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Nighttime lights (NTLs) have been used as a proxy for economic growth in recent years. To verify the effectiveness of NTL in measuring regional economies, this article studies the regional economic convergence phenomenon in China’s provinces by a comparative analysis of NTL data and GDP data from 1992 to 2013. It is found that there is a significant difference between the results of club convergence between NTL and GDP; GDP high-growth clubs are mainly concentrated in the east and central areas, while NTL’s high-growth clubs are mostly concentrated in the central and west areas. Besides, the growth rate gaps between GDP clubs are relatively flat, while the growth rate gaps between NTL clubs are large. From the perspective of influencing, factors of the regional convergence, technological innovation, and industrial structure have a significant impact on GDP and NTL, and industrial structure has opposite effects on GDP clubs and NTL clubs. Besides the above factors, for NTL convergence clubs, population growth rate, economic openness, and resource consumption are also significant.
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1 INTRODUCTION
1.1 Outlining the Problem
The nighttime lights (this study is referred to as NTLs) data released by the National Oceanic and Atmospheric Administration (NOAA) show that NTL is a unique surface landscape phenomenon; it is representing the laws of human activities on the surface of the Earth and closely related to the socio-economic development of human beings. The advancement of technology and the development of NTL data resources have led to the more widespread use of NTL data for characterizing levels of economic growth and exploring the temporal and spatial characteristics and heterogeneity of economic development. This has become a trend in several related fields, and China is one of the most commonly researched regions in the literature on applying NTL to economic and social issues [1]. On the one hand, China’s high-speed economic growth over the past 40 years has been met with great interest by global economists; on the other hand, although China’s economy has maintained rapid growth as a whole, large gaps still exist in regional economic development. As China faces a period of critical strategic opportunity for development and potential social tensions, more attention has been given to balancing economic development between different regions. Also, China’s official GDP statistics have received a question for statistical difficulties, structural incomparable, and human manipulation [2].
For the above reasons, the practice of measuring economic development with the easily obtainable and more objective NTL data has been widely adopted in China, especially in the investigation of regional economic development issues. However, these studies have not thoroughly investigated the reliability of using NTL as an indicator of regional economic gaps. Questions remain over the difference between NTL data and traditional GDP statistics in measuring regional economic disparities, the difference between the two in reflecting objective economic facts and laws, and what kind of GDP economic information can and cannot be characterized by NTL. At the same time, previous studies also ignore China’s economy’s characteristics in a transition period, including the balanced growth of multiple regional economies and the heterogeneity of economic convergence, both of which directly affect the establishment of research perspectives and selection of research methods.
Given the above problems, as well as in consideration of the regional heterogeneity of development in China and the time-varying convergence rate, this article takes China’s provincial NTL data and GDP data as the research object, breaks the traditional eastern, central, and western division of economic zones, first using the [image: image] test method based on the nonlinear time-varying factor model to find the convergence clubs of both types of data, analyze the club convergence characteristics of the two, and then use ordered logit model to explore the influencing factors of club membership. The two types of data are then compared and discussed in terms of club membership, regional distribution of members, differences in growth rate between clubs, and club membership factors. The two types of data are also differentiated according to their characteristics as economic indicators. It is hoped that these comparisons and discussions can answer the reliability of using NTL data to measure the regional economic disparities.
This work contributes to the literature in three aspects. First, the [image: image] test method based on the nonlinear time-varying factor model is introduced into the regional economic convergence study of NTL and GDP, enriching the research perspective of spatial correlation analysis between the two kinds of data. Second, using the ordered logit model to explore the factors affecting convergence is a process that clarifies the similarities and differences between the NTL and GDP data in characterizing regional economic development. It also verifies the advantages and disadvantages of analysis of economic growth performed with NTL data. Third, this study will broaden the source channels of economic growth substitution variables, and is of great significance for exploring the characteristics and reliability of NTL data as economic indicators. It will also help to promote a better coordinated and higher quality development of China’s different regions.
