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A B S T R A C T   

Whereas numerous studies have evaluated the effects of public research and development (R&D) 
support programs and R&D tax incentives on private R&D, little is known about local govern-
ments’ fiscal incentives for R&D. In this study, we build a conceptual framework to clarify the 
critical role of local land supply in relation to fiscal expenditure on R&D. We treat the estab-
lishment of China’s nine Land Supervision Bureaus in 2006 as a quasi-natural experiment, and 
run a difference-in-differences regression to identify causality. The results show that local gov-
ernments allocate more fiscal expenditure to R&D in response to land-use supervision, which 
monitors illegal land granting behaviors, and this effect is stronger in cities where leaders have 
higher political career incentives and cities with greater fiscal decentralization. Moreover, we find 
that land-use supervision increases the probability and scale of firms’ access to government 
subsidies for R&D; thus, enhancing regional innovation capacity. Our findings document that 
China’s land resource is a curse for its innovation-driven growth as it impedes local governments’ 
fiscal incentives for R&D.   

1. Introduction 

Innovation is an important driving force for long-run economic growth (Romer, 1990; Solow, 1957). However, economists 
generally agree that the market fails to provide sufficient quantities of research and development (R&D) as it has some characteristics 
of a public good (Hall & Reenen, 2000). In particular, R&D activities inherently entail market failures due to incomplete appropri-
ability of the returns, so private firms invest in R&D activities below the socially optimal level, leading to the necessity of government 
funding (Lokshin & Mohnen, 2013; Montmartin & Herrera, 2015; Zhao & Ziedonis, 2020). In the past decades, substantial studies have 
investigated the effect of public R&D support programs on private R&D (David, Hall, & Toole, 2000; Howell, 2017; Hussinger, 2008), 
but little is known about the determinants of local governments’ fiscal incentives for R&D. In this study, we emphasize the important 
role of land supply using a quasi-natural experiment in China. 

As a rapidly developing economy, China is the best place to identify local governments’ fiscal incentives for R&D. On the one hand, 
previous studies have confirmed the effectiveness of a performance-based evaluation system for local bureaucrats. Specifically, even 
though city leaders are evaluated with a multitask system, the likelihood of promotion depends heavily on the economic performance 
of their jurisdiction, suggesting that they have strong incentives to promote the local economy (Li & Zhou, 2005; Wang, Zhang, & Zhou, 
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2020; Zheng, Kahn, Sun, & Luo, 2014). On the other hand, because China follows a unitary communist system with a multi-layered 
tournament-based organization (Chen, Li, & Lu, 2018; Guo, 2009; Li, Liu, Weng, & Zhou, 2019; Yu, Zhou, & Zhu, 2016), local gov-
ernments cannot affect macroeconomic policies made by the central government. 

Given that public R&D support programs have a significant and positive effect on private R&D (Hussinger, 2008; Ozcelik & 
Taymaz, 2008; Smith, 2020) and land supply plays an important role in economic growth (Capozza & Helsley, 1989; Lichtenberg & 
Ding, 2009; Zhang, Fan, & Mo, 2017), we focus explicitly on the critical role of land supply as a driver of local governments’ fiscal 
incentives for R&D. Specifically, because land supply reduction impedes local economic performance (e.g., Deininger, Jin, & 
Nagarajan, 2009; Nichols, 1970; Wang et al., 2020), bureaucrats tend to mitigate this negative shock to their promotion opportunities 
by enforcing fiscal incentives for R&D, which can promote economic growth by increasing innovative activities (e.g., Guo, Guo, & 
Jiang, 2016; Stokey, 1995; Zhu, Xu, & Lundin, 2006). Therefore, we build a simple conceptual framework to clarify this mechanism, 
and hypothesize that decreasing land supply significantly strengthens local governments’ fiscal incentives for R&D. 

To identify the causal effect of land supply on fiscal incentives for R&D, we exploit the establishment of China’s Land Supervision 
Bureaus (LSBs) in 2006. Specifically, the Chinese State Council set up nine LSBs to prevent local governments from granting land 
illegally, suggesting that the establishment of the LSBs provides a plausibly exogenous variation in land supply. Treating this reform as 
a quasi-natural experiment, we conduct a differences-in-differences (DID) regression, which explores two-dimension variations, that is, 
the distance from cities to the LSBs and the year before and after 2006. Using the data of prefectural-level cities from 2004 to 2009, the 
dependent variable is the ratio of fiscal expenditure on R&D to total fiscal expenditure. 

Subsequently, we examine whether the effect of land-use supervision varies with the degree of fiscal decentralization and the 
political career incentives of city leaders. First, given that local governments are endowed with greater financial autonomy under 
higher fiscal decentralization, we expect to observe a stronger effect. On the other hand, if city leaders face a higher promotion 
probability, they would pay more attention to economic performance, so we predict a stronger effect. Further, based on two sets of 
firm-level databases, we explore how land-use supervision affects the probability and scale of firms’ access to government subsidies for 
R&D. Finally, we discuss the effects of land-use supervision on regional innovation capacity and the efficiency of fiscal expenditure on 
R&D. 

This study makes three major contributions to the literature. First, unlike previous studies that have explored the effects of public 
R&D and R&D tax incentives on private R&D (Czarnitzki, Hanel, & Rosa, 2011; David et al., 2000; Hall & Reenen, 2000; Howell, 2017; 
Hussinger, 2008), we emphasize that local governments’ fiscal incentives for R&D are endogenous. Second, our study contributes to 
the literature on the determinants of regional innovation capacity, such as labor protection (Acharya, Baghai, & Subramanian, 2014; 
Francis, Kim, Wang, & Zhang, 2018), gender diversity (Maria Ruiz-Jimenez, Maria, & Ruiz-Arroyo, 2016; Xie et al., 2020), and 
financial constraints (Hoegl, Gibbert, & Mazursky, 2008; Howell, 2016). Our study extends the literature by exploring how regional 
innovation capacity might be influenced by land supply, which is an important but rarely examined factor. Third, our study sup-
plements the literature focusing on the existence of natural resource curses (e.g., Borge, Parmer, & Torvik, 2015; Mehlum, Moene, & 
Torvik, 2006; Robinson, Torvik, & Verdier, 2006). Whereas previous studies have provided contradictory evidence from different 
perspectives (e.g., economic growth and fiscal efficiency), we argue that land resource abundance is a curse for local governments’ 
fiscal incentives for R&D that impedes innovation. 

The remainder of this paper is organized as follows. In Section 2, the institutional background of land development and the 
establishment of LSBs in China is introduced. Section 3 presents a conceptual model that demonstrates local governments’ fiscal in-
centives for R&D, with regard to land supply. In Section 4, we describe our identification strategy, including the regression, variable 
definitions, and some stylized facts. Empirical results, including our baseline estimation, cross-sectional tests, and a variety of 
robustness checks are provided in Section 5. In Section 6, we further test the mechanism and discuss the implications for regional 
innovation capacity. Section 7 presents the conclusions and discusses the policy implications of our findings. 

