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Abstract

We investigate the impact of tax cascading on innovation activities of both upstream
and downstream firms. As a natural experiment, we explore a reform that replaced
turnover taxes with value-added taxes for service industries in China, which effectively
removed tax cascading. We find a relative increase in sales, R&D investment, and
employment for affected service firms. Around half of the R&D investment increase is
driven by outsourcing from manufacturing firms. We document that smaller and less
innovative manufacturing firms increase outsourcing more, while larger service firms
benefit more from the tax reform. Our study provides new evidence on how taxation
affects supplier networks and firms’ innovation activities.1
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1 Introduction

Turnover taxes are levied on revenues and do not allow for input deductions, resulting

in tax cascading where final goods are taxed multiple times throughout the production.

Many developing countries adopt turnover taxes because they are easier to administer and

arguably harder to evade (Best et al., 2015). Meanwhile, turnover taxes are also gaining

popularity in developed countries, like the United States (Hansen et al., 2022; Phillips and

Ibaid, 2019). In principle, turnover taxes distort business organizations to favor vertical

integration, which depresses demand for upstream suppliers (Coase, 1937; Williamson, 1971).

This tax distortion may lead to potentially large production inefficiency, especially when

turnover taxes are imposed on some, but not all, sectors (or regions) in the economy. In this

study, we examine how sector-specific turnover taxes affect the supply chains and innovation

activities of firms in a large developing country, considering the perspectives of both upstream

and downstream firms.

As a quasi-natural experiment, we explore a major tax reform in China which replaced

the business tax (BT) on gross revenue with the value-added tax (VAT) for firms in service

industries starting from 2012 (thereafter, the B2V reform). Before the B2V reform, Chinese

service firms were subject to the BT, which is a tax imposed on gross revenue. In comparison,

manufacturing firms in China were subject to the VAT, which is imposed on value-added.

One feature of this dual tax system is that manufacturing firms could not claim input

deductions against their VAT when they purchased intermediate goods from BT-paying

service firms. This dual tax system encouraged manufacturing firms to vertically integrate

to avoid tax cascading. The reform effectively removed this distortion in the tax system and

should have encouraged outsourcing from manufacturing firms. We leverage the staggered

implementation of the B2V reform across regions and time to identify its impact on sales,

investment, R&D, and employment of firms in R&D intensive service industries, based on a

sample of Chinese listed firms during 2009-2017.

Our empirical strategy relies on comparing service firms that were directly affected by the

reform with manufacturing firms that were only affected by the reform through the nature

of their purchasing networks. By altering the control group between manufacturing firms

that were more or less connected to the service industries, we are also able to recover the

effect of the reform on service firms that is due to outsourcing from manufacturing firms.

Our key findings are as follows. First, consistent with the hypothesis that removing turnover

taxes should replace inefficient vertical integration with outsourcing, we find that treated
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service firms increased sales by 11.8% on average relative to a typical manufacturing firm

after the B2V reform. This also suggests that turnover taxes suppressed the demand for the

service firms. We further find that the B2V reform led to a diversification of the customer

base for service firms. For the reformed service firms, the percentage of sales to the top five

customers in total sales declined by 15%, relative to manufacturing firms. Thus, removing

the turnover tax not only increases the total demand for service firms but also has a material

impact on their market structure.

In response to the sales increase, we find that reformed service firms experienced a sig-

nificant increase in R&D investment and employment, of 9% and 5.4% respectively, relative

to manufacturing firms, indicating significant scaling effect. We find no significant change

for fixed assets investment since our treated service firms mainly produce intangible goods

and tend to be R&D intensive. We further examine whether the reform affected the quality

of innovation for service firms. Using different proxies for innovation quality, such as the

number of patents and patent citations, we show that service firms improved their R&D

investment quality since the reform. There are at least two potential explanations for this

increase in quality. First, higher investment in R&D increases the chances of more break-

through research. Second, an increased demand from downstream firms is likely to increase

the competition in the supply market, which encourages service firms to improve the quality

of their products.

We then proceed to investigate how much of this relative increase in service firms’ R&D

investment and employment is due to outsourcing from downstream manufacturing firms,

and how much is an additional increase coming from new investment by service firms. Our

hypothesis is that manufacturing firms that by nature need more intermediate goods from

service firms (i.e. those that are more connected to the service sector) are more likely

to increase outsourcing after the B2V reform. In contrast, manufacturing firms that are by

nature less connected and use fewer intermediate goods from service industries should be less

affected by the B2V reform. Hence, comparing the increase in R&D by service firms relative

to that by all manufacturing firms (as in our benchmark estimations) with the increase

relative to less connected manufacturing firms should give us a lower bound estimate for the

outsourcing effect.

Specifically, we utilize the pre-reform industry-level input-output table for the Chinese

economy and calculate the strength of the connection between each manufacturing industry

and each service industry. Relative to the less connected manufacturing firms, we find that

service firms’ R&D investment increased by 4.4% since the B2V reform. This implies that
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at least 51% (=(9%-4.4%)/9%) of the increase in treated service firms’ R&D investment is

likely due to outsourcing from more connected manufacturing firms.2 This magnitude is in

line with counterfactual estimates in Gadenne et al. (2019), who show that exempting all

firm-to-firm transactions in India from VAT and thereby removing supply chain distortions,

reduces upstream segmentation in supply chains by a comparable 50%. Using the same

method, we find that at least 22% of the increase in treated service firms’ employment is

driven by outsourcing from downstream manufacturing firms. We show that these results

are robust to alternative measures of connectedness, including the one based on the US

industry-level input-output tables and a measure of upstreamness from Antràs et al. (2012).