1.2 Literature Review
Since NTL has been shown to have a significantly high correlation with regional economic activities (GDP, GRP, etc.) and social activities (population, energy, etc.) [3–9] and NTL can be used as a proxy variable for social and economic activities. An increasing number of studies have begun to use this data to characterize the economy and study the spatial and temporal patterns of regional economies and industries [10–14], urban development [15–21], human activities and their effects [22–24], and energy consumption [22, 25]. Of special interest is the research conducted in Refs. [26–29]. These studies propose a model, based on the proof of the correlation between NTL and GDP that can use the NTL data to correct GDP. This model provides estimates of economic growth for countries whose statistical agencies lack reliability and carry great significance for studying the economics of NTL. The above research enriches the surrogate indicators of economic variables, expands the research methods available for analyzing economic and social problems, opens up research areas in other related issues, and illustrates the great potential of using NTL data in economics [30].
Before introducing NTL, many scholars used GDP as the primary source of economic research data despite some skepticism toward China’s GDP. With the widespread use of NTL in economics research, many scholars have begun using NTL data to investigate China’s economic and social problems, particularly in research related to the correlation between NTL and economic and social indicators [31–33], and in studies that use NTL data to estimate economic and social indicators [34–37]. In a study on regional differences in economic development, Liu et al. conducted an empirical investigation on the spatial differences and spillover effects of urban economic growth in China and found that the economic development of urban agglomerations shows significant spatial nonequilibrium characteristics [38]. Liu and Du use NTL data to re-examine the regional disparity and stochastic convergence characteristics of China’s economic development and helping identify further the economic development of convergence clubs in China’s various regions [39]. Based on the convergence analysis framework of the growth theory, Wang et al. utilize a dynamic panel data model to assess the dynamic trend of China’s regional economic gap and find that between 1992 and 2012, China’s initial nighttime light intensity, whether at the provincial level or the prefecture-city level, regions that initially have lower nighttime light brightness levels exhibit faster growth rates [40]. This level of growth deviates somewhat from per capita GDP trends. Ding and Zhou found that the high concentration of regional NTL on the southeast coast is consistently stable from 1992 to 2013 and is self-reinforcing. They also discovered that population growth, regional surface area, and distance from the coastline are all negatively correlated with NTL [41]. Each of these studies either directly investigates the overall convergence trend of NTL or uses NTL to characterize economic development and investigate spatial differences, convergence characteristics, and development trends of China’s regional economies, and help to shed light on the nature and heterogeneity of China’s regional economic growth model.
We believe that there are still some shortcomings in the perspectives and methods that use NTL to characterize regional economic development in research. From a research perspective, they ignore the similarities and differences between the economy represented by NTL and the economy as defined by GDP. Most studies are based on a positive correlation between NTL and the economy, directly using NTL data as a substitute for GDP data, without giving proper attention to the information that is provided by GDP but absent in NTL data, and the new information provided by NTL data but absent in GDP data. Although a few scholars have mentioned this concern, none have carried out an in-depth investigation or argumentation on the topic. In terms of research methodology, the current mainstream convergence research methods are combing with statistical indicators such as the δ convergence index, using the conditional β convergence or club convergence methods to examine the regional convergence phenomenon, and to look for the influencing factors for the regional convergence. However, these methods ignore the fact that China is in a “transition period.” When the economy must converge, and there is heterogeneity in the rate of convergence, if the income level and convergence rate of the underdeveloped regions are lower than the developed regions, there is a period in which developed regions grow faster than underdeveloped regions, but this does not affect their ultimate convergence. This period is called the “transition period.” In 1986, Deng Xiaoping put forward the Reform and Opening Up strategy of “Let a part of the population get rich first, they will carry more people into wealth, and eventually everyone will enjoy common prosperity.” Since then, China has been in the transitional period of economic transformation. Compared with the traditional tools for measuring and analyzing economic trends, the nonlinear time-varying factor model proposed by Phillips and Sul based on the convergence club division method can more accurately evaluate the transitional period of the Chinese economy [42]. This method came to be widely used in the economic convergence analysis worldwide after its proposal [43–49].
2 DATA AND METHOD
2.1 Data Sets
The most widely used NTL in the academic community is acquired by the Optical Imaging Linear Scanning Service sensor of the United States Digital Defense Meteorological Satellite Program (DMSP/OLS). The device effectively monitors radiation information such as city lights, fishing fires, and forest fires. It provides the world’s most extended time series (1992–2013) of nighttime light-to-earth observation data provided by the NOAA’s National Geophysical Data Center, including average visible lights, stable lights, and cloud-free coverage. In the stable lights images, unstable light sources such as aurora and wildfire and the interference of moonlight and clouds have been removed. The final data value is the annual average gray value of cloudless stable light, which provides a unique research perspective for human activity detection. Although the data has a low resolution (approximately l km) and lacks calibration and urban center saturation [50], the corrected DMSP/OLS data have become the most commonly used data source for NTL remote sensing research.
