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Abstract This paper studies the size distribution of exporting and non-exporting firms in a panel of Chinese provinces. The power law exponents of exporting firms are significantly less than those of non-exporting firms. The average power law exponents fell from 0.74 in 1998 to 0.64 in 2007 for exporting firms, and from 1.03 in 1998 to 0.83 in 2007 for non-exporting firms. Further analysis showed that credit constraints have a significant negative effect on the exponents of the size distribution of exporting firms, suggesting that smaller firms are more credit-constrained than larger firms. Keywords: Heterogeneous exporting firms, size distribution, power laws, credit constraints, China JEL Classification: C13, F10, L11 1. Introduction Many studies have been done to estimate the power law exponent of the size distribution of firms. However, most of these studies do not consider the impact of export status of firms on the size distribution of firms. Recent research by Di Giovanni et al. (2011) shows that export behavior systematically impacts the firm size distribution; this produces a power law exponent of the exporting firm that is lower than that of non-exporting firms. Thus, in estimating the exponent of the size distribution of firms, export behavior of firms must be considered clearly and the differences between exporting and non-exporting firms should be established. The absolute value of the power law exponent measures (conversely) the uneven nature of size distribution: the lower the absolute value of the exponent, the more uneven in size are the firms (Soo, 2005). Hence, the predictions of Di Giovanni et al. (2011) suggest that the exporting firms have larger agglomerations than non-exporting firms. Moreover, the ∗
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precise value of power law exponent is very important, because it’s both a target of many models (Gabaix, 1999; Luttmer, 2007; Rossi-Hansberg and Wright, 2007), and a basic tool to phenomena such as macroeconomic fluctuations (Gabaix, 2011; Di Giovanni and Levchenko, 2012). Following Di Giovanni et al’s suggestion, this paper specifically examines the size distribution of exporting and non-exporting firms in a panel of Chinese provinces. We first used an improved ordinary least squares (OLS) method proposed by Gabaix and Ibragimov (2011) to estimate the power law exponent. We found that the power law exponents of size distribution of exporting firms among Chinese provinces, in varying degrees, are less than 1 (Zipf’s law, a particular power law distribution, holds when power law exponent is 1). The average power law exponents which fell from 0.74 in 1998 to 0.64 in 2007 for exporting firms are significantly less than those of non-exporting firms, which fell from 1.03 in 1998 to 0.83 in 2007. This relationship between the power law exponents of exporting and non-exporting firms is in accordance with the predictions of Di Giovanni et al. (2011) and agree with their findings on French firms. We then analyzed the provincial differences in the size distribution of China’s exporting firms to provide a new micro-perspective that would find reasons for variations in provincial exports. We found that credit constraints have a significant effect on the size distribution of exporting firms, which confirms the mechanism of credit constraints on firms’ export behavior recently studied by Manova et al. (2011), Feenstra et al. (2014) and Fan et al. (2012). Our reports further showed that when credit constraints were tighter in a province, credit constraints would negatively affect a firm’s exporting and exporter sales, thus lowering firm size distribution. In conclusion, those provinces with less credit constraints (or more credit access) would show lower power law exponents. Our findings provided evidence regarding the patterns of exporting and non-exporting firm size distribution in a large developing country, namely China. Countries at different stages of development may exhibit great differences in the size distribution of firms. Firms in developed countries have strong financial institutions, while firms in China often face an imperfect financial market. More importantly, China has been experiencing gradual market reforms. In addition, disparities in preferential policies among provinces during the reform have resulted in provincial variation in credit constraints. For more than a decade, for instance, the eastern coastal provinces were given the advantage of preferential policies to promote trade with other countries that were irrelevant to the western and inland provinces. This provides an interesting setting to show how credit constraints can affect exporting firm size distribution. At present, the literature on the size distribution of China’s firms is very limited and has primarily given the samples of the top 500 firms (Zhang et al., 2009) or all firms (Yang et al., 2010; Fang and Nie, 2010), without considering the impact of export status. As far as we know, there is no literature concerned with Chinese exporting firm size distribution. The remainder of this paper is structured as follows. Section 2 discusses the theoretical backgrounds of the size distribution of exporting firms. Section 3 introduces data and methods for estimating the power law exponent and analyzes the results. Section 4 then proceeds to analyze the impact of credit constraints on the provincial disparities in size distribution of exporting firms. Section 5 concludes.
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2. Theoretical Backgrounds to the Size Distribution of Exporting Firms Power law distribution, also known as a Pareto distribution (Gabaix, 2009), is one of the basic tools of the heterogeneous firm trade models.1 According to empirical study, firm size and productivity are closely linked to export status; the productivity of exporting firms is significantly higher than that of non-exporting firms, and exporting firms are much larger than non-exporting firms (Bernard and Jensen, 1995, 1999). Melitz (2003) the classical trade model of heterogeneous firms illustrates the relationship between productivity and export status of firms: more productive firms are capable of export, less productive firms produce only for domestic market. Melitz model shows that firm size is proportional to productivity, and if firm productivity meets power law distribution, firm size will also meet power law distribution;2 furthermore, the size of exporting firms and the size of all firms will follow the same distribution pattern, although the exporting firms are on the upper tail of size distribution for all firms. Therefore, in the ideal, fully symmetrical environment in Melitz model, exporting firms and non-exporting firms have the same size distribution. However, recent research by Di Giovanni et al. (2011) has shown that if the constant fixed costs of exports in the Melitz model are replaced by randomly or progressively increasing fixed costs (Eaton et al., 2011; Arkolakis, 2010), that is, different firms or different markets have different fixed costs of exports, then the export status of different exporting firms will not be the same and exporting firms with different levels of productivity will have different export markets. Those firms with a lower level of productivity can only sell to a limited number of countries; firms with higher productivity will sell to a greater number of foreign markets. Thus, the disparity between the sales revenue of high-productivity firms and low-productivity firms is magnified, thereby strengthening the uneven nature of size distribution among exporting firms and lowering the power law exponent of the size distribution of exporting firms below that of non-exporting firms. Therefore, in the non-symmetric heterogeneous firm trade model, the power law exponent of exporting firms in absolute value would be significantly less than that of non-exporting firms. 3. Estimation of Power Law Exponents 3.1. Data The data source for Chinese provincial firms used in this paper is annual surveys of industrial firms (ASIF) conducted by the National Bureau of Statistics of China, which includes all state-owned enterprises (SOEs) and only non-state-owned manufacturing enterprises (NSOEs) with sales revenue of at least RMB 5 million. This widely used firm level panel data set covers between more than 165,000 firms in 1998 and 337,000 in 2007. Similar to existing literature, this paper removes abnormal observations, such as negative sales, total assets of 0, and employees of less than 10 persons. It is well known that very small firms 1



