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Abstract

:

Due to the long-term nature and information asymmetry, SMEs (Small and Medium Enterprises) experience serious financial constraints that affect their R&D investments. This article examines the effect of trade credit maintaining sustainable R&D investment of SMEs under financial constraints. Using the panel data of Chinese SMEs from 2002–2014, it was found that although the R&D investments of SMEs are restricted by financial constraints, trade credit can maintain the sustainability of enterprises’ R&D investment. Private enterprises are more reliant on trade credit, which can be intensified during periods of monetary tightening. Considering the counterfactual framework and the endogenous problems, the empirical results were also robust when using propensity score matching. To summarize, this article develops a new explanation for maintaining sustainable R&D investment of SMEs under financial constraints in developing countries.
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1. Introduction


Innovation is one of the fundamental driving forces for the sustainable development of the world. Researchers have reached a consensus that uninterrupted long-term R&D investment can create better innovation results than short-term [1,2]. Therefore, maintaining sustainable R&D investment is critical for the sustainable development of the world [2]. However, because of the long-term nature and the asymmetric information, R&D investment is readily subject to financial constraints [3,4].



Much research has been done to explore factors that can maintain sustainable R&D investment under financial constraints, such as cash flow [5], leverage reduction [6], equity financing [5,7,8], corporate tax reform [9], fixed asset sales [10], working capital management [11], credit lines [12], managerial risk-taking incentives [13], public subsidies [14], foreign acquisitions [2], environmental regulations [15], and political connections [2]. The EBSCO and Web of Science databases were searched with “R&D” and “financial constraints” keywords with the purpose of a mapping state of the art, yielding the following relevant studies presented in Table 1.



From the review of existing literature, the following research gaps still exist. First of all, the research perspective of existing researches is within the enterprise, or from the institution environment. Research from the perspective of enterprise between enterprises is still lacking.



Secondly, existing researches are mainly based on the full sample of enterprises or large enterprises, and there are few studies on SMEs. Due to the limitations of size and low-transparency financial statements, factors (like stock issues, fixed asset sales, foreign acquisitions etc.) are difficult to apply to SMEs to maintain the sustainability of R&D investment. In this field of research, research on SMEs is still lacking.



Relatedly, the effect of trade credit between enterprises played in the allocation of financial resources has been widely discussed [17,18]. Financial resources are allocated to enterprises through formal financial intermediaries. This is the initial allocation of financial resources. Financial resources may also be reassigned subsequently. Trade credit has an important effect on the secondary distribution of financial resources. Enterprises that have easy access to initial allocation of financial resources can use trade credit to provide financial support to enterprises which have difficulty in obtaining external financing [19].



Drawing from the above discussion, this paper attempts to study the effect of trade credit in R&D investment of SMEs under financial constraints. As far as we know, no previous researches have been done to study the relationship between trade credit and the sustainable R&D investment of SMEs under financial constraints. This paper collected listed Chinese SMEs’ data from 2007 to 2014 and studied the relationship between trade credit and R&D investment based on the Euler equation developed by Laeven [20], which had been widely used in the relevant researches [21,22,23,24]. The results show that SMEs experience financial constraints on their R&D investments; trade credit can maintain the sustainability of R&D investment in SMEs under financial constraints; the effect of trade credit is more significant for private SMEs than the non-private SMEs; the effect of trade credit is more significant during periods of tight monetary policy. Furthermore, several robust tests were conducted, including changing the data structure by only retaining samples with five-consecutive-years data, and using a propensity score matching model. The conclusions still held.



This paper makes the following contributions to the literature.



First, the article confirms a new factor that can maintain sustainable R&D investment for SMEs. Allen et al. [25] proposed that the Chinese economy may rely more on informal financing mechanisms. For example, Ding et al. [26] studied the effect of operating capital on the investments of Chinese enterprises in fixed assets. Based on that view, this paper examined the role of trade credit as an informal financing factor to maintain sustainable R&D investment from the perspective of enterprise between enterprises.