This article uses DMSP/OLS stable lights data from 34 provincial-level administrative regions in China from 1992 to 2013. It combines the NTL data with the GDP data to explore differences between the use of NTL and GDP in regional economic convergence research. The NTL data have been prepared and corrected by Cao et al. [51], based on well-established methods [25, 52, 53].
The average growth rates of NTL and GDP are then taken as research variables. The NTL growth rate of each region is calculated from the average value of the NTL from 1992 to 2013, so the growth rate data for a total of 21 years from 1993 to 2013. In order to remove the inflation effect, the real GDP growth rates from 1993 to 2013 are adopted in our analysis. The real GDP growth rates are retrieved from the National Bureau of Statistics and the Compilation of 60 Years of Statistics of the People’s Republic of China. The descriptive statistics for each variable can be found in Table 1.
TABLE 1 | Descriptive statistics of variables.
[image: Table 1]Between 1993 and 2013, both GDP and NTL growth rates experienced several fluctuations, and the magnitude and extent of the changes did not show significant consistency. The regions with high GDP growth rates are Inner Mongolia, Guangdong, and Tianjin. The high-growth areas with NTL are Tibet, Yunnan, and Xinjiang. Whether it is GDP or NTL, the regions with lower growth rates are concentrated in Macao, Hong Kong, and Taiwan.
2.2 Club Convergence Test
The convergence club division method proposed by Phillips and Sul is to judge the convergence of economic growth and price index changes in a transitional economy at a given level of significance and to identify and divide the convergence clubs 42. The advantage of using this method lies in that it can fully consider the heterogeneity of observed entities without the need for more stringent economic assumptions about model parameters or convergence clubs, enabling the analytic framework to be applied to a broader range of complete data that characterizes economic development.
The club convergence test method is for a nonlinear time-varying factor model:
[image: image]
where [image: image] is a time series, [image: image] is a single common component, and [image: image] is a time-varying parameter containing the perturbation term, expressing change in individual heterogeneity over time. First, the relative transfer coefficient is defined to eliminate the common factors between individuals. Only the heterogeneous time-varying features of the individual are retained, which is called the relative transition path:
[image: image]
A semiparametric model is then constructed as follows:
[image: image]
where [image: image] is a slowlychanging function that increases and diverges at infinity and [image: image] is weakly dependent upon t but is [image: image] over i. This article uses [image: image] and through regression of the equation:
[image: image]
which verifies the original hypothesis of convergence:
[image: image]
In Eq. 4, [image: image], [image: image], and T is the original length of the time series, where [image: image] represents the integer part of [image: image]. During the regression process, a small portion of r of the time series needs to be discarded, which will help focus the test’s attention on the later trend of the time series. In addition, [image: image] where [image: image] is the relative transition path in Eq. 2 and [image: image] where [image: image] is the least squares estimate of α in [image: image]. The one-sided t test is used to test [image: image] in the original null hypothesis, specifically, at the 5% significance level, if the t statistic of [image: image] is less than [image: image], then the original hypothesis of convergence is rejected.
The above test method is called the [image: image] test, which is the essential condition for judging whether there is a convergence club. The specific convergence club division is determined by sorting the sample area, selecting the core group, and adding the group member. The [image: image] test is used in both the core group selection, and the addition of group members, whereby identifying club convergence is completed.
2.3 The Ordered Logit Regression
In order to search out the various factors affecting club membership and evaluate their importance in determining club membership, this article employs the ordered logit model, based on the club convergence results, to identify the influencing factors [45]. This method can estimate how the explanatory variable variation changes the probability that a given region belongs to the affiliated club while fixing all other variables to its sample mean. In addition to the indicators of population growth rate, technological innovation covered by the neoclassical growth theory model, and human capital emphasized by the endogenous growth model, other factors that are mainly involved in the convergence of regional economic growth include the degree of opening up, marketization, employment rate, geographical factors, policy factors, and industries structures [54–60]. Considering the characteristics of China’s economic development and the results of club convergence, combined with factors that may affect economic activity and NTL, this article examines the influencing factors of club formation from six dimensions: capital investment, technological innovation, industrial structure, market vitality, economic openness, and resource consumption. Capital investment is divided into physical capital and human capital, where the physical capital is measured by fixed capital investment and the human capital is divided into the number of employees and population growth rate. The technological innovation is measured by the number of patents granted. The industrial structure is divided into industrial proportion and service industry proportion, which are respectively measured by the secondary industry output and the tertiary industry output for GDP proportion. Market vitality is measured by the total retail sales of social consumer goods. Economic openness is measured by the amount of foreign direct investment. Resource consumption is measured by the consumption of coal. In order to eliminate inflation, all nominal data are deflated based on 1993. We use the fixed asset investment price index to deflate fixed capital investment, the consumer price index to deflate consumer goods’ total retail sales, and the U.S. GDP deflation index to deflate foreign direct investment.
