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Time Series Analysis of Population Growth in China

Introduction

The annual population growth rate is commonly between 0.1% and 3%. As a country with largest population, China would face many challenges including needs of food, infrastructure and services, if it has a high population growth rate. Therefore, this paper would analyze the population growth rate in China from 1960s till now through time series analysis. The data is obtained from World Bank website and the linkage could be found as follows,
http://data.worldbank.org/indicator/SP.POP.GROW
Model Specification
The following graph depicts the original observations of annual population growth rate in China from 1960 to 2009.
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As can be seen from the graph above, the population growth rate before 1978 is at a high level between 1.5% and 3%. Specially, there exists a significant drop in 1961 since many people died due to lack of food. In the following years, the population growth rate returns to high level. However, with the economic revolution and one child policy, the population growth rate in China begins to drop gradually and keeps as low as 0.5% during recent years. 
Below is the graph of autocorrelation function of population growth rate.

[image: image2.emf]Autocorrelation adjusted for DOF
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It is evident that the autocorrelation function declines geometrically and close to 0 with increase of lag so that this time series is stationary. Furthermore, there is no suddenly drop or raise in this autocorrelation function, which indicates no moving average process exists in this model. Therefore, I select autoregressive model for the estimation.
Parameter Estimation
Based on the stationary time series, I solve the following autoregressive models via regression analysis tool in Excel:

AR (1): yt = 0.3313 + 0.7904 yt-1 + et
AR (2): yt = 0.0989 + 1.3832 yt-1 - 0.4636 yt-2 + et
AR (3): yt = -0.0130 + 0.9935 yt-1 -0.0009 yt-2 - 0.0124 yt-3 + et
As a stationary time series with autoregressive terms, the absolute value of the sum of the coefficients should be less than 1. Therefore, all the models fit this criteria and further diagnostic checking should be taken.
Diagnostic Checking
By using the regression analysis tool and Box and Pierce Q-statistics which can determine whether the null hypothesis of the residuals being a white noise process can be rejected, the statistics summary of the models including AR (1), AR (2) and AR (3) can be found as follows:
	Model
	R Square
	Adjusted R Square
	Box and Pierce Q-stat
	Chi-Squared (10%)

	AR (1)
	76.4%
	75.9%
	59.85 
	58.64 

	AR (2)
	91.7%
	91.3%
	21.58 
	56.37 

	AR (3)
	96.9%
	96.7%
	30.11 
	54.09 


As can be seen from the table above, all models have high R Square and adjusted R Square. Especially for AR (2) and AR (3), the adjusted R Square is larger than 90%. For Box and Pierce Q stats, this statistic for AR (2) and AR (3) are less than the Chi-Squared statistic at 10% significant level, which means we can not reject the null hypothesis that the residual is a white noise process. Since the Q stats for AR (2) is much smaller than AR (3), I recommend AR(2) as the optimal model for the original data.
Model Evaluation
The graphs below show the comparison between original data and estimated data for model AR (2) and AR (3) respectively. [image: image3.emf]Model Evaluation (AR(2))
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[image: image4.emf]Model Evaluation (AR(3))
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Judged by visual observation, the estimated data generated from both AR (2) and AR (3) model are pretty close to the original data. Compared with AR (3), estimated population growth rate generated in AR (2) model is closer to the original’s.

Conclusion
During the time in 1960s, the annual population growth rate in China is as high as around 2% and 3% which brought lots of problems especially lack of food. With the economic revolution and one child policy, annual population growth rate in China declines since 1980s. To estimate the annual growth rate accurately, three autoregressive models are tested to predict the population growth rate data. With diagnostic checking, AR (2) is selected as the optimal model with high adjusted R Square and lowest Q stats among the three models. According to the selected model, annual population growth rate in China would have a slightly increase in the following years and be stable at about 1.2% for a long time. 