Second, ownership discrimination is the common factor involved in studying China. Given the process of economic transformation, ownership is one of the most important factors in the study of Chinese enterprises. Guariglia and Liu [27] found that R&D activities of private Chinese firms are constrained by the internal financing, whereas in state-owned and collective enterprises’ R&D activities are the least constrained. Meanwhile, monetary policy is closely connected to the dynamic scale of trade credit since monetary policy affects enterprises’ cash stock, as well as financing and investing decisions, directly determining the degree of trade credit demand.



The paper’s structure is as follows. Section 2 proposes the hypotheses related to R&D investment of SMEs under financial constraints. Research design is in Section 3. Section 4 reports the empirical results. Section 5 discusses the conclusions.




2. Hypotheses


2.1. R&D Investments of SMEs and Financial Constraints


Compared to physical investment, the information of R&D investment is typically incomplete: either such information is kept secret by the company for as long as possible, or it is difficult to depict with certainty [2]. Therefore, R&D typically cannot obtain financing or has to accept a risk premium from external investors [9].



This is especially serious for SMEs. For the indicator measuring the capital market’s resources allocation, which is represented by the proportion of bank credits in GDP, China obtained a score of 2.15 in 2016, which is much higher than the scores of other nations that have developed financial markets [25]. Therefore, banks are more important for corporate financing in China.



However, for SMEs, low-transparency financial statements and a lack of historical credit records intensify the information asymmetry between SMEs and banks. In an environment of information asymmetry, commercial banks take both interest and risk factors into account when making loans to enterprises [28]. The “Capital Adequacy Ratio” (In March 2004, the China Banking Regulatory Commission (CBRC) promulgated the “Commercial Bank Capital Adequacy Ratio Management Method”, which stipulates that Chinese commercial banks should meet the eight percent minimum capital requirement before 1 January 2007 or be punished.) requirement pushes commercial banks to reduce their risk preference by decreasing loans to SMEs that pose a relatively high credit risk, thus actively ensuring adequate capital. SMEs encounter discrimination more often than large enterprises when obtaining bank loans [29], which causes a segmented credit market, meaning simultaneous over-financing of large-scale enterprises and under-financing of SMEs [30]. The above arguments lead to our first hypothesis:

Hypothesis 1 (H1).

SMEs are more likely to encounter financial constraints in R&D investment.








2.2. Relaxing of Financial Constraints by Trade Credit


Trade credit from suppliers can supplement SMEs’ credit funds. On the one hand, according to the theory of financing competitive advantage [31], compared to the banking system, suppliers related to enterprises through trading commodities have an information and supervision advantage that enables them to satisfy the related enterprises’ need for short-term funds. The relevant information of finance, production, and R&D can be collected at a low cost, and the repayment behavior of the related enterprises can be supervised by flexibly controlling the supply of goods. Moreover, it is easy for suppliers with good knowledge of industries to manage deposits once related enterprises fall behind in repayment. On the other hand, trade credit is one method used by suppliers to maximize their profits through price discrimination. Building up a partnership with downstream enterprises by providing trade credits can help such enterprises ensure both stable outlets and long-term profits.



Because over-financing large-scale enterprises and under-financing SMEs occurs within the same segmented credit market in China, a supply-and-demand relationship can be formed through transactions to promote the transfer of bank funds from over-financed to under-financed enterprises, thus alleviating the “credit-rationing” problem. Based on the above analysis, this article hypothesizes as follows:

Hypothesis 2 (H2).

Trade credit can maintain sustainable R&D investment of SMEs under financial constraints.








