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ABSTRACT

We study a Chinese policy that awards substantial tax cuts to firms with R&D investment over a
threshold or “notch.” Quasi-experimental variation and administrative tax data show a significant
increase in reported R&D that is partly driven by firms relabeling expenses as R&D. Structural
estimates show relabeling accounts for 24.2% of reported R&D and that productivity increases by
9% when real R&D doubles. Policy simulations show firm selection and relabeling determine the
cost-effectiveness of stimulating R&D, that notch-based policies are more effective than tax
credits when relabeling is prevalent, and that modest spillovers justify the program from a welfare
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1 Introduction

The belief that innovation is crucial for economic growth inspires governments around the world to
encourage R&D investment through tax incentives. While these incentives are meant to stimulate
real R&D expenditures, firms can also respond by relabeling other expenses as R&D. Relabeling
raises important questions about how tax incentives affect productivity growth. To what extent is
reported R&D real or relabeled? How does relabeling affect estimates of the productivity effects of
R&D? How should governments incentivize R&D while taking relabeling behavior into account?

We answer these questions using a novel administrative dataset of corporate tax returns of
Chinese firms covering a period of sharp and changing tax incentives. The tax incentive that
we study—China’s InnoCom program—provides substantial corporate income tax cuts to firms
that report R&D investment over a given threshold or “notch.” Before 2008, firms with an R&D
intensity (R&D investment over revenue) above 5% could qualify for a special high-tech-firm status
that was accompanied by a lower average tax rate of 15%—a large reduction from the statutory
rate of 33%. After 2008, the government established three thresholds at 3%, 4%, and 6% for firms
in different size categories. By changing average tax rates, as opposed to marginal incentives, the
program generates very large incentives for firms to increase reported R&D.

Our empirical analysis starts by using tax data to document a significant increase in reported
R&D in response to the policy. We show that firms respond to this tax incentive by bunching at
the required R&D notch. Leveraging the detailed cost breakdown in our administrative data, we
also provide evidence that firms relabel other expenses as R&D to take advantage of the policy.
Using these empirical patterns, we specify and estimate a model of R&D investment and relabeling.
The model matches the joint distribution of R&D and firm productivity as well as the relabeling
response to the notch.

Using the estimated model, we find that one-fourth of the reported R&D increase is due to
relabeling. We then show that accounting for relabeling is important when estimating the pro-
ductivity effects of R&D. Because relabeled expenses do not impact firm productivity, relabeling
behavior lowers the measured effect of reported R&D on productivity. By accounting for rela-
beling, the model finds that real R&D raises the productivity of Chinese firms and estimates a
productivity elasticity of real R&D of 9%. These results are robust to a number of alternative
specifications, including ones that incorporate information from bunching estimators (Kleven and
Waseem, 2013; Kleven, 2016).

We use the estimated model to study how governments can best incentivize R&D in the
presence of relabeling. First, we show that the effectiveness of the policy in stimulating R&D
depends on relabeling and how firms select into the program. Targeting the program toward
larger, more productive firms and those with weaker incentives for relabeling increases program

effectiveness. Second, we compare the InnoCom program to a more standard R&D tax credit. We



find that governments may prefer to deviate from standard incentives in the presence of relabeling
(e.g., Best et al., 2015). Specifically, an InnoCom-style program can focus monitoring efforts on
fewer firms, limit relabeling, and stimulate R&D at a lower fiscal cost. Finally, we find that the
policy can be justified from a welfare perspective when the strength of knowledge spillovers is in
the range of the estimates in the literature (e.g., Lucking et al., 2019).

Overall, this paper shows that relabeling is an important concern for both understanding em-
pirical facts surrounding R&D and designing policies aimed at encouraging innovation. Relabeling
affects the measurement of actual R&D expenses, the contribution of R&D to TFP growth, and
how tax incentives link fiscal costs to economic growth. Because the decision to invest in R&D or
relabel also depends on firms’ underlying productivity as well as on limits to their technological
opportunities, accounting for the relabeling behavior of heterogeneous firms in designing R&D tax
incentives is crucial. Policies that may otherwise be suboptimal—such as notches—may be more
effective at alleviating under-investment in R&D than standard tax credits, especially when such
policies target firms with better prospects for technological improvement and limit the potential
for relabeling.