Next, we examine which manufacturing firms gain from this reform the most. We docu-

ment a relative slow-down in R&D investment for smaller and less innovative manufacturing

firms, relative to larger and more innovative ones, after the B2V reform. This evidence is

consistent with the hypothesis that smaller and less innovative manufacturing firms may

have been forced to vertically integrate inefficiently before the B2V reform. Consequently,

the removal of the turnover tax led these manufacturing firms to outsource more R&D in-

vestment.

We further examine which service firms benefit more from the B2V reform. We find that

larger treated service firms enjoyed a stronger increase in sales, R&D investment, employ-

ment and wages relative to smaller service firms. Larger service firms also enjoy a greater

enhancement in the number of new patents following the B2V reform. As such, outsourcing

spurred by B2V reform benefits larger service firms, possibly because of their market power

and ability to be competitive in this market. We also distinguish between service firms with

higher or lower innovation quality. Before the reform, manufacturing firms may purchase

from more innovative service firms despite the tax distortion, if the higher quality of their

products outweighs the tax costs. Following this, we hypothesize that the reform should

have a larger impact on service firms with lower innovation quality, while the impact on

more innovative service firms should be limited. While both types of service firms increase

sales, R&D investment, and employment after the B2V reform, we find weak evidence that

the estimated impact is larger, at least in magnitude, for service firms with relatively lower

innovation quality. These results indicate that service firms with lower innovation quality

may have been more negatively affected by the turnover tax.

We finish the paper, by exploring alternative explanations for the observed changes in

2Using estimates without control variables, we find a smaller magnitude of outsourcing that is around
26%(=20.6%-15.2%/20.6%) .

3



sales, R&D investment, and employment by service firms. First, we show that our benchmark

results are not driven by firms that were more financially constrained, or driven by changes

in the tax burden. Second, we show that the reform had a limited impact on goods prices,

thereby ruling out the reverse causality channel (Alfaro et al., 2016; Hansen et al., 2022;

McGowan, 2017). Finally, we use the service firms in the Business to Consumer (B2C)

sector as a placebo group and show no effects of the reform on these industries. These

additional checks strengthen our findings that relative changes amongst service firms in terms

of sales, R&D investment, and employment are mainly driven by outsourcing by upstream

manufacturing firms.

Our study contributes to the small body of empirical research on turnover taxes. Hansen

et al. (2022) find that following the replacement of the gross receipt tax with a retail tax

on Washington’s cannabis industry, the share of vertically-integrated cannabis fell immedi-

ately while production increased, indicating large production inefficiency associated with the

gross receipt tax. Smart and Bird (2009) find that replacing sales taxes with value-added

taxes in several Canadian provinces led to significant increases in machinery and equipment

investment. Gadenne et al. (2019) explore how the co-existence of turnover tax and VAT

in India distorts smaller firms’ supply chains. Best et al. (2015) emphasize that turnover

taxes reduce evasion, which outweighs the associated production inefficiency.3 Relative to

these previous studies, the reform we analyze affected firms of all sizes from a wide range of

industries across the whole country. Hence, the tax cascading we examine potentially created

an even larger distortion in the economy. Our study also adds to this strand of literature

by showing that as tax capacity for a developing country improves, removing tax cascading

in the economy could affect the allocation of innovation activities, which has been shown

to influence long-run economic growth (Balasubramanian and Sivadasan, 2011; Doraszelski

and Jaumandreu, 2013; Griliches and Mairesse, 1991; Hall and Mairesse, 1995; Hasan and

Tucci, 2010; Kogan et al., 2017; Mansfield, 1980).

Second, we add to the discussion on how government can influence private innovation via

increasing private demand. The majority of the literature focuses on supply-side government

policies (e.g., tax incentives) that change the cost of R&D investment (Agrawal et al., 2020;

Akcigit et al., 2018; Bloom et al., 2002; Chen et al., 2021; Einiö, 2014; Guceri and Liu, 2019;

Hall and Van Reenen, 2000; Lokshin and Mohnen, 2013; Rao, 2016), while less evidence

exists on the effectiveness of policies affecting demand.4 Based on our estimation results,

3At the same time, there is some agreement in the literature that VAT taxes tend to be harder to evade
(Naritomi, 2019; Pomeranz, 2015; Waseem, 2019).

4The importance of demand-side policies for innovation has long been recognized (Schmookler, 1962,
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we calculate the implied elasticity of R&D investment with respect to increase in sales to

be between 0.76 - 0.96, depending on the specification. As a comparison, the estimated

elasticity of R&D investment with respect to policy-induced changes in the tax component

of the user cost of capital ranges from 0.14 in the short-run to 2.7 in the long-run (Bloom

et al., 2002; Hall, 1993). Our estimated medium-run demand elasticity is large in comparison.

This suggests that policies changing firms’ demand conditions are just as effective as those

changing the marginal cost of R&D investment.

This paper also has important policy implications. International organizations, such as

the IMF, have been encouraging developing countries to move from turnover-type taxes to

VAT in the last few decades, notably, with Brazil switching in 2002 and 2003. However,

turnover-type taxes remain popular, largely as they are easier to enforce than profit taxes.5

In more developed economies, while the VAT has been widely adopted, features like VAT

exemptions potentially impose similar problems as the Chinese dual tax system before the

B2V reform (Ebrill et al., 2001). In the U.S., the state sales tax system also imposes a

significant tax on business-to-business transactions (Phillips and Ibaid, 2019). We show that

these distortions in the tax system alter firm decisions, and removing them may lead to a

more efficient allocation of business activities.

