Appendix A: Threshold Regression Model Derivation
The threshold regression model is for a set of balanced panel observations , with subscript i denoting the i-th sample and subscript t denoting time. The variable  is a scalar, the threshold variable  is a scalar, and the explanatory variable  is a k-dimensional vector, and these variables satisfy Equation (3).

 is a schematic equation. The observations are divided into two categories according to whether the threshold variable  is greater or less than , and the difference between these two categories will be reflected in the difference of the regression coefficients , assuming that  is independently and identically distributed, has no lag term in it.
For any given γ, the slope β can be obtained using the ordinary least squares rule . The residual value is =. The sum of squares of the errors is .
Among them, .Let  denotes the stacked data and error for individual after removing a time period. Denote the data set of all individuals by  and ,, .
The least squares estimator of γ is

Once  is obtained, the slope can be estimated, and the residual variance , residual variance is .
Testing the significance of the threshold effect is also a very important aspect, and we make and test the hypothesis of no threshold value in Eq. (3).

In , the threshold  is not identified, so the classical test does not obey the standard distribution, and this phenomenon is called "Davies Problem".
Under the  test, (3) becomes

After fixed effects conversion, 

where the parameter  is obtained by the least squares method. 
The hypothesis test is based on the F-test.

 and  are the residual sum of squares under the null and alternative hypotheses, respectively.  is the variance of the threshold regression residuals. When the null hypothesis is rejected, it implies that the threshold effect exists. When there is a threshold effect, Hansen (1999) argues that  is a consistent estimate of , and that the asymptotic distribution is highly nonstandard. Hansen (1999) argues that the best way to calculate the confidence interval for γ is to perform a likelihood estimation of γ to obtain a "non-rejection domain", i.e., a confidence interval. To test the hypothesis 