2.3. Hypothesis on Ownership


State-owned enterprises in China have more political connections with the government. When they take on government responsibilities, they also receive policy dividends such as fiscal subsidies or tax preferences, eventually reducing the risk of debt default [32]. State-owned banks dominate the Chinese banking system. Based on governmental preferences, such banks are more likely to lend money at low interest rates to state-owned enterprises, profiting by imposing high interest rates on private enterprises [33,34]. Moreover, the information asymmetry between banks and enterprises is more severe for private enterprises. State-owned enterprises have generally operated for longer than private enterprises, they have obvious advantages in terms of assets and financial funds. Compared with private enterprises, they work with banks more often and have a complete credit record, giving them a high degree of transparency in the loan-evaluation process. In contrast, the level of transparency for private enterprises is relatively low considering their non-standard operational and financial management, requiring banks to pay higher information costs before they have completely evaluated such enterprises’ qualifications [33]. Based on the above analysis, this article hypothesizes as follows:

Hypothesis 3 (H3).

Trade credit maintaining sustainable R&D investment under financial constraints is more significant for private SMEs than the non-private SMEs.








2.4. Hypothesis on Monetary Policy


Given that the supply of trade credit is based on related party transactions, downstream enterprises need to repay their credit within the required time limits, thus ensuring long-term cooperation with the upstream parties. Therefore, trade credit in periods of loose monetary policy comes at a higher cost than bank credit. The degree of financial constraints for private SMEs is directly determined by the capital amount of the credit market, which will scale down and decrease credit resources when monetary policy shifts between a loose period and a tighter one. During periods of tight monetary policy, because of constraints of “Credit Rationing”, commercial banks lack the funds needed by private SMEs after satisfying the credit needs of large state-owned enterprises. Considering the trust relationship arising out of long-term cooperation and the specific assets at issue, suppliers have a stronger incentive to provide trade credit either proactively or passively, helping their partner enterprises avoid large adjustment costs caused by an interrupted R&D investment. Based on the analysis set above, this article hypothesizes as follows:

Hypothesis 4 (H4).

Trade credit maintaining sustainable R&D investment under financial constraints is more significant for private SMEs during periods of tight monetary policy.









3. Research Design


3.1. Regression Model and Variables


As for existing researches [20,35], we set the following equation to test financing constraints:


(Innov/K)i,t=α+β1∗(Innov/K)i,t−1+β2∗(Innov/K)2i,t−1+β3∗(Y/K)i,t−1+β4∗(CF/K)i,t−1+dt+fi+εi,t



(1)







Innov stands for R&D, which is measured by R&D expenditures of the firm. Y is the income of the enterprise, which is measured by the sales revenue of the firm. CF means internal funds, measured by the net cash flow generated through operating activities. K stands for total assets of enterprise, which is measured by the natural logarithm of total assets. All the variables mentioned above were divided by K to eliminate the impact of difference in the enterprises’ size. If a firm is financially constrained, β4 (the coefficient of CF) is significantly positive [20,21,22].



If trade credit relaxes the firms’ financial constraints, the coefficient of interaction term (CF/K*NCR) should be negative. As Laeven [20], Ratti et al. [21], and Chan et al. [22], following the principle of parsimony, we focus only on the CF/K and the terms interacted with CF/K, that are directly related to financial constraint. The results will not change, if NCR (net commercial credit) is included in to the equation but it will just create too many additional parameters to estimate, especially in Equation (3) and Equation (4).


(Innov/K)i,t=α+β1∗(Innov/K)i,t−1+β2∗(Innov/K)2i,t−1+β3∗(Y/K)i,t−1+β4∗(CF/K)i,t−1+β5∗(CF/K)i,t∗NCRi,t+dt+fi+εi,t



(2)







Innov, K, Y, CF, fi, dt, and εi,t have the same meaning in Equation (2) as in Equation (1). The index of trade credit (NCR) is calculated by subtracting accounts receivable from accounts payable and then obtaining the result divided by current operating revenues [36]. If the effect of NCR exists, β5 (the coefficient of CF/K*NCR) should be significantly negative.



Similarly, we focus on the interaction term of CF/K*NCR*State in Equation (3) to test the relaxing effect of trade credit under different ownership. We use a dummy variable measuring state, which stands for the ownership of enterprises, equal to 1 for private enterprises and 0 for non-private enterprises. If the effect of trade credit under different ownership exists, β7 (the coefficient of CF/K*NCR*State) should be significantly negative.


