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Abstract. The long-term development of China’s economy is inseparable from
the labor force, and the birth rate is an important factor to promote China’s eco-
nomic development. This paper uses spatial statistics to analyze the potential social
causes of influencing the spatial distribution of birth rates in Chinese provinces.
The influence factors of economic development, social security and cultural life
constructed by factor analysis and the spatial interaction effect of birth rate in
provinces were incorporated into the spatial statistical model, and the factor space
regression model was established and compared. The results show that: the spa-
tial distribution of birth rate in China’s provinces is mainly affected by economic
development, social security and cultural life; in terms of economic development,
especially the per capita disposable income of residents, has a significant role in
hindering the rise of birth rate; in terms of social security, it promotes the rise
of birth rate; in terms of cultural life, especially the aging rate, has a significant
impact on birth rate, the higher the aging rate is, the lower the birth rate is; for the
spatial analysis of birth rate in Chinese provinces, the factor spatial lag model is
more suitable.

Keywords: birth rate · spatial regression · factor analysis · factor spatial lag
model

1 Introduction

In recent years, although China’s total population is growing slowly, the birth rate is
also changing. Since the early 1990s, it has dropped below the replacement level and
has continued to decline in recent years, which is significantly related to China’s unique
family planning policy and other factors. In order to optimize the population structure,
the state has adopted a certain fertility policy to control the population stability. Although
it has played a certain role, it has not changed the current situation of China’s low fertility
rate, and the population problem has become diversified and complicated. According to
the summary of research literature, China’s birth rate is mainly affected by economic
development [1], living standards [2], culture education [3] and social security [4]. We
can use these four aspects to study the impact of social comprehensive indicators on the
birth rate.
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This paper uses factor analysis to explore influence birth rate of the correlation
between each variable, build the impact factor of birth rate, and using spatial weight
matrix said provinces adjacent relations, realize the provinces spatial interaction effect
of birth rate, Based on the traditional regression model, the spatial weight matrix of each
province was incorporated into the model, and the spatial lag model, spatial error model
and spatial Durbinmodel were introduced to analyze our country provinces the influence
factors of the birth rate, and comparing with the ordinary least squares regression model
analysis.

2 Method and Data Description

TO solve the spatial dependence in linear regression analysis, the spatial effect is inte-
grated into the standard linear regression model. Anselin [5] proposed different spatial
regression models according to different spatial interaction effects. If the interaction
effects of endogenous, exogenous and error terms are considered at the same time, the
expression is obtained:

Y = ρWY + α1N + Xβ + WX θ + μ,μ = λWμ + ε, ε ∼ N
(
0, σ 2IN

)
(1)

The Humanities and Social Sciences Research Program Foundation of the Min-
istry of Education in China(19XJA840002) and Humanities and Social Sciences
Research Project of Chongqing Municipal Commission of Education of China in 2020
(20SKGH174).

In Eq. (1), y is the vector of order N × 1, which is composed of the observation
value y corresponding to the explained variable of each spatial observation unit yi in the
sample; X is the N × K order exogenous explanatory variable matrix, where xij (i = 1,
2,…, N; j = 1, 2,…K) is the (i, j) element of the matrix X; W is an N × N order spatial
weight matrix; 1N is a column vector with N × 1 order element 1, which corresponds
to the parameter α of constant term to be estimated; Spatial regression coefficients of ρ

and λ; Error term in μ space regression; The parameter β mainly reflects the influence
of independent variable X on dependent variable Y. θ is the spatial autocorrelation
coefficient of exogenous variables of order K × 1; ε is a random perturbation term.

2.1 Spatial Durbin Model (SDM)

Y = ρWY + a1N + Xβ + WX θ + ε, ε ∼ N (0, σ 2IN ) (2)

In Eq. (1), let λ = 0 to obtain the spatial Durbin model, which takes into account the
spatial correlation between the explained variables and the explanatory variables.

2.2 Spatial Autocorrelation Model (SAC)

Y = ρWY + α1N + Xβ + μ,μ = λWμ + ε, ε ∼ N
(
0, σ 2IN

)
(3)

In Eq. (1), let θ = 0 to obtain the spatial autocorrelation model, which includes
the endogenous interaction effect and error term effect, that is, the model includes both
spatial lag and spatial error correlation structure.



1186 L. Su et al.

2.3 Spatial Lag Model (SLM)

Y = ρWY + α1N + Xβ + ε, ε ∼ N
(
0, σ 2IN

)
(4)

In Eq. (2), let θ = 0 to get the spatial lag model. This model only considers the
spatial correlation between the explained variables, and mainly studies whether the
variables have spillover effect in a certain area. The ρ is a spatial regression coefficient,
which reflects the relationship between the spatial units. WY is the spatial lag dependent
variable of the spatial weight matrix W, and it is an endogenous variable.

