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Time Series Project

Earthquakes
Introduction 
Around 500,000 earthquakes occur in the world each year, of which about 100,000 can be felt (source: US Geological Survey). While most earthquakes cause minimal damage, a single large earthquake could easily claim a number of lives and cause significant damage. It would be interesting to see if there is a trend in the number destructive earthquakes in a given year. I will perform time series analysis on the earthquakes from 1970 to 2009 of earthquakes with magnitude greater than 5.0 on the Richter sale. The data for this project was gathered by the US Geological Survey. The chart below shows the data. 
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The data appears to be stationary with an average of 1,581 earthquakes per year. 

Analysis
In order to guess what time series would best fit the above data, we create a correlogram. 
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This correlogram is very similar to Exhibit 3.16 “Sample Autocorrelation of Residuals from Straight Line Model” in Time Series Analysis With Applications in R by Jonathan Cryer and Kung-Sik Chan. Exhibit 3.16 shows the autocorrelation of the residuals from a straight-line model applied to a random walk. 

The autocorrelations do not seem to be dying out. However, looking at lags 5, 10, and 23, it does seem like the lags are decaying exponentially. This suggests that However, more relevant to this analysis, looking at lags 5, 10, 23 it does seem like the lags are decaying exponentially. It is possible that an AR(p) model will fit the data. The general equation for this model is given as follows: 
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 In this project we will fit AR(1), AR(2), AR(3), and AR(10) to the earthquake data. 
AR(1) Model 
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Below, the model is graphed with the data. 
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Below, the model is graphed with the data. 
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Below, the model is graphed with the data. 
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AR(10) Model
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Below, the model is graphed with the data. 
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Discussion
To judge how well the models fit the data, we will look at the R-squared value from each of the analyses. The R-squared value measures the percentage of the data explained by the model. Below are the R-squared values for the four models. 
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The R-squared values seem to be increasing as p increases. Although the analysis is not shown above, this is indeed the case for values of p less than or equal to 10. The AR(10) has the highest R-squared value of 67.2%. 

Conclusion
Based on the reasonable R-squared values, an AR(p) model seems to fit the data reasonably well. I did not fit an AR(p) model for p greater than 10 because the sample size would decrease too much to be meaningful. Already an AR(10) model does not fit the data for the first decade. While the R-squared values are high, it is still evident from the graphs that the models are not the best fit for the data. It is possible that a different time series model such as an MA(p) and ARMA(p, q) would fit the data better. 
The number of earthquakes between 2000 and 2009 seems to be increasing. It may be that more recent factors may be affecting the number of high-magnitude earthquakes. Another factor to consider is that only 40 years worth of data was analyzed for this project. It may be that more years of data is needed before an appropriate model can be fitted. 
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