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Abstract 

 

 Using a nationwide county-level panel dataset for the years 1995-2009, this paper conducts the 

first analysis in the literature to examine the impacts of fiscal decentralization and fiscal 

equalization, both measured at the sub-provincial level, on intra-provincial inequality in China. 

While fiscal decentralization offers significant advantages regarding public expenditure 

efficiency, a potentially large disadvantage is that it may lead to increased regional inequality. In 

this paper, in line with our theoretical hypotheses, we find that while fiscal decentralization at the 

sub-provincial level in China leads to larger intra-provincial inequality, fiscal equalization efforts 

performed by provincial governments tend to mitigate the detrimental effect of fiscal 

decentralization on intra-provincial inequality. Our results also indicate that the quantitative 

effects of fiscal decentralization on regional inequality tend to be larger when they are measured 

from the expenditure side, which is consistent with the fact that expenditure decentralization is a 

much more meaningful measure of decentralization in China. Overall, we provide evidence on 

the potential inequality costs of using fiscal decentralization as a development strategy. At the 

same time, we emphasize the importance of implementing a fiscal equalization program to 

ensure the overall success of decentralization policy.   
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1. Introduction 

China’s economic growth over the past decades has been remarkable. However, this 

growth has been uneven across the country, resulting in significant and still growing regional 

inequality in economic development, with the inland regions lagging far behind the coastal 

regions. An ever-increasing body of research has attempted to describe and explain the patterns 

of regional inequality in China (see Wang et al. 2014 for a recent survey), even though the 

various dimensions of this issue have not received the same degree of attention in the literature 

(Tsui 1993). The general research agenda has mainly focused on the dimensions of inland-

coastal inequality, rural-urban inequality, and inter-provincial inequality at the aggregated 

country level.  Just a few studies have examined intra-provincial inequality at the sub-

provincial level, in large part due to the lack of detailed data at the sub-provincial level in the 

early years of this research. Further investigation targeting this type of inequality, nevertheless, 

is vital because intra-provincial inequality accounts for the majority of the overall regional 

inequality in the country (e.g., Tsui 1993; Cheong and Wu 2012). As estimated by Cheong and 

Wu (2012), intra-provincial inequality based on county-level data contributed roughly 60% of 

China’s overall inequality in 2007, and an increase in intra-provincial inequality contributed to 

63% of the increase in overall inequality in China during the 1997-2007 period. Thus, a better 

understanding of the patterns of intra-provincial inequality and especially of its determinants 

should play an important role in the design of national policies addressing the overall level of 

regional inequality in China.  

Given that the nature of intra-provincial inequality is naturally within provinces and that 

there is substantial variation of this type of inequality across provinces, the general 

determinants of the existing inequality need to be sought in some good measure at the sub-
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national level. Among those potential determinants we are particularly interested in the role 

played by fiscal decentralization policies at the sub-provincial level, which are largely 

formulated at the discretion of provincial governments, especially on the expenditure side of 

the budget.  

Two key questions guide our analysis. First, does fiscal decentralization at the sub-

provincial level contribute to higher intra-provincial inequality? While decentralization through 

empowering local governments and satisfying the heterogeneous preferences of the 

constituents has been viewed as enhancing efficiency and economic growth, its implication for 

the evolution of regional inequality is still under active investigation. While early studies, 

based on cross-country data, in general find a positive effect of fiscal decentralization in 

reducing regional inequality (e.g., Shankar and Shah, 2003; Ezcurra and Pascual, 2008; 

Lessmann, 2009), some more recent work concludes that the decentralization-regional 

inequality relationship depends on various conditions such as the development level of a 

country and the presence of solid fiscal redistribution systems (e.g., Rodriguez-Pose and 

Ezcurra, 2000; Lessmann, 2012; Lessmann and Seidel, 2015).
2
 Second, what roles do fiscal 

equalization policies pursued by provincial governments play in offsetting the impact of 

provincial fiscal decentralization on intra-provincial inequality? As an important supplemental 

policy of decentralization reform in China, fiscal equalization was introduced and scaled up 

over the past decade to ameliorate regional fiscal disparities. However, a substantial variation 

of equalization efforts exists across provinces, and in addition, the actual performance of those 

equalization programs suffers from institutional deficiencies and the possible predatory 

behaviors of some provincial governments (Martinez-Vazquez et al. 2008).  

                                                        
2 The recent work argues that the negative effect of fiscal decentralization on regional inequality is only significant for high 

income countries, while in poor countries, fiscal decentralization may well increase regional inequality.  
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Using county-level data for the years 1995-2009, this paper contributes to the literature in 

several significant aspects. First, utilizing panel data information we conduct for the first time 

in the literature an examination of the impact of fiscal decentralization policies at the sub-

provincial level on intra-provincial inequality in China. The extant literature, mainly focusing 

on inter-provincial inequality (by using provincial-level data), has been unable to capture the 

dynamics of the patterns and variations of inequality below the provincial level. In addition, 

our analysis based on both cross-section and time-series information provides more accurate 

and unbiased estimates for the impact of fiscal decentralization policies on regional inequality 

than other past studies on China, which have relied only on time-series information at the 

aggregated country level (e.g., Kanbur and Zhang 2005; Song 2013).  

Second, we investigate the impacts of fiscal decentralization at the sub-provincial level in 

China. Although fiscal decentralization in China has attracted worldwide attention, research at 

the sub-provincial level has been much rarer.
3
 Nevertheless, an analysis at the sub-provincial 

level appears to be more justified because sub-provincial governments in China provide the 

majority of essential public services such as education and health care (World Bank 2002; 

Gong and Wu 2012); therefore, without examining the impact of decentralization at this level, 

it may be difficult to gauge the actual impact of decentralization on regional inequality.  

In addition, provincial governments in China have been granted substantial discretion in 

determining their own fiscal decentralization policy within their borders, which actually has 

given rise to a high level of variation in sub-provincial treatments. This variation is so 

substantial that it even outweighs the variation of fiscal decentralization policies across 

European countries (Dollar and Hofman 2008). As the geographic areas of many Chinese 

                                                        
3 Recent studies by Uchimura and Jutting (2009), Brehm (2013), and Wu and Wang (2013) are notable exceptions in this 

regard.  
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provinces are equivalent to those of many European countries, a panel study of sub-provincial 

decentralization in China presents the additional advantage of avoiding the potential 

unobserved heterogeneity that may exist in the relevant cross-country studies of fiscal 

decentralization (see Ezcurra and Pascual 2008; Lessmann 2009;  Sorens 2014).
4
  

Third, we explicitly explore the role played by the provinces’ fiscal equalization efforts in 

offsetting the impacts of fiscal decentralization on regional inequality. At present, all central 

government transfers have to go through provincial governments before reaching the various 

layers of sub-provincial governments, even in the case of those transfers that have been 

specifically designed for sub-provincial governments (Martinez-Vazquez et al. 2008). The 

availability of fiscal resources and the choices of intermediate-level governments, and here we 

mean mostly provincial governments, can play an important role in determining the observed 

outcomes within provinces.  

Fourth, we explicitly address the endogeneity issue of both fiscal decentralization and 

equalization efforts in the estimations by employing an instrumental approach. As recently 

emphasized by Martinez-Vazquez et al. (2015), a crucial but yet unsolved issue with the 

existing vast empirical literature on the impacts of fiscal decentralization is that most 

contributions fail to address the endogeneity of fiscal decentralization. As a consequence, it is 

far from clear how to isolate its effect from other confounding factors and how to know 

whether decentralization is a cause or itself also an effect of the policies and institutional 

changes in which we are interested (e.g., the deterioration of intra-provincial inequality in our 

context).  

                                                        
4 These studies, based on data for OECD countries or European Union countries, tend to find a negative relationship between 

fiscal decentralization and regional inequality. In advanced democracies, the detrimental effect of fiscal decentralization on 

regional equity may be reduced by various institutional factors, including, of course, equalization transfer programs.  



6 
 

Lastly, our results complement the literature by providing support from the Chinese story 

for the recent argument (which we mentioned above) that the decentralization-regional 

inequality relationship depends on the development level of a country and the effectiveness of 

its fiscal redistribution system. That is, in poor countries like China, fiscal decentralization may 

lead to larger intra-provincial inequality, while effective fiscal equalization tend to mitigate the 

detrimental effect of fiscal decentralization on regional inequality.  

In what follows, in section 2 we discuss the theoretical debate on the relationship between 

fiscal decentralization and regional inequality and the potential role played by fiscal 

equalization. We then set up the empirical methodology and discuss the data in section 3. In 

section 4 we present the main empirical results, and in section 5 we provide some further 

robustness checks for the empirical results. In section 6 we conclude.  