2 Policy background

2.1 The reform

China’s economic growth traditionally depended on its manufacturing sector, but its ser-

vice sector and, consequently, innovation driven growth is becoming increasingly important

(Zilibotti, 2017). Since 2011, the aggregate annual output growth rate of the service sector

outpaced that of the manufacturing sector and has remained at the double-digits level. By

2017, the service sector contributed to more than 50% of the country’s GDP. Therefore,

policies targeting growth of the service sector are likely a key for China’s productivity and

long-run economic performance.

Despite the growing importance of the service sector, until 2012 Chinese service firms

were subject to a different tax treatment from that imposed on manufacturing firms. Before

1966), but there is limited empirical evidence (Edler and Georghiou, 2007).
5For example, Afghanistan, Ethiopia, Suriname, and Taiwan levy turnover taxes on all firms, while South

Africa applies it to small businesses. For more information see https://www.ibfd.org/sites/ibfd.org/

files/content/pdf/ivm_2018_02_int_2.pdf.
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the B2V reform, the VAT broadly applied to the manufacturing sector, and the BT broadly

applied to the service sector. Under the VAT, firms are taxed based on value added, and

there is an “input-output” credit mechanism. That is, the buyer pays VAT on her input

purchases and subsequently claims tax credit when she sells to downstream customers. In

comparison, the BT was imposed on gross revenue and costs of factor inputs could not be

deducted. As a result, VAT-paying firms could not claim tax credits on input purchased

from the BT paying firms.

The rationale behind imposing a revenue-based tax on service firms is largely related to

tax enforcement. In developing countries, it is difficult for the tax administrator to monitor

firms, especially those with little tangible assets. That applies to most firms in the service

sector. Compared with profit-based tax, it is more efficient to collect tax based on revenue

for such firms. The drawback of the BT-VAT dual tax system is that it breaks the VAT

chains in the economy and distorts supply networks. Ample anecdotes suggest that before

the B2V reform, manufacturing firms were forced to become “big and comprehensive”—

that is, to self-supply intermediate goods and internalize the costs, as outsourcing to service

firms implied a higher tax burden. However, such tax-motivated vertical integration may be

inefficient, especially for smaller downstream manufacturing firms.

Starting from 2012, the Chinese government gradually replaced the BT with the VAT.

Panel A of Table 1 provides the timeline of the B2V reform. The aim of the reform was to

unify the tax treatment for the manufacturing and the service sectors, and to remove dis-

tortion and the inefficiency associated with the BT. The transition was made in a revenue-

neutral way. Panel B of Table 1 lists the BT rates and the VAT rates for the treated

industries. The pilot reform took place in Shanghai on January 1st, 2012 and affected

transportation industry and six “modern services” (R&D and technical services, IT services,

cultural and innovation services, logistics auxiliary services, attestation and consulting ser-

vices, and tangible assets leasing services). The reform was then gradually rolled out to cover

more service industries and regions. By May 2016, the reform covered all service industries

and effectively eliminated the BT from the Chinese tax system. In our analysis, we focus on

the service industries reformed by 2015. The reform has been hailed as the most important

tax reform in China since 1994, involving the countries’ two most important taxes (Cui,

2014).
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2.2 Mechanisms

There are three potential channels through which the Chinese BT, and the elimination of

it, can affect the demand and investment decisions for the treated service firms. First, the BT

induced manufacturing firms to substitute away from inputs produced by BT-paying service

firms. At the extreme, this generated incentives for downstream manufacturing firms to

vertically integrate their business and “self-supply”. After the unification of the tax system,

the demand for upstream service firms will increase directly, as manufacturing firms would

have stronger incentives to outsource. This is likely to manifest directly in an increase in sales

and an expansion of customer base for service firms. We call this the “outsourcing effect”.

The increase in sales would likely drive up employment, wages and investment of service

firms. Because the service industries we analyze in this paper tend to be R&D intensive, we

also expect to observe a higher level of innovation activities after the reform.6

Second, as the VAT is imposed on a narrower base, the B2V reform may lower the tax

burden for service firms. While the VAT rates for the reformed service industries are set

to be higher than the BT rates (Panel B, Table 1), the government chose these rates to

ensure their tax burden would not increase, in principle. If the reform resulted in a lower

tax burden for treated service firms, they may lower price of their products. Consequently,

the quantity of goods sold would increase, if demand is elastic. We call this the “direct price

effect”. A lower tax burden may also relax service firms’ financial constraints, leading to

more investment and/or employment.

Third, the B2V reform lowered the tax burden of manufacturing firms already purchasing

from service firms, since they can now deduct input costs. If a lower tax burden translates

into a lower final consumer price, it can lead to a higher demand for products sold by the

manufacturer. This may have a cascading effect on the demand for intermediate goods

provided by service firms. We call this the “cascading price effect”.7 We explore each of

those mechanisms in our analysis.

6Table 2 shows that reformed service firms in our sample are almost twice as R&D intensive as listed
manufacturing firms, as indicated by the ratio of R&D investment to total assets.

7The magnitude of this cascading effect will depend on the pass-through of the VAT to the final con-
sumer. The empirical literature on this subject is mixed, ranging from full pass-through for food and chain
restaurants, some pass-through for hairdressers and French restaurant consumers, to no pass-trough for small
restaurants (Benzarti and Carloni, 2019; Gaarder, 2018; Harju et al., 2018; Kosonen, 2015).
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2.3 Contemporary policies

During the analyzed time period, the Chinese government enacted several other tax

policies. First, there was a nationwide corporate tax rate cut for small and micro-profit

enterprises (Cui et al., 2021), which is unlikely to affect listed firms in our sample since

these firms are generally large firms. Second, China introduced accelerated depreciation for

qualified fixed assets investment for selected manufacturing industries since 2014. However,

this tax incentive only targets non-R&D fixed assets investment. Besides, existing study

shows that this policy had a rather low take-up and limited impact on firms’ fixed assets

investment (Cui et al., 2022).