China is the perfect laboratory to study fiscal incentives for R&D. Figure 1 shows that China
has experienced explosive growth in R&D investment even relative to its rapid GDP expansion. As
China’s development through industrialization reaches a mature stage, the government is fostering
technology-intensive industries as a source of future economic growth. In Section 2, we describe the
details of the fiscal incentive for R&D investment and discuss the potential for relabeling of R&D
expenses in China. One concern is that these R&D investments will not translate into improved
firm performance if the private return to R&D is low. Our results show that the seemingly low
return to reported R&D is an artifact of relabeling (Kénig et al., 2018) and that tax incentives for
R&D may be more costly in emerging economies where the corporate tax is imperfectly enforced
(Cai et al., 2018).

We begin our analysis in Section 3 by showing graphically that tax notches have significant
effects on the distribution of reported R&D intensity and that part of this response may be due
to relabeling. We show that a large number of firms choose to locate at tax notches and that
introducing the tax cut led to a large increase in R&D investment. Using a group of firms that
were unaffected prior to 2008, we show that the bunching patterns are driven by the tax incentive
and are not a spurious feature of the data. We also quantify the percentage increase in R&D
investment that is due to the tax notch using the bunching estimator. We find large increases in
R&D investment of 25% for large firms, 17% for medium firms, and 10% for small firms in 2011.

!These estimates are supported by a number of robustness checks. We obtain very similar results when we
exclude SOEs, firms that had extensive-margin responses during our sample period, low-profitability firms, or low-
tech firms. We also obtain similar estimates of the counterfactual distribution when we use a set of firms that were
not affected by the InnoCom program, when we use different parametric choices for the density or the exclusion
region, or when we estimate the counterfactual density using only data from the right tail of the distribution.



We then analyze relabeling responses by exploiting the fact that, under Chinese Accounting
Standards, R&D is reported as a subcategory of administrative expenses. Using our detailed
tax data to separate R&D from other administrative expenses, we provide graphical evidence that
firms may relabel non-R&D expenses as R&D to qualify for the tax cut. Specifically, we document
that non-R&D expenses drop significantly at the R&D notches, which suggests that the increase
in reported R&D is partly driven by relabeling of non-R&D expenses. We also study other forms
of manipulation, including relabeling of other expenses as well as retiming of sales, and we do not
find evidence of manipulation along these margins.

We develop a model of R&D investment and relabeling in Section 4. Firms’ decisions to invest
or relabel depend on tax incentives, the effect of R&D on productivity, and the costs of relabeling,
as well as on heterogeneous productivity and adjustment costs. The model shows that the InnoCom
program incentivizes firms that would otherwise be at the low end of the R&D intensity distribution
to bunch at the notch. Firms in the model can bunch either by increasing real R&D investments
or by relabeling non-R&D expenses. The optimal real R&D investment decision and relabeling
strategy depends on the relative strength of the cost of relabeling and the productivity elasticity
of R&D. Our model also allows for rich patterns of firm heterogeneity that are consistent with
important features of the data. First, firms in the model face heterogeneous adjustment costs of
investing in R&D, which rationalizes a highly dispersed R&D intensity distribution. Second, the
model allows for random certification costs that account for non-R&D requirements of the InnoCom
program and that explain why firms close to the notch do not participate in the program. Overall,
the model captures competing mechanisms for bunching—real R&D vs. relabeling—and is rich
enough to fit the main features of the data.

In Section 5, we estimate the model using a simulated method of moments approach. The
main parameters of the model—the productivity elasticity of R&D and the cost of relabeling—
are informed by the bunching response in reported R&D, the relabeling response at the notch,
and the joint distribution of R&D and productivity. By specifying the distributions of fixed and
adjustment costs, the model also characterizes how firms select into the program, which allows us
to study the effects of alternative policies. We estimate that, on average, 24.2% of the reported
R&D investment is due to relabeling and that a 100% increase in real R&D would increase TFP
by 9%. Our estimated model fits the data moments very well. The structural estimates are also
consistent with reduced-form bunching estimates, which provide a valuable cross-validation of the
model. Our results are also robust to a number of checks that ensure that our main conclusions

are not artificially driven by the parameterization of the model.?