Adamic (2000) shows that Zipf, power law, and Pareto are three terms which can refer to the same thing. 2 If the power law exponent of firm productivity is θ, the power law exponent of firm sales revenue is θ/( − 1), in which  is the constant elasticity of substitution in CES utility function (Di Giovanni et al., 2011).
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have a noise effect on the fit of the power law (Eeckhout, 2004). To address this problem, we followed Di Giovanni et al. (2011) and set a minimum sales cutoff to be 5 million RMB of annual sales. This natural cutoff means only small SOEs would be truncated, since all NSOEs included in ASIF have sales revenue of at least 5 million RMB.3 A firm is determined as an exporter if its export delivery value is greater than zero. Such information for 2004 is not available in the database, and therefore, the samples of this paper do not cover 2004. Annual sales revenue is used as an indicator of the firm’s size. Our results are robust for alternative measures of firm size such as employees, assets, and domestic sales. In the process of finalizing data on exporting firms, we have found that there are very few exporting firms in such provinces as Tibet, Qinghai, Gansu, and Ningxia, with about 30 exporting firms, and may have few as 4 exporting firms. In order to reduce the impact of small samples, the eight provinces with less than 100 exporting firms in any year (the above 4 as well as Inner Mongolia, Hainan, Guizhou, Xinjiang) are excluded. Therefore the estimated sample used in this paper covers the nine years of 1998-2007 (except for 2004) and 23 provinces.4 [Insert Table 1 about here] Table 1 provides a statistical description of the number of firms for each province (upper panel) and sales for each firm (lower panel) for the samples used in this paper. The upper panel of Table 1 shows that the total number of all firms increases from 120,127 in 1998 to 316,931 in 2007, of which about 28.1% are exporting firms. The number of exporting firms varies a great deal among provinces. For example, the middle part of upper panel shows that the largest number of exporting firms increases from 7,440 in 1998 to 20,356 in 2007, and the lowest number of exporting firms is slightly above 100. The provinces with the highest number of exporting firms are eastern coastal provinces such as Guangdong (from 1998 to 2003) and Zhejiang (from 2005 to 2007). The left and right parts of the upper panel of Table 1 suggest a similar pattern for the all firms and non-exporting firms. This provincial disparity in the number of firms is a result of Chinese gradualism open-door and market reform policy. The lower panel of Table 1 shows that exporting firms are larger than non-exporting firms: the maximal sales of all firms for the sample years are from exporting firms, and the average sales of exporting firms are about 2.7 times higher than non-exporting firms. This fact coincides with Melitz (2003)’s prediction which states that firm size is proportional to productivity; therefore, larger firms are capable of exporting, whereas, smaller firms produce only for the domestic market. 3.2. Methods of Estimation In the empirical studies on firm (or city, income, etc.) size distribution, it has been found that power law distribution can be used to simulate actual data very well, and the inverse cumulative distribution function of power law distribution is: 1 − F (x) = P [S > x] = (a/x)β . 3



The numbers (and percents of total firms) of the firms below the truncation threshold between 1998 and 2007 are: 28,614 (19.2%), 26,531 (18.3%), 23,256 (15.9%), 21,257 (13.7%), 19,847 (11.9%), 15,913 (8.7%), 10,394 (4.0%), 8,678 (3.0%), and 5,476 (1.7%) respectively. We use the truncated sample in the paper. As a robust check, we also estimate all the samples without truncation; the results are very similar. 4 We denote 4 municipalities with status equal to that of the provinces (Beijing, Chongqing, Shanghai and Tianjin) as provinces for simplicity.
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Wherein a and x are greater than zero, and x > a. β is the power distribution exponent, which determines (conversely) the uneven nature of size distribution. The larger the power law exponent, the more even distribution of firm size S; the smaller the power law exponent, the less even distribution of firm size and the larger the disparity in firm size. In order to estimate the power law exponent, all n firms will be ranked according to sales revenue S(r) in descending order: S(1) ≥ · · · ≥ S(r) ≥ · · · ≥ S(n) , r ∈ [1, n] is the rank of firm size. The power law exponent can be estimated by the OLS log-log rank-size regression: ln r = C − β ln S(r) .



(1)



However, as Gabaix and Ioannides (2004) and others have pointed out, in the case of small samples, the power law exponent and standard deviation based on the above OLS estimate exhibit a noticeable downward bias.5 Gabaix and Ibragimov (2011) propose an improved OLS method and prove that by subtracting 0.5 from rank r in the OLS regression the bias is largely eliminated, and as a result, the estimation equation changes as follows: ln(r − 0.5) = C − β ln S(r) .