There are also tax incentives specifically targeting firms’ R&D investment. For example,

qualified high-tech firms enjoy a 15% corporate income tax rate, 10% lower than the main

rate, that was in place before the B2V reform (Chen et al., 2021). There are also R&D

super deductions and subsidies. Since such tax schemes existed well before the B2V reform

and apply to firms in all sectors, they are unlikely to threaten our identification strategy.

Nevertheless, to address possible confounding effects of these tax incentives, we add firm and

time-specific corporate tax rate and subsidies as control variables in our estimations.

3 Data and empirical strategy

3.1 Data

For empirical analysis, we use the sample of all Chinese firms listed in Shanghai and

Shenzhen Stock Market Exchanges during the period 2009-2017, provided by the database

CSMAR. In the benchmark analysis, we compare firms in service industries that experienced

the transition from the BT to the VAT by 2015, as shown in Table 18, with manufacturing

firms that always paid the VAT. Overall, we obtain a balanced sample of 243 service firms

and 1,786 manufacturing firms. Table 2 provides summary statistics for key outcome and

control variables. Appendix A provides the variable definitions.

There are three reasons why we focus on the sample of listed firms rather than admin-

istrative datasets that cover a broader distribution of firms in the population. First, R&D

investment in China is concentrated amongst the largest firms. We demonstrate this using an

alternative database, the National Tax Survey Data (NTSD) during the same sample period

8We exclude real estate, construction, finance and other service industries that were reformed in 2016 to
allow for adequate post-reform time.
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2009-2016. Around 700,000 firms are surveyed by the NTSD each year, distributed across

firm sizes and industries. The overall tax receipts reported by the sampling firms account

for 75% of the aggregate national tax revenue in 2014 (Fan and Liu, 2020). Thus, examining

the distribution of R&D activities among NTSD firms should shed light on the distribution

in the overall economy. In Figure B1, we show that less than 1% of manufacturing firms

in the bottom quintile of the size distribution conduct any R&D investment at all. It is

mainly firms in the top quintile of the size distribution that are involved in R&D activities.

A similar pattern is found for service firms. In comparison, over 70% of listed firms report

R&D investment across all size quintiles. In Table B1, we also show that the average size

of listed firms, measured by total assets, is substantially larger than that in the NTSD.9

Even among the listed firms, we observe a strong positive relationship between firm size and

R&D investment. Since R&D investment is mainly conducted by large firms, results based

on listed firms should shed light on the overall impact of the B2V reform on R&D activities

in the economy.

Second, we observe the quality of innovation activities for the listed firms, such as the

number of granted patent applications and patent citations. In contrast, we have no informa-

tion on patenting activities for firms in the NTSD. Thus, it is useful to examine the sample

of listed firms, as analyzing the impact of the B2V reform on the quality of innovation by

service firms is an integral part of our study.

Third, we use consolidated financial data for listed firms in our main analysis. In contrast,

the NTSD data is collected at the unconsolidated level without ownership information to link

parent firms to subsidiaries. As a result, we cannot differentiate between independent service

firms and those that are subsidiaries of manufacturing firms while using the NTSD. Suppose

a manufacturing firm chose to vertically integrate before the B2V and set up a service

subsidiary. If this manufacturing firm replaces self-production (i.e., producing intermediate

service goods by its service subsidiary) with outsourcing (i.e., purchasing from a third-party

service firm) after the B2V, we will observe a decline in the R&D investment by its service

subsidiary. This would create a downward bias in the estimated effect of the reform, if we

classify this service subsidiary as an independent service firm. Using the consolidated data

for listed firms helps us avoid this bias. Nevertheless, we demonstrate the effects of the

reform using the NTSD sample in Table B2 and show the direction of the bias is consistent

with our intuition.

9The median listed firm in our sample has 3.2 billion RMB total assets, while median firm in NTSD has
10 thousand RMB total assets.
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3.2 Empirical strategy

We start our analysis by comparing all listed service firms with all listed manufacturing

firms before and after the B2V reform, based on a difference-in-differences framework. Service

firms were directly affected by the reform through the change in the tax system and hence,

they form our treated group. It is worth noting that manufacturing firms may be affected

by the reform indirectly through their purchasing networks. The removal of tax cascading

is likely to lower manufacturing firms’ tax burden and encourage them to outsource—both

channels may affect manufacturing firms’ performance. However, how important these indi-

rect effects are for a given manufacturing firm depends on how exposed it is via its ex ante

connection with the service sector. In Section 5, we thus use a sub-sample of manufacturing

firms that were less likely to be affected by the reform through their supply networks as the

alternative control group, and compare the resulting estimates with the benchmark ones.

We use the following general specification for estimations:

Yi,t = α + β × Servicei × Posti,t + δ ×X
′

i,t + ηt + ψi + εi,t (1)

where Yi,t is a set of outcome variables at the firm level, which in the baseline specifications

includes sales, capital expenditures, customer concentration, R&D expenditures, the number

of employees and total wage bills (all in natural logarithms). Servicei is a dummy variable

that equals to 1 when a firm belongs to the reformed service industry, and 0 if it belongs to

the manufacturing industry. The B2V reform was implemented in different industries across

provinces in different years (see Table 1) and hence, our Posti,t variable varies across firms

in our sample. We set it to 1 starting in the year the reform was implemented. Since in

some provinces the reform was implemented in the last quarter of the year, it is possible that

the effect of the reform can occur in year t+1. X
′
i,t is a set of firm-level control variables,

including size, age, profitability, leverage, the amount of government subsidies and firm

specific corporate tax rate; ηt is the time fixed effect, ψi is a firm-specific fixed effect and εi,t

is the unobserved error term. We cluster standard errors at the firm level.10 The parameter

β captures the relative difference in the outcome variables averaged across all service firms

compared with manufacturing firms after the reform.