2Specifically, our results are robust to using alternative specifications of the costs of relabeling and the adjustment
cost function, allowing for heterogeneous returns to R&D, and allowing for a correlation between certification costs
and firm productivity. Additionally, we explore the effects of assuming that the drop in administrative costs at the
notch is partly driven by real responses. Finally, we also validate the model using estimates of the effects of the
program on relabeling and productivity as out-of-sample moments.



We highlight the value of our estimated model in Section 6 by studying the fiscal effectiveness of
alternative policies. We first study the effects of changing the size of the tax cut and the location
of the notch. Policies with a larger tax cut and those with a notch at a lower R&D intensity
select firms with lower productivity, higher adjustment costs, and greater motives to relabel. Firm
selection into the program plays a crucial role in determining the economic effects of the program
and the fiscal cost of incentivizing real R&D.

As a second use of the model, we compare the fiscal effectiveness of the InnoCom program
to that of a linear tax credit. In a setting where firms have low incentives to relabel, a linear
tax credit is more effective at stimulating R&D. However, a notch may be more effective than
a linear tax credit when firms can relabel. The key intuition is that, under a linear tax credit,
the government’s monitoring efforts are spread across many firms, which lowers firms’ relabeling
costs. By focusing monitoring efforts on fewer firms, an InnoCom-style program can raise the cost
of relabeling and incentivize real R&D at a lower fiscal cost.

Fiscal incentives for R&D are often motivated by the possibility that firms may under-invest
in R&D in the presence of knowledge spillovers. As a final use of our model, we study the welfare
effects of the InnoCom program by extending our empirical model into an equilibrium setting
with potential R&D spillovers. In the absence of externalities, the InnoCom program distorts firm
behavior and reduces tax revenue, leading to an overall reduction in welfare. We then calculate
the magnitude of R&D spillovers that could justify the InnoCom program. The program is welfare
neutral when spillovers are such that firm productivity increases by 6.9% in response to a doubling
of average R&D investment in the economy. Since the empirical literature often estimates larger
spillover effects (e.g., Lucking et al., 2019), InnoCom-style programs can possibly improve welfare
and help alleviate the under-investment in R&D.

This paper contributes to several literatures. First, this paper is related to a large literature
analyzing the effects of tax incentives for R&D investment. Hall and Van Reenen (2000) and
Becker (2015) survey this literature. The empirical evidence is concentrated in OECD countries,
where micro-level data on firm innovation and tax records have become increasingly available.
While earlier work relied on matching and panel data methods, there is an emerging literature
that explores the effects of quasi-experimental variation in tax incentives for R&D. Examples
include Agrawal et al. (2019), Dechezlepretre et al. (2016), Einié (2014), Guceri and Liu (2019),
Akcigit et al. (2018), and Rao (2016). To our knowledge, this is the first paper to analyze R&D
tax incentives in a large emerging economy such as China. It is also one of the first studies to
use administrative tax data to study the link between fiscal incentives, R&D investment, and
firm-level productivity.

Second, a previous literature has long documented relabeling as an important challenge to
identifying the real impact of tax incentives for R&D (Eisner et al., 1984; Mansfield and Switzer,
1985). This is a salient issue for policymakers in developed countries (GAO, 2009; Bloom et
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al., 2019) and is likely a more severe problem in developing economies (Bachas and Soto, 2019;
Best et al., 2015). Our paper exploits unique data on firm expenditures to jointly model and
estimate firms’ R&D bunching and relabeling decisions. Our policy simulations also improve our
understanding of the effectiveness of different policies when firms may engage in relabeling.

Third, although there has been a dramatic increase in innovation activities in China, researchers
and policymakers are concerned that innovation resources could be misallocated. Wei et al. (2017)
show that state-owned firms produce significantly fewer patents per yuan of investment than for-
eign or private domestic firms. Konig et al. (2018) compare the effects of R&D on productivity
growth in Taiwan and mainland China and find that R&D investments are significantly less ef-
fective in mainland China. They conjecture that misreported R&D in China may explain this
discrepancy. Our paper validates this conjecture by using detailed micro-level data to examine an
important policy that can lead firms to misreport R&D investment.