2. Institutional background 

Under the land use control system in China, the national land development plan clearly states the maximum amount of newly- 
developed construction land and arable land in reserve for each province. Given the two control constraints, as Wang et al. (2020) 
argue, provincial governments compile their land development planning and allocate land quotas to cities based on potential popu-
lation growth and gross domestic product (GDP). Furthermore, the ratio of farmland to arable land at the provincial level must be 
above 80%, and any conversion of farmland to urban land must be approved by the central government. Specifically, the basic farmland 
protect regulation was formulated to ensure farmland preservation and ensure food security in 1994 and was then updated in 1998. It 
prescribes that when converting farmland to construction land, the same amount of newly-developed farmland must be replaced and 
adjusted for quality somewhere else, a process referred to as the “dynamic balance” or “no net loss” policy (Lichtenberg & Ding, 2008). 
More importantly, the 11th five-year plan compiled in 2006 requires that the amount of arable land must be more than 1.8 billion mu, 
and the constraint is effective in the long term. 

Obviously, cities compete for land quotas within the same province, and it is possible to cause land misallocation because of the 
administrative distribution system rather than the market-based system, implying that land quotas may be assigned to low productivity 
cities (Fu, Xu, & Zhang, 2021). Moreover, under the multitasking evaluation system, economic performance is the most important 
factor in determining the promotion of local political leaders (Li & Zhou, 2005; Yao & Zhang, 2015). When some cities do not obtain 
sufficient land quotas, they illegally divert arable land to non-agricultural land and approve arable land for urban use. To impede these 
illegal land behaviors, a Land and Resources Bureau was established for each city. However, although they are monitored by the 
provincial Land and Resources Department, they belong to the local governments which provide staffing and funding. In particular, 
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land planning and guideline setting is administered by the city’s land reserve and allocation committee, which includes key leaders and 
bureau directors, revealing that local leaders play decisive roles in urban land development (Wang et al., 2020). 

Furthermore, with the aim of tackling the severe problem of illegal arable land occupation and land abuse, the Decision of the State 
Council on Deepening the Strict Land Management Reform was implemented in 2004. The document issued by the central government 
puts forward the highest standard on land management. Subsequently, based on the document, nine LSBs independent of city- and 
provincial-level governments were established in 2006 to supervise illegal land behaviors across the whole country. Unlike general 
government agencies, the LSBs are under the direct leadership of the Ministry of National Land and Resources, and local governments 
cannot directly intervene in their functioning. By inspecting local governments’ land use and management, they generally propose 
land rectification suggestions on basis of the 1999 Land Administration Law.1 Table 1 presents details on the provinces under the 
jurisdiction of the LSBs. 

To examine the effects of the LSBs, in Fig. 1, illegal and new land granted across groups are depicted. We obtained the data for 
illegal and new land granting from the China Land and Resources Statistical Yearbooks at the provincial level. The high shock group 
refers to the provinces in which the LSBs are located, whereas the other provinces are sorted into the low shock group. We observe that 
illegal and new land granting of high shock provinces generally follows that of low shock provinces prior to 2006, suggesting that they 
adhered to a similar trend before the establishment of the LSBs. After 2006, the two groups manifest different patterns, where the 
illegal and new land granting of high shock provinces decreases relative to that of low shock provinces, indicating that land-use su-
pervision plays an important role in monitoring the illegal granting of land by local governments. 

Given that the parallel-trend assumption is satisfied, we conduct a DID analysis introduced in subsection 4.1 to verify the effect of 
land-use supervision on the land granting behaviors of local governments, and the results are reported in Table 2. Specifically, we 
directly compare the land granting behaviors in provinces with LSBs to those without LSBs before and after 2006. As shown in columns 
1 and 2, we measure the illegal land granting behaviors as the natural logarithm of total illegal land granting and illegal arable land 
granting. The coefficients of the interaction term are significant and negative, suggesting that the establishment of the LSBs in 2006 
impeded the illegal granting of land by local governments significantly. 

However, there is a possibility that the negative effect of land-use supervision on illegal land granting is attributable to collusion 
between the LSBs and local governments (Jia & Nie, 2017; Tirole, 1986). To rule out this alternative explanation, we further examine 
the effect of land-use supervision on new land granted, measured by the natural logarithm of new land granted. In column 3, the 
significant and negative coefficient of the interaction term implies that land-use supervision reduces new land granting significantly. 
Moreover, using econometric specification (13) and the city-level data introduced in subsection 4.1, we obtain a similar finding.2 In 
summary, Table 2 presents evidence of the effectiveness of land-use supervision on monitoring the illegal granting of land by local 
governments, which can serve as an exogenous variable in land supply. 

3. Conceptual framework 

In this section, we present a simple partial equilibrium model to clarify the mechanism underlying the active effect of land-use 
supervision on local governments’ fiscal incentives for R&D. Specifically, local governments face a trade-off between regional in-
come and public goods provided for residents and allocate fiscal revenue to public R&D programs and public goods for residents with a 
budget constraint. A decrease in the amount of available land associated with land-use supervision decreases regional income, and 
hence induces local governments to increase fiscal expenditure on R&D, which could improve the productivity of firms through 
stronger innovation capacity. 

3.1. Preference and market structure 

In the economy, there is a representative consumer, who has access to a potentially different set of goods Ω and is assumed to have a 
constant-elasticity-of-substitution utility function: 

U =

[∫

ω∈Ω
q(ω)

σ− 1
σ dω

] σ
σ− 1

(1)  

where ω denotes the variety in the goods set Ω, q(ω) represents the quantity of variety ω, and σ > 1 is the elasticity of substitution 
between varieties Ω. 

Then, consumer optimization yields the following demand for variety ω: 

q(ω) = p(ω)− σP1− σE (2)  

where p(ω) refers to the price of variety ω, E is aggregate spending, and the aggregate price index P is given by: 

1 In 2007, the Ministry of National Land and Resources of China promulgated the regulation on selling the right of use of state-owned construction land 
by bidding, auctioning, and listing, which requires all the industrial land leases to be sold through auction.  

2 Because the city-level dataset does not provide information on illegal granting land, we only provide the estimates for new land granting in 
column 4. 
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P =

[∫

ω∈Ω
p(ω)1− σdω

] 1
1− σ

(3)  

Table 1 
Jurisdiction of the nine LSBs.  

LSB Beijing (5) Shenyang (3) Shanghai (3) Nanjing (3) Jinan (2) 

Jurisdiction Beijing Liaoning Shanghai Jiangsu Shandong 
Tianjin Jilin Zhejiang Anhui Henan 
Hebei Heilongjiang Fujian Jiangxi  
Shanxi     
Inner Mongolia     

LSB Guangzhou (3) Wuhan (3) Chengdu (4) Xi’an (5)  
Jurisdiction Guangdong Hubei Chongqing Shaanxi  

Guangxi Hunan Sichuan Gansu  
Hainan Guizhou Yunnan Qinghai    

Xizang Ningxia     
Xinjiang   

LSBs establishment

6.
5

7
7.

5
8

8.
5

2004 2005 2006 2007 2008 2009

a. Total illegal land granted

LSBs establishment

7.
5

8
8.

5
9

9.
5

2004 2005 2006 2007 2008 2009

b. New land granted

Low shock provinces High shock provinces

Fig. 1. Land-use supervision and land granting behaviors of local governments.  

