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Modeling Taiwan life expectancy from 1970-2012
Introduction:

Population ageing is now recognised as a global issue of increasing importance, and has many implications for health care and other areas of social.  The recent and life expectancy rises have been a major component in political discussions on the national health care system, immigration, social security. 
In this project, I sought to understand the time series model that can best describe the Taiwan life expectancy rise.
Taiwan life expectancy data is available from Department of Household Registration, M.O.I (http://sowf.moi.gov.tw/stat/Life/quary-1age.htm#taiwan-a-title.gif).
Model Specification:

I first plotted the life expectancy from 1970-2012, as shown below.
Figure 1: Time Serious Plot of the life expectancy
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There is an significant upward trend in the life expectancy and I have a good reason to believe that trend would persist after 2012. 

To help in selecting a tentative model, I then calculate the sample autocorrelation function (“ACF” as described in the following equation) of the original data by different lags and plot the correlograms. 

[image: image2.wmf](

)

(

)

(

)

å

å

=

+

=

-

-

-

-

=

n

t

t

n

k

t

k

t

t

k

Y

Y

Y

Y

Y

Y

r

1

2

1


The corresponding correlograms was produced and can be seen here:
Figure 2 : Autocorrelation graph
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Looking at the Figure 1: Time Serious Plot of the population and Figure 2 : Autocorrelation graph above, it is highly unlikely that the series is a MA (q) since the ACF did not reduce to zero quickly enough. For MA(q), rk equals zero when k>q. From our data, we didn’t observe a sudden drop in rk, but rather it decreased gradually and changed the sign, displaying a damped sine function. 

It is possible that this represents an AR(q) time series, since the correlation steadily decreases until negative, then rises back up. I suspect that it could be represented by an AR(1) or AR (2) process. 
Model fitting:

AR(1)

	Regression Statistics
	
	
	
	

	Multiple R
	   0.9965 
	
	
	
	

	R Square
	   0.9930 
	
	
	
	

	Adjusted R Square
	   0.9928 
	
	
	
	

	Standard Error
	   0.2282 
	
	
	
	

	Observations
	42
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	　
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	296.4178
	296.4178
	5692.305
	9.42E-45
	

	Residual
	40
	2.082937
	0.052073
	
	
	

	Total
	41
	298.5007
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	

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

	0
	   0.9405 
	0.940507
	0.999966
	0.323338
	-0.96036
	2.841312

	1
	   0.9901 
	0.013123
	75.44737
	9.42E-45
	0.963587
	1.016632


AR(2)

	Regression Statistics
	
	
	
	

	Multiple R
	0.9964 
	
	
	
	

	R Square
	0.9927 
	
	
	
	

	Adjusted R Square
	0.9923 
	
	
	
	

	Standard Error
	0.2301 
	
	
	
	

	Observations
	41
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	　
	df
	SS
	MS
	F
	Significance F
	

	Regression
	2
	274.2475
	137.1237
	2589.322
	2.43E-41
	

	Residual
	38
	2.012381
	0.052957
	
	
	

	Total
	40
	276.2599
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	

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

	0
	0.5880
	0.999458
	0.588368
	0.559766
	-1.43525
	2.611345

	1
	1.0208
	0.162932
	6.265275
	2.46E-07
	0.690974
	1.35065

	2
	-0.0260
	0.161179
	-0.16104
	0.872915
	-0.35225
	0.300333


Model Diagnostic
Firstly, it can be noted that the adjusted R2 statistic is almost equal to 1 in all 2 models. This implies all 2 models would be a good fit to the data.

The residual plot is shown in Figure 3 ~ Figure 4. We can see that the model fitted the data very well.  