(Innov/K)i,t=α+β1∗(Innov/K)i,t−1+β2∗(Innov/K)2i,t−1+β3∗(Y/K)i,t−1+β4∗(CF/K)i,t−1+β5∗(CF/K)i,t∗NCRi,t+β6∗(CF/K)i,t∗Statei,t+β7∗(CF/K)i,t∗NCRi,t∗Statei,t+dt+fi+εi,t



(3)







Following Hypothesis 3, Hypothesis 4 proposes that monetary policy will influence the effect of trade credit. We set two equations to test this hypothesis:



First, like Equation (3), we established Equation (4) by adding the interaction term of CF/K*NCR*MP to examine whether monetary policy would influence the relaxing effect of trade credit. If the effect of trade credit under monetary policy exists, β7 (the coefficient of CF/K*NCR*MP) should be significantly negative.


(Innov/K)i,t=α+β1∗(Innov/K)i,t−1+β2∗(Innov/K)2i,t−1+β3∗(Y/K)i,t−1+β4∗(CF/K)i,t−1+β5∗(CF/K)i,t∗NCRi,t+β6∗(CF/K)i,t∗MPi,t+β7∗(CF/K)i,t∗NCRi,t∗MPi,t+dt+fi+εi,t



(4)







The changing rate of M2 is one criterion widely used by academics, given that it is the intermediate monetary policy target of the People’s Bank of China [37]. Accordingly, this article adopted the changing rate of M2 to divide monetary policy into tight and loose periods, for which a dummy variable MP was set. Specifically, we regarded the years that showed a negative changing rate of M2 as tight periods of monetary policy and assigned them an MP value of 1. We regarded the other years that showed a positive changing rate of M2 as loose periods of monetary policy and assigned them an MP value of 0.



Second, we regress Equation (4) into a different group of state to test if private SMEs rely more heavily on trade credit to relax financial constraints during the situation of tight monetary policy.



Finally, we explain the variables in this article in Table 2.




3.2. Data and Sample


Brown et al. [7] found that the stock market is the main financing channel of R&D investment for American high-technology enterprises. However, stock issues have become more volatile in past decades [38], which is certainly true of China’s less developed stock market. To verify this point of view, we choose the listed SMEs in China as the empirical research object. If the financial constraints of R&D investment still appear in these listed companies, we can prove that the equity market is not a valid source for R&D investment. The data for this article were all originally contained in annual reports released by listed SMEs in China [39]. Furthermore, the original samples were screened using the following standards: (1) Only keep A-share listed companies. (2) Eliminate the samples that have experienced ST and PT processes from 2007 to 2014; (3) Eliminate the samples that are seen as insolvent when their asset–liability ratio is higher than 100 percent. (4) Eliminate the samples that are seen as abnormally operated when their return on assets is either less than minus 50 percent or more than 50 percent. (5) Variables are winsorized at the upper and lower 1% levels. Finally, we obtain an unbalanced panel dataset comprising Chinese A-share listed SMEs from 2007 to 2014, which contains 3,432 observed values.



From Table 3, the minimum and maximum values of R&D investment (Innov/K) are 0 and 0.167. For internal funds (CF/K), these two values are −0.393 and 0.430. Therefore, R&D investment and cash flow vary by enterprise. Finally, there is a great difference in trade credit for SMEs since the minimum value of net trade credit, NCR, is −1.486, whereas the maximum is 1.580.



Table 4 reports the correlation matrix variables. The correlation coefficient of Innov/K and CF/K is positive, which is significant at 5%.





4. Empirical Results and Discussion


4.1. Test and Method


4.1.1. Unit Root Test


The Fish-PP test is equivalent to the robust ADF test in the situation of heteroscedasticity. We also report Moon and Perron’s (2004) second-generation panel unit root test, which takes account of cross-sectional dependence. As shown in Table 5, we can use these variables to regress without worrying about the problem of spurious regression.