Table 2 
Land-use supervision and land granting behaviors of local governments.  

Variable Panel A: Province-level evidence Panel B: City-level evidence 

Total illegal land Illegal arable land New land New land 

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

dummy×post − 0.4322* − 0.5691* − 0.3019**  
(0.2185) (0.3057) (0.1449)  

distance×post    0.1271*    
(0.0765) 

Baseline controls Yes Yes Yes Yes 
Province FE Yes Yes Yes  
City FE    Yes 
Province-year FE    Yes 
Year FE Yes Yes Yes Yes 
Obs. 180 179 185 1267 
Adjusted R2 0.2873 0.2341 0.4637 0.4231 

Note: dummy is a dummy variable, which is 1 for provinces in which LSBs are located and 0 otherwise. In columns 1–4, the dependent variables are 
defined as: (i) total illegal land granted, measured by the natural logarithm of total illegal land granted; (ii) illegal arable land granted, measured by 
the natural logarithm of illegal arable land granted; (iii) new land granted, measured by the natural logarithm of new land granted. Standard errors in 
parentheses are clustered at the provincial or city level. *, ** and *** denote significance at the 10%, 5%, and 1% levels, respectively. 
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3.2. Behavior of the firm 

There is a single final good y produced by a representative firm in a perfectly competitive final output market. This firm combines 
land, L, and physical capital, K, using a Cobb-Douglas production technology: y = φLβK (0 < β < 1), where φ is the productivity and β 
denotes the output elasticity of land. 

Further, according to the findings of previous substantial studies (Howell, 2017; Hussinger, 2008; Moore & Garnsey, 1993; Smith, 
2020), we assume that fiscal expenditure on R&D (e.g., subsidies and public skills training) allocated by local governments helps to 
improve firm productivity. Let T denote fiscal expenditure on R&D and α denote the associated innovation elasticity; the firm’s 
productivity becomes φTα (0 < α < 1). Then, the output is expressed as: 

y = φTαLβK (0 < α, β < 1) (4) 

Particularly, from Eq. (2), we can derive the following equation for output: 

y = p− σA (5)  

where A = P1− σE. 
Let r denote the exogenous price of the physical capital. The firm’s profit function is: 

Π = (1 − τ)py − rK (6)  

where τ is the exogenous tax imposed by local governments on each unit of profit. The first-order condition for optimal physical capital, 
K, yields: 

y = A
[

1
r

(

1 −
1
σ

)

(1 − τ)φTαLβ
]σ

(7) 

We can also obtain the price of the final good as: 

p =
r

(

1 − 1
σ

)

(1 − τ)φTαLβ
(8)  

3.3. Local governments 

Suppose social welfare consists of the regional income and public goods for residents. Local governments have the following payoff 
function3: 

G = py + θ(τpy − T)
s.t.py ≥ δp− 1y− 1

(9)  

where py is regional income (i.e., GDP), τpy − T is fiscal expenditure on public goods for residents, and θ captures the government’s 
preference for public goods and services demanded by citizens relative to public R&D support programs. In particular, the constraint is 
introduced to describe whether the output growth rate has a low limit, which is expressed as δ − 1. 

3.3.1. Unbinding case 
If the constraint for local governments is unbinding, substituting Eqs. (7) and (8) into Eq. (9), we obtain: 

G = (1+ θτ)A∆σ− 1Tα(σ− 1)Lβ(σ− 1) − θT (10)  

where ∆ = 1
r

(

1 − 1
σ

)

(1 − τ)φ. Then, the first-order condition with respect to the optimal fiscal expenditure on R&D implies that: 

T
τpy

≡
(1 + θτ)α(σ − 1)

θτ (11) 

Therefore, the optimal ratio of fiscal expenditure on R&D to total fiscal revenue is constant, suggesting that land-use supervision is 
unrelated to local governments’ fiscal incentives for R&D. 

Proposition 1. If the constraint on output growth is unbinding, land-use supervision has no significant effect on local governments’ 
fiscal incentives for R&D. 

3 Our model emphasizes the incentive effect of land-use supervision on fiscal expenditure on R&D, ignoring the budget effect of land revenue. 
When incorporating the budget effect into the conceptual framework, local governments will face a tighter budget constraint with decreasing land 
revenues after LSBs, and then cut spending on public programs. However, our empirical results suggest that the incentive effect of land-use su-
pervision dominates the budget effect. 
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3.3.2. Binding case 
If the constraint for local governments is binding, we have: py = δp− 1y− 1, implying that the output growth rate satisfies the low 

limit. Combined with Eq. (7), the ratio of fiscal expenditure on R&D to total fiscal revenue yields: 

T
τpy

=
1

δp− 1y− 1

[
δp− 1y− 1

A∆σ− 1Lβ(σ− 1)

]
1

α(σ− 1) (12) 

When the available land decreases, local governments would allocate more fiscal revenue to public R&D support programs for ∂(T/ 
τpy)/∂L < 0. Thus, given that land-use supervision reduces the quantity of new land granting (see Table 2), the optimal ratio of fiscal 
expenditure on R&D would increase more for cities closer to LSBs, indicating that it strengthens local governments’ fiscal incentives for 
R&D. 

Proposition 2. If the constraint on output growth is binding, land-use supervision has a positive effect on local governments’ fiscal 
incentives for R&D. 

3.3.3. Hypothesis 
The critical difference between Propositions 1 and 2 is whether output growth faces a lower bound. In China, with a politically 

centralized hierarchy, the most important career concern for local bureaucrats is to move up the hierarchical leadership ladder (Chen 
et al., 2018; Li & Zhou, 2005). To impress their superiors, they have stronger incentives to pursue quantifiable and visible projects 
mentioned in the performance-based evaluation criteria (Guo, 2009). Particularly, economic performance is the most remarkable 
determinant of the political promotion of a city leader in China (Jia, 2017; Zheng et al., 2014). Additionally, Li and Zhou (2005) found 
that the likelihood of promotion increases with GDP growth. In addition, Chinese governments at different levels set growth targets to 
compete for promotions by effecting economic growth in their jurisdictions (Li et al., 2019). Overall, the constraint on output growth 
should be binding in China, indicating that Proposition 2 rather than Proposition 1 is in line with Chinese-style institutions. 

Further, based on the city-level data and the econometric specification (13) introduced in subsection 4.1, Table 3 presents some 
evidence for the binding constraint on output growth, excluding the decline in land demand.4 First, economic performance is defined 
as the natural logarithm of real GDP per capita, and the result is reported in column 1. Second, considering that capital accumulation 
dominates China’s economic growth (Chow, 1993), we employ the ratio of fixed asset investment to GDP to measure capital accu-
mulation, and column 2 provides the result. We find that the interaction term in the regressions for both real GDP per capita and fixed 
asset investment is insignificant, suggesting that land-use supervision has no significant effect on economic growth. 