Considering that the club is divided according to the growth rate, all variables with the exceptions of population growth rate, industrial proportion, and service industry proportion use the increment data.
The data comes from the China Statistical Yearbook, the regional statistical yearbooks, and the China Energy Statistics Yearbook. Due to the lack of relevant data in Hong Kong, Macao, and Taiwan, convergence factor testing excludes these three regions, and only uses relevant data from the mainland’s 31 areas for the impact factor analysis.
3 RESULTS
3.1 Club Convergence in GDP Growth Rates
According to Phillips and Sul’s recommendation 42, this article takes a value of [image: image] for the [image: image] test of the GDP growth rate of China’s provinces. First, the estimation equation for the [image: image] test for China’s 34 regions is as follows:
[image: image]
It can be seen that [image: image] and [image: image]. The regression result accepts the null hypothesis of convergence, which shows that the GDP growth rates of Chinese provinces reflect a nationwide convergence trend.
Next, clubs are divided among Chinese provinces to identify economic convergence in the country. In accordance with the recommendations of Phillips and Sul, during the initial sorting process, the last [image: image] data of the entire time span of the observation values were selected 42, the top-ranking region (Inner Mongolia) was used as the reference region, and Tianjin, Chongqing, were then added to perform [image: image] regression and calculate the t statistic until the t statistic is less than [image: image]. We found that for [image: image] or [image: image] and [image: image] or [image: image]; when Chongqing was added, [image: image]. At this point the adding of regions was paused. For the group [image: image], the value of [image: image] was the largest, so the core group was confirmed as Inner Mongolia and Tianjin. Then, one region was added at a time to the core group, with 50% as the significance level, 0 was used as the critical value to check the size of the t statistic; when [image: image], it was classified as a club member. It was ultimately determined that the Club 1 members are Inner Mongolia, Tianjin, Macao, and Guangdong.
After excluding Inner Mongolia, Tianjin, Macao, and Guangdong, the [image: image] test was continued as described above. The members of the second convergence club (Chongqing, Shaanxi, Jiangsu, Shandong, Qinghai, Guizhou, Fujian, Hubei, Anhui, Tibet, Henan, Zhejiang, Hebei, and Shanghai), the third convergence club (Jilin, Sichuan, Guangxi, Jiangxi, Hunan, Liaoning, Shanxi, Ningxia, Hainan, Gansu, Yunnan, Heilongjiang, Xinjiang, and Beijing) and the fourth convergence club (Hong Kong and Taiwan) were identified. See Tables 2,3 for details. All clubs have a whole group [image: image] greater than 2, indicating that these clubs are stronger clubs. The speed of convergence [image: image] is not the same among the four clubs. Club 4 has the fastest convergence rate of 110.3%, Club 1’s convergence speed is 100.4%, and the Club 2 and 3’s convergence speed is 84.1% and 30.4%, respectively.
TABLE 2 | GDP convergence clubs.
[image: Table 2]TABLE 3 | GDP club identification process.
[image: Table 3]The trend of each region’s transition path is shown in the top panel of Figure 1. The club members have prominent convergence characteristics. In the first few years, Club 1 members’ transition paths are quite different, but in the subsequent years, it shows a characteristic of convergence. Club 2 members’ transition paths gradually narrowed in 2004 and 2005, and then the gap gradually widened, but it still converged to one club. The transition paths of Club 3 members are relatively consistent. The transition paths of Hong Kong and Taiwan included in Club 4 show a significant trend of convergence. The initial level of their transition paths is low, and the level of transition paths in 2013 is also low, which is significantly lower than the previous three clubs. It is worth noting that Macao, which has the lowest initial level, surpassed the transition paths of most regions and became a member of Club 1, reflecting the rapid growth of Macao’s GDP.