4.1.2. Tests of Regression Estimation


Table 5 aggregates the result of the multicollinearity test (VIFs) and the heteroscedasticity test which are reported for each regression model in Table 6. All the VIFs are lower than 10, which means that multicollinearity does not influence the analysis. In addition, compared to long panel data, for which the regression results are more affected by serial correlation, the short panel data used in this article, which have a time period of only eight years, are more influenced by heteroscedasticity. The heteroscedasticity test shows that the chi-squared value is significant at the 1% level.




4.1.3. The Endogeneity and the Estimation Method


To solve the potential endogeneity problem, we used the lag terms of relevant variables as instrumental variables. To ensure the efficiency of the instrumental variables, only one higher-order lag was adopted and at most, the three-lag values of the dependent variable were chosen as instrumental variables. Meanwhile, to address the autocorrelation problem of error terms, we added the first-order lag of dependent variables in the model. Moreover, we choose the system GMM to overcome the problem of weak instrumental variables [24].





4.2. Empirical Results


The empirical results of this article are composed of two parts. One is the relaxing effect of trade credit on the R&D investment of SMEs, and the other is the contextual effect of ownership and monetary policy. The empirical results are shown in Table 7.



Laeven [20] argued that, β4, the coefficient of internal funds (CF), would be below 0 if the investment behavior of enterprises was free from financial constraints. However, the regression result in Model (1) shows that β4 is above 0 and significant. This finding indicates that Chinese SMEs experience financial constraints in the process of R&D investment. Accordingly, Hypothesis 1 is supported. Hadlock and Piercen [40] find that firm size is a good predictor of financial constraints. Because of the problems of adverse selection and moral hazard, SMEs use less external finance than large firms, and they rely more on internal cash flow and bank loans [41]. Andrieș et al. [42] also found that higher competition facilitates credit access for SMEs in European countries. Consistent with the above researches, the conclusion of Model (1) also indicates that the uncertainty and long-term characteristics of R&D investment make it easier for SMEs in China to encounter financial constraints.



The coefficient of CF/K*NCR in Model (2) is significantly negative at the significance level of 1%, which is the opposite of that for the coefficients of CF/K. This result indicates that increasing trade credit decreases the sensitivity of R&D investment to cash flows, which means the trade credit can maintain sustainable R&D investment of SMEs under financial constraints. Hypothesis 2 is supported. Campello et al. [43] found that trade credit can ameliorate the impact of the crisis on corporate profits and employment when the bank loans have been reduced. Levine et al. [44] found that trade credit can help profits and the employment of firms when banking crises occur. Our findings are consistent with the view that trade credit can be an alternative source of finance for firms under financial constraints.



Model (3) reports the result of regression Equation (3) to test whether the ownership of SMEs will influence the effect of trade credit. In Model (3), the coefficient of CF/K*NCR*State is significantly negative. This finding indicates that the effect of trade credit is more obvious for private SMEs than non-private SMEs. Hypothesis 3 is supported. Lack of financing channels is a major constraint on R&D in China, especially for private enterprises according to Howell [9]. Weng and Sderbom [4] showed that the internal capital for R&D expenditure is more extensively relied on by private enterprises than by non-private ones, which explains why private enterprises’ R&D expenditure decisions are subject to financial constraints. The results of our study are consistent with their findings and confirm the existence of a “political pecking order” in China’s credit market.



Model (4) reports the result of regression Equation (4) to test whether monetary policy will influence the effect of trade credit. The coefficient of CF/K* NCR* MP is significantly negative. This finding indicates that the effect of trade credit is more obvious during a tight monetary-policy period. Dajcman (2016) [45] found that monetary policy measures can affect bank loans through the credit channel, the bank capital channel, and the risk-taking channel. When the financial resources from formal financial intermediaries are reduced, enterprises will rely more on the distribution of secondary financial resources in the form of trade credit. Consistent with existing research [45], we confirm the effect of trade credit during a period of negative shock in monetary policy.