In addition, because the 2008 global financial crisis may have brought about a greater negative land demand shock for cities closer 
to the LSBs, there is a possibility that the decreasing number of land grants is due to a decline in land demand rather than higher 
supervision stringency. To alleviate this concern, we control for city characteristics in the regressions, and directly regress foreign 
direct investment (fdi) and bank loans (fdep) on land-use supervision. Specifically, we measure fdi and fdep as the ratio of inward 
foreign direct investment and bank loans over GDP, and the results are shown in columns 3 and 4. The insignificant interaction terms 
suggest that land-use supervision is not related to the demand-side determinants of land granting. Particularly, we investigate how 
land-use supervision affects the sale price of land, which is defined as the natural logarithm of land price and the result is reported in 
column 5. The interaction term is insignificant, meaning that the decline in land supply is uncorrelated with land price. Thus, we deem 
that the decline in land supply after the enactment of the LSBs is attributable to higher supervision stringency and predict that the 
establishment of the LSBs increases local governments’ fiscal incentives for R&D as argued in Proposition 2. Our main hypothesis is as 
follows: 

Hypothesis. : Land-use supervision strengthens local governments’ fiscal incentives for R&D. 

4. Identification strategy 

4.1. Econometric specification 

To investigate whether the land-use supervision introduced in 2006 affects local governments’ fiscal incentives for R&D, we 
conduct a DID analysis by comparing outcomes in cities with different distances to LSBs before and after 2006. Specifically, the DID 
specification is: 

festcpt = ϑdistancec × postt + βXct + αc + γt + μpt + ϵcpt (13)  

where the subscripts c, p, and t denote city, province, and year, respectively. The dependent variable festcpt denotes the local gov-
ernments’ fiscal incentives for R&D, and the core explanatory variable is the interaction term distancec × postt. The treatment variable 
distancec is the Euclidean distance from city c to the LSB it belongs to, and the policy shock variable, postt, is a dummy indicating the 
years before and after the establishment of the LSBs, taking the value of 1 after 2006 and 0 otherwise. 

Further, Xct denotes a vector of control variables, including real GDP per capita (rgdp), industrial structure (gdp_tertiary), financial 

4 We also estimate the dynamic effects of the LSBs’ establishment using econometric specification (14), and the results show that land-use su-
pervision had no significant effects on output growth and the determinants of land demand over 2004–2009. 
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development (fdep), human capital (edu), urbanization rate (urb), government consumption (tfe), and foreign direct investment (fdi), 
respectively. We also include two types of fixed effects to account for potential unobservable determinants of local governments’ fiscal 
incentives for R&D in the regression. First, city-specific fixed effects, αc, are used to capture time-invariant differences across cities, and 
year-specific fixed effects, γt, are introduced to capture time-variant macro-level factors that are common to all cities. Second, 
province-year fixed effects, μpt, are included to capture the within-province variation. 

The parameter of interest is ϑ, which captures the response of fiscal incentives for R&D to land-use supervision. According to our 
hypothesis, we expect ϑ to be significantly negative if land-use supervision monitored by the central government is effective. As cities 
closer to the LSBs are subject to stricter land-use supervision, local leaders tend to have stronger incentives to enforce public R&D after 
the establishment of the LSBs in 2006. 

When applying the DID method to identify causality, it is necessary to satisfy the parallel-trend assumption. In this study, the first 
threat to our identification is that the LSBs may not have been randomly established in 2006, implying that the central government 
may have assigned the LSBs to cities based on their illegal land granting behaviors prior to 2006. If this is true, the control and 
treatment groups would perform systematically differently before 2006, and then our estimate would be biased if unobserved dif-
ferences change after 2006. The second threat to our identification is that some variables correlated with distancec × postt may be 
potentially omitted. Because the LSBs lie in capital cities at the provincial level, the distance may reflect the income level across cities. 
The geography school argues that geographic location is a key determinant of economic growth (Bao, Chang, Sachs, & Woo, 2002; 
Bloom, Canning, & Sevilla, 2003). In general, the smaller the distance from a city to the provincial capital city, the more developed is 
the city. This stylized fact implies that other variables excluding land-use supervision related to distancec should be accounted for. 

To address these concerns, we implement the following in the baseline estimation and robustness checks: (i) we include a series of 
time-varying control variables across cities in the regression and control for province-year fixed effects; (ii) we provide some stylized 
facts for the parallel-trend assumption and test the dynamic effects of land-use supervision through an event study method; (iii) we 
construct an artificial treatment variable by randomly assigning the distance from cities to the LSBs; and (iv) we account for other 
reforms. More detailed discussions will be presented in the following sections. 

4.2. Data, variable definitions, and stylized facts 

4.2.1. Data and variable definitions 
Our study mainly employs a dataset of prefectural-level cities from 2004 to 2009, a period that is symmetric to the establishment of 

the LSBs in late 2006. The data is obtained from the China City Statistical Yearbooks (2005–2010), which is an official publication in 
China. There are a series of reasons for choosing this 6-year window. First, it provides enough bandwidth to evaluate the effect of land- 
use supervision without including many confounding effects. Second, the Land Administration Law was modified in 1999 and 2010, 
which ensures that no major modifications occurred during our sample period, which is 2004–2009. Third, there is no significant 
change in the performance-based evaluation system for local bureaucrats. To mitigate the influence of singular values, we winsorize all 
continuous variables at the 1% and 99% percentiles. Our final sample consists of almost 1400 observations with 255 cities. 

The measures of the main variables used in our baseline regression are summarized. The dependent variable fest, which is the local 
governments’ fiscal incentives for R&D, is measured as the ratio of fiscal expenditure on R&D to total fiscal expenditure. The con-
structions of the control variables include: (i) real GDP per capita rgdp, measured by the natural logarithm of real GDP over total 
population; (ii) industrial structure gdp_tertiary, measured by the ratio of the output of tertiary industry to GDP; (iii) government 
consumption tfe, measured by the ratio of total fiscal expenditure to GDP; (iv) financial development fdep, measured by the ratio of 
banking loans to GDP; (v) urbanization rate urb, measured by the ratio of the non-agriculture population to the total population; (vi) 
human capital edu, measured by the natural logarithm of college undergraduates with regular higher education in ten thousands; and 
(vii) foreign direct investment fdi, measured by the ratio of inward foreign direct investment to GDP. 

4.2.2. Some stylized facts 
Table 4 presents the descriptive statistics of all variables used in our baseline regression. As shown in Panel A, the mean of fiscal 

expenditure on R&D amounts to 0.79% of total fiscal expenditure, implying that local governments generally have weak incentives for 
public R&D support programs. The standard deviation is also 0.836, which signals a remarkable variation in fiscal incentives for R&D 

Table 3 
Land-use supervision and regional economic performance.  

Variable Real GDP per capita Fixed assets investment Foreign direct investment Bank loans Land price 

(1) (2) (3) (4) (5) 

distance×post 0.0059 − 0.0071 0.0008 0.0054 − 0.0207 
(0.0054) (0.0052) (0.0007) (0.0061) (0.0301) 

Baseline controls Yes Yes Yes Yes Yes 
City FE Yes Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes Yes 
Province-year FE Yes Yes Yes Yes Yes 
Obs. 1386 1389 1386 1386 1317 
Adjusted R2 0.9526 0.7640 0.3391 0.5897 0.4889 

Note: All standard errors in parentheses are clustered at the city level. *, ** and *** denote significance at the 10%, 5%, and 1% levels, respectively. 
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across cities. Meanwhile, Panel B presents the differences in the means of the variables between the treatment and control groups. 
Specifically, the two groups are divided according to the median distance from the cities to LSBs, and high (low) shock cities are below 
(above) the median. High shock cities have greater fiscal expenditure on R&D, higher real GDP per capita, greater human capital, and 
more foreign direct investment, but experience less government consumption than low shock cities. This comparison indicates that the 
control and treatment groups are significantly different along several aspects, which justifies accounting for city characteristics when 
exploring the effect of land-use supervision on fiscal incentives for R&D in our DID specification. 