[image: Figure 1]FIGURE 1 | Top: transition path of GDP growth rate. Bottom: GDP convergence club average transition path.
At the same time, the club convergence results also showed obvious geographic effects. Both Club 1 and Club 2 are mainly concentrated in central and eastern China, except Tibet and Qinghai. While Club 3 is mostly concentrated in the western and northeast areas of China, the convergence result of the [image: image] test captures the spatial effects of GDP growth.
Each club’s transition paths were averaged, and the transition trend of each club’s overall transition path is shown in the bottom panel of Figure 1. It can be seen from the figure that in the initial years of the time series, the transition paths of Club 1 and Club 3 is relatively concentrated, but then the gap gradually widened. Club 2’s transition path was the highest at first, but eventually lags behind Club 1, especially in 2001; it was a key point in reversing the transition paths of Club 1 and 2. Overall, clubs 1, 3, and 4’s transition paths show an upward trend, while the transition path of Club 2 shows a downward trend. That is to say, the GDP transition paths of the northeast and part of the central and western regions have an upward trend. Although the eastern region took the lead at first, it has subsequently shown a downward trend. One reason for the existence of this catching-up effect may be the “Western Development” and the “Rise of the Central China” strategies introduced by the Chinese government in the early 20th century; as investment in the central and western regions continued to increase, the economic growth rate also continued to grow and even surpassed that of the eastern area.
The transition path of Club 4 has continued to decline since 1992. It also markedly differs from the other three clubs and is the club with the lowest growth rate; this is due to the social system of Hong Kong and Taiwan differing from the mainland and can be regarded as exceptional cases.
In summary, there is evidence that the GDP growth rates of China’s 34 regions exhibited club convergence from 1992 to 2013. The club identification results reflect significant geographical features and are consistent with China’s regional economic development characteristics.
3.2 Club Convergence in Nighttime Light Growth Rates
In the convergence test of nighttime lights growth rate, we also take [image: image]. First, the overall estimation equation for the [image: image] test for China’s 34 regions is:
[image: image]
It can be seen that [image: image] and [image: image], rejecting the null hypothesis of convergence. It indicates that the NTL growth rate of the Chinese provinces does not converge as a whole. The clubs were then divided into regions to identify NTL convergence in China.
For the initial sorting process, the last 2/3 of the entire period’s data was selected for ranking. Based on this ranking, Tibet ranked first and was used as the reference region. Tibet, Jiangxi, Chongqing, Qinghai, Inner Mongolia, Sichuan, Guizhou, Gansu, Ningxia, Shaanxi, Hunan, and Yunnan were then added to carry out the [image: image] regression and calculate the t statistic until the t statistic is less than [image: image]. We found that when Yunnan was added, [image: image]. Hence, the addition of regions was paused. For group [image: image], the value of [image: image] was the largest, confirming the core group as comprising Tibet, Jiangxi, and Chongqing. Each area was then added one by one into the core group. According to the t statistic, the members of the first club were finally determined to be Tibet, Jiangxi, Chongqing, Qinghai, Inner Mongolia, Sichuan, Guizhou, Gansu, Ningxia, Shaanxi, Hunan, Yunnan, Anhui, and Xinjiang.
After excluding the members of the first club, the above test method was repeated to determine the second convergence club (Zhejiang, Jiangsu, Guangxi, Hainan, Heilongjiang, Hubei, Jilin, Fujian, Henan, Shandong, Liaoning, and Tianjin), the third convergence club (Shanxi, Guangdong, and Shanghai), the fourth convergence club (Hong Kong and Macao) and separate regions not belonging to any convergence clubs (Hebei, Beijing, and Taiwan). See Tables 4,5 for details. The [image: image] value of the entire group of Clubs 1 and 3 is greater than Club 2, indicating that the convergence is relatively strong. The [image: image] value for the whole group of Clubs 2 and 4 is less than 0, indicating that their convergence is relatively weak. In terms of convergence speed, Clubs 1 and 3 have a faster convergence rate of 15.4% and 15.2%. The convergence speeds of Clubs 2 and 4 are not statistically significant.
TABLE 4 | Nighttime light convergence clubs.