(2)



ˆ and n is the Furthermore, the standard error of the power law exponent β is (2/n)0.5 β, number of samples. 3.3. Results The improved OLS method (equation (2)) is used to estimate the power law exponent of firm size distribution over the nine years of 1998-2007 for the panel of 23 provinces. Three years’ results (the first, the last and the middle of the sample) are displayed in the left and right panels of Table 2 for the exporting and non-exporting firm respectively. The nationwide (23 provinces added together as a whole) average power law exponents over nine years are 0.757 and 0.932 for exporting and non-exporting firms respectively. Comparing two panels of Table 2 , we can see that the power law exponents for exporting firms are less than those of non-exporting firms. These differences are highly significant; all t-statistics, except for one inland province, Henan, in the year of 2005, for the difference between the power law exponents for each year and each region are greater than the critical value of 1%. The nationwide average power law exponents for all firms (including exporting and non-exporting firms) over nine years is 0.857, which is between those of exporting and non-exporting firms, details are in an online appendix Table 5. Our results are in line with the findings of French firms by Di Giovanni et al. (2011) and confirm their theory predictions. [Insert Table 2 about here] Fig.1 shows the kernel density functions for the power law exponents for three years (1998, 2002 and 2007). Fig.1 shows that power law distributions display a declining trend 5



Another method of estimation is the Hill estimation method, and given the conditions of power law distribution, the Hill method is equivalent to the maximum likelihood method. However, there exists a serious bias in Hill method in case of limited sample; and the OLS method is typically more robust to deviations from power law distribution than the Hill estimator (Gabaix and Ioannides, 2004; Gabaix, 2009).
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over the sample period for both exporting and non-exporting firms. The differences between the modes of exporting and non-exporting firms in each year convey the same information as Table 2 that the power law exponents for exporting firms are less than those of non-exporting firms. [Insert Fig.1 about here] Power law can also be expressed graphically for understanding. Fig.2 lists the graphical representation of the power law exponents for the three provinces (Fujian, Zhejiang and Zhejiang) with the highest exponent in 1998, 2002 and 2007 respectively. From Fig.2 it can be seen that the logarithm of sales ln(s) - logarithm of rank ln(r) of exporting and nonexporting firms are close to a straight line; however, the slopes of the log-log of exporting firms are less than those of non-exporting firms. [Insert Fig.2 about here] The results are robust when we use employees, assets, and domestic sales as alternative measures of firm size. Another concern is the sector issue, since we mainly take into consideration the provincial economy as a whole. At sector level our results are robust and display the same patterns as found for the provincial economy. Our database includes 39 sectors; as above, we exclude 12 sectors which have less than 100 exporting firms in any year.6 The provincial economy, as shown above, gives power law distributions across 27 sectors that indicate a declining trend over the sample period for both exporting and non-exporting firms. The average sectoral power law exponents fell from 0.819 in 1998 to 0.715 in 2007 for exporting firms, and from 1.070 in 1998 to 0.870 in 2007 for non-exporting firms. Table 3 reports the estimate power law exponents for exporting and non-exporting firms by sector for the year of 2007. The average value of the power law exponents for exporting firms is 0.715 for sales which is less than that of non-exporting firms, 0.870. In all 27 sectors, the power law exponents for exporting firms are less than those of non-exporting firms. In 25 out of 27 of these sectors, the differences of power law exponents between exporting and non-exporting firms are significant at 1% level when total sales are used as a measure of firm size.7 [Insert 3 about here] 4. Credit Constraints and the Power law Exponents for Exporting Firms 4.1. Empirical Specification The above estimation has shown that the power law exponents of Chinese exporting firms not only are significantly less than those of non-exporting firms but also suggest a great 6



The 12 sectors excluded are: Mining and Washing of Coal (6), Petroleum and Gas Extraction (7), Ferrous Metals Mining and Processing (8), Non-Ferrous Metals Mining and Processing (9), Other Mining (11), Tobacco (16), Petroleum (25), Electrical Machinery (39), Waste Management (43), Electricity and Heat Production and Supply (44), Gas Production and Supply (45), and Water Production and Supply (46). 7 In all 27 sectors, these differences are also highly significant when domestic sales are used as an alternative measure of firm size. The average value of the power law exponents for exporting firms is 0.427 for their domestic sales.
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disparity among provinces. This section, moving from above conclusions, provides a brief analysis of whether credit constraints affect the power law exponents of exporting firms at provincial level. As discussed in the Introduction, Di Giovanni et al. (2011) shows that export behavior systematically impacts the firm size distribution; this produces a power law exponent of the exporting firms that is lower than that of non-exporting firms. Moreover, another recent literature has shown that, in the micro-level, credit constraints could negatively affect a firm’s exporting decision and lower its export sales (Manova et al., 2011; Feenstra et al., 2014; Fan et al., 2012). Combining these two literatures, we expect that, in the aggregate level, credit constraints would affect the power law distribution of exporting firms. Although this would result in a lowered power law exponent, full credit access would provide an even lower, more ideal power law exponent. The intuition is that the credit constraints make the exporting firms unable to reach this ideal target, a lower power law exponent. So there should be a positive relationship between credit constraints and power law exponents.8 Since in the text below we use measures of credit access to capture (conversely) credit constraints, we expect the coefficients of credit constraints should be significant negative. The test equation is as follows: βˆit = α0 + γXit + α1 CreditConstrit + ϕi + ut + it (3) Here, i represents province while t represents year. βˆ is the power law exponents based on estimation in equation (2). ϕi and ut are fixed effect terms of province and year respectively. The province fixed effects control for systematic differences in factors that may affect power law exponent for exporting firms such as trade costs determined by geographic locations. it is the error term. CreditConstrit is the credit constraints by exporting firms in province i in year t. We use four measures to capture (conversely) credit constraints: industrial loans to provincial GDP ratio, IndLoanGDP , total loans to provincial GDP ratio, T otalLoanGDP , the percentage of SOEs out of provincial all firms, SOEs%, and the percentage of foreign firms out of provincial all firms, M N Cs%. The data source of industrial loans and total loans is China Compendium of Statistics 1949-2008. SOEs face problems such as soft budget constraint (Kornai et al., 2003) and are largely supported by the central and local governments, especially through the channel of easier credit from banks, most of which are also state owned, while private firms are heavily discriminated (Song et al., 2011). This is especially true for the exporting firms after Chinese open policy. Credit access in a province (or less credit constraints) is determined by the percentage of SOEs in all firms of the province; therefore, the higher the percentage of SOEs, the more credit access in a particular province. Foreign firms would also have a better credit support from their foreign affiliates than private firms. Thus, the higher the percentage of foreign firms out of all firms in a province, the more credit access is provided to this province. Fan et al. (2012) also use these measures as a proxy for the credit constraints in the firm level. Xit , a vector of control variables of province i in year t, includes the number of exporting 8



