VEE Time Series Project


This time series project deals with immigration into the United States from 1820 – 1962.  The data was obtained from the Time Series Data Library at http://www.robjhyndman.com/TSDL/.  Immigration tends to be a sensitive topic, invoking notions of insecurity, concern, anger, and so forth.  This is precisely why I chose this topic.
The following plot shows the annual immigration numbers.
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What we notice is a gradual increase from 1820 to roughly 1884.  The immigration numbers tend to level off for about 40 years before dipping around 1940 and then starting to climb again.  The attached Excel workbook contains 5-, 10-, 15-, and 20-year moving averages.  The 20-year moving average does a good job of removing the volatility and paints a clearer picture of the data.
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Before proceeding, it is worth analyzing the underlying data to determine how dependent successive members of the sample set are.  Loosely, we wish to answer the question: do immigration rates today (this month), affect immigration rates tomorrow (next month)?  The answer can be found by computing the correlation coefficient between the value of immigration data at time t and at time t + 1.  
A plot of the sample autocorrelation is shown below for the 20-year moving average:
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The sample autocorrelation plot shows significant positive correlation for the first 6 or so lags.  Several AR models and an ARMA model were fit to the data.  The R2 values and Box-Pierce statistics were calculated and summarized.  

Larger Box-Pierce statistics are associated with higher order autoregressive models, as can be seen below.  Additionally, the ARMA(1, 1) had the largest Box-Pierce statistic of all.
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AR(1) 0.1616 174.59

AR(2) 0.1994 181.99

AR(3) 0.2201 192.41

AR(4) 0.2519 201.12

AR(5) 0.2575 224.29

ARMA(1, 1) 0.0480 391.42



The ARMA parameters were calculated using ratios of the sample autocorrelation to its prior value (see ARMA Regressions tab in attached Excel workbook).  The θ1 coefficient was estimated using the following formula:
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The ARMA(1, 1) graph is shown on the following page:
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In light of the R2 and Box-Pierce values – taking into consideration the difficulty of calculating the ARMA models as well to the poor ARMA(1, 1) fit – it was determined that the data should be modeled using an AR(5) model.  The model is of the following form:
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Below is a graph of the AR(5) model fit to the Annual Immigration Data:
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