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Introduction
Haiti was once one of the richest agriculture lands in the Americas in colonial times. Today, however, Haiti is now one of the poorest countries in the Western hemisphere. The country cannot produce enough food for its population. Most of the population is quite malnourished. This is a country where life expectancy is short and infant mortality is high. According to www.globalsecurity.org, about 12% of children die before their first birthday and one third of all children die before their fifth birthday. Since Haiti has one of the world’s lowest life expectancy rates, I thought it would be interesting to perform an analysis of their data. I performed three time series models - AR (1), AR (2) and AR (3), to test the ability to forecast the future life expectancy in Haiti.
Model Specification

Life expectancy at birth is defined as the number of years a newborn infant will live if the patterns of mortality at the time of the infant’s birth remain constant throughout its life. The data is from the World Bank found here http://data.worldbank.org/indicator/SP.DYN.LE00.IN?cid=GPD_10. 
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According to the data, the life expectancy in Haiti has improved through the years. From 1960 to 2008 the life expectancy in Haiti has increased by 19 years.  The average annual increase throughout 1960 to 2008 is about 0.39 years. 
To be able to distinguish what time series best fits the data, a correlogram needs to be produced. The following correlogram illustrates the autocorrelation of the life expectancy in Haiti.
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Since the life expectancy data trends directly upwards, it does not appear that seasonality is a factor. The above autocorrelation values are calculated in the attached Excel worksheet. The autocorrelations initially decrease as lag increases until lag 35. After lag 35, the autocorrelations increase as lag increases. For a stationary series, autocorrelations should move to zero as lag increases. Based on these autocorrelation values, the life expectancy is not a stationary series. 
First Differences
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The above graph shows the first difference of life expectancy. The first differences average at 0.396 year, which is very close to the average annual increase in years throughout 1960 to 2008. 
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The autocorrelations of the first difference exhibit what seems to be an extension of the autocorrelations of the life expectancy in years. Again the values of the autocorrelation are calculated in the attached Excel worksheet. The autocorrelations decrease as lag increases through lag 16. The values then increase until lag 28 when it starts to decrease again until lag 39. The values then approach zero as lag increases.
Second Differences
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The second differences for the life expectancy in Haiti appear to oscillate around a zero mean; thus it appears to be a stationary series.
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The above correlogram for second differences show the autocorrelations oscillating around zero with somewhat decreasing amplitudes (except for the spikes at lag 17 and lag 33).  This continues to suggest that the second differences are stationary. Since the autocorrelations are non-zero values for some time, it suggests the process could be autoregressive in nature. Given these observations, it is somewhat likely the life expectancy in Haiti can be described by an AR(p) model. The general formula for an AR(p) model is:
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AR(1) Model
For p = 1, 
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Regression Statistics

Multiple R

0.999843542

R Square

0.999687109

Adjusted R Square

0.999680307

Standard Error

0.100406497

Observations

48

ANOVA

df

SS

MS

F

Significance F

Regression

1

1481.674378

1481.674

146970.2

2.9E-82

Residual

46

0.463747372

0.010081

Total

47

1482.138125

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

-0.904052846

0.139422185

-6.48428

5.43E-08

-1.1847

-0.62341

-1.1847

-0.62341

X Variable 1

1.00965241

0.002633645

383.3669

2.9E-82

1.004351

1.014954

1.004351

1.014954


Here, the model is graphed along with the data.
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AR(2) Model
For p = 2, 
[image: image11.wmf]2

1

812

.

1

811

.

0

131

.