Further, Fig. 2 depicts the year-to-year changes of the average fiscal expenditure on R&D across groups from 2004 to 2009. Prior to 
2006, the trend of high shock cities generally tracks that of low shock cities, suggesting that the two groups would have followed the 
same trend after 2006 if the LSBs had not been established. After 2006, however, they manifest different patterns, where the treatment 
group shows an increasing trend relative to the control group, implying an increase in the fiscal expenditure on R&D for high shock 
cities. Overall, Fig. 2 verifies the parallel-trend assumption, and provides preliminary evidence for the positive effect of land-use 
supervision on local governments’ fiscal incentives for R&D. 

5. Empirical findings 

5.1. Baseline results 

Table 5 presents the baseline result. Columns 1–3 include different control variables and different types of fixed effects in the 
regression. The interaction term distance × post is consistently positive and statistically significant, suggesting that cities at a smaller 
distance from the LSBs increased fiscal expenditure on R&D after the establishment of the LSBs in 2006, which is consistent with our 
hypothesis that land-use supervision strengthens local governments’ fiscal incentives for R&D. To gauge the economic magnitude of 
our estimate, we take the estimation result in column 3 as an example. The coefficient of the interaction term is − 0.116, given that the 
standard deviation of distance is 0.812, revealing that a one-standard-deviation decrease in the distance from the cities to the LSBs leads 
to a 0.094 (=0.812 × 0.116/100) percentage points increase in the ratio of fiscal expenditure on R&D to total fiscal expenditure. With 
the control mean percentage at 0.733%, it is evident that land-use supervision following the establishment of the LSBs increased fiscal 
expenditure on R&D by 12.82% (=0.094%/0.733%). 

Our DID estimate hinges on the identifying assumption that cities with different distances from the LSBs would not have differential 
trends in fiscal expenditure on R&D without the establishment of the LSBs. Although the stylized fact plotted by Fig. 2 provides some 
preliminary evidence, it is of great importance to also test whether the parallel-trend assumption is satisfied. Furthermore, the leading 
and lagged effects of the LSB establishment can be observed. To address these concerns, identifying the dynamic effects is a direct 

Table 4 
Descriptive statistics.  

Panel A: Full sample 

Variable Obs. Mean Median Min. Max. Std. 

fest 1458 0.7862 0.4508 0.0686 4.1893 0.8356 
distance 1435 1.4695 1.4355 0.0000 3.2163 0.8115 
rgdp 1455 9.6919 9.6285 8.4828 11.7925 0.6560 
gdp_tertiary 1457 0.3567 0.3502 0.1105 0.6857 0.0745 
tfe 1458 0.1189 0.1076 0.0554 0.3709 0.0488 
fdep 1458 0.7108 0.5968 0.2638 2.7118 0.3928 
urb 1417 0.4631 0.3527 0.1188 0.9985 0.2965 
edu 1457 4.2599 4.1359 2.1616 7.0046 1.0858 
fdi 1452 0.0234 0.0141 0.0003 0.1017 0.0238   

Panel B: Comparison between the control and treatment groups 

Variable High shock cities Low shock cities Difference in mean 

Mean Std. Mean Std. 

fest 0.8421 0.8421 0.7328 0.7750 0.1093** 
distance 0.7771 0.3674 2.1513 0.4867 − 1.3742*** 
rgdp 9.7751 0.6630 9.6129 0.6397 0.1622*** 
gdp_tertiary 0.3574 0.0747 0.3561 0.0744 0.0013 
tfe 0.1123 0.0447 0.1251 0.0517 − 0.0128*** 
fdep 0.7152 0.3860 0.7066 0.3995 0.0086 
urb 0.5009 0.3013 0.4278 0.2876 0.0731*** 
edu 4.3898 1.1378 4.1362 1.0193 0.2536*** 
fdi 0.0262 0.0242 0.0206 0.0231 0.0056*** 

Note: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Fest is the ratio of fiscal expenditure on R&D to total fiscal 
expenditure, rgdp is real GDP per capita, gdp_tertiary is the ratio of the output of tertiary industry to GDP, tfe is the ratio of total fiscal expenditure to 
GDP, fdep is the ratio of banking loans to GDP, urb is the ratio of the non-agriculture population to the total population, edu is the natural logarithm of 
college undergraduates with regular higher education in ten thousands, and fdi is the ratio of inward foreign direct investment to GDP. 
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method to confirm the specific year in which land-use supervision began to work. Following the methods used by Jacobson, LaLonde, 
and Sullivan (1993) and Chen et al. (2018), we employ an event study approach to estimate all the lags and leads of the land-use 
supervision effect, specifically: 

festcpt =
∑2009

2004
θtdistancec × yeart + βXct + αc + γt + μpt + ϵcpt (14) 

In this setting, the year 2006 is specified as the baseline year and is not included in the regression, and yeart is a dummy variable for 
every year. The time-varying coefficient θt describes the dynamic effects of land-use supervision from 2004 to 2009. The parallel-trend 
assumption and no leading and lagged effects require that θt is insignificant before 2006 and significantly negative after 2006. 

In Fig. 3, the coefficients of distance × year during 2004–2009 are plotted. We find that the interaction term is insignificant in 2004 
and 2005, and significantly negative in 2007, 2008, and 2009. These findings imply that the difference between the control and 
treatment groups is insignificant prior to 2006 and becomes significantly negative after 2006, revealing that there is a common trend 
across cities with different distances from the LSBs before their establishment. Hence, Fig. 3 confirms the parallel-trend assumption, 
and that 2006 is the year in which the positive role of land-use supervision on fiscal incentives for R&D became apparent.5 

5.2. Robustness checks 

To further illustrate the robustness of our baseline result, we conduct a battery of sensitivity tests in this subsection. 

5.2.1. Alternative measure of fiscal incentives for R&D 
In our baseline estimation, we select the percentage of fiscal expenditure on R&D as a share of total fiscal expenditure to measure 

local governments’ fiscal incentives for R&D. However, variations in the variable can come from two components, namely, the scale of 
fiscal expenditure on R&D and the scale of total fiscal expenditure. Therefore, there is a possibility that the variation in total fiscal 

LSBs establishment

0
.5

1
1.

5

2004 2005 2006 2007 2008 2009

Low shock cities High shock cities

Fig. 2. Trends of fiscal expenditure on R&D over time (grouped by median).  

Table 5 
Land-use supervision and fiscal expenditure on R&D.  

Variable (1) (2) (3) 

distance×post − 0.1719*** − 0.1391*** − 0.1157*** 
(0.0624) (0.0293) (0.0288) 

Baseline controls No Yes Yes 
City FE Yes Yes Yes 
Year FE Yes Yes Yes 
Province-year FE No No Yes 
Obs. 1435 1386 1386 
Adjusted R2 0.5859 0.6557 0.7721 

Note: All standard errors in parentheses are clustered at the city level. *, **, and *** denote significance at the 10%, 5%, and 1% levels, 
respectively. 

