


Appendix A
After validating the C-D function form, the input-output relationship of China’s national economy is set as


In equation (A.1a), TFP (H, K) varies with the accumulation of human capital H and physical capital K, reflecting the effects of technological progress derived from "learning by education" and "learning by investment". "and "learning by investment". TFP(K) in equation (A.1b) depends only on K, reflecting the effect of technological progress from "learning by investment".
We ignore the form of TFP first. The equation of empirical validation of TFP is 

Table A.1 shows that lnTFP is not significant and may be a variable. The output elasticity  of labor force L is insignificant, possibly because it is not a constant or there is a cointegration between lnL and lnK. Using a combination of human capital H and physical capital K, there is not substantially different from equation (A.2b). We speculate that there is no significant output effect of human capital accumulation.
<Insert Table A.1 about here>
Using a combination of human capital H and physical capital K, the equation of empirical validation of TFP is

<Insert Table A.2 about here>
We find that equation (A.1b) exhibits greater consistency with the available data. As both (equation A.2a, A.2b) of the above regression models have positive residual series correlation, they need to be further analyzed. Comparing the residual series with the growth rates of physical capital stock K, employment size L and human capital stock H, gK, gL and gH, we speculate that physical capital accumulation may influence the residuals.
<Insert Figure A.1 about here>
In essence, the residual u is a non-random variable that contains a component of TFP that may be related to the accumulation of physical capital k and requires endogenous treatment. Therefore, let TFP = TFP(K), whose value is the sum of the intercept and residual term from equation A.2b,

From the estimation of Equation A.2b, it is clear that the value of TFP in Equation A.3 is biased. We find that using 2008 as the boundary, the uh rises with the accumulation of physical capital before and falls with the accumulation of physical capital after.[footnoteRef:1] After several attempts, equation (A.3) is described endogenously as follows: [1:  The trend of ul is the same as uh.] 


D99-08 indicates that the variable takes a value of 1 in 1999-2008 and 0 in other years because of time series characteristics of uh, and so does D12-19, which indicates that the variable takes a value of 1 in 2012-2019, and 0 in other years. We add (Kt/K97-1) to the equation to deal with endogeneity. 
<Insert Table A.3 about here>
Table A.3 shows that the regressed indicators are all satisfactory, except for the goodness of fit. It derives from that the equation (A.4) may ignore episodic shocks, such as the Asian financial crisis, producers' favorable expectations for China's WTO accession in 1999/2000, and the incentives for capacity utilization from the heating up of the real estate sector in 2007. The model is adjusted as follows:

where impact refers to episodic event shocks and takes a value of -1 in 1998, 1 in 1999,2000,2007 and 0 in the remaining years. 
Table A.4 indicates that the fitting degree of the modified model and the unbiasedness of the model are significantly improved. At the same time, the corrections to the model do not affect the characteristics of the random distribution of the residual terms. 
<Insert Table A.4 about here>
In order to exclude the possible interference caused by multicollinearity, equation (A.2b) is transformed as follows

In equation (A.6), there is essentially no correlation between the growth rate of human capital, gH, and the growth rate of physical capital, gK, while the output elasticity αh of human capital H becomes negative, as shown in table A.5. Therefore, it could be concluded that there is indeed a surplus of labor and human capital in China’s national economic production, and no marginal output effect is produced by increasing employment or human capital accumulation.
<Insert Table A.5 about here>
Consequently, none of the above models is suitable for describing the input-output relationship of China’s national economy. Thus, the results of TFP estimated by equation (A.5) are not credible.
Therefore, to still be able to estimate the true input-output relationship, the equation in aggregate form needs to be transformed by replacing GDP and K with GDP per capita, gdp, and the stock of physical capital per employed person, k,


Take the logarithm of equation (A.7a) and (A.7b) and then regress. The output elasticity of human capital of equation (A.7b) is significantly negative, that is, human capital accumulation is negatively related to national economic output, which is normally not consistent with common sense. This suggests that it is not reasonable to use the stock of human capital as an input to the factor of labor.
<Insert Table A.6 about here>
Appendix B
<Insert Figure B.1 about here>