2.4 Spatial Error Model (SEM)

Y = a1N + Xβ + μ,μ = λWμ + ε, ε ∼ N
(
0, σ 2IN

)
(5)

In Eq. (2), let θ = —ρβ to obtain the space error model, taking into account the
correlation between error terms, mainly studying the situation where the interaction
between regions is different due to their relative positions. Parameter λ is the correlation
coefficient of spatial error, which measures the impact of the error impact of dependent
variable in the adjacent area on the observed value of the region.

2.5 Ordinary Least Square Model (OLS)

Y = a1N + Xβ + ε, ε ∼ N
(
0, σ 2IN

)
(6)

In Eq. (4), let λ = 0 to get the ordinary least square regression.
The research objects of this paper are 31 provinces of the People’s Republic of China

except Hong Kong, Macao and Taiwan. Use sectional data for spatial statistical analysis,
the adopted birth rate is the ratio of the number of births in a certain area in a certain
period (usually a year) to the average number of people (or the number of people in the
Interim). Considering the authenticity and validity of the relevant data, all the variable
data involved in this paper are from the statistical data of various provinces in 2017
published on the official website of the National Bureau of Statistics [6].

Based on the comprehensive literature [7, 8] and considering the extensiveness and
rationality of variables, paper considers the influencing factors of the spatial distribution
of birth rate from three aspects of economic development, social security and cultural
life, and selects 11 indicators to illustrate the influence on the spatial distribution of birth
rate (Shown in Table 1).
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Table 1. Variable Interpretation

Variables Unit

Birth rate(y) ‰

Per capita disposable income(x1) yuan

Average selling price of housing(x2) yuan/square meter

GDP per capita (x3) yuan/person

Urbanization rate(x4)a %

GDP of tertiary industry(x5) %

Resident population(x6) ten thousand person

Number of students in ordinary primary schools(x7) ten thousand person

financial education expenditure(x8) hundred million

Residential sales area(x9) hm2

Aging rate(x10)b %

Divorce rate(x11)c ‰

a. The proportion of the urban population (the total permanent population living within the urban
area) in the permanent population at the end of the year, usually expressed in %.
b. The ratio of the population aged 65 and above to the total population, usually expressed in %.
c. The proportion of the number of divorces in the annual average population of a region in that
year, which is expressed by %.

3 Construct Spatial Statistical Model

Firstly, the correlation between 11 explanatory variables xj (j = 1,2, …,11) and the
correlation between birth rate y and explanatory variables xj (j= 1,2,…,11) are analyzed.
Because of the large number of explanatory variables and the strong correlation between
explanatory variables, it is reasonable to establish a linear regression model between the
birth rate and multiple explanatory variables.

3.1 Factor Analysis

KMO test and Bartlett test were used to judge the applicability of factor analysis (Shown
in Table 2).

It can be seen fromTable 2 that the p value ofBartlett’s spherical test is approximately
equal to 0, obviously rejecting the original hypothesis that the variables are independent
of each other, and it can be seen that there is an obvious correlation between the variables.
Moreover, the statistic of KMO test is 0.713, which indicates that the correlation between
variables is strong, and the original variables are suitable for factor analysis. The results
of factor analysis of variables are shown in Table 3.

The cumulative explanation rate is 86.8%, indicating that there is less information
missing. The public factors proposed are also relatively strong in explanatory power for
each variable, which illustrates the applicability of factor analysis to a certain extent.
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Table 2. Variable Interpretation

KMO Statistic 0.713

Bartlett Sphericity Test The approximate chi-square 453.763

Df /P value 55 /4.2e-64

Table 3. Factor Analysis Results of Variables

Variables Factor loading

Factor 1 Factor 2 Factor 3

Per capita disposable
income(x1)

0.992 0.065 0.096

Average selling price
of housing(x2)

0.927 −0.072 −0.019

GDP per capita (x3) 0.927 0.082 0.086

Urbanization rate(x4) 0.878 0.042 0.227

GDP of tertiary
industry(x5)

0.812 −0.217 0.007

Resident
population(x6)

−0.070 0.987 0.118

Number of students in
ordinary Primary
schools(x7)

−0.169 0.957 −0.071

Financial education
expenditure (x8)

0.198 0.952 −0.027

Residential sales
area(x9)

−0.041 0.940 0.115

Aging rate(x10) 0.334 0.260 0.904

Divorce rate(x11) −0.020 −0.072 0.699

New Named Factor Economic development
(F1)

Social security(F2) Cultural life (F3)