This literal positive relationship actually represents a negative impact of credit constraints on the power law exponents, since a ideal target for exporting firms is a lower power law exponent as shown in Di Giovanni et al. (2011).
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firms (ExpF irm#), trade openness (Open), the degree of provincial marketization (M arket), government spending as a percentage of GDP (F iscGDP ), FDI as a percentage of GDP (F DIGDP ), and the real GDP per capita (GDP P C). ExpF irm# is a variable controlling for the number of exporting firms. This is especially important since Table 1 shows that there are more and more exporting firms in the sample as time goes by, and Fig.2 shows that we don’t get a perfect linear relationship between log rank and log size.9 Other control variables reflect the important factors behind the disparity in the power law exponents of exporting firms among Chinese provinces, of which F iscGDP and M arket denote local government intervention and the market environment, while Open and F DIGDP are closely related to export and foreign economic activities. GDP P C is a variable controlling for economic development, since there is a wide income disparity among Chinese provinces. Data of M arket come from the “total score” of Fan et al. (2010) in which a higher score indicates a greater degree of provincial marketization. Data of F iscGDP , F DIGDP and GDP P C come from the China Compendium of Statistics 1949-2008. Trade openness Open represented by the exports as a percentage of the provincial nominal GDP, the source of data on the aggregate exports by domestic destination and origin is China Statistical Abstract for corresponding years, while the average annual exchange rate of USD against RMB comes from the 2009 China Trade and External Economic Statistical Yearbook. Fig.3 shows the maps on the degree of four measures of credit constraints of the different provinces. This will help us have a better comprehension of the provincial differences in credit constraints in China. [Insert Fig.3 about here] 4.2. Results We use standard two way fixed effects panel data techniques to estimate equation (3) since here N > T , if T is relatively large, then the method of OLS with panel-corrected standard errors used by Soo (2005) to analyze variation in the power law exponents of city size distribution is appropriate. Our results strongly support the proposition that credit constraints have a significant role in the exporting firm size distribution. The left panel of Table 4 shows that all four measures of credit constraints are significantly negative at 1% level, the estimate coefficients for IndLoanGDP , T otalLoanGDP , SOEs% and M N Cs% are -0.246, -0.056, -0.169 and -0.178 respectively. This implies that with less credit constraints, or more credit access, exporting firms can show increased exports and a lower targeted power law exponent. As discussed in Section 2, export behavior would systematically lower the power law exponent for exporting firms; therefore, if firms can’t fully participate in export due to credit constraints, then their power law exponent would not be as low as it ideally can be. Thus, our results confirm the hypothesis that credit constraints have negative impact on the power law exponent of exporting firms. [Insert Table 4 about here] 9



As research on the size distribution of American cities has shown, as the truncation point for the sample becomes lower and lower, and as increasing smaller cities enter the sample, the estimated value of power law exponent will become smaller (Eeckhout, 2004). Research on the size distribution of Chinese cities also exhibits a similar phenomenon (Peng, 2010).
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The estimate coefficients of Open in the first 4 columns of Table 4 are also negative and significant, which means that the power law exponents for exporting firms are lower in provinces that are more open to trade. This result is consistent with the prediction by Di Giovanni et al. (2011). The positive and significant coefficients of F iscGDP show that the local government’s economic intervention has a negative impact on the power law exponents for exporting firms. The stronger the local government intervention is in the economy, the greater the likelihood of distorted exporting firm behavior and deviation from the inherent laws of a market economy; thus, power law exponents for exporting firms will increase and not reach their targeted goals. Interestingly, the positive and highly significant coefficients of ExpF irm# suggest that the power law exponent is increasing in the number of firms. This isn’t consistent with the log-normal hypothesis (Eeckhout, 2004). Following Soo (2012), we use Shapiro-Francia methods to test whether the entire firm size distribution is log-normal. The results show that almost all tests significantly reject the log-normal hypothesis for exporting firms, nonexporting firms and all firms for each province, nationwide, and each year, for the truncation sample and non-truncation sample; the corresponding graphs of qqnorm (for lnS) also show that there are great deviations from theoretical normal lines within the first and the third quantiles.10 Fig.4 shows these results for exporting firms, non-exporting firms and all firms for Zhejiang in the year of 2007. [Insert Fig.4 about here] However, when we use the same specification as in columns (1) to (4) of Table 4 for nonexporting firms, the results reported in the right panel of Table 4 show that credit constraints almost have no impact on the non-exporting firm size distribution. The estimate coefficients for IndLoanGDP and T otalLoanGDP are not significant, SOEs% has a wrong sign, only M N Cs% is significantly negative at 10% level. This implies that exporting firms are more sensitive than non-exporting firms to credit constraints. 4.3. Robustness Checks Since FDI and MNCs are closely related, variables F DIGDP and M N Cs% may be highly correlated; indeed, the correlation coefficient between F DIGDP and M N Cs% is 0.489. To handle this potential problem, we remove the control variable F DIGDP from regressions. The results are almost the same with those of Table 4. When we continue to remove the non-significant variable M arket, the results change little. In addition to above robustness checks, we use different power law exponents as dependent variables which come from alternative measures of firm size, such as employees, assets, and domestic sales for exporting firms. Tables 7-8 in online appendix report the results of power law exponents as dependent variables coming from employees and assets as firm size. The results show that, except for M N Cs%, other three measures of credit constraints, IndLoanGDP , T otalLoanGDP and SOEs% are negative and significant. When we use 10