Next, using the event study methodology, we test whether service and manufacturing

firms evolve similarly before the reform. To causally identify the effects of the reform on

10We test the robustness of this clustering method in Table C5, where we instead cluster the standard
errors at the province-industry level.

10



service firms’ outcomes relative to those of manufacturing firms, we require the assumption

of parallel trends to hold in our setting. The event study methodology allows to verify the

plausibility of this assumption. We also use this approach to evaluate the speed with which

the reform affects our outcome variables. For this purpose, we estimate Equation 2:

Yi,t = α +
3∑

κ=−3

βi,κ1[t = κ] × Servicei + δ ×X
′

i,t + ηt + ψi + εi,t (2)

where 1[t = κ] is a set of dummy variables that equals to 1 in each of the κ years relative

to the year in which the reform affected firm i. The coefficient on each of those dummies

indicates the difference in each outcome variable between the two groups in that year relative

to year t-1, which we omit from the specification, and which serves as a benchmark. The

treatment indicators are binned at endpoints, such that t-3 indicates treatment in year t-

3 and all previous years (Fuest et al., 2018; McCrary, 2007). We continue to control for

firm-specific fixed effects and year fixed effects in each specification.

A potential concern about using the traditional two-way fixed effects approach that we

use in our setting is the staggered and heterogeneous nature of the reform implementation

across provinces and years. As such, one may be concerned that the estimated effects may be

contaminated when “already-treated” observations act as a control group. These problems

arise from negative weights in the computation of the average treatment effect. We tackle

this issue in three distinct ways. First, we only use firms in service industries that were

reformed in 2012, 2013, and 2014. We exclude the 2016 reformed industries due to limited

post-reform data. Our strategy thus limits the staggered nature of the implementation, as

89% of our treated service firms were reformed in 2012.11 Second, following Goodman-Bacon

(2018), we decompose our estimator into its sources of variation. In Table C1 we show that

our estimates rely almost exclusively on the comparison of “treated” with “never-treated”

groups. Hence, the variation in reform timing is not a substantial issue in our setting. Third,

to address the remaining concerns about the heterogeneous treatment effects in a staggered

difference-in-differences framework, when estimating the event study models with two-way

fixed effects, we use alternative estimators to correct for this issue including those provided

by de Chaisemartin and D’Haultfoeuille (2020), Sun and Abraham (2020), Callaway and

Sant’Anna (2020), and Borusyak and Jaravel (2021).

11This is also another reason why we do not use firms in the 2016 reformed industries as our control group,
in addition to the fact that they are likely to differ from service firms in other industries.

11



4 Impact on sales, investment and employment

4.1 Baseline estimations

We start our analysis by documenting the changes in sales, customer base, investment,

employment, and wages of service firms relative to the sample of all listed manufacturing firms

since the B2V reform. We report the results based on Equation 1 in Table 3. In Panel A, we

include only firm and year fixed effects and add controls for firm-level characteristics in Panel

B. In both panels, the estimated coefficient on sales is positive and highly significant (column

1). With firm-level controls, we find that service firms experienced an 11.8% increase in sales,

relative to manufacturing firms, since the B2V reform. Panel A of Figure 1 plots the dynamic

changes in sales for the two groups. Each dot in the sub-figure represents the point estimates,

βi,κ, based on Equation 2, where we separately estimate the annual coefficients for service

and manufacturing firms. The vertical lines represent the 95% confidence intervals associated

with the corresponding point estimates. Before the B2V reform, sales of two groups of firms

evolved in parallel, both increasing at the similar rates. Further, the 95% confidence intervals

before the reform consistently overlap, suggesting no significant difference between the two

groups prior to the reform. Since the year of the B2V reform, we observe a gradual increase

in sales for the service firms relative to the manufacturing firms.

In column 2 of Table 3, we examine whether the B2V reform affected the customer

structure for service firms. At the extensive margin, the reform may have spurred more

manufacturing firms to outsource and consequently, increased the number of customers for

the upstream service firms. To test this hypothesis, we use customer concentration as the

dependent variable and define it as the logarithm of the ratio of sales to the top five customers

to total sales.12 Column 2 shows that customer concentration declined by 11.5% for service

firms after the reform. Panel B of Figure 1 shows no significant difference in the evolution

of customer base between service and manufacturing firms before the reform, and a drop in

service firms customer concentration following the reform. These findings are consistent with

our hypothesis that the reform enlarged the pool of customers for service firms, possibly as

more manufacturing firms start outsourcing.

Next, we examine how service firms’ investment was affected by the reform. In Table

3, we consider capital expenditures in column 3, and R&D investment in column 4. We

12Alternatively, we use an Herfindahl-Hirschman Index (HHI) based on sales to the top five customers.
The treatment effect is significantly negative when we use this HHI as the outcome variable, leading to the
same conclusion.
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find that only R&D expenditures increased significantly after the reform for service firms,

especially when we control for firm-level characteristics like investment subsidies in Panel

B. In Panel C of Figure 1, we document a gradual and statistically significant increase in

R&D investment by service firms since the reform relative to manufacturing firms, with

no discernible pre-trends.13 It is not surprising that we observe a greater impact of the

B2V reform on treated service firms’ R&D expenditures since they are from R&D intensive

industries, with R&D expenditures consisting of 71.4% of all expenditures on average (Table

2). According to Panel B of Table 3, service firms increased R&D investment by around 9%

(column 4). Based on these results, we can calculate an elasticity of R&D investment with

respect to changes in sales to be 0.76 (=9%/11.8% in Panel B). Using results from Panel

A of Table 3, we obtain slightly larger elasticity of 0.96 (=25.9%/27.1%). These elasticities

are large relative to the literature that estimates the short-run elasticity of R&D investment

with respect to changes in the marginal cost, as discussed in the Introduction.