Eigenvalues 4.325 3.818 1.406

Factor explanation
ratio (%)

39.3 34.7 12.8

Cumulative
interpretation ratio(%)

39.3 74.0 86.8

Per capita disposable
income(x1)

0.992 0.065 0.096
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According to Table 3, we can see the correlation between factor F(F1,F2,F3) and each
explanatory variable xj (j = 1,2, …,11), so three factor score functions are:

F1 = 0.988x1 + 0.017x2 + 0.016x3 + 0.010x4 + 0.007x5 − 0.040x6
− 0.006x7 + 0.010x8 − 0.002x9 − 0.100x10 − 0.020x11

F2 = 0.090x1 − 0.003x2 + 0.003x3 − 0.001x4 − 0.005x5 + 0.748x6
+ 0.118x7 + 0.115x8 + 0.054x9 − 0.096x10 − 0.004x11

F3 = −0.382x1 − 0.009x2 − 0.007x3 + 0.001x4 − 0.002x5 − 0.171x6
− 0.046x7 − 0.049x8 − 0.013x9 + 1.152x10 + 0.009x11

(7)

3.2 Establishment of Spatial Statistical Model

The variance inflation factor (VIF) is used to study the multicollinearity among the three
factors of economic development (F1), social security (F2) and life culture (F3). The
variance inflation factor of the three variables is very low, and the mean value is close to
1. It is much less than 10, indicating that the multicollinearity between variables is very
small and can be used to construct a regression model.

The spatial interaction between provinces and cities is realized through the spatial
weight matrix, which is incorporated into the regression model, and the factor analysis
is combined with the spatial regression model to construct the factor spatial regression
model.

3.2.1 Factor Space Durbin Model (FSDM)

Y = ρWY + β01N + β1F1 + β2F2 + β3F3 + θ1WF1+
θ2WF2 + θ3WF3 + ε, ε ∼ N

(
0, σ 2IN

) (8)

3.2.2 Factor Space Autocorrelation Model (FSAC)

Y = ρWY + β01N + β1F1 + β2F2 + β3F3 + μ

μ=λWμ + ε, ε ∼ N
(
0, σ 2IN

) (9)

3.2.3 Factor Space Lag Model (FSLM)

Y = ρWY + β01N + β1F1 + β2F2 + β3F3 + ε, ε ∼ N
(
0, σ 2IN

)
(10)

3.2.4 Factor Space Error Model (FSEM)

Y = β01N + β1F1 + β2F2 + β3F3 + μ

μ=λWμ + ε, ε ∼ N
(
0, σ 2IN

) (11)
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3.2.5 Ordinary Least Square Method (OLS)

Y = β01N + β1F1 + β2F2 + β3F3 + ε, ε ∼ N
(
0, σ 2IN

)
(12)

where F1, F2 and F3 are respectively
⎧⎪⎪⎨
⎪⎪⎩

F1 = (F1i) = (α1xi1 + α2xi2 + · · · + α11xi11)
F2 = (F2i) = (α1xi1 + α2xi2 + · · · + α11xi11)
F3 = (F3i) = (ϕ1xi1 + ϕ2xi2 + · · · + ϕ11xi11)
i = 1, 2, · · ·N

(13)

In thesemodels, Y represents the birth rate, which is anN× 1 order vector, composed
of yi (i = 1, 2, …, N); F1 represents the factor score function in economic development,
which is an N× 1 order vector In the same way, F2 represents the factor scoring function
of social security, F3 represents the factor scoring function of cultural life,W is the spatial
weight matrix constructed according to the Queen proximity criterion, ρ、θ and λ are
the spatial regression coefficients, x1, x2, …,x11 are selected explanatory variables.

4 Empirical Analysis

4.1 Ordinary Least Squares Regression

The birth rate and factors were analyzed by OLS. The estimated results are shown in
Table 4.

It can be seen fromTable 4 that the adjusted R2 after OLS regression is 0.4425, which
is not a good fitting result, but the real factors affecting the birth rate in real life can’t be
simply inferred from the R2. The constant term, economic development (F1) and cultural
life (F3) all passed the significance test with a significance level of 0.05, while the social
security (F2) failed the significance test. The p value of J-B test of OLS model is 0.8101,
which doesn’t reject the original hypothesis that the error term is normal; the p value
of B-P test is 0.4058, which does not reject the original hypothesis of homogeneity of
variance. At the same time, the p value of Moran’s I statistic is 0.04158, which indicates
that the error of OLS model has obvious spatial correlation, which further proves that
the birth rate in China has obvious spatial influence on geographical location. At the
same time, it indicates the independence of each element in the cross-section data, and
the results will be biased if OLS model is used directly.