 

2. Theoretical Framework and Hypotheses  

The debate on the relationship between fiscal decentralization and regional inequality 

dates back to Tiebout (1956) and Oates (1972), who justify decentralization policy as a way to 

achieve economic efficiency in the allocation of resources in the public sector. Under the 

assumption that public officials respond to the desires of their constituents, sub-national 

governments in a decentralized economy are better able to match differing preferences across 

jurisdictions. When taxpayers are mobile, gains in efficiency are enhanced because individuals 

can migrate sorting themselves out among the jurisdictions that best match their preferred tax-

expenditure package. However, enhanced efficiency under a decentralized framework is only 

one of the widely accepted objectives that guide government policy; achieving greater equality 

is another desired objective and one that may not go side by side with the gains in efficiency 
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associated with decentralization.  A survey of the literature reveals that there are at least 

several compelling mechanisms for fiscal decentralization to lead to greater regional 

inequality; this is especially the case for countries like China at early stages of economic 

development and where decentralization policy has been implemented within weak 

institutional frameworks.
5
 

First, in the presence of inter-jurisdictional competition, unfettered fiscal decentralization 

is likely to lead to a concentration of economic resources in rich jurisdictions and thus increase 

disparities across sub-national governments (Martinez-Vazquez and McNab 2003). Several 

things may be at play here. First, due to the initial regional heterogeneity in institutional, 

economic and social endowments, by empowering local governments, decentralization tends to 

reinforce the competitive advantages of rich regions, which results in these regions competing 

and attracting more mobile and valuable resources, while the poor regions tend to have less 

ability to attract investment and recruit talent (Prud' homme1995; Cai and Treisman 2005). 

Second, not unrelated, richer regions have greater capacity for matching local preferences with 

abundant resources, leading mobile factors to flow more easily to these areas as opposed to the 

poorer regions. Third, richer regions can offer substantial tax abatements and land write-downs 

to incoming businesses, while the poorer ones, shorter on government revenues can hardly do 

the same. Given the vast heterogeneity in terms of social, economic, and fiscal conditions 

across China’s provinces, those predictions fit neatly in the Chinese context. Over the past 

several decades China has experienced a high concentration of economic resources in the rich 

                                                        
5 There may be circumstances under which fiscal decentralization has the opposite effect on regional inequality. For instance, 

as pointed out by Rodriguez-Pose and Ezcurra (2010), decentralization is likely to enhance fiscal transparency and place 

central and local governments under pressure to equalize public goods and services around the country, which eventually may 

contribute to lower levels of regional inequality. Nevertheless, this argument appears to be weak in the Chinese context where 

the main focus of the central government has been to foster strong fiscal and political incentives for local governments to 

promote local economic development as opposed to any emphasis on equalizing public goods and services delivery.  
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provinces (i.e., costal/eastern provinces), at the same time the country has undergone an intense 

asymmetric inter-jurisdictional competition process. It appears that fiscal decentralization in 

recent decades has not eased the problem of the regional overconcentration of resources in 

some areas of the country but rather has tended to reinforce the existing patterns (e.g., Zhao 

and Zhang 1999; Zhang 2006).  

Second, by forcing regional governments to rely mostly on revenues raised from their 

own jurisdictions, fiscal decentralization has weakened the central government’s role in 

redistributing income from rich to poor regions, resulting in higher regional inequality. In the 

fiscal decentralization literature there is some consensus that the objective of income 

redistribution should be a central government responsibility for two main reasons: one is that 

the benefits of redistribution spill over provincial and local boundaries; second, redistribution 

policies of sub-national governments will be compromised by the in-migration of poor families 

who are attracted by the higher benefits and the out-migration of rich families trying to escape 

the redistributive taxes. Of course, this problem is anticipated to be weakened when the 

implementation of fiscal decentralization is accompanied by fiscal equalization policies.  

Third, from a political perspective, rich regions are likely to exert a greater influence on 

central decision-making, thereby increasing their chance of being offered more resources 

(Rodriguez-Pose & Ezcurra, 2010). In many countries, though decentralization makes sub-

national governments more financially independent through the assignment of tax powers to 

the local authorities, generally the central government still tends to have a final say over 

discretionary funds, interregional coordination, and even the pace and scope of 

decentralization. Richer regions with better financial resources and possibly greater political 



9 
 

influence can make the central government develop policies or allocate discretionary funds in 

favor of rich areas.  

In China, richer regions are indeed likely to receive more resources due to their political 

advantageous position. For one thing, in the context of China’s political structure, the party 

secretary and the governor of a given province may exert a substantially different influence on 

the central decision-making apparatus. Some rich, influential provinces, such as Guangdong 

province, can have a greater say in Beijing as the party secretary of Guangdong province is 

usually a member of the Central Politburo of the Chinese Communist Party.
6
 This means that 

the top leader in Guangdong province can have a direct involvement in the central 

government’s decision making process.  

This reciprocal accountability, as observed by Shirk (1990), reveals that some local party 

leadership may have a greater say in affecting the central government’s policy making as the 

central leadership needs support from local governments. The leverage exerted by other local 

party leaders is substantially different. Some poorer, lagging regions have far less influence in 

the central policy making process.  As an example, this asymmetry in political influence was 

made evident by the introduction of the “tax rebates” as a major component of the fiscal 

transfer system introduced in the 1994 Tax-Sharing reform, which in effect rewarded the richer 

regions of China with substantial additional funds.  

From these various arguments above, we derive the following hypothesis: 

Hypothesis 1:  Fiscal decentralization is positively associated with regional inequality at 

the sub-provincial level.  

 

                                                        
6 The 25-member Politburo is one of the most powerful decision-making bodies in China. 
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The above discussion provides valuable insights into the regional inequality effect of 

fiscal decentralization. However, the discussion relies heavily on the assumption of the absence 

of an important supplementary policy under decentralized systems---fiscal equalization. 

Nevertheless, it is generally agreed that fiscal equalization exerts a significant role in shaping 

the final net impacts of fiscal decentralization and thus a more thorough investigation of fiscal 

decentralization needs to be taken into consideration.  

Given the nature of equalization policy, we expect that the possible detrimental effects of 

fiscal decentralization on equality will be mitigated with the presence of fiscal equalization 

[our Hypothesis 2]. This outcome can be anticipated for two reasons.  

First, fiscal equalization by redirecting resources from the richer regions to the poorer 

regions should improve horizontal fiscal balances, leading to a more level playing field for all 

jurisdictions (Oates 1999). More specifically, by funding a nation-wide standard of provision 

for public goods and services through an equalization program, central governments make sure 

that richer regions do not have this type of advantage over poorer regions in the inter-

jurisdictional competition for business and other mobile factors.  

At the same time, poorer regions are provided with ways to catch up with the richer ones 

based on joint programs of the local authorities with the central government.  Equalization 

policy not only means that poorer regions will have more public resources for public goods 

provision but also that poorer regions now may have a stronger capacity to work on suitable 

solutions for local development.
7
  

                                                        
7 Drawing on a political economy model, Kotsogiannis and Schwager (2008) also point out that equalization programs may 

improve local accountability through enabling voters to compare public good supplies between regions thus keeping politicians 

more accountable. As fiscal equalization efforts usually aim to ensure the same standards for public services across regions, 

politicians will have to be more self-restrained and be less rent-seeking; otherwise, poor public goods provision may make 

rational voters punish the incumbents. 
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Second, since equalization systems distribute fiscal transfers to regions in a way that 

correlates inversely with their fiscal capacities, a number of scholars have observed that fiscal 

equalization induces significant incentive effects on the taxing and expenditure policy of 

regional governments. This takes place in a way that reduces the extent of inter-jurisdictional 

competition among rich and poor regions, and so mitigates the detrimental effect of fiscal 

decentralization on regional inequality (e.g., Boadway and Flatters 1982; Smart 1998; Liu 

2014). This is because when a region attempts to attract mobile factors from other regions by 

cutting tax rates or increasing public expenditure, it increases its own tax base relative to the 

national average, which simultaneously reduces the region’s entitlement for higher grants.  

Hypothesis 2:  The positive effect of fiscal decentralization on enlarging regional 

inequality is likely to be mitigated by fiscal equalization policies. 

 

Finally, as we highlighted in the first section of the paper, all central government transfers 

in China have to go through the provincial governments before reaching the various layers of 

sub-provincial governments (prefectures, counties and townships). Thus, provincial 

governments enjoy a substantial degree of discretion in designing their own equalization 

policies to meet their diversified policy objectives. It is also this feature that is likely to 

generate large variations in equalization efforts across provinces. This high degree of variation 

provides us a good scenario to test Hypothesis 2 in the Chinese context.  

 

3. Econometric Methodology, Measurement of Key Variables, and Data 

3.1 Econometric Specification  

In this section we discuss the empirical strategy with the objective of testing the 

predictions that are explicitly summarized in Hypotheses 1 and 2. Specifically, to assess the 
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causal impacts of fiscal decentralization on intra-provincial inequality, we estimate a standard 

two-way fixed effects model of the form,   

𝐼𝑖𝑡 = 𝛼 + 𝛽𝐹𝐷𝑖𝑡 + 𝛾𝐸𝑄𝑖𝑡 + 𝜃𝐹𝐷𝑖𝑡 ∗ 𝐸𝑄𝑖𝑡 + 𝑿𝑖𝑡𝛿 + 𝜂𝑖 + 𝜈𝑡 + 휀𝑖𝑡              (1) 

where i represents province and t denotes year. The dependent variable 𝐼𝑖𝑡 is our measure of 

intra-provincial inequality in the level of economic development based on county level data; 

𝐹𝐷𝑖𝑡 is the fiscal decentralization indicator of a province; 𝐸𝑄𝑖𝑡 is a proxy of the equalization 

effort conducted by the provincial government;
8

 and 𝐹𝐷𝑖𝑡 ∗ 𝐸𝑄𝑖𝑡  is the interaction term 

between the two variables.  

 On the grounds of Hypotheses 1 and 2, we expect to find a positive sign for coefficient 

𝛽 and a negative sign for coefficient 𝜃. Furthermore, the model includes province dummies 

(𝜂𝑖) to control for unobserved heterogeneity across provinces that are constant over time and 

also year dummies ( 𝜈𝑡 ) to control for year effects that affect all provinces; 휀𝑖𝑡  is an 

idiosyncratic error term.  

