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Appendix A 
 

Table A1: Main Variable Definitions 
 

Definition 
 

Firm Controls 
R&D Decision Variable equals 1 if firm invests in R&D in year t, and 0 otherwise. 

R&D Intensity The total amount of R&D expenditures per employee, in logarithm. 

Apply Invention Patent Variable equals 1 if firm applies for a successful invention patent in year t, and 
0 otherwise. 

Invention Patent Intensity Total number of firm’s successful invention patent applications per employee. 

Introduce New Innovation Variable equals 1 if firm sells a new product/process in year t, and 0 otherwise. 

New Innovation Intensity The ratio of total new product and process (innovation) sales revenue divided 
by total firm revenue. 

TFP Estimates for firms’ TFP are constructed using the Ackerberg et al. (2015) 
method. 

Size Number of workers, in logarithm. 

POE Variable equals 1 if the majority shareholder of the firm is a private, non-state 
entity, and 0 if the majority shareholder is a state entity. 

Age Firm’s age measured in years, in logarithm. 

Cap.Intensity The ratio of capital to the total number of workers in the firm. Capital is 
constructed as in Brandt et al., (2012). 

Sales.Growth The difference in real firm sales between year t and year t − 1. 

Industry/Region Controls 
Herfindahl Index H = (H 1/N)/(1 1/N) where H is the Herfindahl index computed as the 

sum of the squares of the market shares of all firms in the 3-digit CIC industry 
and year. 

Sales Growth The difference in real sales sales between year t and year t 1 for each 3-digit 
CIC industry. 

Avg.Innov Weighted industrial average of new product and process sales in each 3-digit 
CIC industry, in logarithm. 

LQ Location quotients used to proxy for industry specialization, measured as the 
Empr / ∑j Empr , where Emp is the employment in industry j in region r in 

∑r Empr  / ∑r ∑j Empr jt 
jt jt 

year t. 

Density (ω) Based on Hidalgo’s et al. (2007) product density measure, used to proxy for 
interconnections among co-located firms. 

FDI Encourage A value of 1 is given if the 4-digit industry is listed as an industry that gets 
designated as “encouraged,” and a 0 otherwise. The variable is constructed 
based on the the Catalogue for the Guidance of Foreign Direct Investment 
Industries for the year 1997, 2002, 2004, and 2007. 

  



  Industry Relatedness, FDI Liberalization and Indigenous Innovation  

2 

 

 

Appendix B 

 

Structural Framework 
The selection equation is specified by a binary variable 𝑅𝐷  that is equal to 1 when the 
firm 𝑖 invests in R&D in year 𝑡, and 0 otherwise. The following probit model is estimated,  
 

 𝑅𝐷 =
1 𝑖𝑓 𝑅𝐷∗ = 𝛼 + 𝛽 𝒙 + 𝛾 𝜔 + 𝜖 ≥ 0

= 0   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,
 (B.1) 

 
where 𝑅𝐷∗ , is the corresponding underlying latent variable. 𝛼  represents the firm-
specific heterogeneity. 𝒙  is a set of firm and industry controls, lagged by one time 
period, and includes a set of region-year and industry fixed effects. 𝜔  refers to the 
time-region-industry varying density measure, lagged by one year, capturing relatedness 
economies. 𝜖  is an error term. 𝛽  and 𝛾  are the parameters to be estimated.  
In the outcome equation, the ratio of the firm’s R&D expenditures divided by its total sales 
revenue is expressed as follows,  
 