Since Shapiro-Wilk and Shapiro-Francia normality tests are used for a sample size n < 5000, so we use a modified Shapiro-Francia normality test allowed for larger sample size, http://stats.stackexchange.com/questions/27088/shapiro-francia-test-error/27121#27121.
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power law exponents as dependent variables coming from a domestic sales component of exporting firms as firm size, all four measures of credit constraints are still significantly negative. Finally, we use all samples without minimum annual sales truncation of 5 million RMB, the results again show that credit constraints have a significant role in the exporting firm size distribution. 5. Conclusion Using firm data from 1998 to 2007, this paper first compares the size distribution of exporting and non-exporting firms in a panel of Chinese provinces. We found that the power law exponents for exporting firms are significantly less than those of non-exporting firms, which is consistent with the predictions by Di Giovanni et al. (2011) and their findings on French firms. Our results are robust for alternative measures of firm size. Then we further provided an analysis of whether credit constraints affect the power law exponents of exporting firms at provincial level. We found that credit constraints have a significant negative effect on the size distribution of exporting firms, which agrees with the mechanism of credit constraints on firm’s export behavior studied by recent literature. Our reports showed that when credit constraints were tighter in a province, credit constraints would negatively affect a firm’s exporting and exporter sales, thus, those provinces with less credit constraints (or more credit access) would show lower power law exponents. References Adamic, L., 2000. Zipf, power-laws, and Pareto - a ranking tutorial. mimeo, available at http://www.hpl.hp.com/research/idl/papers/ranking/ranking.html. Arkolakis, C., 2010. Market penetration costs and the new consumers margin in international trade. Journal of Political Economy 118: 1151–1199. Bernard, A., Jensen, J., 1995. Exporters, jobs, and wages in US manufacturing: 1976-1987. Brookings Papers on Economic Activity. Microeconomics 1995: 67–112. Bernard, A., Jensen, J., 1999. Exceptional exporter performance: Cause, effect, or both? Journal of International Economics 47: 1–25. Di Giovanni, J., Levchenko, A., 2012. Country size, international trade, and aggregate fluctuations in granular economies. Journal of Political Economy 120: 1083–1132. Di Giovanni, J., Levchenko, A., Ranciere, R., 2011. Power laws in firm size and openness to trade: Measurement and implications. Journal of International Economics 85: 42–52. Eaton, J., Kortum, S., Kramarz, F., 2011. An anatomy of international trade: Evidence from French firms. Econometrica 79: 1453–1498. Eeckhout, J., 2004. Gibrat’s law for (all) cities. The American Economic Review 94: 1429– 1451.
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Table 1: Summary statistics of Chinese provincial firms



All firms



Panel A: Number of firms for each province Exporting firms



Non-exporting firms



Year



Mean



St.dev.



Min



Max



Mean



St.dev.



Min



Max



Mean



St.dev.



Min



Max



1998 2002 2007



5,223 6,375 13,780



4,421 6,110 14,186



1,434 1,520 2,639



16,492 20,772 50,953



1,446 1,859 3,377



1,972 2,780 5,555



135 117 219



7,440 9,674 20,356



3,776 4,516 10,402



2,711 3,553 9,257



1,244 1,332 2,407



11,389 13,831 31,260



Panel B: Sales for each firm Exporting firms



All firms



Non-exporting firms



Year



Mean



St.dev.



Min



Max



Mean



St.dev.



Min



Max



Mean



St.dev.



Min



Max



1998 2002 2007



51 70 119



329 515 1138



5 5 5



51436 73530 187000



93 126 230



586 864 1875



5 5 5



51436 73530 187000



35 47 83



133 255 754



5 5 5



13547 36229 180000



Note: Sales figures are in millions of RMB.
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Table 2: The estimates of power law exponents Exporting firms



Non-exporting firms



Year



1998



2002



2007



1998



2002



2007



Nationwide Beijing Tianjin Hebei Shanxi Liaoning Jilin Helongjiang Shanghai Jiangsu Zhejiang Anhui Fujian Jiangxi Shandong Henan Hubei Hubnan Guangdong Guangxi Chongqing Sichuan Yunnan Shaanxi Mean St.dev. Min Max



0.804 0.718 0.836 0.765 0.658 0.714 0.594 0.553 0.780 0.827 0.911 0.744 0.928 0.782 0.798 0.704 0.714 0.766 0.835 0.779 0.683 0.685 0.649 0.650 0.742 0.090 0.553 0.928



0.763 0.669 0.764 0.741 0.599 0.692 0.566 0.519 0.740 0.770 0.893 0.685 0.868 0.663 0.705 0.612 0.692 0.710 0.787 0.724 0.672 0.650 0.618 0.574 0.692 0.089 0.519 0.893



0.698 0.635 0.634 0.662 0.526 0.658 0.565 0.505 0.683 0.703 0.802 0.637 0.793 0.709 0.652 0.560 0.622 0.709 0.721 0.659 0.595 0.622 0.554 0.516 0.640 0.078 0.505 0.802



1.022 1.049 1.057 1.010 1.055 1.008 0.975 0.960 1.029 1.065 1.111 1.061 1.055 1.086 0.967 1.062 1.018 1.086 0.945 1.000 1.000 1.041 1.024 0.963 1.027 0.044 0.945 1.111



0.950 0.923 0.947 0.900 0.930 0.906 0.873 0.847 1.004 0.993 1.044 0.938 0.958 0.998 0.869 0.992 0.944 1.015 0.971 0.956 0.956 0.966 0.912 0.869 0.943 0.050 0.847 1.044



0.825 0.891 0.790 0.729 0.727 0.834 0.749 0.770 0.910 0.904 0.952 0.834 0.863 0.842 0.788 0.817 0.827 0.873 0.843 0.902 0.902 0.846 0.763 0.795 0.829 0.059 0.727 0.952



Note: The estimates of power law exponents βˆ are estimated from equation (2), for total sales as a measure of firm size. “Nationwide” denotes the estimated power law exponent of all exporting firms of 23 provinces as a whole. The summary statistics in the bottom of the table are for the 23 provinces.
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Table 3: Power law exponents in firm size by sector, 2007



