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Population Growth Rate of China
Introduction

The purpose of this regression analysis student project is to determine the variable(s) that mainly predict the average Population Growth Rate in China. Four selected explanatory variables are Birth Rate, Mortality Rate, Net Immigration Rate, and Life Expectancy Growth Rate. These explanatory variables will be used in various combinations to determine the best and simplest model by analyzing R2, t-statistic, and p-values, Residual Plots, and Standard Residual Plots during the course of my simplification process. 

Data

The data used for this analysis is the estimated population for July 1 of each year from the website of the United States Census Bureau (www.census.gov/population/international/data). The population data is taken between the years of 1990 and 2012 as shown below: 
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Birth Rate              

(per 1,000 people)

Mortality Rate       

(per 1,000 people)

Net Migration Rate    

(per 1,000 people)

  Life Expectancy 

Growth Rate          

(per 1, 000 people)

1990 0.0133 21.0900 -7.1502 -0.1402 0.2896

1991 0.0120 19.6896 -6.9602 -0.1504 0.2684

1992 0.0112 18.2500 -6.8796 -0.1597 0.2666

1993 0.0110 18.1304 -6.8502 -0.1604 0.2599

1994 0.0104 17.6698 -6.8400 -0.1703 0.2521

1995 0.0095 17.1402 -6.8301 -0.1800 0.4621

1996 0.0083 15.7100 -6.8199 -0.1898 0.4388

1997 0.0076 14.9201 -6.8103 -0.1898 0.4182

1998 0.0068 14.2196 -6.8296 -0.2196 0.3965

1999 0.0061 13.4802 -6.8504 -0.2397 0.5691

2000 0.0056 12.9001 -6.8896 -0.2604 0.5488

2001 0.0054 12.4400 -6.7000 -0.2699 0.7124

2002 0.0053 12.1103 -6.5498 -0.2802 0.6994

2003 0.0052 11.8897 -6.4198 -0.2803 0.8691

2004 0.0052 11.8203 -6.3098 -0.2897 1.0368

2005 0.0050 11.7502 -6.2199 -0.2997 1.0059

2006 0.0048 11.4003 -6.3400 -0.3098 1.0332

2007 0.0049 11.7100 -6.4803 -0.3197 1.0491

2008 0.0050 11.8901 -6.6200 -0.3196 1.0606

2009 0.0049 12.0203 -6.7498 -0.3302 1.2528

2010 0.0049 12.1701 -6.8902 -0.3398 1.2651

2011 0.0049 12.2898 -7.0299 -0.3299 1.2672

2012 0.0047 12.3098 -7.1700 -0.3298 1.2610

Table 1. Source Data for RA Analysis(Population Growth Rate of China)


Regression Equation #1.
The linear regression equation for the full model with all 4 explanatory variables is:

Y = α + β​​1X1 + β​​2X2 + β​​3X3 + β​​4X4                                 (1)
Where:

           Dependent Variable:

· Y = Average Population Growth Rate of China
          Explanatory Variables:

· α  = y-intercept  

· βi = least squares coefficient

· X1 = Birth Rate (per 1,000 people)
· X2 = Mortality Rate (per 1,000 people)
· X3 = Net Migration Rate (per 1,000 people)
· X4 =  Life Expectancy Growth Rate (per 1,000 people)
Multi-Collinearity

Before we begin the modeling process, we will first take a glance at the correlations between the different explanatory variables as shown in Table 2, where it is easily seen that the Life Expectancy Growth Rate is highly correlated with the Birth Rate and Net Migration Rate as well. Net Migration Rate and Birth Rate are also highly correlated with each other. So, the full model with all 4 explanatories experiences multi-Collinearity. We will consider in the future if we can remove one or more of these variables because they are so highly correlated with each other.
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Growth Rate

Birth Rate 1.0000

Mortality Rate -0.5536 1.0000

Net Migration Rate 0.9036 -0.3930 1.0000

  Life Expectancy 

Growth Rate -0.7966 0.3189 -0.9611 1.0000

Table 2. Correlation of Explanatory Variables


Using the Excel built-in regression tool, the regression summary output as shown in below Table 3 for model #1. By putting the coefficient for each explanatory variable from Table 3. to the model in Regression Equation #1, the model regression equation becomes:  

Y = -0.0352% + 0.1032%*X1 + 0.1201%X2 - 0.4589%*X3 - 0.0441%*X4
[image: image3.emf]Regression Statistics

Multiple R 0.99862

R Square 0.99723

Adjusted R Square 0.99662

Standard Error 0.00016

Observations 23

ANOVA

df SS MS F

Significa

nce F

Regression 4 0.00017 0.00004 1622.19474 0.00000

Residual 18 0.00000 0.00000

Total 22 0.00017

Coefficients

Standard 

Error t Stat P-value

Lower 

95%

Upper 

95%

Lower 

95.0%

Upper 

95.0%

Intercept -0.00035 0.00129 -0.27215 0.78860 -0.00307 0.00237 -0.003070.00237

Birth Rate 0.00103 0.0000521.12196 0.00000 0.00093 0.00113 0.000930.00113

Mortality Rate 0.00120 0.00018 6.66155 0.00000 0.00082 0.00158 0.000820.00158

Net Migration Rate -0.00459 0.00381 -1.20446 0.24401 -0.01259 0.00342 -0.012590.00342