As control variables 𝑿𝑖𝑡  we seek to capture the general factors of significance in 

determining regional inequality based on the extant empirical literature. Several factors have 

been identified as particularly important in explaining regional inequality in China. These 

include real GDP per capita and its squared term, the share of the secondary sector in total 

GDP, the share of state-owned enterprises (SOEs) outputs in total industrial output, trade 

openness, and the urbanization rate.  

Real GDP per capita serves as a proxy for the level of economic development of the 

provinces. It is commonly agreed in the literature that economic development exerts a 

significant impact on spatial inequality, though the net effect of this variable is theoretically 

                                                        
8 See the next subsection for detailed definitions on the intra-provincial inequality, fiscal decentralization indicator, and 

equalization effort index.  
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unclear. For example, from the viewpoint of the new economic geography school, economic 

growth has a tendency to be associated with agglomeration (economies), which eventually 

leads to an uneven spatial development (Krugman 1998; Fujita and Thisse 2002).  

On the other hand, it is suggested that advances in economic development may endow the 

regions with a larger scope for redistributive politics through transmission channels besides 

interregional grants and transfers (Lessmann 2009). The squared term of real GDP per capita is 

introduced to capture the potential non-linear effect of economic development on (spatial) 

inequality (Kuznets 1955; Williamson 1965), i.e., the classic Kuznets curve hypothesis,
9
 which 

is evidenced by the recent study of Lessmann (2014).  

The share of the secondary sector in total GDP and the share of SOEs outputs in total 

industrial output are employed to capture the impacts of economic structure on the patterns of 

regional development within provinces. Over the years, a key source of regional inequality in 

China has been the location-biased national industrialization strategy (particularly in the case 

of the heavy-industry development strategy), and restrictive inter-regional migration policies 

(e.g., the Hukou system), which lead to an uneven spatial distribution of industrialization 

outcomes (see Tsui 1991; Kanbur and Zhang 2005).  

Trade openness has been consistently found to be one of the major contributors of China’s 

regional inequality, reflecting the dramatic changes in regional comparative advantage and 

industry clustering patterns as a result of trade liberalization (e.g., Kanbur and Zhang 2005; 

Fan et al. 2011). In view of this, we include trade openness, measured as the ratio of total trade 

(exports and imports) to GDP at the provincial level, to control for this effect.  

                                                        
9 The Kuznets curve hypothesis suggests that inequality first increases with economic development, and then decreases with its 

further development.  
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Lastly, the rural-urban gap has persistently accounted for a large share of regional 

inequality in China (e.g., Tsui 1993; Kanbur and Zhang 1999, 2005; Sicular et al. 2007), 

which, to a large extent has been rooted in the institutional legacies of socialism which gave 

rise to a series of urban-biased social and economic policies. Thus, the urbanization level, 

measured as the share of urban population in total provincial population, is expected to reduce 

the rural-urban gap and contribute to a lower level of regional inequality within the provinces.  

Beyond the above most commonly discussed factors, there are possibly some other 

control variables, such as human capital and inflation that may also help explain the pattern of 

regional inequality (e.g., Fleisher et al. 2010; Kyriacou et al. 2015).  

In addition, by changing income taxes (i.e., personal and corporate income taxes) from 

local source taxes to shared taxes, the 2002 income tax reform in China significantly affected 

the revenue assignments among different levels of governments. This, in turn, may have 

eventually affected the patterns of regional development. We control for these three additional 

variables to check the robustness of our results. Following the literature, human capital is 

defined as the average years of schooling in the provinces;
10

 inflation is measured as the annual 

percentage change in the consumer price index; and the 2002 income tax reform is captured by 

a dummy variable taking a value of 1 for the years after 2002 (0 otherwise).  

3.2 Measures of Key Variables 

Below, we explain in further detail the measurements of our key variables of interest:  

intra-provincial inequality, fiscal decentralization, and equalization effort of provincial 

governments. 

 

                                                        
10 Data on human capital is derived from Chen et al. (2004) for the year before 2001 and it is augmented by the authors for the 

years after 2001.  
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Intra-provincial inequality 

As we have stressed in the introduction, our primary focus is on the economic aspect of 

disparities within provinces; thus, we follow the conventional empirical literature on regional 

inequality (e.g., Williamson 1965; Petrakos et al. 2005; Rodriguez-Pose and Ezcurra 2010) to 

define our dependent variable, intra-provincial inequality, as the population-weighted 

coefficient of variation of per capita GDP of the counties within the province, which takes the 

following form,  

𝐼𝑖𝑡 =
√∑ 𝑝𝑗𝑡(𝑦𝑗𝑡−𝜇𝑖𝑡)

2𝑛𝑖
𝑗=1

𝜇𝑖𝑡
                                                    (2) 

where 𝑦𝑗𝑡 and 𝑝𝑗𝑡 are the per capita GDP and population share of county j  in province i  for 

year t,
11

 respectively; 𝑛𝑖 is the total number of counties in province i;  𝜇𝑖𝑡 is the population-

weighed average of per capita GDP in province i for year t, i.e. 𝜇𝑖𝑡 = ∑ 𝑝𝑗𝑡𝑦𝑗𝑡
𝑛𝑖
𝑗=1 . This 

measure of dispersion presents several appealing features. First, it is independent of the number 

of regions considered; second, it satisfies the Pigou-Dalton transfer principle in the sense that 

an arithmetical transfer from the rich to the poor regions reduces inequality (Cowell 2011); and 

third, by taking into account the different weights in population across counties, this measure 

of dispersion is independent of scale and population size.   

 

Fiscal decentralization indicators  

Measuring the extent of fiscal decentralization has been long debated in both theoretical 

work and empirical studies. This has been the case largely because fiscal decentralization 

                                                        
11 Similar to other relevant studies that have used Chinese county data (e.g., Zhang 2006; Uchimura and Jutting 2009), our 

basic unit for calculating intra-provincial inequality is county j, which does not include the city district (“qu”), as the latter 

differs significantly from the former in many aspects including administrative, economic, and fiscal aspects. In this regard it 

has been highlighted in the literature that when calculating regional inequality, it is necessary to use a territorial classification 

that creates relatively homogenous regions (Lessmann 2009).  
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unfolds along several dimensions and at different paces; thus no single indicator is able to 

adequately capture the full picture of the process and ideally that process should be measured 

separately for each of the dimensions (Martinez-Vazquez and McNab 2003; Stegarescu 2005). 

 Nevertheless, this issue can be at least partially overcome by considering alternative 

indicators that reflect different aspects of the decentralization process (Liu et al. 2013). For this 

reason, we measure the degree of fiscal decentralization in the provinces by simultaneously 

considering expenditure decentralization and revenue decentralization. Of these two indicators, 

expenditure decentralization, defined as the local share of total government expenditure, has 

been the most widely used indicator in the literature (e.g., Oates 1985; Davoodi and Zou 1998; 

de Mello 2000) as it captures the degree of local governments’ expenditure responsibilities in 

the public sector, quantifying who does what.  

Beyond these arguments, there is even a stronger reason to measure decentralization from 

the expenditure side rather than the revenue side in the Chinese context. This is due to the fact 

that fiscal revenues in China are reallocated between the central and local governments in a 

complex web of flows (e.g., revenue sharing, rebates and transfers, etc.) and local governments 

have virtually no authority in either determining their tax rates or tax bases (Qiao et al. 2008; 

Wu and Wang 2013).
12

 Given this, we expect to find a stronger effect of decentralization from 

the expenditure side measurement.   

While most of the existing empirical studies on fiscal decentralization in China have 

relied on data at the center-province level (e.g., Zhang and Zou 1998; Qiao et al. 2008), we 

utilize county data to measure fiscal decentralization at the province-local level. This is a more 

accurate measure of the degree of decentralization at the province level because provincial 

                                                        
12 In contrast, local governments in China have significant levels of autonomy and discretion on the expenditure side of the 

budget. 
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governments in China enjoy almost full discretion in designing their decentralization policy for 

local governments within their borders.
13

  

In addition, our measurement of fiscal decentralization at the sub-provincial level fits 

much better in our context, as our interest is to explain the county variations in the level of 

economic development within provinces. More specifically, following and extending Wu and 

Wang (2013), we define (1) expenditure decentralization as the share of sub-provincial 

expenditure (i.e., the aggregation of prefectural, county and township public 

expenditures) in total expenditure of the province and (2) revenue decentralization as the 

share of sub-provincial revenue (i.e., the aggregation of prefectural, county and township 

revenue) in total revenue of the province. 