[image: Table 4]TABLE 5 | NTL club identification process.
[image: Table 5]The trend of each region’s transition path is shown in the top panel of Figure 2. Except for Tibet, the growth rate of nighttime lights in all regions began to stabilize. From 2004, the growth rate gap between them has gradually opened, but there are still four clubs that are converging. Geographical effects still exist. Club 1 is mainly concentrated in the central and western China. Club 2 is mainly concentrated in the eastern and northeast areas, indicating that the convergence result also captures the spatial effect of NTL growth to a certain extent.
[image: Figure 2]FIGURE 2 | Top: NTL transition path. Bottom: NTL convergence club average transition path.
The average transition path of each club is averaged, and the transition trend of each club’s overall transition path is shown in the bottom panel of Figure 2. It can be seen from the graph that in the initial years of the time series, the transition paths of Clubs 1, 2, and 3 are relatively concentrated, and the initial growth rate of Club 4 (Hong Kongand Macao) is the lowest, even lower than the areas that do not converge. Subsequently, the transition path of Club 1 gradually increased, Club 2 had a slight downward trend, and Clubs 3 and 4 had significant downward trends. The difference in NTL growth rates between clubs has gradually increased.
In summary, there is evidence that the NTL growth rates of China’s 34 regions did not have an overall convergence during 1992–2013 but exhibited club convergence. The growth rates gap between different clubs increases with the year.
3.3 Robustness
In order to avoid the influence of the slow change function [image: image] on the results, this article uses three different situations [image: image], [image: image], and [image: image], respectively, in the robustness tests, mainly examining the robustness of club size and club member [43]. The test results of GDP growth rates are shown in Table 6. The club size and members are exactly the same for [image: image], [image: image], and [image: image], with only a slight difference in the t-values. The robustness results show that the effect of the slow-changing function on the convergence of China’s GDP club is ignorable and the GDP club convergence results are very robust.
TABLE 6 | Robustness test of GDP convergence.
[image: Table 6]The robustness tests for nighttime lights are shown in Table 7. The club size and members are exactly the same for [image: image] and [image: image], with only a slight difference in the t-values. When [image: image], the club size and members are different from the first two cases, but the club members still have a remarkable overlap with the first two cases. The robustness results show that the effect of the slow-changing function on the convergence of China’s nighttime lights club is minor and the NTL club convergence results are relatively robust.
TABLE 7 | Robustness test of NTL convergence.
[image: Table 7]3.4 Convergence Factor Testing
Due to the lack of relevant data in Hong Kong, Macao, and Taiwan, Club 4 is not included in discussing the club convergence factors for GDP and NTL. According to the principles of club classification, as the club group rank increases, the growth rate of clubs in the corresponding region is lower; on the contrary, the lower the club group ranking, the higher the growth rate of clubs in the corresponding region. The overall fit of the GDP clubs gives [image: image] with [image: image] and [image: image], indicating that the equation is relatively significant. In terms of the direction of the parameter estimation results, all variables have a negative impact on club grading, that is, as a region’s mean of these explanatory variables increases by one unit, the probability that the region will move toward a club with a higher economic growth rate will increase.
Excluding Hong Kong, Macao, Taiwan and nonconvergent regions, the overall fitting result of the NTL club gives [image: image] with [image: image] and [image: image]. The equation is relatively significant, and the direction of the parameter estimation results is different from the GDP estimation results. Fixed asset investment increment, population growth rate, patents increment, foreign direct investment increment, and coal consumption increment have a negative impact on club grading, that is, as a region’s mean of these explanatory variables increases, the probability that the region will move toward a club with a higher NTL growth rate will increase. Laborer increment, industrial share, service industry share, and total retail sales of social consumer goods increment have a positive impact on club grading, that is, as a region’s mean of these explanatory variables increases, the probability that the region will move toward a club with a lower NTL growth rate will increase.