5 Based on econometric specification (14), we also estimate the dynamic effects of the LSBs’ establishment for the firm-level regressions shown in 
Tables 9-11. The results are similar to Figure 3, and are available upon request. 
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expenditure drives our baseline result. To exclude this possible explanation, we use the ratio of fiscal expenditure on R&D to GDP and 
the natural logarithm of fiscal expenditure on R&D as alternative measures of the dependent variable, and the results are reported in 
columns 1 and 2 of Table 6. The estimate of the interaction term distance × post is negative and significant, suggesting that our baseline 
result is robust to alternative measures of fiscal incentives for R&D. 

5.2.2. Other reforms 
If other reforms occurred between 2004 and 2009, our baseline result may incorrectly capture the effects of those confounding 

factors rather than the land-use supervision effect. In addition to the establishment of the LSBs in 2006, the Province-Managing-County 
(PMC) reforms were implemented to ensure that the provincial government administers county governments directly by bypassing 
prefecture-level city governments (Jia, Ding, & Liu, 2020). This reform would lead to a high degree of fiscal decentralization, which 
would increase the fiscal incentives of productive expenditure, such as infrastructure and R&D (Cai & Treisman, 2005; Weingast, 
2009). To isolate the effect of the PMC reforms, a dummy variable (pmc) equaling 1 if any county of a city carries out the PMC reforms, 
is added as an additional control variable. From column 3 of Table 6, the interaction term distance × post is still significant and 
negative, with a modest decrease in the intensity. This result implies that our baseline result is not driven by the PMC reforms. 

Further, the 11th Five-Year Plan (i.e., from 2006 to 2010) sets the sulfur dioxide emission reduction target for local governments, 
which has a negative effect on economic performance (Chen et al., 2018). Given that GDP is the most important evaluation indicator 
for promotion, this reform would strengthen local governments’ fiscal incentives for R&D. To exclude the effect of the 2005 policy, we 
follow the study by Chen et al. (2018) and introduce the interaction term tcz × post1 into the regression, where tcz equals 1 if a city is 
designated as a Two Control Zones (TCZ) city in 1998 and post1 equals 1 after 2005.6 As shown in column 4 of Table 6, the significant 
and negative coefficient of the interaction term distance × post indicates that our baseline result is not contaminated by the 2005 
reform. 

5.2.3. Placebo tests 
To further confirm the robustness of our baseline result, we conduct two sets of placebo tests. As an authoritarian country, China 

frequently adjusts policies to regulate the macroeconomy and therefore one may believe that our baseline estimate is caused by other 
reforms. To verify the authenticity of the effect of the establishment of the LSBs, besides controlling for other reforms in columns 3 and 
4 of Table 6, we also conduct a placebo test by setting an artificial policy shock. Particularly, we regard the year 2005 as the timing of a 
certain policy shock, and then construct a new artificial policy shock dummy post_f, which equals 1 for the years after 2005 and 
0 otherwise. Column 5 of Table 6 provides the results when using the subsample over the period 2004–2006. The insignificant co-
efficient of the interaction term distance × post_f indicates that our baseline result is not driven by other potential policies implemented 
before 2006. 

To check whether our baseline result is biased by any omitted variable, we follow Chetty, Looney, and Kroft’s (2009) and La 
Ferrara, Chong, and Duryea’s (2012) studies and randomly assign the treatment variable distance to each city, and then construct a 
false treatment variable distance_f. In theory, the newly constructed interaction term distance_f × post should have no significant effect. 
To avoid contamination by any rare events, we conduct this random data generating process 500 times. Column 6 of Table 6 provides 

-.2
-.1

0
.1

2004 2005 2006 2007 2008 2009

Coefficients (Insignificant) Coefficients (Baseline)
Coefficients (Significant) 95% CI

Fig. 3. Dynamic effects of land-use supervision.  

6 In January 1998, the State Council of China approved the setup of Two Control Zones in official document “The Official Reply of the State 
Council Concerning Acid Rain Control Areas and SO2 Pollution Control Areas”, which was then put into effect. 175 cities (among 380 prefecture- 
cities) were designated as TCZ cities, accounting for 11.4% of the nation’s territory, 40.6% of the population, 62.4% of GDP, and 58.9% of total SO2 
emissions in 1995 (Hao, Wang, Liu, & He, 2001). 
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the mean value of the estimates from the 500 random assignments, and Fig. 4 further plots the distribution of estimated coefficients 
and their associated p-values. The distribution centers around zero with a mean value of 0.000, and our true estimate (− 0.1157, see 
column 3 of Table 5) falls outside the distribution. These results illustrate that our baseline finding is not severely biased by any 
omitted variable. 

5.2.4. Alternative mechanism 
Because cities closer to the LSBs are also home to most of the elite universities in China, there is a possibility that the positive role of 

land-use supervision in fiscal expenditure on R&D is driven by initial city-level R&D capacity. Specifically, even though the supervision 
stringency is uniform across cities, local governments have strong incentives to utilize their comparative advantages to boost economic 
growth. With respect to this alternative mechanism, columns 3 and 4 of Table 2 document that the supervision stringency increases 
with the distance of a city to the LSB. Further, we estimate the effect of the LSBs’ establishment on fiscal expenditure on education (fee), 
which is measured by the ratio of fiscal expenditure on education over total fiscal expenditure (%), and the result is reported in column 
7 of Table 6. The insignificant interaction term distance × post illustrates that fiscal expenditure on education does not increase with 
land-use supervision, excluding the initial R&D capacity hypothesis. 

5.3. Cross-sectional tests 

In this subsection, we conduct two sets of cross-sectional tests to provide further evidence for our hypothesis. 

5.3.1. Career incentives for city leaders 
We argue that the positive effect of land-use supervision on fiscal incentives for R&D is due to the political career incentives for 

local leaders. If this is true, land-use supervision should have a stronger effect in the case of city leaders facing a higher promotion 
probability. To test this prediction, we choose the party secretary as the city leader because the ruling position of the Chinese 
Communist Party means that the party secretary is more powerful than the mayor. One term of office is normally 5 years, and so city 
leaders whose ages are below (above) 55 have higher (lower) career incentives (Yu et al., 2016). Based on this, we divide the full 
sample into two groups. Panel A of Table 7 reports the results for each group. The interaction term distance × post is negative and 
significant for the high career incentives group, whereas it is insignificant and positive for the low career incentives group. These 
results are consistent with our argument that local governments’ fiscal incentives of for R&D increase with land-use supervision, which 
impedes economic performance by lowering land supply. 

5.3.2. Fiscal decentralization 
Given that local governments’ fiscal incentives for R&D depend on their financial autonomy, we expect to observe a stronger effect 

of land-use supervision in cities facing a higher degree of fiscal decentralization. Following Zhang and Zou (1998), we measure fiscal 
decentralization as the average ratio of provincial budgetary spending to central budgetary spending over 2004–2006, and then 
classify the full sample into two groups based on whether a province’s fiscal decentralization is above (below) the sample median. 
Panel B of Table 7 provides the results for each group. We find that the interaction term distance × post is negative and significant for 
the high decentralization group, whereas it is insignificant for the low decentralization group. These results strengthen our argument 
that land-use supervision makes city leaders increase fiscal expenditure on R&D to mitigate the negative shock of land supply reduction 
to local economic performance. 