Finally, in columns 5 and 6 in Panel A of Table 3, we show that following the B2V reform,

both employment and wages in service firms increased significantly relative to manufacturing

firms. The increase in employment is large, 5.4% in magnitude, and remains statistically

significant even when we control for firm-level characteristics. Panel D of Figure 1 shows

the dynamic effects for employment, while Panel E of Figure 1 shows that on firm wage.

These figures provide further evidence that service firms increased employment and wage in

response to stronger demand.

4.2 Robustness checks

There are two potential concerns about our baseline estimates. First, related to the stag-

gered nature of the reform implementation, the traditional two-way fixed effects estimation

may not capture the true effect of the reform, as the already treated units may act as control

group in later years. Further, given the heterogeneous implementation across provinces, this

may exacerbate the issues. As already discussed, using Goodman-Bacon decomposition, we

show that this concern is of small magnitude in our sample. Here, we take it a step fur-

ther, and in Figure C1 we plot the dynamic changes in the main variables of interest: sales,

customer concentration, R&D investment and employment for service firms relative to man-

ufacturing firms, using various estimators that correct for the staggered and heterogeneous

13In Panel F, we demonstrate the dynamic estimates for capital expenditures. We show that the positive
average effect documented in Panel A, is likely due to large pre-reform trends for service firms, which had
lower capital expenditures relative to manufacturing firms.

13



implementation of the reform. Our baseline results remain robust and we continue to find a

significant increase in sales, R&D investment and employment, and a significant reduction in

customer concentration. On average, across methodologies, we find no significant pre-trends

using these corrections.

Second, there could be concerns about the comparability between service and manufac-

turing firms, since they are from different sectors. To address this concern, we match the

service and manufacturing firms in our sample based on observed firm-level characteristics in

2011 using propensity score matching (PSM). Specifically, we match on firm size, age, return

on assets (ROA), leverage, the level of subsidies received from the government (in logs), and

individual firm-level corporate income tax rate. We describe our matching methodology in

more details in Appendix D. We observe that the service firms are comparable with manu-

facturing firms in terms of firm size, age, financial leverage, and government subsidies even

before matching. However, treated service firms appear to be significantly more profitable

as reflected by a higher ROA, and also faced a higher corporate income tax rate before

matching. The PSM significantly improves the comparability between the two groups, as

shown in Table D1. Table D2 reports the estimated effects for our outcome variables based

on the matched sample. We find qualitatively similar results to those in Table 3. We also

show the dynamic evolution of R&D investment and sales for service and manufacturing

firms separately in Figure D1 based on this matched sample.

As a further check, we compare the outcomes of service firms to those of retail firms.

Retail firms were subject to the VAT before the B2V reform and have historically relied less

on service firms than manufacturing firms, potentially forming a better comparison group

that is less affected by outsourcing. We present estimation results similar to the baseline

estimations but using retail firms as a control group in Table C2 in the Appendix. We find

a similar increase in sales of service firms relative to retail firms as in our baseline estimates.

Relative to retail firms, we also observe an increase in R&D among service firms, but the

magnitude of the R&D increase is about a third of that in the baseline. Figure C2 in the

Appendix shows that while sales evolve similarly between retail and service firms before the

B2V reform, the pattern of R&D investment differs substantially between the two groups.

Therefore, this result needs to be interpreted with caution.14

14Note that the sample size of retail firms is small relative to both the service and manufacturing firms,
with only around 100 retail firms that report any R&D investment.
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4.3 Results based on tax returns and aggregated data

Another concern is that listed firms are different from the rest of firms in the economy

and that the B2V reform may have affected firms across the size distribution differently. In

Appendix B, we show results using the national tax survey data (NTSD) and aggregate data

for the software industry to assess whether our baseline results can be generalized. In Table

B2, we report the results based on the NTSD. The results suggest that sales of service firms

increased by 9.1%, while their R&D increased by 15.7% relative to manufacturing firms in

the regressions without control variables. Comparing that with the corresponding baseline

estimates, we find roughly a 25% smaller increase in R&D investment for the NTSD firms.15

There are two potential explanation for why the estimate for the impact on the intensive

margin of R&D based on the NTSD is smaller than our baseline estimate. First, as discussed

in Section 3.1, using the NTSD is likely to introduce a downward bias for the effects of B2V

reform on R&D investment, since we mix independent service firms with service subsidiaries

of manufacturing firms. Second, smaller firms may be less responsive to the B2V reform,

because they do not engage in R&D investment as much as larger firms. Consistent with this

notion, Figure B2 shows that based on the NTSD, across quintiles of firm size distribution as

in 2011, the reaction to the B2V reform is much larger for firms in the top quintile. Despite

this difference, the results based on the NTSD are qualitatively consistent with those based

on listed firms’ data.

To examine whether responses of listed firms could have a material impact on the aggre-

gate economy, we use the software industry as a case study. Specifically, we use aggregated

province-industry level data for the software industry from the database WIND. As a com-

parison, we collect province-industry level aggregate sales for the manufacturing industries in

our control group from the statistics yearbooks published by the National Bureau of Statis-

tics. We summarize the results in a dynamic form in Figure B3. We find that the software

industry experienced a 30% increase in sales since the B2V reform relative to manufacturing

industries. Together with the results from Table 3, these estimates suggest that the B2V

reform had a large effect on the treated service industries as a whole, and this effect is not

unique to listed firms in our sample.