 

Equalization effort 

Equalization effort is a relative concept that reflects the extent of changes in the 

distribution of fiscal resource within provinces with and without the presence of equalization 

transfers from provincial governments.
14

 Following this concept and drawing on the relevant 

work by Martinez-Vazquez and Timofeev (2008), we measure equalization effort of provincial 

governments as the percentage change of intra-provincial disparities in fiscal revenues before 

and after taking into account the equalization transfers received by county governments. More 

specifically, the measure takes the following form,  

                                                        
13 Uchimura and Jutting (2009) and Wu and Wang (2013) are notable exceptions in that they also measure fiscal 

decentralization at the sub-provincial level in China. 
14 Separate transfers from prefectural governments should be negligible, if any. Under the current institutional setup in China, 

revenue assignments at the sub-provincial level are exclusively at the direction of the provincial governments, and the 

prefectural-county fiscal relations are in general explicitly defined by the provincial governments. Although, in some cases, 

prefectural governments do have some discretion on the assignment of revenues between them and county governments, 

prefectural governments offer little help to county governments financially (World Bank, 2002). First, sub-provincial level 

governments have been assigned with very heavy expenditure responsibilities. Prefectural governments usually cannot help 

county governments out; instead, both levels of government rely heavily on transfers from the central government. Second, no 

institutional rules obligate prefectural governments to transfer their own revenues to lower-level governments.  
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 𝐸𝑄𝑖𝑡 =
𝑓𝑖𝑡
𝑏−𝑓𝑖𝑡

𝑎

𝑓𝑖𝑡
𝑏                                                                 (3) 

where 𝑓𝑖𝑡
𝑏 is the population-weighted coefficient of variation of own source revenue in province 

i for year t, and it is calculated according to a formula similar to equation (2) on the basis of 

county-level data; 𝑓𝑖𝑡
𝑎 is the corresponding population-weighted coefficient of variation of total 

revenue
15

 taking into account the equalization transfers received by county governments in 

province i for year t.  

 Thus, a positive (negative) sign of the dispersion difference in the numerator of 

equation (3) suggests that the introduction of the equalization transfers reduce (increase) 

revenue disparity within provinces. Since fiscal transfers at the sub-provincial level are at the 

discretion of provincial governments, a larger value of 𝐸𝑄𝑖𝑡 , therefore, indicates higher 

equalization efforts being pursued by provincial governments, which in turn affects the final 

performance of the decentralization policy in the provinces.  

It is worth noting here that intergovernmental fiscal transfers in China are mainly 

categorized into three groups: tax rebates, equalization transfers, and ad hoc transfers. The one 

we take into account in the calculation of the “after” fiscal disparities (i.e., 𝑓𝑖𝑡
𝑎) is the exact 

group of equalization transfers, which has been widely believed to precisely reflect the actual 

equalization intention of upper-level governments. More specifically, the equalization transfer 

(also known as general purpose transfer) is the only formula-driven transfer program in China, 

with an explicit purpose to equalize fiscal resources across and within provinces.  

The equalization transfer received by a region is calculated on the basis of the gap 

between standard revenues and standard expenditures of the region, with coefficients that 

adjust for the size of the gap. Standard revenue is estimated by using the tax bases and standard 

                                                        
15 Total revenue=own source revenue+equalization transfers. 
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tax rates, and standard expenditure is calculated by using a myriad of expenditure categories, 

including spending on administrative services, public safety, education, city maintenance, 

social assistance, and heating (see Zhang and Martinez-Vazquez 2003; and Liu et al. 2014 for 

more detailed discussion). Nevertheless, as robustness checks we present in section 5, we also 

consider the case where the total amounts of fiscal transfers including tax rebates, equalization 

transfers, and ad hoc transfers are taken into account.
 16

     

3.3 Data 

The panel dataset we use for the quantitative analysis covers 26 provinces in China for the 

years 1995-2009. Similar to the relevant work by Uchimura and Jutting (2009) in using county 

data, we exclude the four province-level municipalities, Beijing, Tianjin, Shanghai, and 

Chongqing for the following two reasons: first, the legal status of counties (and also districts) 

in these municipalities is non-comparable to the counties in other provinces since they may 

differ dramatically in terms of administrative and fiscal status; second, these municipalities 

only have a very limited number of counties, which weakens their representativeness in 

calculating the intra-provincial inequality.
17

  

Since the formal intergovernmental fiscal transfer system was put in place only in 1995,
18

 

we use year 1995 as the starting period in our analysis; the end year of the panel dataset, 2009, 

is the last year that fiscal data at the county level were released. Finally, Tibet is also excluded 

from the sample due to data unavailability. 

                                                        
16 The tax rebate was a compromised outcome to smooth the implementation of the Tax-Sharing reform in 1994. Specifically, 

the tax rebate was introduced to guarantee the vested interests of richer provincial governments prior to the 1994 reform. Its 

essence was to return to the provinces the amounts of VAT, consumption taxes and income taxes that otherwise would have 

gone to these provinces under the old system. By design the tax rebates did not perform any equalization role. The ad hoc 

transfers typically involve the central government response to high-priority emergencies or are generally associated with 

particular programmatic objectives; this type of transfer is usually endowed with strong bargaining features. See Zhang and 

Martinez-Vazquez (2003) for a detailed discussion on the fiscal transfer system in China, and Huang and Chen (2012) and Liu 

et al. (2014) for analyses of its equalization effects.   
17 For example, Shanghai has only one county and Beijing has only two by the year of 2009. 
18 The tax-sharing system reform was implemented in 1994. 
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County-level data used for the calculations of the key variables discussed in the previous 

subsection are taken from the Prefecture, City, and County Public Finance Statistics (Quanguo 

Dishixian Caizheng Tongji Ziliao, 1996-2010), which provides the most detailed and 

disaggregated data on subnational public finances and some basic economic and socio-

economic variables (such as GDP and population). It is also noted that population data at the 

county level for year 2001 and onward are complemented from the China Statistical Yearbook 

for Regional Economy (Zhongguo Quyu Jingji Tongji Nianjian, 2002-2010) as they are no 

longer reported in the previous documents. All other data at the provincial-level are collected 

from various issues of the China Statistical Yearbook and the China Compendium of Statistics 

1949-2008. Table A1 in the Appendix provides a detailed description and sources of all the 

variables, while their summary statistics are reported in Table 1. 

Table 1. Summary statistics               

Variable Mean Std. Dev. Min Max Obs 

wcv_gdppc 0.66 0.25 0.20 1.79 390 

wgini_gdppc 0.31 0.08 0.11 0.55 390 

wtheil_gdppc 0.18 0.11 0.02 0.70 390 

Expenditure decentralization 73.68 8.81 46.25 89.23 390 

Revenue decentralization 80.40 8.58 55.20 99.08 390 

Equalization effort 1  0.32 0.21 -0.02 0.73 390 

Equalization effort 2 0.32 0.20 -0.08 0.73 390 

Equalization effort 3 0.43 0.24 -0.10 0.90 390 

Equalization effort 4 0.34 0.21 -0.31 0.78 390 

GDP per capita, log 1.88 0.62 0.40 3.38 390 

Share of SOEs outputs 0.54 0.21 0.11 0.95 390 

Share of secondary sector 0.44 0.07 0.20 0.58 390 

Urbanization 0.37 0.12 0.16 0.79 380 

Openness 0.22 0.29 0.03 1.58 390 

Schooling 7.52 0.82 4.69 9.24 390 

Inflation 3.11 4.80 -3.20 21.40 390 

Tax reform 2002 0.53 0.50 0 1 390 

W_expdec 76.33 2.66  69.45  81.23  390 

W_revdec 81.26 3.36  74.58  87.89  390 

Perc_mino 0.14 0.17  0.002 0.62  390 
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Tran_dep 0.55 0.14  0.21  0.89  390 

 

4. Empirical Findings 

4.1 Baseline Results 

Table 2 presents the estimation results for our baseline model (1). All specifications are 

estimated using a two-way fixed effects model, correcting for robust standard errors. Overall, 

the baseline model has a R-squared value around 0.65, indicating that 65% of the variation of 

intra-provincial inequality is explained in our model.  

To begin with, we examine the effect of fiscal decentralization on intra-provincial 

inequality by controlling only for the major explanatory variables. Columns (1) and (2) report 

the corresponding results with alternatively considering expenditure decentralization and 

revenue decentralization as the key variable of interest.  

As shown in column (1), the coefficient of expenditure decentralization is positive and 

statistically significant at the 1% level, supporting Hypothesis 1 that an increase of fiscal 

decentralization leads to larger intra-provincial inequality. The estimated coefficient of the 

interaction term between expenditure decentralization and equalization effort is significantly 

negative, confirming Hypothesis 2 in the sense that the partial effect of fiscal decentralization 

on intra-provincial inequality is decreasing with the level of equalization effort exercised by 

the provincial government.  

Turning to the coefficients of revenue decentralization and its interaction term with 

equalization effort (i.e., column (2)), they are consistent with the previous finding that fiscal 

decentralization is positively associated with intra-provincial inequality, while equalization 
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effort of the provincial governments tend to mitigate the detrimental effect of fiscal 

decentralization. 

 In addition, the magnitudes of the coefficients also reveal that the quantitative impacts of 

fiscal decentralization tend to be smaller when it is measured from the revenue side, which in 

turn is consistent with the conventional wisdom that expenditure decentralization appears to be 

a more accurate and practically more meaningful measure of decentralization in China.
19

  

As robustness checks, columns (3) and (4) of Table 2 report the estimated results from 

adding more control variables. As shown, the inclusion of these additional explanatory 

variables does not alter the parameter estimates or conclusions regarding the effects of fiscal 

decentralization on intra-provincial inequality. In both cases, expenditure and revenue 

decentralization remain positive and significant, while the interaction term between fiscal 

decentralization and equalization effort remain negative and significant. 

While the results obtained above are clearly informative, they remain somewhat limited. 