Sector Nationwide Non-metal Ore Mining (10) Processing of Food (13) Manufacture of Foods (14) Beverages (15) Textile (17) Textile Wearing Apparel (18) Leather, Fur, Feather(19) Wood and Straw Products (20) Furniture (21) Paper and Paper Products (22) Printing and Recording Media (23) Education and Sport Activity (24) Raw Chemical Materials (26) Medicines (27) Chemical Fibers(28) Rubber (29) Plastics (30) Non-metallic Mineral (31) Ferrous Metals (32) Non-ferrous Metals (33) Metal Products (34) General Purpose Machinery (35) Special Purpose Machinery (36) Transport Equipment (37) Communication Equipment (40) Measuring Instruments (41) Artwork (42)



Exporting firms



Non-exporting firms



(1)-(3)



Total sales βˆ Std.error (1) (2)



Domestic sales βˆ Std.error (3) (4)



Difference t-stat (5)



0.698 0.738 0.726 0.712 0.584 0.794 0.931 0.813 0.839 0.823 0.650 0.775 0.871 0.657 0.647 0.515 0.704 0.809 0.744 0.444 0.547 0.791 0.733 0.709 0.582 0.576 0.706 0.885



0.004 0.089 0.020 0.029 0.042 0.012 0.015 0.019 0.031 0.029 0.031 0.046 0.024 0.015 0.029 0.047 0.031 0.018 0.019 0.027 0.028 0.016 0.014 0.019 0.015 0.011 0.025 0.021



0.825 0.944 0.794 0.798 0.716 0.951 0.969 0.892 0.981 0.929 0.879 0.997 0.988 0.825 0.816 0.761 0.920 0.959 0.858 0.656 0.678 0.922 0.938 0.899 0.805 0.809 0.911 0.902



0.002 0.026 0.010 0.016 0.017 0.010 0.017 0.021 0.018 0.027 0.015 0.022 0.037 0.009 0.018 0.030 0.026 0.013 0.009 0.012 0.013 0.012 0.009 0.013 0.011 0.016 0.025 0.025



29.96 2.22 3.01 2.57 2.90 9.89 1.72a 2.81 3.96 2.68 6.70 4.38 2.66 9.56 5.00 4.39 5.36 6.72 5.47 7.14 4.29 6.61 12.11 8.41 11.94 12.17 5.88 0.51a



Note: The estimates of power law exponents βˆ are estimated from equation (2). “Nationwide” denotes the estimated power law exponent of 23 provinces as a whole. a: The t-statistic for the test of the difference between power law exponents for exporting and non-exporting firms is not significant. It is significant at 5% level for other entries between Columns (1) and (3).
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Table 4: Credit constraints and power law exponents for exporting firms: total sales Exporting firms Dependent variable ln(ExpFirm#) Open ln(GDPPC) FiscalGDP Market
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FDIGDP IndLoanGDP



βˆ (1) 0.108∗∗∗ (0.006) −0.035∗∗ (0.016) −0.121∗∗∗ (0.031) 0.238∗∗ (0.095) -0.003 (0.003) 0.238∗∗ (0.104) −0.247∗∗∗ (0.016)



βˆ (2) 0.101∗∗∗ (0.008) −0.056∗∗ (0.023) −0.219∗∗∗ (0.028) 0.432∗∗ (0.172) 0.004 (0.003) 0.065 (0.102)



βˆ (3) 0.101∗∗∗ (0.007) −0.043∗∗∗ (0.009) −0.103∗∗∗ (0.034) 0.265∗∗ (0.111) 0.005∗ (0.003) -0.087 (0.068)



βˆ (4) 0.090∗∗∗ (0.008) −0.067∗∗∗ (0.014) −0.144∗∗∗ (0.028) 0.356∗∗ (0.141) 0.002 (0.003) 0.078 (0.105)



βˆ (5) -0.006 (0.010) 0.056∗∗ (0.027) −0.114∗∗∗ (0.030) -0.045 (0.102) 0.016∗∗∗ (0.004) -0.040 (0.094) -0.009 (0.035)



−0.056∗∗∗ (0.008)



TotalLoanGDP



βˆ (6) -0.006 (0.011) 0.058∗∗ (0.025) −0.124∗∗∗ (0.030) -0.037 (0.093) 0.017∗∗∗ (0.004) -0.048 (0.087)



MNCs% Yes Yes 0.582 59.87 207



Yes Yes 0.558 52.25 207



βˆ (7) -0.007 (0.009) 0.002 (0.021) −0.185∗∗∗ (0.035) 0.146 (0.128) 0.011∗∗∗ (0.004) 0.152 (0.105)



βˆ (8) -0.014 (0.011) 0.069∗∗∗ (0.024) −0.102∗∗∗ (0.034) -0.088 (0.123) 0.017∗∗∗ (0.004) -0.047 (0.088)



-0.008 (0.010) −0.169∗∗∗ (0.041)



SOEs%



Province fixed effect Year fixed effect Adjusted R2 F-Statistics Observations



Non-exporting firms



Yes Yes 0.556 51.64 207



0.201∗∗∗ (0.030) −0.178∗∗∗ (0.049) Yes Yes 0.542 47.67 207



Yes Yes 0.145 5.21 207



Yes Yes 0.146 5.24 207



Yes Yes 0.198 7.70 207



−0.138∗ (0.073) Yes Yes 0.155 5.67 207



Note: White heteroskedasticity-corrected standard errors are in brackets. *, **, *** denote significance at the 10%, 5%, 1% levels respectively. Removing M arket does not alter the results in this table.
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Fig. 1: Kernel density functions
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Fig. 2: ln(Size) − ln(Rank) for selected provinces
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Fig. 3: Degrees of credit constraints, 2007 Note: Provinces not included in the samples of this paper are gray.
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Fig. 4: Norm Q-Q plot for Zhejiang, 2007
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Online Appendix Table .5: The estimates of power law exponents of all firms: truncation samples Year Nationwide Beijing Tianjin Hebei Shanxi Liaoning Jilin Helongjiang Shanghai Jiangsu Zhejiang Anhui Fujian Jiangxi Shandong Henan Hubei Hubnan Guangdong Guangxi Chongqing Sichuan Yunnan Shaanxi Mean Max Min St.dev.