Furthermore, Model (5) reports the result of regression Equation (4) when the firms are private (State = 1). The coefficient of CF/K*NCR*MP *State is still significantly negative. However, in Model (6), which reports the result of regression Equation (4) when the firms are non-private (State = 0), the coefficient of CF/K*NCR*MP *State is not significantly even at a significance level of 10%. Compared with Model (5) and Model (6), this finding indicates that under a situation of tight monetary policy, the effect of trade credit is stronger for Chinese private SMEs. Hypothesis 4 is supported.



In addition to multivariate measures of trade credit, we conducted regression by changing the data structure to ensure the robustness of the results. Although the number of observations decreases by 1137 after reserving samples with five consecutive years, the time series can be more representative, and the relaxing effect of trade credit on R&D investment can be better reflected in continuous years. The empirical results are shown in Table 8.



From Table 8, the existence of financial constraints reflected by the coefficient of CF/K in Model (7), the effect of trade credit reflected by the coefficient of CF/K *NCR and CF/Kt*CR in Models (8), the effect of ownership reflected by the coefficient of CF/K*NCR*State in Model (9), the effect of monetary policy reflected by the coefficient of CF/K*NCR*MP in Model (10), and the joint effect of ownership and monetary policy reflected by the coefficient of CF/Kt*NCR *MP in Model (11) and Model (12) all show the same results as those reported in Table 4. Moreover, the coefficient and the significance level are all improved since the samples with consecutive years can better reveal the effect. Therefore, we conclude that the results of this study are robust and unaffected by changing the sample size and data structure.



We also add the fixed effect model and the random effect model in Table 9 as the robust test to compare with the results from GMM estimations. The results of this study are robust and unaffected by changing the estimation model.




4.3. Counterfactual Robust Test Based on Propensity Score Matching (PSM)


This article uses the system GMM to test the relaxing effect of trade credit on the R&D investments of SMEs. However, we cannot use this method to observe both the high conditions of trade credits and the low conditions of trade credits of a given enterprise simultaneously. It may cause a problem of missing data. The consequence is that we cannot be sure whether the high R&D investment of a given enterprise is entirely attributable to the higher trade credit of this enterprise compared to the trade credits of other enterprises. However, if we can confirm that the R&D investment for the same enterprise is higher in its high condition of trade credit than its low condition of trade credit, then the selection bias caused by different conditions of trade credit can be avoided.



Based on a counterfactual framework, we divided the sample enterprises into a group with high trade credit having an NCR equal to or above zero and a group with a low trade credit having an NCR below zero. If the difference between these two groups can be explained by the same variables set in advance, then we can use the variables to pair the samples level by level so that the two paired sample groups differ only in trade credit while remaining the same in other aspects. Finally, we can confirm the causal relationship between trade credit and R&D investment while avoiding the selection bias caused by missing data. Compared to the time-consuming stratified pairing by a single factor, PSM (Propensity Score Matching) is more efficient for multi-factor matching by concentrating several factors into one index: the propensity score (PS).



Under the given sample feature of X, the conditional probability of an enterprise’s high trade credit is as follows:


p(Xi)=Pr[Di=1|Xi]=E[Di|Xi]



(5)







Di is an index function, assigned the value of one to act as the treatment group if the trade credit is high (NCR ≥ 0); otherwise, it is assigned the value of zero to act as the control group if the trade credit is low (NCR < 0). X is the matching variable, which determines whether enterprises are in a situation with high or low trade credits. Referring to a current study on trade credit, this article chooses variables that may affect trade credit of enterprises, such as the proportion of available mortgage assets (F/A), secured bank loans (LOAN), the growth rate of the operating revenue (GROWTH), the operating cash flow (OCFL) etc. If the trade-credit situation is random, we can use a binary choice model to estimate the situation, letting Pr[Di = 1|Xi] represent the probability of high trade credit under X. Furthermore, we can match the treatment group and the control group according to their similarity of probability, whose efficiency depends on conditional independence and overlapping assumption. The Average Treatment Effect of trade credit on R&D investment is as follows:


ATT^=1N1∑i:Di=1[yi−∑j,DJ=0w(i,j)yj]



(6)







N1 is the number of enterprises in the treatment group. There are various weight indexes of w(i,j) for different matching methods. Since kernel matching does not have the problem of invalid standard deviation [46], this article adopts this approach to conduct PSM. The formula of weight shows as follows, with h representing bandwidth, and K representing the kernel function:


w(i,j)=K[(xj−xi)/h]∑k:DK=0K[(xK−xi)/h]



(7)







Figure 1 depicts the kernel density distribution of propensity scores for high trade credit (treatment group) and low trade credit (control group). Sub-diagrams (a) and (b) represent the kernel density functions of the PS values of each group before and after matching, respectively. In comparison, the probability distributions of the PS values of the treatment and control groups are closer after matching. This finding indicates that adopting kernel matching under the probit model is effective. Moreover, we achieved similar results under the logit model; those results are not presented separately here.



As Table 10 shows, the difference between the ATT of the treatment group and the control group after PSM is −0.0036 and −0.0035 in the probit model and the logit model, and their T values are both significant at a significance level of 5%. This means that under the situation of financial constraints and internal funds fluctuation, enterprises will use trade credit for R&D investment at high adjustment costs, which is consistent with the empirical result of the regression. Therefore, we can confirm that trade credit can maintain sustainable R&D investment of SMEs under financial constraints after considering the counterfactual situation.



The reported standard errors are deduced by assuming that the propensity scores are the real values, whereas the assumption of the standard errors’ homoscedasticity is likely to be false. Moreover, the potential bias from a small sample size could also affect the conclusion. Thus, this article reports the standard errors using the bootstrap method. The steps of the bootstrap method are as follows: (1) repeatedly draw random samples with size n as empirical samples from the original samples; (2) calculate the ATT of empirical samples using the kernel matching method; (3) repeat the above two steps 500 times to obtain 600 empirical statistics of ATT, ATT1, ATT2, …, ATT500; and (4) calculate the standard deviation of the 500 ATT values to obtain the standard error of the ATT statistic of the original samples. From the last two columns of Table 10, the Z values all remain significant at the significance level of 1% under the probit and logit models, even when using the bootstrap standard errors.



To test the balance of matching, we followed Smith and Todd [47] to calculate the standard deviations between the treatment group and the control group based on the matching variables after kernel matching.



As shown in Table 11, the percentage biases are all below 20%, which will not cause the matching to fail [48], proving the appropriateness of matching variables and kernel matching. The matching results meet the requirement of matching balance.



After considering the counterfactual situation, we can still obtain the same conclusion, which is consistent with the results of the system GMM.





5. Conclusion and Discussion


SMEs are the indispensable players for promoting sustainable R&D investment. R&D investment has positive impacts on financial performance in both the current and the lag periods [49]. Therefore, it is very important to research the subject of sustainable R&D investment of SMEs under financial constraints. Based on existing research, this paper takes Chinese listed SMEs between 2007 to 2014 as samples to test empirically the relaxing effect of trade credit on R&D investment under financial constraints. The results show that SMEs in China are typically trapped by severe financial constraints. As an informal financing factor, trade credit can relax financial constraints of R&D investment for Chinese SMEs. Furthermore, private enterprises are more reliant than non-private enterprises on the relaxing effect of trade credit, and this effect is stronger during periods of tight monetary policy. Our results also can be generalized to other developing countries like China with GDP per capita below the World Bank Standards.



The conclusion of this study is significant for both micro business management and macro policy formulation:



First, SMEs in developing countries should regulate their financial management and establish a perfect system to disclose adequate information related to finance and R&D activities. In this way, both the enterprises’ credit risks and the banks as well as other external creditors’ information-searching costs can be reduced. Banks and investors will be more confident in enterprises’ R&D and will provide enough funds for R&D investment.