Finally, our paper is related to a recent literature that uses bunching methods to recover
estimates of behavioral responses to taxation by analyzing the effects of sharp economic incentives,
such as kinks or notches in tax schedules.> While most of the literature studies kinks or notches in
taxable income, the notch in the InnoCom program targets a particular action: R&D investment.
We develop a simulated method of moments estimation approach that is consistent with results
from reduced-form bunching estimators. The model clarifies the interpretation of reduced-form
estimates, as suggested by Einav et al. (2017).* Our model quantifies the extent of misreporting,
measures the returns to real R&D, and simulates the effects of alternative policies. The model also
clarifies how selection and relabeling determine the fiscal effectiveness and the welfare implications

of a notch-based policy.?
2 Fiscal R&D Incentives and the Chinese Corporate
Income Tax

China had a relatively stable Enterprise Income Tax (EIT) system from 2000 to 2007. During this

period, the EIT ran on a dual-track scheme with a base tax rate of 33% for all domestic-owned

3These methods, pioneered by Saez (2010), have been used by researchers analyzing a wide range of behaviors.
Kleven (2016) provides a recent survey. Our project is most related to a smaller literature analyzing firm-level
responses (Devereux et al., 2014; Patel et al., 2016; Liu et al., 2019; Almunia and Lopez-Rodriguez, 2018; Bachas
and Soto, 2019) as well as to papers analyzing the effect of constraints to optimizing behavior (Kleven and Waseem,
2013; Best and Kleven, 2017; Gelber et al., 2019). Blomquist and Newey (2017) and Bertanha et al. (2018) show
that variation in incentives helps identify bunching estimators from notches. We use changes in the location of
the notch and a set of unaffected firms to confirm that our bunching patterns are due to the policy. In robustness
checks, we obtain similar estimates when we use unaffected firms to estimate the counterfactual density.

4Lockwood (2018) also notes that reduced-form effects from bunching on notches are not sufficient to analyze
the effects of changes in policy. This result motivates the use of a structural model for policy analysis.

®Blinder and Rosen (1985) discuss selection patterns under which notches can be desirable, and Slemrod (2013)
discusses administrative costs as a motivation for notches. Gordon and Li (2009) discuss broader motivations for
why tax policies in developing countries may differ from standard optimal tax models when firms can evade taxes.



enterprises (DOEs) and a preferential rate for foreign-owned enterprises (FOEs) ranging from 15%
to 24%. The government implemented a major corporate tax reform in 2008 that eliminated the
dual-track system based on domestic/foreign ownership and established a common rate of 25%.°

This paper analyzes the InnoCom program, which targets qualifying high-tech enterprises
(HTEs) and awards them a flat 15% income tax rate. Since a firm’s average tax rate can fall from
33% to 15%, this tax incentive is economically very important and may lead firms to invest in
projects with substantial fixed costs. This program is most important for DOEs,; including both
state- and privately-owned enterprises, as they are not eligible for many other tax breaks.

Table 1 outlines the requirements of the program and how they changed as part of the 2008
reform. A crucial requirement of the program is that firms must have an R&D intensity above a
given threshold. The reform changed the threshold from a common R&D intensity of 5%, to a
size-dependent threshold with a lower hurdle for medium and large firms, 4% and 3%, respectively,
and a larger hurdle of 6% for small firms. This requirement provides a large fiscal incentive to
invest above these thresholds, and the reform generates quasi-experimental variation across firms
of different size and ownership categories. Notably, because the reform eliminated preferential tax
rates for foreign firms, the incentive of FOEs to qualify for the InnoCom program grew after the
reform.

In addition to increasing R&D intensity, the InnoCom program requires firms to employ college-
educated workers and to sell “high-tech” products. Unlike the R&D intensity requirement, these
guidelines—such as which products are classified as high tech—are easily influenced. It is also hard
for tax authorities to verify the employment composition of a given firm. While these requirements
are not sharp incentives, they increase the cost of participating in the program. Importantly, these
costs may even prevent some firms from bunching at the notch despite having an R&D intensity
immediately below the notch. To capture this cost of participating in the program, our model in
Section 4 assumes that firms differ by an unobserved fixed cost of certification.