  Life Expectancy 

Growth Rate

-0.00044 0.00044 -0.99935 0.33087 -0.00137 0.00049 -0.001370.00049

Table 3. Analysis Summary Output


Meanwhile, from Table 3., the R2 and adjusted R2 values are both greater than 0.995 (0.99862 and 0.9972, respectively), which indicates that this model is a very good predictor of Population Growth Rate of China. 
The Residual Plot for Model #1 and Standardized Residual plot for Model #1 as shown below indicate that the residuals are very small and there are only a couple of points outside of two standard deviations, and most of the points fall within 2 standard deviations, which also indicates that this full model fits the population data very well.
Our task is now to uphold the high R2 and adjusted R2 values and small residual and standardized residual while simplifying this equation and more fitted model.
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Standard Residuals Plot for Model #1
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Regression Equation #2

The linear regression equation for the model with 3 explanatory variables, but without Life Expectancy Growth Rate is:

Y = α + β​​1X1 + β​​2X2 + β​​3X3                                   (2)
Where:

           Dependent Variable:

· Y = Average Population Growth Rate of China
          Explanatory Variables:

· α  = y-intercept  

· βi = least squares coefficient

· X1 = Birth Rate (per 1,000 people)
· X2 = Mortality Rate (per 1,000 people)
· X3 = Net Migration Rate (per 1,000 people)
With the Excel built-in regression tool, the regression summary output is shown below in Table 4 for model #2. Using the coefficient for each explanatory variable from Table 4., the model regression equation for Model #2 is:  

Y = 0.0393% + 0.1001%*X1 + 0.1162%X2 - 0.1070%*X3 

[image: image6.emf]Regression Statistics

Multiple R 0.99854

R Square 0.99708

Adjusted R Square 0.99662

Standard Error 0.00016

Observations 23

ANOVA

df SS MS F

Significa

nce F

Regression 3 0.00017 0.00006 2162.74041 0.00000

Residual 19 0.00000 0.00000

Total 22 0.00017

Coefficients

Standard 

Error t Stat P-value

Lower 

95%

Upper 

95%

Lower 

95.0%

Upper 

95.0%

Intercept 0.00039 0.00106 0.37200 0.71401 -0.00182 0.00261 -0.001820.00261

Birth Rate 0.00100 0.0000426.75669 0.00000 0.00092 0.00108 0.000920.00108

Mortality Rate 0.00116 0.00018 6.60156 0.00000 0.00079 0.00153 0.000790.00153

Net Migration Rate -0.00107 0.00146 -0.73517 0.47121 -0.00412 0.00198 -0.004120.00198

Table 4. Analysis Summary Output


From Table 4., the R2 and adjusted R2 values are both greater than 0.995 (0.99854 and 0.99708, respectively), but they are a little less than those in Model #1, which indicates that this model is also a good predictor of Population. But the t Stat and P-value are a little better than the corresponding values from Model # 1. So, it is hard to tell which model is better. 
From the Residual Plot for Model #2 and Standardized Residual plot for Model #2 as shown below, it indicates that the residuals at most of points are a little bigger than the corresponding values for Model #1, which clearly indicate that Model #1 is a little more fitted than Model #2. 
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From Table 2., the Net Migration Rate and Birth Rate are highly correlated with each other. So, next, I want to remove the Net Migration Rate and test the model with only two explanatory variables. 
Regression Equation #3

The linear regression equation for the full model with 2 explanatory variables is:

Y = α + β​​1X1 + β​​2X2                                                                     (3)
Where:

           Dependent Variable:

· Y = Average Population Growth Rate of China
          Explanatory Variables:

· α  = y-intercept  

· βi = least squares coefficient

· X1 = Birth Rate (per 1,000 people)
· X2 = Mortality Rate (per 1,000 people)
With the Excel built-in regression tool, the regression summary output as shown in below Table 5 for model #3. Using the coefficient for each explanatory variable from Table 5., the model regression equation is:  
Y = 0.0669% + 0.0975%*X1 + 0.1109%X2 
[image: image9.emf]Regression Statistics

Multiple R 0.99850

R Square 0.99700

Adjusted R Square 0.99670

Standard Error 0.00016

Observations 23

ANOVA

df SS MS F

Significa

nce F

Regression 2 0.00017 0.00008 3320.12346 0.00000

Residual 20 0.00000 0.00000

Total 22 0.00017

Coefficients

Standard 

Error t Stat P-value

Lower 

95%

Upper 

95%

Lower 

95.0%

Upper 

95.0%

Intercept 0.00067 0.00098 0.68482 0.50132 -0.00137 0.00271 -0.001370.00271

Birth Rate 0.00098 0.0000171.21646 0.00000 0.00095 0.00100 0.000950.00100

Mortality Rate 0.00111 0.00016 6.98018 0.00000 0.00078 0.00144 0.000780.00144

Table 5. Analysis Summary Output


From Table 5., the R2 and adjusted R2 values are both greater than 0.995 (0.99850 and 0.99700, respectively), but a little less than those in Model #1 and Model #2.While the t Stat and P-value are a little better than the corresponding values from Model # 1 and Model #2. But the Residual Plot for Model #3 and Standardized Residual plot for Model #3 as shown below show that the residuals at most of points become bigger than the corresponding values for Model #1 and Model #2, which clearly indicate that Model #3 is not the best model compared to Model # 1 and Model #2. 
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Conclusion
Based on my analysis sated above for each model, I suggest that the two most important factors in predicting the average population growth rate in China are Birth Rate and Mortality Rate.   Intuitively, it makes perfect sense as the rates of death and birth are very important to the overall population of a country. Other factors like Net Migration Rate and Life Expectancy Growth Rate are necessary to be used to determine the overall population located to a developing country like China, whose economics is rapidly being developed and living level is becoming better and better in recent a few of decades. So, the best model that predicts the population growth rate of China with the least amount of complexity is:  
Y = -0.0352%+ 0.1032%* Birth Rate + 0.1201% Mortality Rate - 0.4589%* Net Migration Rate - 0.0441%* Life Expectancy Growth Rate
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