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Introduction:


China has the largest population in the world and its population is still growing rapidly. Being able to model it and predict its future population growth will have significant impact on world economy. Chinese population data is available from United States Census Bureau (http://www.census.gov/population/international/data/). 

In this project, I sought to understand the time series model that can best describe the Chinese population growth. 

Data:

Data was obtained from United States Census Bureau (http://www.census.gov/population/international/data/). This section of the website provides tabular demographic data for countries and regions. Midyear population (The population estimate for July 1 of the given year) was used for the analysis. They are saved in column A and B in the accompanying Excel workbook. Population numbers are in thousands. 
Analysis:
Chinese population data in Millions are plotted in Figure 1. 
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Figure 1, Chinese Population from 1950 to 2010

AR(2) Model

First, we calculated sample autocorrelation functions with lags from 1 to 60 as described in the following equation. 
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The ACF  result is saved in tab “Yt” cells L5-BS5. The correlogram had a damped sine wave feature as shown in Figure 2. This characteristic of the ACF suggests an AR(2) model. 
An AR(2) model as follows was fit using the population data. 
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Excel Analysis Tool Pack was used to fit data (column D, E, F on tab “Yt”). Result is displayed below in Table 1. Our results indicated that the following model best described this AR(2) model
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 was very high (0.9998) indicating a very strong correlation between [image: image8.png]
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Figure 2, Correlogram of Yt. 

The residual plot is shown in Figure 3. We can see that almost all the residuals were within 0.5% of the projected value also indicating that the model fitted the data very well.  
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Figure 3, Residual plot for AR(2) model fit

	SUMMARY OUTPUT
	
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.9999253
	
	
	
	
	

	R Square
	0.9998507
	
	
	
	
	

	Adjusted R Square
	0.9998454
	
	
	
	
	

	Standard Error
	3.1107742
	
	
	
	
	

	Observations
	59
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	2
	3629013.37
	1814506.68
	187508.7796
	7.4818E-108
	

	Residual
	56
	541.907289
	9.67691587
	
	
	

	Total
	58
	3629555.28
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	4.876503
	1.97439285
	2.46987471
	0.016589281
	0.921318817
	8.831687126

	X Variable 1
	1.8286423
	0.06825675
	26.7906437
	1.28903E-33
	1.691907556
	1.965376957

	X Variable 2
	-0.831395
	0.06798434
	-12.229218
	1.90354E-17
	-0.96758425
	-0.69520626


Table 1, AR(2) Model fit

ARIMA(p,d,q) Model


Since the population is monotonically increasing. The annual increase of population ([image: image17.png]


) might be modeled by a time series model. The first difference was taken and the correlogram of Wt was constructed. Calculations were shown in tab “Wt” in the corresponding Excel workbook. As shown in Figure 4, the exponentially decaying correlogram of Wt for the first 10 lags indicated an AR(1) model. In other words, the original population time series can be modeled by an ARIMA(1,1,0) model. 
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Figure 4, Correlogram of ARIMA(1,1,0) model


It is worth noting that the correlogram did not reach zero for bigger lags, but the values were small. The red and green lines indicated [image: image20.png]+2/VN = +0.2561



 indicating the critical values (with 60 observations) for testing whether or not the autocorrelation coefficients are significantly different from zero. Other than lags around 35 that barely reached significance, the rest of the lags after 5 are not statistically significantly different from zero. 

When [image: image22.png]


 and [image: image24.png]


 were fit with linear regression, the best fit yielded an AR(1) model

[image: image25.png]0.8489W,_, +1.9829 + e,




Detailed results were shown in Table 2 below. We found the  [image: image27.png]


 was not as high as the original AR(2) model on Yt.
	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.854924
	
	
	
	
	

	R Square
	0.730895
	
	
	
	
	

	Adjusted R Square
	0.726174
	
	
	
	
	

	Standard Error
	3.159684
	
	
	
	
	

	Observations
	59
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	1545.592104
	1545.592104
	154.8131032
	6.92274E-18
	

	Residual
	57
	569.0652026
	9.983600045
	
	
	

	Total
	58
	2114.657306
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	1.982873
	0.971448998
	2.041149749
	0.04587563
	0.037579814
	3.928165941

	X Variable 1
	0.848936
	0.06822933
	12.44239138
	6.92274E-18
	0.712309146
	0.985562898


Table 2, ARIMA (1,1,0) Model fit. [image: image29.png]


 was fit against [image: image31.png]


 
The residual plot for ARIMA(1,1,0)  model is shown in Figure 5. We can see that the residuals in terms of absolute values and percentages of the projected values were much higher than AR(2) model fit. This suggested that the AR(2) model was actually a better model to describe this time series. 

MA(q) Model

MA(q) models were not considered for this time series because the ACF did not reduce to zero quickly enough. For MA(q), [image: image33.png]


 equals zero when [image: image35.png]k=q



. From our data, we didn’t observe a sudden drop in [image: image37.png]


, but rather it decreased gradually and changed the sign, displaying a damped sine function. 
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Figure 5, Residual plot for ARIMA(1,1,0) model fit

Conclusion:


Based on the analysis, Chinese population for the past 60 years can be best modeled by an AR(2) model. ARIMA(1,1,0) model can also be used to model the time series, but the model fit was not as good as AR(2) model. MA(q) models were not good candidates for this specific time series because of the characteristics of the data. 