Figure 3:Residules from AR(1) model
[image: image4.png]Residules

Residules from AR(1) model

06
0.4 * *
A4 .
* * **
0.2 L 284 *
« % .
0 L & — - '—Q * T
66/00 68.00 %oo’ 7200% 7200 90
* 0 ? *
0.4 * *
*

-0.6

78.00





Figure 4:Residules from AR(2) model
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Conclusion:


Based on the analysis, Taiwan life expectancy for the past 43 years can be best modeled by an AR(1) or AR(2) model. MA(q) models were not good candidates for this specific time series because of the characteristics of the data. 
Simple is best, so I recommend AR(1) model.( 
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). We than can use that model to forecast future Taiwan populations. The 2013 forecast is 0.9405+0.9901*76.41=76.59. 
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Sheet1

				男性		年齡		死亡機率		生存數		死亡數		定常人口				平均餘命

						X		qx		lx		dx		Lx		Tx		ex

		1970		59年		0M		0.00725		100000		725		8303		6666198		66.66

		1971		60年		0M		0.00704		100000		704		8304		6718523		67.19

		1972		61年		0M		0.00727		100000		727		8303		6756512		67.57

		1973		62年		0M		0.00662		100000		662		8306		6756874		67.57

		1974		63年		0M		0.00576		100000		576		8309		6779946		67.80

		1975		64年		0M		0.00561		100000		561		8310		6826703		68.27

		1976		65年		0M		0.00500		100000		500		8313		6869964		68.70

		1977		66年		0M		0.00482		100000		482		8313		6869068		68.69

		1978		67年		0M		0.00421		100000		421		8316		6915370		69.15

		1979		68年		0M		0.00429		100000		429		8315		6935646		69.36

		1980		69年		0M		0.00390		100000		390		8317		6956716		69.57

		1981		70年		0M		0.00374		100000		374		8318		6973623		69.74

		1982		71年		0M		0.00345		100000		345		8319		6984224		69.84

		1983		72年		0M		0.00311		100000		311		8320		6989600		69.90

		1984		73年		0M		0.00292		100000		292		8321		7045683		70.46

		1985		74年		0M		0.00261		100000		261		8322		7082025		70.82

		1986		75年		0M		0.00239		100000		239		8323		7097331		70.97

		1987		76年		0M		0.00199		100000		199		8325		7109247		71.09

		1988		77年		0M		0.00199		100000		199		8325		7098955		70.99

		1989		78年		0M		0.00217		100000		217		8324		7110252		71.10

		1990		79年		0M		0.00196		100000		196		8325		7132956		71.33

		1991		80年		0M		0.00189		100000		189		8325		7182966		71.83

		1992		81年		0M		0.00230		100000		230		8324		7178987		71.79

		1993		82年		0M		0.00205		100000		205		8325		7161537		71.62

		1994		83年		0M		0.00248		100000		248		8323		7182792		71.83

		1995		84年		0M		0.00378		100000		378		8318		7193211		71.93

		1996		85年		0M 0.00394  100000  394  8317  7237132  72.37												72.37

		1997		86年		0M 0.00365  100000  365  8318  7296784  72.97												72.97

		1998		87年		0M 0.00430  100000  430  8315  7311571  73.12												73.12

		1999		88年		0M 0.00423  100000  423  8316  7332280  73.32												73.32

		2000		89年		0M 0.00406  100000  406  8316  7381817  73.82												73.82

		2001		90年		0M 0.00405  100000  405  8316  7405637  74.06												74.06

		2002		91年		0M 0.00356  100000  356  8319  7457710  74.58												74.58

		2003		92年		0M 0.00307  100000  307  8321  7475589  74.76												74.76

		2004		93年		0M 0.00351  100000  351  8319  7467034  74.67												74.76

		2005		94年		0M 0.00354  100000 354 8319 7449253 74.49												74.49

		2006		95年		0M 0.00334  100000  334  8319  7485227  74.85												74.85

		2007		96年		0M 0.00366  100000  366  8318  7543562  75.44												75.44

		2008		97年		0M 0.00302  100000  302  8321  7556123  75.56												75.56

		2009		98年		0M 0.00253  100000  253  8323  7601242  76.01												76.01

		2010		99年		0M		0.00309		100000		309		8320		7611364		76.11

		2011		100年		0M		0.00307		100000		307		8321		7593695		75.94

		2012		101年		0M		0.00276		100000		276		8322		7641016		76.41

						43
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