After all, the results do not directly indicate the net partial impact of fiscal decentralization on 

intra-provincial inequality and whether fiscal decentralization has a statistically significant 

impact on intra-provincial inequality when equalization effort of the provincial governments 

does not equal to zero.
20

 Therefore, based on column (3) of Table 2, which contains the full list 

                                                        
19  Under the current Chinese system, tax legislation is highly centralized at the central level and there are virtually no 

autonomy for local governments to determinate either tax bases or tax rates, leading to little formal, institutionalized variations 

of revenue decentralization across provinces. On the contrary, expenditure assignment has never been clearly defined by the 

central government and it was also largely ignored by the central government in the last three decades of intergovernmental 

fiscal relations reform in China, resulting in large direction for provincial governments to set up their own arrangements within 

the provinces. Thus, it appears that measuring fiscal decentralization on the expenditure side is more meaningful in the Chinese 

context. Additional, while the current tax-sharing system (which was implemented in 1994) re-centralized revenue assignments, 

there has been considerable devolution of expenditure responsibilities to local governments. More importantly, the vertical 

imbalances caused by the opposite trends in revenue centralization and expenditure decentralization have not been adequately 

offset by intergovernmental transfers (see for example, Zhang and Martinez-Vazquez, 2003; Liu et al., 2015). Our calculation 

of the simple correlation coefficient (based on our sample data) also indicates a modest correlation between revenue 

decentralization and expenditure decentralization (i.e., 0.65). 
20 In specifications with interaction terms, the statistical significance of an individual variable does not necessarily imply that 

the marginal effect of it is statistically significant (see Brambor et al. 2006). 
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of control variables in the specification and focuses on expenditure decentralization, we 

graphically illustrate in Figure 1 (a) the marginal effect of fiscal decentralization on intra-

provincial inequality across the observed range of equalization effort of the provincial 

governments.  

The solid sloping line indicates how the marginal effect of fiscal decentralization changes 

as equalization effort of the provincial governments increases; while the two dashed lines, 

representing the 95% confidence intervals, allow us to determine the conditions under which 

fiscal decentralization has a statistically significant effect on intra-provincial inequality---the 

net effect of fiscal decentralization is significant whenever the upper and lower bounds of the 

confidence interval are both above (or below) the zero line.  

As indicated in Figure 1 (a), the level of equalization effort, such that the partial effect of 

fiscal decentralization is zero, is 0.646. This takes place approximately on the top 2.5th 

percentile from provinces with the highest effort in equalizing fiscal resources within the 

provinces. In other words, the partial effect of fiscal decentralization is positive if the level of 

equalization effort is below the threshold of 0.646 (i.e., 97.5% of our sample) and is negative if 

the level of equalization effort is above the threshold (i.e., 2.5% of our sample). Nevertheless, 

looking at the 95% confidence intervals of the estimates, it clearly indicates that for those 

provinces in certain years with equalization effort exceeding the threshold of 0.646, the partial 

effect of fiscal equalization is statistically insignificant.  

Quantitatively, evaluating at the sample mean of equalization effort (i.e., 0.32, see Table 

1), the estimated partial effect of fiscal decentralization is 0.011, implying that a one-

percentage point increase in the measure of expenditure decentralization increases intra-
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provincial inequality by 0.011 points---a value that is equivalent to 1.7% of the sample average 

value of intra-provincial inequality across provinces and years. 

Regarding the other variables included in the model, the equalization effort variable (in 

levels) has a positive and significant coefficient; however, considering together with the 

negative and significant coefficient of the interaction term, the net partial effect of equalization  

               Table 2. Main results: fixed effects estimation  

 (1) (2) (3) (4) 

Expenditure decentralization 0.022***  0.021***  

 (4.160)  (4.193)  

Revenue decentralization  0.010***  0.010*** 

  (3.282)  (3.258) 

Equalization effort 1 2.303*** 1.827*** 2.273*** 1.829*** 

 (3.839) (4.340) (3.880) (4.339) 

Expenditure decentralization -0.033***  -0.033***  

   × Equalization effort 1 (-4.202)  (-4.241)  

Revenue decentralization  -0.026***  -0.026*** 

   × Equalization effort 1  (-4.666)  (-4.632) 

GDP per capita, log 0.392* 0.525** 0.404* 0.523** 

 (1.772) (2.161) (1.800) (2.155) 

GDP per capita, squared  0.044 0.017 0.043 0.015 

 (1.503) (0.510) (1.438) (0.431) 

Share of SOEs outputs 0.292* 0.220 0.287* 0.174 

 (1.872) (1.420) (1.809) (1.081) 

Share of secondary sector 0.614 1.179** 0.599 1.116** 

 (1.408) (2.432) (1.372) (2.357) 

Urbanization -0.183** -0.163** -0.192** -0.169* 

 (-2.134) (-1.976) (-2.188) (-1.964) 

Openness 0.047 0.163* 0.056 0.181* 

 (0.523) (1.668) (0.616) (1.818) 

Tax reform 2002   -0.671*** -0.804*** 

   (-3.306) (-3.760) 

Inflation    0.006 0.005 

   (0.663) (0.568) 

Schooling   0.012 0.056 

   (0.355) (1.556) 

Constant -2.424*** -1.997*** -2.606*** -2.419*** 

 (-4.327) (-3.745) (-3.951) (-3.697) 

     

Province fixed effects Yes Yes Yes Yes  

Year fixed effects Yes Yes Yes Yes  
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Observations 380 380 380 380 

R-squared 0.652 0.640 0.653 0.642 

Note: Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 

 

Figure 1. Marginal Effect of Fiscal Decentralization on Intra-provincial Inequality 

 
Notes: figure (a) and (b) are illustrated based on the results of column (3) in Table 2 and 

Table 3a, respectively. Solid lines represent the estimated marginal effect of fiscal 

decentralization on intra-provincial inequality. Dashed lines represent confidence interval 

based on 95% confidence level for individual coefficients. 

 

effort depends on the level of fiscal equalization. Nevertheless, evaluating at the sample mean 

value of any of the two fiscal decentralization indicators, the net partial effect of equalization 

effort is always negative and significant, suggesting that, on average, a higher level of 

equalization effort by provincial governments is associated with a lower level of intra-

provincial economic disparities.  
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All other control variables in general have statistically significant coefficients and the 

results are mostly consistent with those we predicted. Real GDP per capita along with the two 

measures of economic structure, the share of secondary industry in total GDP and the share of 

SOEs outputs in total industrial output, have positive and significant coefficients, indicating 

that the provincial economic development and industrialization process tend to enlarge regional 

inequality within provinces. The coefficient of the squared term of real GDP per capita turns 

out to be statistically insignificant, which suggests that the Chinese provinces are still on the 

upward sloping part of the Kuznets curve.  

Consistent with previous studies, urbanization is found to be an effective element in 

reducing intra-provincial inequality in China, while trade openness contributes to larger 

regional inequality within provinces, though this effect tends to be statistically significant only 

at the margins in some specifications. Moreover, both human capital and inflation appear to 

enlarge regional inequality within provinces, although they are in general statistically 

insignificant. The 2002 income tax reform tends to significantly reduce intra-provincial 

inequality---in a broad sense supporting our expectation that the centralization of revenues 

should help reduce regional inequality. 

4.2 Instrumental Variables 

A potential concern is that the endogeneity of fiscal decentralization may bias our 

estimates in Table 2. Endogeneity may be present because the deterioration of intra-provincial 

inequality may lead to a strong demand for centralization and so lower the level of fiscal 

decentralization and increase equalization efforts within provinces. A more subtle argument for 

the existence of the endogeneity of fiscal decentralization is implied by the findings of Sacchi 

and Salotti (2014). These authors find evidence that high regional economic disparities are 
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associated with lower levels of fiscal decentralization in OECD countries for the years 1981-

2005.  

Previous studies on the impacts of fiscal decentralization have also acknowledged the 

potential endogeneity bias in their estimates, though they do not explicitly control for it,
21

---to 

a large extent due to small sample sizes and the lack of good instruments (e.g., Zhang and Zou 

1998; Lin and Liu 2000; Jin et al. 2005; Qiao et al. 2008). In this subsection, we account for 

the potential endogeneity issue of fiscal decentralization and equalization by using an 

instrumental variable approach. The instruments we use include one-period lagged values of: (i) 

the weighted average of fiscal decentralization from the neighboring provinces (weighed by 

both the inverse of the distance between provinces and the population size of the provinces
22

); 

(ii) the share of minority population in total population of the province;
23

 and (iii) the degree of 

transfer dependence experienced by sub-provincial governments.  

More specifically, the weighted average of fiscal decentralization from the neighboring 

provinces and the share of minority population in total population of the provinces, both lagged 

one time period, are employed as instruments for decentralization indicators. The validity of 

the first instrument is justified by the fact that the design of fiscal decentralization policy in a 

province will be correlated with the design of the decentralization policies in the neighboring 

policies because of their geographical similarity and their potential competitive and mimicking 

behaviors; while intra-provincial inequality in a province should have virtually no direct 

                                                        
21 Fisman and Gatti (2002) and Iimi (2005) are the two exceptions in the literature.  
22 That is, the weight is a product of the inverse of the distance between provinces and the population size of the provinces. By 

this construction, we assume that geographically closer provinces interact more strongly with each other, and provinces with 

larger population exert more influence on the settings of the neighboring provinces’ policies.  
23 Data on minority population of the provinces was obtained from various issues of the “Major Figures on Population Census 

of China”. 
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impact on the design of fiscal decentralization of the neighboring provinces in the preceding 

year.  

The share of minority population in total population, representing the ethnic diversity in 

the province, captures the diversified need of public services at the local level and it so may 

exert an influence on the design of fiscal decentralization within the provinces; while on the 

other hand, intra-provincial inequality should have no impact on the inherent demographic 

feature of the provinces.  It is precisely these features that make the two instruments to be 

correlated with the decentralization indicators but not with trend of intra-provincial inequality 

over time and therefore work as good instruments.  