 𝑅𝐷𝐼 = 𝛼 + 𝛽 𝒙 + 𝛾 𝜔 + 𝜖  (B.2) 
 
where 𝑅𝐷𝐼  represents firm 𝑖’s R&D efforts. The remaining parameters and variables have 
the same interpretation as above. As in previous CDM models [2], firm size is used to 
satisfy the exclusion restriction. For the exclusion restriction to be valid, it is assumed that 
large firms invest more in R&D in level but not proportionally more once the decision to 
invest has been taken. This assumption is supported in the general literature1, and in the 
Chinese context2. 
The next step of the structural framework estimates innovation output equations (iii) and 
(iv) above. The selection equation is specified by a binary variable 𝐼𝑛𝑛𝑜𝑣𝐷  that is equal to 
1 if firm 𝑖 reports positive innovation output in year 𝑡, and 0 otherwise. Separate models 
are carried out for firms that apply for a successful invention patent and that introduce a 
new product/process to the market. The following probit model is estimated,  
 

 
𝐼𝑛𝑛𝑜𝑣𝐷

=
1 𝑖𝑓 𝐼𝑛𝑛𝑜𝑣𝐷∗ = 𝛼 + 𝛿 𝑅𝐷𝐼∗ + 𝛽 𝒙 + 𝛾 𝜔 + 𝜖 ≥ 0

= 0   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,
 (B.3) 

 
where 𝐼𝑛𝑛𝑜𝑣𝐷∗  is the corresponding underlying latent innovation outcome variable. 
𝑅𝐷𝐼∗  is the predicted values for R&D obtained in the previous step, lagged by one time 
period to take into account that it takes time for firms to convert innovation inputs into 
innovation outputs. The remaining parameters and variables are the same is discussed 
above.  
In the second stage of the model, separate models are estimated relating to the firm’s 
invention patent intensity (number of invention patents divided by number of employees) 
and new product/process sales intensity (share of new product/process revenues divided 

                                                      
1 show that there is a positive and proportional relationship between R&D investment and size of the firm. 
2 show that firm size does not have any systematic relationship with R&D intensity across different industries. 
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by total firm’s sales revenues). The innovation output intensity equation is expressed as 
follows, 
  

 
 𝐼𝑛𝑛𝑜𝑣 = 𝛼 + 𝛽 𝒙

+ 𝛾 𝜔 + 𝜖  (B.4) 

 
where 𝐼𝑛𝑛𝑜𝑣  represents firm 𝑖’s innovation output intensity. The remaining variables 
and parameters have the same interpretation as above. R&D intensity is used to satisfy the 
exclusion restriction and therefore does not enter into the innovation outcome equation. 
That is, it is assumed that the firm’s R&D intensity influences its ability to innovate (i.e. 
apply for a new invention patent or sell a new product/process), but does not 
subsequently influence innovation levels. This assumption is based on the idea that not all 
R&D expenditure necessary leads to inventions and innovations [4].  
In the third and final stage of the model, the production function links firm’s productivity 
to its innovation output. The productivity equation is estimated as follows,  
 
 𝑇𝐹𝑃 = 𝛼 + 𝛿 𝐼𝑛𝑛𝑜𝑣∗ + 𝛽 𝒙 + 𝛾 𝜔 + 𝜖  (B.5) 
 
where 𝑇𝐹𝑃  refers to estimates of firms’ TFP constructed based on the ACF method. 
𝐼𝑛𝑛𝑜𝑣∗  is the predicted values obtained in the previous step for firm’s innovation 
performance (patent intensity or new product/process sales intensity), lagged by one time 
period to take into account the time needed for firms to benefit in terms of efficiency from 
their new innovations. The remaining parameters and variables have the same 
interpretation as before.  
 
 
References 
Cohen, W. (1995). A reprise of size and R&D. The Economic Journal, 106:925–51.  
Crespi, G. and Zuniga, P. (2012). Innovation and productivity: evidence from six Latin 

American countries. World Development, 40:273–290.  
Howell, A. (2016). Firm R&D, innovation and easing financial constraints in China: Does 

corporate tax reform matter? Research Policy, 45:1996–2007.  
Kanwar, S. and Evenson, R. (2003). Does intellectual property protection spur 

technological change? Oxford Economic Papers, 55(2):235–264.  
 