For LM Test, it can be found that the LMlag of spatial lag model is more signifi-
cant than that the LMerr of spatial error model, and RLMlag is more significant than
RLMerr, which indicates that the birth rate of China’s provinces is directly affected by
neighboring provinces, rather than from some unrecognized spatial aggregation features.
Therefore, it can be inferred that spatial lag model is more suitable for explaining the
spatial dependence of birth rate than spatial error model.

4.2 Factor Space Regression Analysis

In order to further compare and verify that the factor spatial regression model is more
suitable for explaining the spatial distribution of birth rates, the factor spatial regression
model is used to analyze the birth rate. The estimated results are shown in Table 5.
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Table 4. Ols Estimation Results.

Regression coefficient Standard deviation T statistics P values

Constant 12.1210 0.3988 30.396 2e-16

F1 −1.1338 0.4064 −2.790 0.00954

F2 0.6668 0.4066 1.640 0.11262

F3 −1.6463 0.4076 −4.039 0.00040

R2 0.4983 RMSE 11.536

Adjusted R2 0.4425 AIC 143.143

F value 8.938 BIC 150.313

J-B test 3 0.4212 0.8101

B-P test 3 2.9091 0.4058

Moran’s I 0.1697 1.7326 0.04158

LMerr 1 1.7830 0.1818

LMlag 1 7.3544 0.0067

RLMerr 1 2.3661 0.1240

RLMlag 1 7.9375 0.0048

According to Anselin(1998) proposed classical LM test and Anselin and
Smirnov(1996) proposed robust LM test, it is considered that the spatial lag model
is more suitable than the spatial error model. In order to choose the best model to fit the
data, a spatial Durbin model is established and Wald test and LR test are used to verify
whether the spatial Durbin model can be reduced to a spatial lagmodel.Wald test (6.808,
p = 0.0783) and LR test (7.0296, p = 0.0709) both show that the null hypothesis is not
rejected. Similarly, the original hypothesis of spatial Durbin model simplified to spatial
error model is H0: θ + ρβ = 0. At this time, the original hypothesis is rejected (Wald test
(34.667, P = 1.432e-07) and LR test (12.197, P = 0.0067)), indicating acceptance of
spatial lag model, rejection of spatial error model and spatial Durbin model. Considering
SACmodel, the statistical value of LR test for SACmodel and SLMmodel is 2.188, and
its degree of freedom is 1, and the statistical value of LR test for sac model and SEM
model is 7.356, and its degree of freedom is 1. However, in both cases, the critical value
is 3.84 at the 5% level, which further indicates that SLMmodel is better than sac model.

Combined with other common test criteria, SDM and SAC models are obviously
more advantageous than SLM and SEM, because both models are nested SLM and SEM
models. However, the coefficient of variable WY in SAC model is significant, but the
coefficient of variable Wu is not significant, and the coefficient of WX in SDM model
is not significant, so SLM model is a better choice. The results show that the spatial lag
model considering the spatial lag term can better explain the spatial interaction effect of
the population birth rate in China’s provinces. The expression of FSLM is obtained by.
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Fig. 1. Residual plot.
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Fig. 2. Residual plot.

Equation (7), Eq. (10) and Eq. (13):

Y = 0.665WY + 4.007 × 1N−0.4353x1−0.0150x + 0.0029x3
−0.0129x4−0.0200x5 + 0.4535x6 + 0.0912x7
+ 0.0794x8+0.0326x9−1.4269x10 − 0.0204x11

(14)

4.3 Normality Test and Randomness Test of Residuals

In order to verify the rationality of Eq. (14) of FSLM, the residual test was carried out.
Through the residual graph (shown in Fig. 1), it is found that the residuals fluctuate
around 0 without obvious trend, and the residuals have randomness; The points of QQ
chart (shown in Fig. 2) surround the straight line and are concentrated at (0, 0). According
to the results of Shapiro-Wilk normal test, P value is 0.06805. At the significance level of
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0.05, we do not refuse the original hypothesis that the residuals are normal distribution,
so the residuals obey normal distribution. Therefore, it is reasonable to select FSLM
model.

5 Conclusions

Through the empirical results of the least square regression model and the spatial regres-
sion model, we can get that the birth rate has significant correlation with economic
development, social security and cultural life. Economic development has a significant
hindering effect on the rise of birth rate, which is in line with China’s current national
conditions. At the same time, the social security aspect promotes the birth rate to rise.
However, cultural life has a strong negative effect on the birth rate. Among them, aging
rate has a significant hindering effect on the growth of birth rate. The higher the aging
rate is, the lower the birth rate is. In general, the spatial regression model is a good and
innovative application to the birth rate data with spatial correlation.
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