The one-period lag of transfer dependence of sub-provincial governments, measured as 

the ratio of total sub-provincial fiscal transfers to total sub-provincial expenditures, is used as 

an instrument for the equalization effort of provincial governments. The rationale is that the 

larger is the participation of fiscal transfers in total expenditures, the more flexibility or the 

more room there is to pursue an equalization objective by the provincial governments.
24

  

At the same time, the distributional patterns of regional development within provinces 

appears to be less relevant for explaining the level of transfer dependence of the provinces; for 

instance, according to our data, both Guangdong province (a rich province in the coastal region 

of China) and Gansu province (a poor province in the western region of China) have a large 

degree of intra-provincial disparity; however, the level of transfer dependence varies 

substantially in these two provinces with Guangdong having a considerably lower degree of 

transfer dependence than Gansu. This is so because the level of transfer dependence of a 

                                                        
24  As mentioned previously, under the current hierarchical system of China, although the central government directly 

determines the amount of transfers to local governments, practically, all central government transfers have to go through the 

provincial governments before reaching the various layers of sub-provincial governments (prefectures, counties and 

townships); thus, provincial governments enjoy a substantial degree of discretion in designing their own equalization policies 

to meet their diversified policy objectives. 
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province is mostly determined by the aggregated fiscal gap between sub-provincial revenues 

and sub-provincial expenditures, rather than the regional pattern of economic development 

within the provinces. This makes the level of transfer dependence a good instrument for the 

equalization effort of the provinces. Finally, the interaction term between fiscal 

decentralization and equalization is instrumented by the corresponding interaction terms 

between the proposed instruments.  

Tables 3a and 3b document the results we obtain utilizing the instrumental variable 

method, where fiscal decentralization, equalization effort, and the interaction term between the 

two variables are treated as endogenous variables. The Hansen J Statistic of over-identification 

restriction as well as some other tests are implemented to test the validity of the instruments. 

For all specifications presented, the Hansen statistic (p-value) noted at the bottom of Table 3a 

is higher than 0.30, implying that we cannot reject the null hypothesis of no correlation 

between the instruments and the error term in the regressions.  

We then checked whether the instruments are closely related to the three endogenous 

variables, which is another requirement for valid instruments. To investigate this, we regress 

the three endogenous variables on the instruments plus the included exogenous variables in 

each specification, and then performed F-tests for the joint significance of the instruments in 

these regressions. These complete first stage results are reported in the Appendix Table A2.
25

  

Table 3a. Main results: fixed effects with IVs estimation  

 (1) (2) (3) (4) 

Expenditure decentralization 0.043***  0.043***  

 (3.392)  (3.491)  

Revenue decentralization  0.027***  0.025*** 

  (3.214)  (3.158) 

Equalization effort 1 3.842*** 3.625*** 3.871*** 3.554*** 

                                                        
25 For space reason, we only report the first-stage estimation results for specifications controlling for the full list of explanatory 

variables in the Appendix Table A2. 
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 (2.886) (3.479) (2.880) (3.380) 

Expenditure decentralization -0.048***  -0.048***  

   × Equalization effort 1 (-2.850)  (-2.848)  

Revenue decentralization  -0.040***  -0.039*** 

   × Equalization effort 1  (-3.492)  (-3.396) 

GDP per capita, log 0.211 0.779*** 0.212 0.747*** 

 (1.107) (3.011) (1.096) (2.928) 

GDP per capita, squared  0.080*** 0.001 0.080*** 0.001 

 (2.743) (0.015) (2.736) (0.029) 

Share of SOEs outputs 0.439*** 0.324* 0.429*** 0.260 

 (2.620) (1.783) (2.743) (1.505) 

Share of secondary sector 0.580 1.134** 0.557 1.081** 

 (1.307) (2.301) (1.255) (2.191) 

Urbanization -0.315*** -0.270*** -0.317*** -0.266*** 

 (-2.756) (-2.634) (-2.853) (-2.628) 

Openness 0.142 0.366*** 0.146 0.382*** 

 (1.339) (2.778) (1.374) (2.860) 

Tax reform 2002   -0.651*** -0.781*** 

   (-4.596) (-4.644) 

Schooling   0.003 0.003 

   (0.244) (0.301) 

Inflation   0.014 0.062 

   (0.379) (1.481) 

Constant -3.876*** -4.243*** -3.369*** -3.748*** 

 (-4.096) (-3.535) (-3.707) (-3.131) 

     

Province fixed effects Yes Yes Yes Yes  

Year fixed effects Yes Yes Yes Yes  

Observations 356 356 356 356 

R-squared 0.612 0.574 0.611 0.581 

Cragg-Donald F Statistic 9.004 6.364 9.480 6.413 

Hansen J statistic (p-value) 0.862 0.457 0.832 0.322 

Note: Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 

 

Table 3b. Validity of the instruments 

Specification: (1) (2) (3) (4) 

Endogenous variable: Fiscal Decentralization  

Shea partial R
2 

0.148 0.199 0.155 0.201 

Partial R
2
 0.139 0.201 0.147 0.195 

F-statistic 11.15 14.17 11.59 13.90 

     

Endogenous variable: Fiscal Equalization 

Shea partial R
2 

0.164 0.257 0.166 0.255 

Partial R
2
 0.183 0.180 0.177 0.175 

F-statistic 18.05 17.86 17.36 17.22 
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Endogenous variable: Fiscal Decentralization*Fiscal Equalization 

Shea partial R
2 

0.181 0.325 0.180 0.322 

Partial R
2
 0.206 0.183 0.197 0.180 

F-statistic 18.21 18.74 16.96 18.64 

Note: Instruments test for regressions presented in Table 3a.  

 

 

As summarized in Table 3b, for all specifications the F statistic is always over 10, indicating 

that our instruments are indeed significantly associated with the three endogenous variables. 

Moreover, we estimate the Shea’s partial R-squared, which is a measure of the relevance of 

instrumental variables in the case of multiple endogenous variables (Shea, 1997).
26

 As a rule of 

thumb, if an estimated equation yields a large value of the standard partial R-squared and a 

small value of the Shea’s measure of R-squared, one may conclude that the instruments lack 

sufficient relevance to explain all the endogenous regressors, and the model may be essentially 

unidentified (Baum et al. 2003). As we can see in Table 3b, there is no a significant difference 

between the Shea’s partial R-squared and the standard partial R-squared of excluded 

instruments; this again suggests that the instruments do indeed provide identifying information.  

Comparing the results in Tables 3a and 2 confirms our earlier findings: fiscal 

decentralization leads to larger regional inequality within provinces while equalization efforts 

by provincial governments help reduce the detrimental effects of fiscal decentralization on 

regional equality, with the parameter estimates in Table 3a being larger than those in Table 2, 

confirming our expectations that taking endogeneity into account would lead to higher 

estimated inequality impacts.  Similarly, we present the new marginal effect of fiscal 

decentralization in Figure 1(b), based on column (3) of Table 3a. As shown, the corresponding 

                                                        
26 Shea’s partial R-squared can pinpoint the possible presence of weak instruments if the partial R-squared is sufficiently small. 
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points along the solid sloping line in Figure 1(b) is everywhere higher than that in Figure 1(a), 

and the marginal effect of fiscal decentralization remains positive across the entire observed 

range of equalization effort of the provincial governments, though it is not always statistically 

significant.  

 

5. Robustness Checks 

In order to test for the robustness of the main results, we conduct sensitivity analyses 

along two dimensions: using alternative measures of intra-provincial inequality and using 

alternative measures of equalization effort by provincial governments, respectively.  In all 

robustness checks, we find results from the completed specifications equivalent to those in 

columns (3) and (4) of Tables 2 and 3 with and without correcting for the endogeneity issue.  

5.1 Alternative Measure of Regional Inequality  

Our first round for checking the robustness of our results consists of using alternative 

known measures of regional inequality. This may be important because different measures of 

inequality rely on varied approaches to the aggregation of information contained in the 

distribution, which in turn may lead to different orderings of the distribution analyzed (Ezcurra 

and Pascual 2008; Rodriguez-Pose and Ezcurra 2010). For this reason, we re-calculate the 

measures of intra-provincial inequality and equalization effort using two other measures of 

inequality that have been widely used in the literature on personal income distribution and in 

the study of regional inequality (e.g., Terrasi 1999; Ezcurra and Pascual 2008; Rodriguez-Pose 

and Ezcurra 2010): They are the Gini coefficient and the Theil index. These two indices can be 

respectively calculated as follows,   

𝐺𝑖𝑡 =
1

2𝜇𝑖𝑡
∑ ∑ 𝑝𝑗𝑡𝑝𝑘𝑡|𝑦𝑗𝑡 − 𝑦𝑘𝑡|

𝑛𝑖
𝑘=1

𝑛𝑖
𝑗=1                                                     (4) 
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and  

𝑇𝑖𝑡 = ∑ 𝑝𝑗𝑡 (
𝑦𝑗𝑡

𝜇𝑖𝑡
) log(

𝑦𝑗𝑡

𝜇𝑖𝑡
)

𝑛𝑖
𝑗=1                                                     (5) 

where both j and k denote counties; and the rest of the notation is the same as that in equation 

(2). Note that these two indices also satisfy the requirements that they are independent of the 

number of regions considered, the scale and population size of the regions, and the Pigou-

Dalton transfer principle. 