0

-

-

+

-

-

=

t

t

t

Y

Y

Y
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Regression Statistics

Multiple R

0.9999463

R Square

0.9998926

Adjusted R Square

0.9998878

Standard Error

0.0585323

Observations

47

ANOVA

df

SS

MS

F

Significance F

Regression

2

1403.907553

701.9538

204888.6

4.77399E-88

Residual

44

0.150745166

0.003426

Total

46

1404.058298

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

-0.1310551

0.114658286

-1.14301

0.259217

-0.362133713

0.1000235

-0.3621337

0.100023466

X Variable 1

-0.8111021

0.086797479

-9.34477

5.18E-12

-0.986030882

-0.6361732

-0.9860309

-0.63617324

X Variable 2

1.8120611

0.085958414

21.08067

1.26E-24

1.638823256

1.9852989

1.63882326

1.985298853


Here, the model is graphed along with the data.

[image: image13.png]Life Expectancy in Haiti

——Data

—=—AR(2)

62

8007
900T
00T
00T
0002
866T
| 966T
66T
7661
| 066T
886T
986T
86T
861
086T
8L6T
| 96T
vL6T
et
| 046T
896T
996T
96T
7961
096T





AR(3) Model
For p = 3, 
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Regression Statistics

Multiple R

0.999945861

R Square

0.999891725

Adjusted R Square

0.999883992

Standard Error

0.058510266

Observations

46

ANOVA

df

SS

MS

F

Significance F

Regression

3

1327.822302

442.607434

129286.9094

2.79404E-83

Residual

42

0.143784953

0.003423451

Total

45

1327.966087

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

-0.117435098

0.117298025

-1.001168593

0.32247875

-0.354152093

0.119281896

-0.354152093

0.119281896

X Variable 1

-0.125607469

0.155605687

-0.807216438

0.424089754

-0.439632456

0.188417518

-0.439632456

0.188417518

X Variable 2

-0.600628841

0.295819514

-2.030389521

0.048680726

-1.197616781

-0.0036409

-1.197616781

-0.0036409

X Variable 3

1.727251034

0.154151108

11.20492131

3.3755E-14

1.416161507

2.03834056

1.416161507

2.03834056


Here, the model is graphed along with the data.
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Discussion
In order to determine the goodness of fit of these models, we can look at the R-Squared values, Box-Pierce Q Statistic and the Durbin-Watson Statistic. 
	Model
	R2
	Box-Pierce
	Durbin-Watson

	AR(1)
	0.999687109
	0.890961171
	0.367327459

	AR(2)
	0.999892636
	0.010959015
	2.085032281

	AR(3)
	0.999891725
	0.009301523
	1.930640354


The R-squared values measures the percentage of the data explained by the model. All three R-squared values are very high, however AR(2) has the highest value. The high R-squared values for all three models mean that almost 100% of the variability in the life expectancy in Haiti year to year is explained by the model. Therefore, the most preferred model according to the R-squared values is AR(2). 
The Box-Pierce test is used to test if the residuals are a white noise process. The statistics are calculated in the Excel worksheet based on this formula: 
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. If the Q statistic is greater than the Chi-squared value for a distribution with s degrees of freedom then it may be possible that the residuals of the model are not a white noise process. The Chi-squared values are in the Excel worksheet, but for all three models, the Q statistic is below the critical Chi-squared value for a 10% significance level, so we can accept the null hypothesis that the residuals are a white noise process. Therefore, all three models are preferred according to the Box-Pierce test.
The Durbin-Watson statistic measures the autocorrelation of the residuals for a model. The statistics are calculated in the Excel worksheet based on this formula: 
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. If the statistic is equal to 2, this infers that there is no autocorrelation between the residuals. Considerable autocorrelation between the residuals could mean that they do not follow a white noise process and that the model is not suitable for the actual data. Therefore, the most preferred model according to the Durbin-Watson test is AR(1). 
Conclusion

As shown in the discussion, not one model is the most preferred for all three tests that determines the best fit for the data of life expectancy in Haiti. However, due to these three results – 1) even though AR(1) has the lowest R-squared statistic it is still extremely close to 100%, 2) AR(1) was not rejected by the Box-Pierce test and, 3) AR(1) has the best Durbin-Watson statistic – I would suggest AR(1) to be the best fit model.
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