The analysis in this section indicates that the B2V reform generates a larger impact

on larger firms. Since larger firms have greater impact on the aggregate economy, it is

15Using the tax returns data also allows us to estimate the effect of the reform on the extensive margin of
R&D investment. We are unable to do this in the sample of listed firms, as firms do not report zero R&D
in that dataset. We find that following the B2V reform there is a 1.9% increase in the likelihood of doing
R&D amongst service firms.
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meaningful to examine the consequences of the reform based on the sample of listed firms.

In the remainder of the paper, we proceed using just that sample.

5 New activities or reallocation?

5.1 Inter-industry connection

From policy perspective, an important question is whether the reform spurred new inno-

vation activity or resulted in reallocation of innovation activities from manufacturing firms

to service firms. In this section, we shed light on this issue by using a sub-sample of manu-

facturing firms that rely less on service industries as an alternative control group. Compared

with manufacturing firms that rely more on service industries, these firms should be less

likely to vertically integrate when facing the tax distortion before the reform, and also less

likely to change their outsourcing behavior after the reform. More, if in-house R&D invest-

ment and outsourcing are substitutes, we are likely to obtain a smaller change in service

firms’ R&D investment and employment based on these less-connected manufacturing firms,

relative to our baseline estimates. By comparing the estimates using the two alternative

comparison groups, we should also be able to examine how much of the changes in service

firms’ R&D and employment is likely due to outsourcing by manufacturing firms.

We use three measures for inter-industry connectedness. The first measure is based on the

industry-level input–output tables published by the National Bureau of Statistics of China for

2012. We use this data to calculate intermediate goods purchased from and sold to reformed

service industries, as a share of total purchases and sales, for each manufacturing industry.

We then use the distribution of these ratios to divide manufacturing firms into percentile

bins and run regressions using the sub-samples of manufacturing firms based on these bins.

The second measure of connectedness utilizes that same approach, but instead uses the 2012

industry input-output table from the US Bureau of Economic Analysis (BEA). A concern

with using the Chinese input-output table is that it may be endogenous with respect to the

reform, as the purchasing ratios could be affected by firms’ vertical integration decisions.

The BEA data is likely to be more exogenous to Chinese economy and represent the ‘true’

inter-industrial connectedness. The third measure is upstreamness, as proposed by Antràs

et al. (2012). It measures the average distance from final use in terms of the number of

production stages that a good has to go through. The more stages a good has to go through,

the higher the degree of upstreamness. We take advantage of the upstreamness data for
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China, based on the 2005 input-output tables for China, provided directly in Antràs et al.

(2012).

We run estimations based on Equation 1, where we use service firms as the treated group

and change the control group by including different manufacturing firms. We start with the

least connected manufacturing firms, which belong to the bottom 30% of the distribution

of the shares of goods purchased and sold as to total inter-industry purchases and sales.

We then gradually enlarge the control group by including manufacturing firms more con-

nected with the service sector. We visualize the series of point estimates and the associated

95% confidence intervals in Panel A of Figure 2 for R&D investment, and in Panel D for

employment. Consistent with our hypothesis, the magnitude of the estimated coefficient

is the smallest when we use the sub-sample of least connected manufacturing firms as the

comparison group. The magnitude of the estimated coefficient increases when we include

more connected manufacturing firms in the comparison group, but not largely so once we

pass the 50% cutoff. We find a similar pattern for employment, albeit less pronounced. Note

that these coefficients are not statistically significantly different from one another. This is

because we include overlapping control groups as we move from left to right of the diagram.

As a further check, in Panels B and E of Figure 2, we cut the full sample of manufacturing

firms into two groups: more or less connected based on the median level of inter-industry

connection. We then estimate the effect of the reform on R&D and employment of service

firms, using the more or less connected manufacturing firms as alternative comparison groups.

Across all three measures of connection strength, the pattern is similar—the estimated co-

efficient is larger when we use the more connected manufacturing firms as the comparison

group. We report corresponding coefficient estimates in Table C3. Panel A shows results for

R&D investment and Panel B for employment.

In Panels C and F in Figure 2, we plot the dynamic evolution of R&D expenditures

and employment (in logs) since the B2V reform for service and two types of manufacturing

firms, based on the percentage of trading (purchases and sales of intermediate goods) with

reformed service industries. For this exercise, we use the cut-off percentage of 80% to obtain

a sharper contrast. Here, consistent with previous evidence, we find that more connected

manufacturing firms experienced a sharper decline in their R&D investment and employment

since the B2V reform. These figures highlight that the larger coefficients obtained when we

use more manufacturing firms as the comparison group is driven by a larger decline in R&D

investment and employment amongst these firms.16

16Our analysis includes all affected service firms, which mainly belong to the business-to-business (B2B)
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We can further use these estimates to understand the magnitude of potential outsourcing.

In Panel A of Table C4, we report regression estimates corresponding to Figure 2 directly.

In Panel B of Table C4, we report regression estimates with controls and we use those to

calculate the magnitudes of outsourcing. The R&D investment of service firms increases by

9% relative to all manufacturing firms, but only by 4.4% relative to manufacturing firms that

are less than 30% connected to service firms. As such, 51% (=(9%-4.4%)/9%) of the relative

increase in R&D investment of treated service firms is likely due to reallocation of R&D

from more connected manufacturing firms. We can do a similar analysis for employment

(Panels C and D of Table C4). We find that, using a full sample of manufacturing firms

as the control group, employment of service firms increases by 5.4%. When we limit the

comparison group to manufacturing firms that are less than 30% connected to service firms,

we find only a 4.2% increase in employment (Panel D, Table C4). This suggests that 22%

(=(5.4%-4.2%)/5.4%) of the observed increase in service firms’ employment is likely due to

reallocation of labor from more connected manufacturing firms.