Tables 4 and 5 summarize the results corresponding to the alternative measures of intra-

provincial inequality and equalization effort of provincial governments using the Gini 

coefficient and the Theil index.  The results again suggest that greater levels of expenditure and 

revenue decentralization lead to larger regional inequality within provinces, whereas greater 

equalization efforts by provincial governments help offset the detrimental effects of fiscal 

decentralization on regional inequality. Quantitatively, it would appear that the effect of fiscal 

decentralization on intra-provincial inequality becomes smaller when these alternative 

measures of inequality are adopted; however, this is, in large part, due to an overall smaller 

value of intra-provincial inequality measured by these indices (see Table 1).   

 

Table 4. Robustness checks: Gini measure of regional inequality    

 Fixed Effects  Fixed Effects+IVs 

 (1) (2)  (3) (4) 

Expenditure decentralization 0.005***   0.006**  

 (3.983)   (2.278)  

Revenue decentralization  0.002***   0.003 

  (2.680)   (1.585) 

Equalization effort 2 0.620*** 0.482***  0.391 0.637** 

 (4.224) (3.478)  (1.150) (2.294) 

Expenditure decentralization -0.009***   -0.005  

   × Equalization effort 2 (-4.502)   (-1.146)  

Revenue decentralization  -0.006***   -0.007** 

   × Equalization effort 2  (-3.735)   (-2.371) 

GDP per capita, log 0.130* 0.150**  0.123** 0.186*** 
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 (1.840) (2.058)  (2.214) (2.853) 

GDP per capita, squared  0.009 0.003  0.009 0.002 

 (1.045) (0.345)  (1.125) (0.207) 

Share of SOEs outputs 0.047 0.017  0.076* 0.017 

 (0.973) (0.337)  (1.673) (0.326) 

Share of secondary sector 0.212 0.354**  0.273** 0.346*** 

 (1.633) (2.537)  (2.373) (2.663) 

Urbanization -0.047* -0.049*  -0.065** -0.053** 

 (-1.748) (-1.907)  (-2.376) (-2.218) 

Openness 0.027 0.059**  0.054* 0.099*** 

 (0.916) (1.975)  (1.916) (2.914) 

Tax reform 2002 -0.231*** -0.267***  -0.180*** -0.212*** 

 (-3.502) (-3.910)  (-4.801) (-5.044) 

Inflation  -0.000 -0.000  -0.001 -0.001 

 (-0.087) (-0.100)  (-0.443) (-0.442) 

Schooling -0.002 0.011  0.009 0.013 

 (-0.158) (0.908)  (0.832) (1.151) 

Constant -0.504*** -0.479***  -0.457** -0.447 

 (-2.966) (-2.645)  (-2.114) (-1.422) 

      

Province fixed effects Yes Yes   Yes Yes 

Year fixed effects Yes Yes   Yes Yes 

Observations 380 380  356 356 

R-squared 0.747 0.736  0.758 0.748 

Cragg-Donald F Statistic    6.165 4.948 

Hansen J statistic (p-value)    0.506 0.152 

Note: Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 

 

Table 5. Robustness checks: Theil index measure of regional inequality 

 Fixed Effects  Fixed Effects+IVs 

 (1) (2)  (3) (4) 

Expenditure decentralization 0.007***   0.020***  

 (3.047)   (2.767)  

Revenue decentralization  0.004***   0.011*** 

  (2.667)   (2.673) 

Equalization effort 3 0.531** 0.622***  1.067* 1.331*** 

 (2.486) (3.655)  (1.909) (2.699) 

Expenditure decentralization -0.008***   -0.014*  

   × Equalization effort 3 (-2.789)   (-1.916)  

Revenue decentralization  -0.008***   -0.015*** 

   × Equalization effort 3  (-4.119)   (-2.806) 

GDP per capita, log 0.172 0.218*  0.132 0.389*** 

 (1.574) (1.946)  (1.574) (3.284) 

GDP per capita, squared  0.009 0.002  0.013 -0.018 
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 (0.653) (0.137)  (1.147) (-0.979) 

Share of SOEs outputs 0.116 0.046  0.216*** 0.081 

 (1.597) (0.636)  (2.939) (1.023) 

Share of secondary sector 0.510** 0.619***  0.493** 0.577*** 

 (2.393) (2.831)  (2.375) (2.661) 

Urbanization -0.072* -0.049  -0.120** -0.066* 

 (-1.921) (-1.380)  (-2.482) (-1.732) 

Openness 0.050 0.094**  0.063 0.165*** 

 (1.157) (2.021)  (1.438) (2.913) 

Tax reform 2002 -0.318*** -0.386***  -0.247*** -0.314*** 

 (-3.100) (-3.771)  (-4.120) (-4.555) 

Inflation  0.001 0.001  0.000 0.000 

 (0.266) (0.171)  (0.051) (0.092) 

Schooling 0.017 0.031*  0.015 0.030 

 (1.027) (1.749)  (0.791) (1.461) 

Constant -1.234*** -1.169***  -1.779*** -1.816*** 

 (-3.785) (-3.740)  (-3.363) (-2.902) 

      

Province fixed effects Yes Yes   Yes Yes 

Year fixed effects Yes Yes   Yes Yes 

Observations 380 380  356 356 

R-squared 0.627 0.627  0.583 0.586 

Cragg-Donald F Statistic    7.915 5.444 

Hansen J statistic (p-value)    0.166 0.461 

Note: Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 

 

5.2 Alternative Measure of Equalization Efforts 

Lastly, it was noted earlier that in the calculation of equalization effort of provincial 

governments, we have only considered the equalization transfers component, which, from a 

normative perspective, appears to be the best way to capture the equalization intention of 

provincial governments. Nevertheless, it also seems to be warranted, as further robustness 

checks, to consider the case where the total amount of fiscal transfers is used in the calculation 

of the equalization effort; due to the bargaining features of the transfer system in China, some 

other components of transfers (for example, the ad hoc transfers) may also result in a certain 

degree of equalization effects (e.g., Huang and Chen 2012; Liu et al. 2014).  
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To investigate this, we re-calculate the equalization effort indicator based on the 

distribution of total fiscal transfers within provinces and re-calculate equation (2). The results 

are presented in Table 6. The results are quite comparable to those in Tables 2 and 3 where we 

do and do not control for endogeneity, confirming our conclusions on the roles of fiscal 

decentralization and fiscal equalization. The magnitudes of the estimated coefficients for fiscal 

equalization are a bit smaller. This may be an indication that the other components of the 

transfer system may not be as equalizing as our primary measure of equalization effort based 

on equalization transfers only.  

Table 6. Robustness checks: alternative measure of equalization effort    

 Fixed Effects  Fixed Effects+IVs 

 (1) (2)  (3) (4) 

Expenditure decentralization 0.018***   0.040***  

 (3.595)   (3.355)  

Revenue decentralization  0.008***   0.030*** 

  (2.810)   (2.771) 

Equalization effort 3 1.898*** 1.555***  3.838*** 3.023*** 

 (3.165) (3.964)  (2.861) (2.833) 

Expenditure decentralization -0.027***   -0.051***  

   × Equalization effort 3 (-3.185)   (-2.695)  

Revenue decentralization  -0.020***   -0.032*** 

   × Equalization effort 3  (-3.910)   (-2.731) 

GDP per capita, log 0.406* 0.476**  0.403* 0.999*** 

 (1.827) (2.067)  (1.857) (3.008) 

GDP per capita, squared  0.040 0.015  0.057** -0.043 

 (1.330) (0.458)  (1.993) (-0.904) 

Share of SOEs outputs 0.309** 0.243  0.474*** 0.583** 

 (2.012) (1.578)  (2.773) (2.361) 

Share of secondary sector 0.772* 1.095**  0.589 0.913* 

 (1.730) (2.340)  (1.284) (1.746) 

Urbanization -0.209** -0.177**  -0.258** -0.236** 

 (-2.384) (-2.081)  (-2.310) (-2.067) 

Openness 0.073 0.206**  0.131 0.406*** 

 (0.804) (2.060)  (1.256) (2.635) 

Tax reform 2002 -0.733*** -0.797***  -0.688*** -0.741*** 

 (-2.844) (-3.626)  (-4.485) (-3.664) 

Inflation  0.005 0.005  0.002 0.006 

 (0.536) (0.534)  (0.165) (0.487) 
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Schooling 0.033 0.060*  0.023 0.048 

 (0.942) (1.650)  (0.595) (1.069) 

Constant -2.460*** -2.239***  -3.465*** -4.682*** 

 (-3.625) (-3.526)  (-3.678) (-2.791) 

      

Province fixed effects Yes Yes   Yes Yes 

Year fixed effects Yes Yes   Yes Yes 

Observations 380 380  356 356 

R-squared 0.639 0.636  0.609 0.526 

Cragg-Donald F Statistic    9.487 2.406 

Hansen J statistic (p-value)    0.661 0.128 

Note: Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 

 

6. Discussion and Conclusion  

The link between fiscal decentralization and regional inequality has long been debated in 

the literature. Empirical evidence has been mixed even when the studies have only focused on 

the same group of countries (e.g., OECD countries). After carefully assessing this issue in the 

Chinese institutional context, we hypothesize that fiscal decentralization is likely to result in 

larger regional inequality, while the equalization effort exercised by provincial governments is 

likely to work as an effective tool in correcting some of the detrimental effects of fiscal 

decentralization. These two hypotheses are tested by employing county-level panel data, where 

fiscal decentralization, equalization and regional inequality are all measured at the sub-

provincial level.   