As a final program requirement, firms have to actively apply for the program and undergo a
special audit. The reform improved enforcement of the program by changing the certifying agency
from the Local Ministry of Science and Technology to a joint effort between the National Ministry
of Science and Technology, the Ministry of Finance, and the National Tax Bureau. By focusing
enforcement efforts on fewer firms, the InnoCom program increased the cost of relabeling R&D

relative to a more standard setting where all firms are able to claim an R&D tax credit.”

SWe discuss details of other preferential tax policies in Appendix A.

"The original government regulations also require that firms operate in a number of selected state-encouraged
industries. Due to the breadth and vagueness of these industry definitions, this requirement does not constitute
a substantial hurdle. In addition, after the reform, the state authorities further require that firms meet all these
criteria in the previous three accounting years or from whenever the firm is registered, in case the firm is less than
three years old.



Table 1: Requirements of the InnoCom Program

Requirement Before 2008 After 2008
6% if sales < 50M

R&D Intensity 5% 4% if sales > 50M & sales < 200M
3% if sales > 200M

Sales of High Tech Products 60% of total sales

Workers with College Degree 30% of workforce

R&D Workers 10% of workforce

Certifying Agency Local Ministry of Ministries of Science & Technology,

Science & Technology Finance and National Tax Bureau

Notes: Size thresholds in millions of RMB, where 50 M RMB =~ 7.75 M USD and 200 M RMB = 30 M USD.

Potential for Evasion and Relabeling

One concern is that firms’ reported R&D investment is contaminated by evasion or relabeling.
Relabeling of other expenses as R&D is a significant concern for policymakers (GAO, 2009) and
for academics studying the effects of R&D investment (Eisner et al., 1984; Mansfield and Switzer,
1985). In our setting, the institutional environment limits some forms of evasion and suggests that
the most likely form of relabeling is the miscategorization of administrative expenses as R&D.

The hypothesis that the entirety of the response is due to evasion is likely ruled out by the
requirements of the InnoCom certification.® A second hypothesis is that firms manipulate their
reported R&D intensity by reporting “phantom expenses” or by manipulating sales. China relies
on a value-added tax (VAT) system with third-party reporting, and China’s State Administration
of Tax (SAT) keeps records of transaction invoices between a given firm and its third-party business
partners. As in other settings (e.g., Kleven et al., 2011), this type of third-party reporting limits
the degree to which firms can completely make up “phantom” R&D expenses.

From conversations with the State Administration of Tax as well as with corporate executives,
we recognize that the most likely source of manipulation is the miscategorization of expenses. This
is a natural channel for relabeling since, in the Chinese Accounting Standard, R&D is categorized
under “Administrative Expenses,” which includes various other expenses related to general man-
agement.? Thus, firms may relabel non-R&D administrative expenditures as R&D to over-report
their R&D intensity. These types of expenses are easily shifted, and it may be hard to identify

relabeling in any given audit. Relabeling may also be a way for firms to reach the R&D intensity

8Part of this certification includes an audit of the firm’s tax and financial standings. In addition, the Chinese
State Administration of Tax, together with the Ministry of Science and Technology, conducts regular auditing of
the InnoCom HTE firms.

9Examples include administrative worker salaries, business travel expenses, office equipment, etc. While we
interpret changes in administrative expenses as relabeling, they may also be consistent with reallocating resources
from other expenses toward R&D or more precise accounting of previously undercounted R&D expenses. In Section
5, we explore how this interpretation affects our estimates.



threshold when it is hard for them to perfectly forecast their sales. A firm with unexpectedly
high sales, for instance, might choose to characterize administrative expenses as R&D to meet
the InnoCom requirement for a given year.! Our empirical strategy to detect relabeling leverages
these institutional features and exploits the detailed cost reporting in our administrative tax data,

which contain information on the breakdown of operating expenses and R&D expenses.