1998 0.928 0.923 0.956 0.956 0.965 0.866 0.872 0.881 0.891 0.945 1.002 0.964 0.986 1.015 0.892 1.008 0.952 0.996 0.879 0.932 0.901 0.959 0.923 0.864 0.936 1.015 0.864 0.047



1999 0.910 0.896 0.923 0.935 0.938 0.845 0.849 0.860 0.891 0.925 0.970 0.936 0.939 0.995 0.866 0.993 0.934 0.980 0.883 0.925 0.891 0.937 0.905 0.857 0.916 0.995 0.845 0.043



2000 0.888 0.856 0.881 0.913 0.914 0.829 0.816 0.813 0.858 0.902 0.953 0.899 0.929 0.967 0.840 0.975 0.903 0.947 0.873 0.907 0.860 0.914 0.886 0.834 0.890 0.975 0.813 0.046



2001 0.881 0.844 0.880 0.893 0.895 0.816 0.812 0.800 0.868 0.894 0.955 0.873 0.923 0.943 0.821 0.952 0.891 0.952 0.870 0.916 0.865 0.896 0.851 0.803 0.879 0.955 0.800 0.047



2002 0.870 0.840 0.850 0.866 0.871 0.808 0.811 0.790 0.857 0.888 0.954 0.856 0.909 0.924 0.804 0.938 0.888 0.944 0.859 0.885 0.850 0.890 0.841 0.784 0.865 0.954 0.784 0.047



2003 0.849 0.810 0.820 0.823 0.808 0.810 0.786 0.786 0.842 0.865 0.938 0.841 0.898 0.901 0.783 0.904 0.878 0.933 0.838 0.868 0.830 0.865 0.822 0.764 0.844 0.938 0.764 0.047



2005 0.816 0.806 0.769 0.754 0.759 0.803 0.769 0.760 0.820 0.842 0.903 0.806 0.875 0.861 0.761 0.859 0.820 0.887 0.817 0.827 0.816 0.828 0.774 0.744 0.811 0.903 0.744 0.044



2006 0.796 0.795 0.723 0.743 0.721 0.809 0.761 0.739 0.792 0.829 0.877 0.794 0.855 0.819 0.760 0.836 0.803 0.879 0.786 0.807 0.806 0.813 0.746 0.745 0.793 0.879 0.721 0.044



2007 0.779 0.784 0.707 0.716 0.704 0.788 0.719 0.725 0.780 0.818 0.861 0.789 0.830 0.813 0.752 0.794 0.787 0.848 0.769 0.787 0.806 0.807 0.727 0.738 0.776 0.861 0.704 0.044



Note: The estimates of power law exponents βˆ are estimated from equation (2), for total sales as a measure of firm size. “Nationwide” denotes the estimated power law exponent of all exporting firms of 23 provinces as a whole. The summary statistics in the bottom of the table are for the 23 provinces.
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Table .6: The estimates of power law exponents of all firms: non-truncation samples Year Nationwide Beijing Tianjin Hebei Shanxi Liaoning Jilin Helongjiang Shanghai Jiangsu Zhejiang Anhui Fujian Jiangxi Shandong Henan Hubei Hubnan Guangdong Guangxi Chongqing Sichuan Yunnan Shaanxi Mean Max Min St.dev.



1998 0.580 0.487 0.532 0.567 0.532 0.510 0.437 0.486 0.676 0.777 0.821 0.638 0.661 0.533 0.664 0.648 0.591 0.562 0.618 0.491 0.560 0.583 0.499 0.481 0.581 0.821 0.437 0.094



1999 0.587 0.513 0.533 0.574 0.507 0.528 0.479 0.496 0.675 0.721 0.761 0.626 0.644 0.524 0.618 0.661 0.598 0.577 0.649 0.481 0.602 0.589 0.508 0.466 0.580 0.761 0.466 0.079



2000 0.605 0.519 0.484 0.602 0.527 0.567 0.511 0.476 0.674 0.735 0.798 0.630 0.679 0.514 0.648 0.652 0.599 0.620 0.701 0.507 0.580 0.643 0.496 0.485 0.593 0.798 0.476 0.088



2001 0.639 0.538 0.544 0.609 0.540 0.575 0.514 0.501 0.742 0.762 0.858 0.680 0.707 0.523 0.670 0.661 0.579 0.649 0.731 0.514 0.657 0.658 0.493 0.500 0.618 0.858 0.493 0.098



2002 0.654 0.539 0.465 0.618 0.565 0.627 0.503 0.530 0.779 0.778 0.856 0.686 0.701 0.551 0.684 0.664 0.636 0.629 0.727 0.514 0.644 0.690 0.520 0.519 0.627 0.856 0.465 0.100



2003 0.687 0.594 0.487 0.592 0.576 0.696 0.578 0.555 0.780 0.784 0.862 0.683 0.757 0.589 0.692 0.668 0.653 0.723 0.746 0.539 0.736 0.711 0.563 0.524 0.656 0.862 0.487 0.096



2005 0.744 0.647 0.587 0.641 0.607 0.747 0.693 0.641 0.771 0.796 0.894 0.713 0.802 0.757 0.737 0.757 0.687 0.802 0.781 0.620 0.783 0.732 0.639 0.594 0.714 0.894 0.587 0.080



2006 0.742 0.669 0.590 0.629 0.621 0.765 0.712 0.647 0.775 0.794 0.871 0.709 0.799 0.768 0.739 0.745 0.702 0.823 0.763 0.642 0.747 0.721 0.648 0.618 0.717 0.871 0.590 0.073



2007 0.753 0.751 0.578 0.628 0.679 0.774 0.708 0.702 0.774 0.788 0.858 0.720 0.809 0.810 0.729 0.757 0.744 0.837 0.763 0.772 0.785 0.749 0.714 0.695 0.744 0.858 0.578 0.062