Table 6 
Robustness checks.  

Variable Alternative dependent 
variable 

PMC reform TCZ reform Artificial policy 
shock 

Random assignment of 
distance 

Fiscal expenditure on 
education 

(1) (2) (3) (4) (5) (6) (7) 

distance×post − 0.0066** − 0.0414* − 0.0741*** − 0.0896***   0.0013 
(0.0032) (0.0248) (0.0278) (0.0290)   (0.0013) 

distance×post_f     − 0.0002       
(0.0001)   

distance_f × post      0.0000       
(0.2824)  

Baseline 
controls 

Yes Yes Yes Yes Yes Yes Yes 

City FE Yes Yes Yes Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes Yes Yes Yes 
Province-year 

FE 
Yes Yes Yes Yes Yes Yes Yes 

Obs. 1386 1386 1243 1381 722 1386 1386 
Adjusted R2 0.7844 0.9154 0.7430 0.7795 0.1199  0.4856 

Note: All standard errors in parentheses are clustered at the city level. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 
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6. Further discussions 

6.1. Mechanism tests 

In general, fiscal expenditure on R&D mainly includes: (i) funds for private firms to carry out R&D activities under procurement 
programs or as a grant; (ii) funds for the public sector, including state-owned enterprises and governments, to perform R&D activities; 
and (iii) public skills training programs for the overall economy. Limited by data availability, we assess whether land-use supervision 
increases firms’ access to government subsidies for R&D. To investigate this mechanism, we construct two dependent variables. One is 
a dummy variable equaling 1 for a firm if it obtains some government subsidies and zero otherwise. This variable is used to measure the 
probability of obtaining government subsidies. Another variable is the natural logarithm of government subsidies plus one, which is 
used to measure the scale of obtained government subsides. 

Table 8 presents the results using two different datasets.7 Panel A uses the Annual Survey of Industrial Production (ASIP) database for 
2004–2009, which includes all state-owned firms and non-state-owned firms with annual sales of more than 5 million Yuan. As shown 
in columns 1 and 2, the interaction term distance × post is negative and significant, suggesting that the probability and scale of firms’ 
access to government subsidies increase as land-use supervision becomes stricter. However, the ASIP database does not provide 
specific data for public R&D subsidies, so we also use the China Stock Market and Accounting Research (CSMAR) database, which has 
data on publicly listed firms. Panel B provides the results using the probability and scale of government R&D subsidies as the 
dependent variable. The significant and negative estimates of the interaction term distance × post in columns 3 and 4 demonstrate that 
land-use supervision increases the access of firms to government R&D subsidies. Overall, these results confirm the mechanism un-
derlying the positive effect of land-use supervision on local governments’ fiscal incentives for R&D. 
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Fig. 4. A placebo test with random assignment of the treatment variable.  

Table 7 
Cross-sectional tests.  

Variable Panel A: Career incentives of city leaders Panel B: Fiscal decentralization 

High Low High Low 

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

distance×post − 0.1176*** 0.1510 − 0.1421*** − 0.0278 
(0.0320) (0.1235) (0.0484) (0.0309) 

Baseline controls Yes Yes Yes Yes 
City FE Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes 
Province-year FE Yes Yes Yes Yes 
Obs. 1173 213 701 685 
Adjusted R2 0.7897 0.9075 0.8311 0.7443 

Note: All standard errors in parentheses are clustered at the city level. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

7 When using the firm-level database, besides the city-level control variables, we also introduce several firm characteristics as control variables, 
including firm size (the natural logarithm of total assets), age (the years since the firm established), leverage (the ratio of total liabilities over total 
assets), and profitability (the ratio of total profits over total assets). 
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6.2. Implications for regional innovation capacity 

In this study, a key assumption is that local governments are motivated by the positive role of fiscal expenditure on R&D on the 
productivity of firms. Even though several previous studies provide consistent evidence for this argument, some works emphasize the 
crowding-out effect of public R&D subsidies, such as David et al. (2000) and Montmartin and Herrera (2015). To mitigate this concern 
and provide evidence for the assumption in China, we explore how land-use supervision affects regional innovation capacity. 

In Table 9, the results at the city- and firm-level are summarized.8 Specifically, we measure regional innovation capacity as the 
number of patent applications over the total population in ten thousands, and the results are provided in Panel A. From column 1, the 
significant and negative estimate of the interaction term distance × post shows that land-use supervision promotes regional innovation 
capacity. Meanwhile, as shown in columns 2–5, this positive effect is more profound in cities whose leaders have stronger political 
promotion incentives and those with greater fiscal decentralization. In addition, using the ASIP dataset, a firm’s innovation capacity is 
measured by the natural logarithm of the number of patent application plus one.9 Panel B presents the results, providing evidence 
consistent with Panel A. 

Further, using the ASIP database, Table 10 reports the results of testing how the performance of incumbent firms varies with land- 
use supervision. On the one hand, we use two proxies to measure a firm’s innovative performance, including the natural logarithm of 
new product value plus one and the productivity calculated based on Levinsohn and Petrin’s (2003) method, and Panel A presents the 
results. The interaction term distance × post is negative and significant, which shows that land-use supervision improves the innovative 
performance of firms. On the other hand, we use the natural logarithm of output, value added, and sales to measure the overall 
performance of a firm, and the results are provided in Panel B. The significant and negative coefficients of the interaction term distance 
× post suggest that firms produce more as land-use supervision strengthens. In summary, Tables 10 and 11 indicate that land-use 
supervision helps incumbent firms to become more productive by increasing local governments’ fiscal incentives for R&D. 

6.3. Innovation efficiency of fiscal expenditure on R&D 

Thus far, the analysis is consistent with our argument that land-use supervision spurs local governments to allocate more fiscal 
expenditure to public R&D support programs, which results in increasing regional innovation capacity. However, how the innovation 
efficiency of fiscal expenditure on R&D evolves is not well understood. Theoretically, land-use supervision has an ambiguous effect and 
depends on whether fiscal expenditure on R&D boosts private R&D (Hall & Reenen, 2000). If public R&D and private R&D are 
complements, we expect to observe an increase in the innovation efficiency of fiscal expenditure on R&D. If they are substitutes and the 
overall R&D declines because of the crowding-out effect of public R&D on private R&D investment, we expect to observe a decrease in 
the innovation efficiency of fiscal expenditure on R&D. 