Our results provide strong support to the two hypotheses. These results are also shown to 

be robust across different specifications, alternative measures of intra-provincial inequality, 

and alternative measures of fiscal decentralization and equalization efforts by provincial 

governments. The impact of fiscal decentralization on economic inequality fits with the story 
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presented by Rodriguez-Pose and Ezcurra (2010) and Lessmann (2012). Namely, in a 

developing context, decentralization may result in greater regional inequalities. 
27

 

In light of the fact that a large part of regional inequality in China arises from intra-

provincial inequality, it is surprising to see that these two factors (fiscal decentralization and 

equalization efforts) contributing to this type of inequality have been so rarely investigated in 

the literature. Thus, our study contributes to a better understanding of the general determinants 

of intra-provincial inequality and to the overall regional inequality in China, with a particular 

emphasis on the role played by the fiscal decentralization policies pursued by provincial 

governments.  

From a policy perspective, the main results of this study provide valuable insights for how 

to reduce regional inequality within provinces, if that is the policy objective of the central 

government or provincial governments.  

First, in China the subnational government share in public expenditures is significantly 

larger than is the case even in the most decentralized countries. This is largely due to the fact 

that many social expenditure responsibilities in public welfare, including unemployment 

compensation and pensions, have been long assigned to subnational governments, especially at 

the lowest level (Liu et al. 2015). Therefore there is plenty of scope for China’s central 

government to reassign and centralize those expenditure responsibilities that currently are 

wrongly assigned since expenditures on social welfare and unemployment compensation 

should be the domain of the central government. As we have seen in this paper, this type of 

policy would contribute significantly towards regional convergence in China.  

                                                        
27 A different pattern is observed in developed economies (Akai and Sakata 2009; Lessmann 2012) 
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 The second set of findings in this paper reinforces the traditional wisdom highlighting the 

importance of maintaining an effective equalization program for the successful implementation 

of a decentralized system. The question remains open on whether provincial governments are 

currently sufficiently involved in implementing equalization programs pursuing more balanced 

regional development and more equal access to public services for their residents. Greater 

equalization efforts at the provincial level will require further increasing the overall pool of 

funds dedicated to equalization and making this increased funding more stable and predictable, 

for example by adopting an explicit funding rule for the available pool of funds. Because 

provincial governments still have considerable discretion in setting these and other forms of 

fiscal interactions with their subordinate governments, the central authorities need to weigh the 

need for introducing minimum performance standards in matters of equalization at the 

provincial level.    

There is more that central authorities can do to increase regional convergence. As Shankar 

and Shah (2003) have pointed out, past interventionist policies by central governments aiming 

to promote regional development often have resulted in regional divergence. In the Chinese 

case, during the 1980s and early 1990s removing barriers to factor mobility and the opening of 

economic development zones were essential to economic prosperity and greater inequality 

across the regions. Further liberalization of factor mobility, including the removal of the 

internal migration (e.g., Hukou) restrictions, should further contribute to regional convergence.  

But in fact when it comes to the minimum standards of basic services people are demanding in 

their regions, the Chinese institutional context in recent years has proved that a proactive 

approach, to some extent using interventionist policies, has been quite instrumental in reducing 

regional inequality: through an improved centrally orchestrated equalization effort less 
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developed regions are being equipped with improved fiscal capacity, although this effort may 

still be falling short (Liu et al. 2014), calling for  substantially increased central equalization 

transfers.  

 

7. Appendix  

 

See tables A1, A2. 

 

Table A1. Description of variables and sources 
Variable Definition Source 

wcv_gdppc Population-weighted coefficient of variation of per 

capita county GDP 

Prefecture, City, and County Public 

Finance Statistics (PCCPFS); and 

Authors’ calculations 

wgini_gdppc Population-weighted Gini coefficient of per capita 

county GDP 

PCCPFS and Authors’ calculations 

wtheil_gdppc Population-weighted Theil index of per capita 

county GDP 

PCCPFS and Authors’ calculations 

Expenditure decentralization Sub-provincial expenditure as a share of total 

expenditure of the province  

PCCPFS and Authors’ calculations 

Revenue decentralization Sub-provincial revenue as a share of total revenue of 

the province 

PCCPFS and Authors’ calculations 

Equalization effort 1  Percentage change of intra-provincial inequality in 

fiscal revenue before and after taking into account 

the equalization transfers received; based on C.V. 

measure 

PCCPFS and Authors’ calculations 

Equalization effort 2 Percentage change of intra-provincial inequality in 

fiscal revenue before and after taking into account 

the equalization transfers received; based on Gini 

coefficient measure 

PCCPFS and Authors’ calculations 

Equalization effort 3 Percentage change of intra-provincial inequality in 

fiscal revenue before and after taking into account 

the equalization transfers received; based on Theil 

index measure 

PCCPFS and Authors’ calculations 

Equalization effort 4 Percentage change of intra-provincial inequality in 

fiscal revenue before and after taking into account 

the total transfers received; based on C.V. measure 

PCCPFS and Authors’ calculations 

GDP per capita, log Real GDP per capita, log China Statistical Yearbook 

Share of SOEs outputs The share of SOEs outputs in total industrial outputs China Statistical Yearbook 

Share of secondary sector The share of secondary sector in total GDP China Compendium of Statistics 

1949-2008 

Urbanization The share of urban population in total population China Compendium of Statistics 

1949-2008 

Openness The ratio of total trade (exports and imports) to GDP China Statistical Yearbook 

Schooling Average years of schooling of population Chen et al. (2004) and Authors’ 

calculations  

Inflation Annual percentage change in consumer price index China Statistical Yearbook 

Tax reform 2002 =1 if year 2002 and after; 0 otherwise Authors’ calculations 

W_expdec The weighted average of expenditure 

decentralization from the neighboring provinces 

Authors' calculations 

W_revdec The weighted average of revenue decentralization 

from the neighboring provinces 

Authors' calculations 

Perc_mino The share of minority population in total population Authors' calculations 
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of the province 

Tran_dep The ratio of total sub-provincial fiscal transfers to 

total sub-provincial expenditures 

PCCPFS and Authors’ calculations 
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Table A2: First-stage estimation results for the IV estimations 
 Column (3) in Table 3a  Column (4) in Table 3a 

Endogenous 

variable  

Expenditure 

decentralizatio

n 

Equalization 

effort 

Expenditure 

decentralizatio

n*equalization 

effort  

 Revenue 

decentralization 

Equalization 

effort 

Revenue 

decentralization

*equalization 

effort  

        

W_expdec, t-1  -3.167*** -0.010 -0.934     

   (-5.919) (-0.667) (-0.836)     

W_revdec, t-1     -3.220*** -0.001 -2.014** 

     (-5.894) (-0.072) (-2.098) 

Perc_mino, t-1 72.978*** 2.983*** 262.854***  -18.863 2.775*** 226.111*** 

 (3.627) (5.365) (5.939)  (-0.640) (4.988) (4.934) 

Tran_dep, t-1 -190.272*** -1.453 -174.612**  -106.049* -0.730 -269.755*** 

 (-4.758) (-1.461) (-2.303)  (-1.895) (-0.734) (-3.223) 

W_expdec* 2.465*** 0.025* 2.718***     

     Tran_dep, t-1 (4.676) (1.938) (2.705)     

W_revdec*     1.262* 0.014 3.660*** 

     Tran_dep, t-1     (1.875) (1.187) (3.577) 

Perc_mino* -33.959*** -1.086*** -116.552***  3.678 -0.836*** -70.238*** 

      Tran_dep, t-1 (-3.968) (-4.639) (-6.411)  (0.262) (-3.424) (-3.380) 

GDP per capita,  4.782 0.110 12.472*  -27.095*** 0.169* 9.294 

      log (1.452) (1.231) (1.858)  (-5.815) (1.917) (1.312) 

GDP per capital,  0.182 0.002 0.097  4.850*** -0.016 -0.720 

squared (0.329) (0.159) (0.083)  (5.988) (-1.197) (-0.678) 

Share of SOEs  -7.252*** 0.022 -3.908  -14.416*** 0.019 -9.404 

     outputs (-2.613) (0.273) (-0.676)  (-4.151) (0.229) (-1.401) 

Share of secondary  -2.423 -0.434** -40.328***  13.139 -0.417** -24.061 

     sector (-0.305) (-2.153) (-2.793)  (1.229) (-2.027) (-1.429) 

Urbanization 1.666 -0.049 -3.957  5.802** -0.027 -0.957 

 (0.726) (-0.859) (-0.902)  (2.005) (-0.464) (-0.206) 

Openness 4.279** -0.052 -3.560  0.587 -0.064 -3.485 

 (2.021) (-1.210) (-0.947)  (0.310) (-1.542) (-0.994) 

Tax reform 2002 16.850*** 0.007 0.163  -3.284 0.075 4.227 

 (4.460) (0.064) (0.019)  (-0.848) (1.213) (0.794) 

Inflation  0.319** 0.002 0.327  -0.017 0.003 0.172 

 (2.577) (0.471) (0.995)  (-0.093) (0.598) (0.471) 

Schooling -0.223 -0.019 -2.771*  0.094 -0.019 -1.208 

 (-0.349) (-0.988) (-1.904)  (0.127) (-0.997) (-0.796) 

Constant 261.755*** -0.322 -11.426  400.092*** -1.001 95.154 

 (6.470) (-0.313) (-0.144)  (7.999) (-0.998) (1.039) 

        

Observations 356 356 356  356 356 356 

Note: Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 
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