We further calculated the marginal effects of explanatory variables on GDP club division. The results are shown in columns 2, 3, and 4 of Table 8. Clubs 1 and 2 have the same direction for each variable, which is precisely the opposite of Club 3. Among these variables, the coefficients of patents increment, secondary industry proportion, and tertiary industry proportion are significant. If the patents increment increases by a mean of 1%, the likelihood that the region belongs to Clubs 1 and 2 will increase 0.046% and 0.077%, respectively, while the likelihood of belonging to Club 3 will decrease 0.124%. If the secondary industry proportion increases by a mean of 1%, the likelihood that the region belongs to Clubs 1 and 2 will increase 0.007% and 0.012%, respectively, while the likelihood of belonging to Club 3 will decrease 0.019%. If the mean tertiary industry proportion increases by 1%, the likelihood of the region belonging to Clubs 1 and 2 will increase 0.003% and 0.004%, respectively, while the likelihood of belonging to Club 3 will decrease 0.007%. These results indicate that technological innovation and industrial structure played an essential role in promoting economic growth. In fact, the results of marginal effects are consistent with the realities of economic development. The high GDP growth clubs are mainly concentrated in the eastern regions, which have an economic development level faster than the western regions. High-tech industries are mainly concentrated in the east developed areas, and the industrial and service industries have developed rapidly since China’s economic transformation, which was initially put forward in 2001. This is an important reason why the eastern regions’ economic growth is higher than that of the central and western regions.
TABLE 8 | Marginal effect of GDP convergence clubs and NTL convergence clubs.
[image: Table 8]The marginal effect of explanatory variables on NTL club division can be seen in Table 8. Clubs 2 and 3 have the same direction of change for each variable, which is precisely the opposite of Club 1. When these data are combined with the NTL transition paths (bottom panel of Figure 2), it can be found that the transition path of Club 1 is gradually increasing, that is, the NTL growth rates increase with time and regarded as a high growth rates club. The transition paths of Clubs 2 and 3 have a downward trend, that is, the NTL growth rates decline with time and regarded as a low growth rates clubs. From the results presented in Table 8, it can be found that, with the increase of fixed capital investment, population growth rate, patents increment, foreign direct investment, and coal consumption increment, the probability that a region has a high growth rate of NTL will increase. Increases in employee increment, the secondary industrial proportion, the tertiary industrial proportion, and retail sales of social consumer goods will increase the probability that a region will have a low growth rate of NTL. The marginal effect of the population growth rate, patents increment, secondary industrial proportion, tertiary industrial proportion, foreign direct investment, and coal consumption increment is significant. If the population growth rate mean increases by 1%, the probability of region belonging to Club 1 will increase 0.023%, while the probability of belonging to Clubs 2 and 3 will decrease 0.014% and 0.009%, respectively. If the patent increment mean increases by 1%, the probability of belonging to Club 1 will increase 0.185%, while the probability of belonging to Clubs 2 and 3 will decrease 0.109% and 0.076%, respectively. If the secondary industrial proportion mean increases by 1%, the probability of belonging to Club 1 will decrease 0.017%, while the probability of belonging to Clubs 2 and 3 will increase 0.01% and 0.007%. If the mean tertiary industrial proportion is increased by 1%, the probability of belonging to Club 1 will decrease 0.017%, while the probability of belonging to Clubs 2 and 3 will increase by 0.01% and 0.007%, respectively. The influence of foreign direct investment and coal consumption increment can also be observed from Table 8.
3.5 Comparison of GDP and NTL Growth Rate Convergence Characteristics
From the perspective of club membership, we identified the common regions where the club divisions’ results coexist. We refer to these common areas as groups. Group A includes six regions (Tibet, Chongqing, Qinghai, Guizhou, Shaanxi, and Anhui), Group B contains seven regions (Jiangxi, Sichuan, Gansu, Ningxia, Hunan, Yunnan, and Xinjiang), Group C includes six regions (Jiangsu, Shandong, Fujian, Hubei, Henan, and Zhejiang), and Group D includes five regions (Guangxi, Hainan, Heilongjiang, Jilin, and Liaoning). These four groups and their corresponding clubs all appear in the two different club division results, as shown in Table 9. It can be clearly seen that in terms of the order of regional growth rate, the results of the two clubs show certain degree of difference.
TABLE 9 | Comparison of GDP and NTL club members
[image: Table 9]From the perspective of regional distribution, the maps in Figure 3 show that in GDP convergence clubs, the regions in higher ranked clubs are mainly concentrated in the central and eastern areas, that is, these regions have higher GDP growth rates. The western and northeast regions belong to clubs with a relatively low ranking and these regions have relatively low GDP growth rates. Simultaneously, Tibet and Qinghai are located in the west but are divided into the same club as the eastern coastal areas, indicating that Tibet and Qinghai’s GDP growth rates are higher than those of other western regions. In the NTL convergence clubs, the regions in higher ranked clubs are mainly concentrated in the west and central areas, which means these regions have higher NTL growth rates. The eastern and northeast regions belong to clubs with a relatively low ranking, which means these regions have relatively low NTL growth rates.