3 Descriptive Evidence of Firms’ Responses to Tax Notches

We now describe our data and provide evidence that the R&D investment of Chinese manufactur-
ing firms responds to the InnoCom program. We then show that part of this response may be due
to relabeling. Specifically, we document stark bunching patterns precisely above the tax notches,
and we show that the ratio of administrative expenses to sales drops sharply at the notch. These

data patterns motivate our model in Section 4 and inform the structural estimation in Section 5.

3.1 Data and Summary Statistics

Our main data come from the Chinese State Administration of Tax (SAT). The SAT is the
counterpart of the IRS in China and is in charge of tax collection and auditing. Our data are
comprised of administrative enterprise income tax records for the years 2008-2011 (Appendix B
discusses our data sources). These panel data include information on firms’ total production,
sales, inputs, and R&D investment. The detailed cost breakdowns allow us to measure different
subcategories of administrative expenses. We use these data to construct residualized measures
of firm productivity.!? The SAT’s firm-level records of tax payments contain information on tax
credits, such as the InnoCom program, as well as other major tax breaks. This allows us to
precisely characterize the effective tax rate for individual manufacturing firms. We supplement
these data with the Chinese Annual Survey of Manufacturing (ASM), which extends our sample
to the years 2006-2007.

Table 2 reports descriptive statistics of the firms in our analysis sample. In panel A, we report
summary statistics of our tax data for all surveyed manufacturing firms from 2008 to 2011. Our
data are comprised of around 1.2 million observations, with about 300,000 firms in each year. A
total of 8% of the sample reports positive R&D. Among firms with positive R&D, the ratio of
R&D to sales, i.e., R&D intensity, is highly dispersed. The 25th, 50th, and 75th percentiles are
0.3%, 1.5%, and 4.3%, respectively. The administrative expense-to-sales ratio, which is a potential

margin for relabeling, is close to 5.8% at the median. While our measure of residualized TFP is

10While we recognize that it is possible for firms to relabel R&D intensity through other means, we do not find
systematic evidence for this hypothesis. In Section 3, we show that sales are not manipulated around the R&D
thresholds. Similarly, we do not find evidence of manipulation of other expenses.

11Gee Appendix C for details, where we also show that we obtain similar productivity estimates using the method
of Ackerberg et al. (2015).



normalized by construction, the distribution of productivity has a reasonable dispersion with an
interquartile range of 0.8 log points. As one might expect, firms with higher R&D intensities
also have higher values of TFP. For instance, large firms with R&D intensity below 3% have a
(normalized) TFP of -1.5%, while firms with R&D intensity greater than 3% have an average TFP
of 2.7%.

Panel B of Table 2 reports summary statistics of Chinese manufacturing firms with R&D
activity in the ASM for the years 2006-2007. We have a similar sample size of around 300, 000
firms per year. Firms in the ASM sample are noticeably larger than those in the SAT sample,
and the difference is more pronounced when we look at lower quartiles (i.e., the 25th percentile)
of the distribution of sales, fixed assets, and the number of workers. This is consistent with the
fact that the ASM is weighted toward medium and large firms. The fraction of firms with positive
R&D is slightly larger than 10%, and R&D intensity ranges from 0.1% to 1.7% at the 25th and
75th percentiles of this sample.

3.2 Bunching Response

We first analyze data from the post-2008 period since the multiple tax notches based on firm size
generate rich variation in R&D bunching patterns. Figure 2 plots the empirical distribution of the
R&D intensity of Chinese firms in 2011. We limit our sample to firms with R&D intensity between
0.5% and 15% to focus on firms with non-trivial innovation activities. The first panel in Figure 2
shows the histogram of overall R&D intensity distribution. There are clear bunching patterns at
3%, 4%, and 6% of R&D intensity, corresponding to the three program thresholds. This first panel
provides strong prima facie evidence that fiscal incentives provided by the InnoCom program play
an important role in firms’ R&D investment choices.

To further validate that these R&D bunching patterns are motivated by this specific policy, we
plot the histograms of R&D intensity for the three different size categories in the remaining panels
of Figure 2. For firms with annual sales below 50 million RMB, we find clear bunching at 6%, and
we find no evidence of bunching at ot