Second, SMEs in developing countries should build regional cooperation networks and industry alliances to ensure an adequate trade-credit supply. They can make full use of the effect of industrial agglomeration and relieve the financial constraints of R&D investments by cooperating with upstream and downstream enterprises in the long run and receiving an adequate supply of trade credit.



Third, different monetary policies will exert influence not only on SMEs’ financing environment through bank loans but also on the role of alternative informal financing channels such as trade credit. Therefore, the government should consider the chain reaction of a given monetary policy and comprehensively consider the orientation and change range of its policy so that it can avoid the negative economic reactions caused by a range that is either too loose or too short when making monetary policy.



Further research can be undertaken in the following directions. First, our regressions are only based on the Euler equation model, so it would be interesting to test whether the results are robust when using other models. Second, informal financing channels are also important in other developing countries, so it would be interesting for researchers in these counties to test whether the results are robust. Third, to rule out the impact of equity financing, we used listed firms, so it would be interesting to test whether the results also hold for unlisted firms. Fourth, some studies have emphasized making a distinction between “research” (R) and “development” (D). However, the data from listed firms in China prevented us from conducting such an exercise.



Finally, limited by research power, we did not consider the issues of location and company sector of activity in this paper. They are issues worthy of future research.
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Figure 1. Kernel density functions of the PS values of each group before and after matching: (a) Kernel density functions of the PS values of each group before matching; (b) Kernel density functions of the PS values of each group after matching. 
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Table 1. Representative studies on sustainable R&D investment under financial constraints.
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	Author
	Countries
	Type of Firms
	Method of Research
	Data Period
	Factors





	Brown et al. [7]
	USA
	high-tech firms
	GMM
	1990–2004
	cash flow and stock issues



	Brown & Petersen [5]
	USA
	manufacturing firms,
	OLS and GMM
	1970–2006
	public equity



	Dasgupta et al. [6]
	USA
	manufacturing firms
	OLS
	1971–2006
	leverage reduction



	Brown et al. [8]
	16 countries in Europe
	manufacturing firms
	GMM
	1995–2007
	costly stocks of liquidity



	Borisova & Brown [10]
	USA
	manufacturing firms and services firms
	GMM
	1980–2008
	cash inflows from fixed asset sales



	Ju et al. [11]
	China
	unlisted industrial enterprise
	GMM
	1998–2008
	working capital



	Howell [9]
	China
	the “above scale” SOEs and non- SOEs firms
	GMM
	2001–2007
	reduction in the corporate tax burden



	Guney et al. [12]
	17 European countries
	publicly listed firms
	GMM
	2004–2013
	credit lines



	Chen et al. (2017) [16]
	China
	cross-border mergers and acquisitions
	OLS and 2SLS
	1994–2011
	foreign acquisitions



	Chen [13]
	USA
	non-financial listed firms
	OLS
	1992–2013
	managerial risk-taking incentives



	Mateut [14]
	30 Eastern Europe and Central Asian countries
	manufacturing, the retail and the core
	OLS
	2009
	public subsidies



	Li et al. [15]
	China
	non-financial listed firms
	OLS
	2007–2014
	environmental regulations



	Chen et al. [2]
	China
	listed firms in manufacturing industry
	GMM
	2006–2015
	political connections










[image: Table]





Table 2. Description of all variables.
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	Variables
	Description
	Measure





	Innov
	R&D expenditures
	measured by R&D expenditures of firm



	Y
	income of enterprise
	measured by sales revenue of firm



	CF
	internal funds
	measured by net cash flow generated through operating activities



	K
	total assets of enterprise
	measured by natural logarithm of total assets



	NCR
	trade credit
	measured by subtracting accounts receivable from accounts payable and then obtaining the result divided by current operating revenues



	State
	ownership of enterprises
	state equals 1 for private en