Note: The estimates of power law exponents βˆ are estimated from equation (2), for total sales as a measure of firm size. “Nationwide” denotes the estimated power law exponent of all non-exporting firms of 23 provinces as a whole. The summary statistics in the bottom of the table are for the 23 provinces.
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Table .7: Credit constraints and power law exponents for exporting firms: employees and assets Employees Dependent variable ln(ExpFirm#) Open ln(GDPPC) FiscalGDP Market 23 IndLoanGDP



βˆ (1)



βˆ (2)



βˆ (3)



βˆ (4)



βˆ (5)



βˆ (6)



βˆ (7)



βˆ (8)



0.103∗∗∗ (0.006) -0.103∗∗ (0.048) -0.010 (0.035) 0.286 (0.217) -0.007 (0.005) -0.296∗∗∗ (0.032)



0.092∗∗∗ (0.007) -0.148∗∗∗ (0.044) -0.085∗ (0.049) 0.464∗ (0.275) -0.001 (0.004)



0.090∗∗∗ (0.005) -0.078∗∗∗ (0.026) 0.071∗∗∗ (0.018) 0.066 (0.094) 0.006 (0.005)



0.091∗∗∗ (0.009) -0.164∗∗∗ (0.037) -0.053 (0.042) 0.455 (0.293) -0.003 (0.005)



0.097∗∗∗ (0.005) -0.045∗∗∗ (0.017) -0.002 (0.023) 0.125 (0.098) -0.002 (0.003) -0.287∗∗∗ (0.033)



0.086∗∗∗ (0.005) -0.066∗∗∗ (0.013) -0.116∗∗∗ (0.028) 0.304∗∗ (0.130) 0.007∗∗∗ (0.002)



0.085∗∗∗ (0.005) -0.063∗∗∗ (0.015) 0.016 (0.033) 0.103 (0.075) 0.007 (0.005)



0.089∗∗∗ (0.007) -0.110∗∗∗ (0.017) -0.049∗ (0.026) 0.309∗ (0.161) 0.002 (0.003)



-0.031∗∗ (0.014)



TotalLoanGDP



-0.070∗∗∗ (0.007) -0.340∗∗∗ (0.041)



SOEs% MNCs% Province fixed effect Year fixed effect Adjusted R2 F-Statistics Observations



Assets



Yes Yes 0.464 36.74 207



Yes Yes 0.407 27.83 207



Yes Yes 0.497 43.52 207



-0.165∗∗∗ (0.061) -0.012 (0.062) Yes Yes 0.400 26.93 207



Yes Yes 0.544 55.54 207



Yes Yes 0.509 46.14 207



Yes Yes 0.490 41.87 207



0.044 (0.038) Yes Yes 0.457 35.56 207



Note: White heteroskedasticity-corrected standard errors are in brackets. *, **, *** denote significance at the 10%, 5%, 1% levels respectively. Removing M arket does not alter the results in this table.



Table .8: Credit constraints and power law exponents for exporting firms: domestic sales, and total sales for nontruncation samples



Domestic Sales Dependent variable ln(ExpFirm#) Open ln(GDPPC) FiscalGDP Market 24 IndLoanGDP



βˆ (1)



βˆ (2)



βˆ (3)



βˆ (4)



βˆ (5)



βˆ (6)



βˆ (7)



βˆ (8)



0.152∗∗∗ (0.010) 0.114∗∗∗ (0.021) 0.101∗∗∗ (0.017) 0.115 (0.085) -0.007∗∗ (0.003) -0.243∗∗∗ (0.019)



0.143∗∗∗ (0.012) 0.085∗∗∗ (0.017) 0.022 (0.021) 0.263∗∗∗ (0.100) -0.001 (0.003)



0.142∗∗∗ (0.012) 0.084∗∗∗ (0.016) 0.095∗∗∗ (0.023) 0.162 (0.099) -0.001 (0.003)



0.135∗∗∗ (0.011) 0.078∗∗∗ (0.016) 0.078∗∗∗ (0.014) 0.207∗∗ (0.091) -0.003 (0.003)



0.098∗∗∗ (0.006) -0.068∗∗∗ (0.019) -0.109∗∗∗ (0.031) 0.401∗∗∗ (0.149) -0.003 (0.003) -0.191∗∗∗ (0.025)



0.091∗∗∗ (0.007) -0.087∗∗∗ (0.022) -0.175∗∗∗ (0.031) 0.517∗∗∗ (0.193) 0.002 (0.002)



0.092∗∗∗ (0.007) -0.075∗∗∗ (0.011) -0.093∗∗∗ (0.031) 0.368∗∗∗ (0.134) 0.003 (0.003)



0.080∗∗∗ (0.007) -0.086∗∗∗ (0.017) -0.124∗∗∗ (0.030) 0.442∗∗∗ (0.158) 0.001 (0.002)



-0.041∗∗∗ (0.006)



TotalLoanGDP



-0.037∗∗∗ (0.011) -0.082∗∗ (0.037)



SOEs% MNCs% Province fixed effect Year fixed effect Adjusted R2 F-Statistics Observations



Total Sales for Non-truncation Samples



Yes Yes 0.567 63.31 207



Yes Yes 0.547 56.45 207



Yes Yes 0.542 55.06 207



-0.122∗∗∗ (0.028) -0.138∗∗ (0.056) Yes Yes 0.542 55.11 207



Yes Yes 0.545 55.98 207



Yes Yes 0.521 49.20 207



Yes Yes 0.525 50.23 207



-0.183∗∗∗ (0.050) Yes Yes 0.524 49.85 207



Note: White heteroskedasticity-corrected standard errors are in brackets. *, **, *** denote significance at the 10%, 5%, 1% levels respectively. Data of ln(ExpF irm#), SOEs, and M N C in the right panel of this table are computed for the samples without minimum annual sales truncation of 5 million RMB. Removing M arket does not alter the results in this table.
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