[image: Figure 3]FIGURE 3 | Club division maps.
Judging from the gap in transition paths between clubs, the difference between the two types of data is significant. Due to the particularity of the data in Hong Kong, Macao, and Taiwan, only the 31 regions in the mainland are considered. The transition paths of GDP Clubs 1, 2, and 3 show a catching-up effect. The transition paths between clubs first converge, then diverge, with a relatively flat path of divergence. The transition paths of each club are in line with the patterns of linear development. The transition paths of Clubs 1 and 3 are on rise, while Club 2 is on decline. The transition paths of NTL Clubs 1, 2, and 3 do not show a catching-up effect. With the annual increase, the transition path of each club grew intenser, showing a nonlinear development pattern. The transition path of Club 1 is on the rise, and the transition paths of Clubs 2, 3, and 4 show a downward trend.
From the perspective of influencing factors of club division, fixed capital investment increment, population growth rate, patents increment, foreign direct investment increment, and coal consumption increment have the same direction of influence on the GDP growth rate and NTL growth rate, but there are subtle differences in the significance. For the GDP growth rate, the most significant factor is patents increment, followed by industrial proportion and industrial proportion. For the NTL growth rate, in addition to the above three variables, population growth rate, foreign direct investment increment, and coal consumption increment are also significant.
4 CONCLUSION
With the development of science and technology, the easily accessible and more objective NTL data is increasingly valued and used as a surrogate variable for economic growth. Besides, China is undergoing a transitional period characterized by strategic developmental opportunities and social tensions. The consideration of regional economic convergence where convergence speed is heterogeneous is crucial for the coordinated development of regional economies. To explore the reliability of economic variables in NTL data, from the perspective of regional economic convergence, the [image: image] test based on the nonlinear time-varying factor model was used for club convergence analysis on the inter-provincial DMSP/OLS NTL data and GDP data from 1992 to 2013. It was found that between 1992 and 2013, China’s provincial NTL and GDP growth rates exhibited club convergence. The high-GDP-growth clubs are mainly concentrated in the eastern and central regions, while the high-NTL-growth clubs are mainly concentrated in the central and west regions. The GDP club’s catching-up effect between areas is consistent with the neoclassical growth model’s general conclusion. Also, the growth rate gap among clubs differs between the two data types. The growth rate gap among GDP clubs is relatively flat, while the growth rate gap among NTL clubs is large. Therefore, there is a significant difference between NTL and GDP club convergence.
This article further explored the club convergence mechanisms. We have found that patents increment, industrial proportion, and service industry proportion have a significant impact on both GDP and NTL. Among them, the increase in the proportion of industry and service industry has opposite effects on GDP clubs and NTL clubs, while the increase in patent increment has the same impact on GDP clubs and NTL clubs. This confirms that the industrial structure of eastern coastal areas has been upgraded faster than central and western regions. In addition, we found that, for NTL clubs, population growth rate, foreign direct investment, and coal consumption are also significant factors. An increase in population growth rate, foreign direct investment, and coal consumption will increase the probability that a region belongs to a high-growth club. It explains that there are also certain differences between GDP clubs and NTL clubs in terms of influencing factors.
On the whole, from 1992 to 2013, there were certain differences in the results of club convergence between China’s provincial NTL and GDP growth. The difference between NTL and GDP growth is mainly reflected in regions and influencing factors. High GDP growth regions correspond to low NTL growth regions, while low GDP growth regions correspond to high NTL growth regions. GDP growth is mainly influenced by technological innovation and industrial structure, while NTL growth is mainly affected by the population growth rate, technological innovation, industrial structure, opening to the international world, and resource consumption. The impact of industrial structure on GDP and NTL is the opposite. At present, when GDP statistics are difficult to obtain or are of low quality, a large number of studies use NTL brightness as a representative of the level of economic development. But judging from the results of this work, NTL is not a good substitute for GDP. Our results suggest that by distinguishing the connotations and differences between GDP and NTL and combining the characteristics of the two, a more reasonable alternative indicator of economic development can be constructed to make it more in line with the specific facts and laws of economic activities.
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