In practice, we follow Borge et al. (2015) by using the ratio of fiscal expenditure on R&D to the number of patent applications as the 
dependent variable. A large value indicates low innovation efficiency, and the results are given in Table 11. With respect to the full 
sample in column 1, the interaction term distance × post is positive and significant, which indicates that fiscal expenditure on R&D for 
each patent application decreases with land-use supervision. Further, regarding the subsample analysis in columns 2–5, the interaction 
term distance × post is significant and positive in columns 2 and 4, whereas it is insignificant in columns 3 and 5, suggesting that this 
effect is stronger in cities with greater fiscal decentralization and whose leaders have higher political career incentives. These results 
suggest that land-use supervision also improves the innovation efficiency of fiscal expenditure on R&D. It is necessary to recall that 
Tables 3–6 indicate a positive effect of land-use supervision on fiscal expenditure on R&D. We conclude that the increased regional 
innovation capacity, as shown in Table 9, is a result of the scale and efficiency improvement of fiscal expenditure on R&D after the 

Table 8 
Mechanism tests.  

Variable Panel A: ASIP database Panel B: CSMAR database 

Probability Scale Probability Scale 

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

distance×post − 0.0039*** − 0.0140** − 0.0340** − 0.6029*** 
(0.0011) (0.0056) (0.0159) (0.2210) 

Baseline controls Yes Yes Yes Yes 
City FE Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes 
Province-year FE Yes Yes Yes Yes 
Obs. 923,094 922,935 3263 3263 
Adjusted R2 0.0144 0.0153 0.3365 0.3229 

Note: All standard errors in parentheses are clustered at the city level. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

8 The data of city-level patent applications are manually collected from the website http://app.patentcloud.com, and the data of firm-level patent 
applications are obtained from the State Intellectual Property Office (SIPO) database.  

9 When we use the CSMAR database, some similar results are obtained. 

Y. Liu et al.                                                                                                                                                                                                             

http://app.patentcloud.com


China Economic Review 68 (2021) 101630

14

Table 9 
Land-use supervision and regional innovation capacity.  

Panel A: City-level evidence 

Variable Full sample Career incentives of city leaders Fiscal decentralization 

High Low High Low 

(1) (2) (3) (4) (5) 

distance×post − 0.2992*** − 0.3333*** − 0.0964 − 0.4824*** − 0.0219 
(0.0958) (0.1048) (0.2224) (0.1796) (0.0263) 

Baseline controls Yes Yes Yes Yes Yes 
City FE Yes Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes Yes 
Province-year FE Yes Yes Yes Yes Yes 
Obs. 1374 1161 213 695 679 
Adjusted R2 0.4743 0.5131 0.5356 0.5983 0.7600   

Panel B: Firm-level evidence using the ASIP database 

Variable Full sample Career incentives of city leaders Fiscal decentralization 

High Low High Low 

(1) (2) (3) (4) (5) 

distance×post − 0.0021*** − 0.0032** 0.0004 − 0.0044*** − 0.0009 
(0.0008) (0.0013) (0.0016) (0.0012) (0.0013) 

Baseline controls Yes Yes Yes Yes Yes 
City FE Yes Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes Yes 
Province-year FE Yes Yes Yes Yes Yes 
Obs. 1,474,821 1,141,902 332,919 745,997 728,824 
Adjusted R2 0.0180 0.0187 0.0154 0.0183 0.0178 

Note: All standard errors in parentheses are clustered at the city level. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

Table 10 
Land-use supervision and the performance of incumbent firms.  

Variable Panel A: Innovative performance Panel B: Overall performance 

New product Productivity Output Value added Sales 

(1) (2) (3) (4) (5) 

distance×post − 0.0607*** − 0.0101*** − 0.0179*** − 0.0162*** − 0.0191*** 
(0.0063) (0.0027) (0.0015) (0.0025) (0.0015) 

Baseline controls Yes Yes Yes Yes Yes 
City FE Yes Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes Yes 
Province-year FE Yes Yes Yes Yes Yes 
Obs. 1,255,453 718,445 1,280,153 731,658 1,277,177 
Adjusted R2 0.1122 0.1183 0.3493 0.1683 0.3446 

Note: All standard errors in parentheses are clustered at the city level. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

Table 11 
Land-use supervision and innovation efficiency of fiscal expenditure on R&D.  

Variable Full sample Career incentives of city leaders Fiscal decentralization 

High Low High Low 

(1) (2) (3) (4) (5) 

distance×post 5.6231** 5.8357* − 4.0515 6.8561*** 1.9767 
(2.5925) (3.1949) (3.7549) (2.4209) (5.0371) 

Baseline controls Yes Yes Yes Yes Yes 
City FE Yes Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes Yes 
Province-year FE Yes Yes Yes Yes Yes 
Obs. 1368 1156 212 695 673 
Adjusted R2 0.4711 0.4849 0.8743 0.6528 0.4864 

Note: All standard errors in parentheses are clustered at the city level. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 
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establishment of the LSBs. 

7. Conclusions 

Although our knowledge of the role of public R&D support programs in private R&D has increased markedly over recent years, we 
still know relatively little about what shapes local governments’ fiscal incentives for R&D. In this study, we explored the importance of 
land supply policies. To clarify the mechanism, we first built a theoretical model, where the payoff function of local governments 
consists of regional income and public goods provided for residents. We found that, to compete with bureaucrats at the same level in a 
political tournament, the response of local leaders to land-use supervision is to allocate more fiscal expenditure to public R&D support 
programs, which has a positive effect on the productivity of firms. This suggests that decreasing land supply would strengthen local 
governments’ fiscal incentives for R&D. 

To test this prediction, we exploited the establishment of Chinese LSBs in 2006 as a quasi-natural experiment and utilized the DID 
approach to overcome the potential endogeneity that usually occurs in empirical works. In detail, our identification explored two- 
dimension variations, that is, the distance from cities to the LSBs and the year before and after 2006, and we compared the out-
comes of different cities within the same province. Based on a dataset of prefectural-level cities during 2004–2009, we found that land- 
use supervision has a significant and positive effect on fiscal expenditure on R&D, strengthening local governments’ fiscal incentives 
for R&D. This finding holds true after isolating the effects of other major reforms and performing two sets of placebo tests. 

Furthermore, given that economic performance is the most important determinant for the promotion of local leaders in the 
performance-based evaluation criteria, the land-use supervision effect is stronger for cities whose leaders have higher political career 
incentives. At the same time, because a higher level of fiscal decentralization indicates greater financial autonomy of local govern-
ments, the land-use supervision effect is more profound. These results provide further evidence for our argument that the positive role 
of land supply reduction on fiscal expenditure on R&D is attributable to the career competition pressure in local governments. More 
importantly, using the firm-level data, our mechanism tests imply that land-use supervision increases the probability and scale of the 
access of firms to government subsidies for R&D. We also find that land-use supervision enhances regional innovation capacity and the 
innovative and overall performance of incumbent firms, and increases the efficiency of fiscal expenditure on R&D. 

Our findings have important policy implications. First, non-R&D policies play critical roles in relation to local governments’ fiscal 
incentives for R&D, and ultimately determine regional innovation capacity. In this study, we emphasize the importance of land supply. 
Specifically, because increasing land supply allows city leaders to attract new firms easily and improve local economic performance, it 
is a curse for the local governments’ fiscal incentives for R&D that hinders innovation-driven growth. Furthermore, because economic 
growth is the most important indicator mentioned in the performance-based evaluation system for promotion, bureaucrats generally 
have strong incentives to allocate more fiscal expenditure to public non-R&D projects rather than risky R&D projects. Therefore, to 
improve the growth quality of an economy, it is essential to give higher weights to innovation-related indicators. 
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