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Name:     xxxxxxxxx xxx
E-mail:     xxxxxxxxxxxxxxxxxxx
Course:    Time Series

Session:    Summer 2014 VEE Student Project

RE:        Modeling life expectancy in Korea
· Introduction
The retirement market is increasing in Korea and the people have more interested in their life expectancy to estimate national pension amount and individual annuity. As many research institutes have studied the life expectancy for the future, I try to model the time series of the life expectancy in Korea and then forecast the expected life expectancy by using the previous data.
· Data

The data source is statistics in Korea and the URL is as follow.

http://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1B41&language=en&conn_path=I3
The URL for a statistical table may change in case of the KOSIS revision. The data period is 43 years from 1970 to 2012 and it is based on annual. The expectation of life at exact age x, e(x), is the average number of years that the cohort's survivors at exact age x will live. In this project, x is zero. The data is in “data” tab in the accompanying Excel workbook.
· Model Specification

[Graph1. Life expectancy]
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In graph1, X-axis represents the year and Y-axis represents the life expectancy. So, the graph1 shows the life expectancy in Korea from 1970 to 2012. As you can see the graph, the life expectancy has increasing pattern and the slope is almost the same according to the year.
To help in selecting a tentative model, I calculate the sample autocorrelation function of the original data using the following equation:
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, and where k is from 1 to 42. The autocorrelations for different lags are calculated in “Autocorrelation” tab in the accompanying Excel workbook.
As shown below is the correlogram plot of 42 sample autocorrelation functions versus lags for the Korea life expectancy from 1970 to 2012. X-axis represents the lag and Y-axis represents the value of autocorrelation between -1 and 1.
[Graph2. Autocorrelation]
[image: image3.emf]-0.60

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Autocorrelation


This autocorrelation plot shows that the time series has a high degree of autocorrelation between adjacent and near-adjacent observations. Meanwhile, the plot starts with a high autocorrelation at lag 1 that slowly and steadily declines, and then it continues decreasing until it becomes negative and starts showing an increasing negative autocorrelation, so it is possible that this represents an AR(p) time series. An MA (q) model is not considered since the ACF did not reduce to zero quickly enough. Therefore, I consider an AR(1) or AR (2) process.
· Model Fitting and Diagnostic

To fit the AR(1) model, all [image: image5.png]
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 are listed in the table, which is in “Data for AR(1) Model” tab in Excel workbook. And I used the Excel regression add-in to fit the data to the following AR(1) model.
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The results of the Regression and the residuals are shown below and in “Result of AR(1) Model” tab in the accompanying Excel workbook.
[image: image9.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.99982016

R Square 0.99964035

Adjusted R Square 0.99963136

Standard Error 0.11579463

Observations 42

ANOVA

df SS MS F Significance F

Regression 1 1490.73178 1490.73178 111178.97905 0.00000

Residual 40 0.53634 0.01341

Total 41 1491.26811

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 0.37570612 0.21497698 1.74765743 0.08819693 -0.05877857 0.81019080 -0.05877857 0.81019080

X Variable 1 1.00124492 0.00300282 333.43511971 0.00000000 0.99517600 1.00731384 0.99517600 1.00731384
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The adjusted R2 statistics shown is the above summary of regression analysis is 0.99963136 which is close to 1. Thus, it means that this model is a good fit for the life expectancy in Korea. By the way, the standardized residuals have some kind of pattern. So, I’ll decide what to use for the model after I fit the data into AR(2) model.
To fit the AR(2) model, all [image: image12.png]
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 are listed in the table, which is in “Data for AR(2) Model” tab in Excel workbook. And I used the Excel regression add-in to fit the data to the following AR(2) model.
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The results of the Regression and the residuals are shown below and in “Result of AR(2) Model” tab in the accompanying Excel workbook.
[image: image18.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.99985277

R Square 0.99970557

Adjusted R Square 0.99969007

Standard Error 0.10412246

Observations 41

ANOVA

df SS MS F Significance F

Regression 2 1398.82152 699.41076 64512.44016 0.00000

Residual 38 0.41198 0.01084

Total 40 1399.23350

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 0.28447381 0.20322202 1.39981784 0.16967935 -0.12692767 0.69587529 -0.12692767 0.69587529

X Variable 1 1.50628864 0.15111212 9.96802016 0.00000000 1.20037815 1.81219913 1.20037815 1.81219913

X Variable 2 -0.50708089 0.15158639 -3.34516111 0.00186019 -0.81395149 -0.20021029 -0.81395149 -0.20021029
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Firstly, it can be noted that the adjusted R2 statistic is 0.99969007 which is also equal to 1 and it is a little higher than the adjusted R2 of AR(1) model. This implies AR(2) model would be a good fit to the data.

Second, the standardized residuals are smaller than those of AR(1) model and there is no pattern of the residuals.
Based on the R2 and the Residual Plots, the AR(2) time series model fits the life expectancy very well. So, I select the AR(2) model to forecast the future life expectancy in Korea.
The results of the actual and predicted life expectancy are shown below and in “Data for AR(2) Model” tab in the accompanying Excel workbook, from which we could see the actual and predicted life expectancy are very close. X-axis represents the year and Y-axis represents the actual life expectancy and the predicted life expectancy from AR(2) model.
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· Forecasting

From the result of the regression, the AR(2) model we fit to the provided data is
Yt = 1.5063Yt-1 – 0.5071Yt-2 + 0.2845 + et
Since Y2012 = 81.44 and Y2011 = 81.20, we can forecast the life expectancy in 2013. Thus, 

Y2013 = 1.5063Y2012 – 0.5071Y2011 + 0.2845
= 1.5063 x 81.44 – 0.5071x81.20 + 0.2845

= 81.78
Also we can use the predicted life expectancy in 2013 to forecast the life expectancy in 2014. Thus, Y2014 = 1.5063Y2013 – 0.5071Y2012 + 0.2845
= 1.5063 x 81.78 – 0.5071x81.44 + 0.2845
= 82.17
Finally, we can use the predicted life expectancy in 2013 and 2014 to forecast the life expectancy in 2015. Thus, Y2015 = 1.5063Y2014 – 0.5071Y2013 + 0.2845
= 1.5063 x 82.17 – 0.5071x81.78 + 0.2845

= 82.59
Likewise, we can forecast the life expectancy for any future even though it is 2100 year.
· Conclusion

Based on the data, the life expectancy in Korea from 1970 to 2012 could be best modeled by an AR(p) model. MA(q) models were not good candidates for this specific time series because of the characteristics of the data.
By analyzing the data provided, it was determined that an AR(2) time series process best models the life expectancy from 1970 to 2012. The model and the near-adjacent data can be used to forecast the life expectancy for the future in order to revise national pension formula and estimate individual paid annuity amount.
However, the provided data from 1970 to 2012 is too short to predict a long future. So, it is needed to update the data for usage of AR(2) model to forecast the life expectancy for far into the future.
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