model.