5.2 Testing the assumption

Our analysis in this section relies on the assumption that manufacturing firms that rely

less on service industries before the reform are less likely to increase outsourcing after the

reform. We do not observe firm-level outsourcing for listed firms. However, we observe

plant-level outsourcing of R&D since 2011 in the NTSD. This variable measures the amount

of R&D that is contracted by the plant to be done externally. We use the NTSD data to

test our conjecture.

In Table 4, we provide descriptive evidence consistent with this assumption. We compute

both levels and changes in outsourced R&D based on the NTSD, for sub-samples of more

or less connected manufacturing plants, as defined in Section 5.1. Here, we use the top 25th

percentile of the distribution of each connectedness measure to obtain a sharper contrast.

We show that across the three alternative measures of connectedness, before the B2V reform

(as in 2011), manufacturing plants that relied more on service industries were more likely to

outsource R&D and also outsourced more R&D than less connected manufacturing plants.

Further, more connected manufacturing plants increased outsourced R&D substantially more

than less connected manufacturing plants after the B2V reform. In sum, these descriptive

industries. For service firms in business-to-customers (B2C) industries, the outsourcing effect should be
limited. We show this is the case in Table C6, where the reform had little effect on B2C firms’ sales, capital
expenditures, R&D, employment, and wages. This supports our conclusion that outsourcing is the main
cause for observed changes in R&D and employment.
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statistics based on the NTSD are consistent with our assumption and validate the approach

we take.

6 Quality of innovation

We show that the B2V reform led to an increase in R&D investment by treated service

firms. One relevant question is whether the increase in the quantity of innovation also

translates into a higher quality of innovation. It is possible that with a greater market

demand for service firms, they would have enhanced cash flow and also stronger incentives

to improve innovation quality. We test this hypothesis in this section.

We proxy the quality of innovation by the number of patents, the number of new patent

applications, and the number of citations for all and newly obtained patents. For total

number of patents, we use the stock of patents held by each firms in each year. We utilize

the application year of the patent to identify the number of new patent applications in year

t. The total number of patents and total patent citations may indicate how innovative the

firm has been historically, while new patent applications and citation of newly obtained

patents may proxy for changes in the quality of innovative output. We use these indicators

as alternative outcome variables in the DID estimations. We summarize the results in Table

5. In columns 1-4, we examine the effect of the reform on the number and citations for firms’

total patents. In columns 5-6, we examine the number and citations for new patents.

The estimated coefficients are positive across all columns, and we find a stronger effect

for new patents. These evidence suggests that service firms not only increased R&D expen-

ditures, they also improved the quality of innovation activities significantly when facing a

stronger market demand after the B2V reform. This is especially true for the quality of new

patents, which further indicates an improvement in innovation quality.

What can explain the improvements in the quality of innovations that we observe for

service firms? First, following the B2V reform, service firms that have invested more in

RD, have a higher chance of making major breakthrough discovery. Second, as the demand

for their services grows, market competition may intensify, providing stronger incentives

for service firms to enhance the quality of their innovations. Both of these explanations

are consistent with the “demand-pull” theory for R&D, which was originally proposed by

Schmookler (1962, 1966).
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7 Who gains from the reform?

7.1 Heterogeneities among manufacturing firms

Our analysis suggests that manufacturing firms increased outsourcing to upstream service

firms after the B2V reform. In this section, we examine heterogeneous responses across

manufacturing firms with different firm characteristics. We focus on firm size and quality of

innovation, both measured before the reform.17

We first examine the differences between small and large manufacturing firms. Arguably,

larger manufacturing firms may be able to conduct more efficient vertical integration to avoid

tax cascading than smaller firms before the reform. Hence, we hypothesize that smaller

manufacturing firms should respond to the B2V reform by increasing outsourcing more

than larger firms. In Panels A and B in Figure 3, we compare the R&D expenditures and

employment between larger and smaller manufacturing firms and add a line showing the

evolution of those two outcomes for service firms for comparison. Here, we use the dynamic

model, based on Equation 2 where we plot the dynamic evolution of outcomes for each of

the three groups of firms separately.We define larger firms as those with above-median total

assets before the reform. We plot the estimated coefficients for service firms in red circles,

for large manufacturing firms in dark navy triangles, and for small manufacturing firms

in light grey diamonds. These plots show that smaller manufacturing firms reduced their

R&D expenditures and employment more than larger manufacturing firms following the B2V

reform, with no significantly different pre-trend. This finding is consistent with Hansen et al.

(2021), who show that smaller manufacturers firms benefit more from the removal of gross

receipts tax on marijuana in Washington.

Inefficient vertical integration may also result in poor quality of R&D investment. If such

inefficiency is reflected by the quality of innovation before the reform, it is likely that less

innovative manufacturing firms would increase outsourcing more than others. We examine

this hypothesis in Panels C and D of Figure 3, where we split the full sample of manufacturing

firms into two groups based on firms’ pre-reform quality of innovation, proxied by the number

of patents firms held before the B2V reform. We find that less innovative manufacturing firms

did experience a more pronounced slow down in their R&D expenditures and employment

after the B2V reform.

Our analysis suggests that smaller and less innovative manufacturing firms outsourced

17Note that the correlation between firm size and innovation is 0.14. Hence, in this analysis we examine
two very different groups of firms.
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more after the B2V reform. As these firms may have been less efficient in innovation activities

when the turnover tax was in place, the results indicate that removing tax cascading in the

economy likely results in overall efficiency gains for these manufacturing firms.

7.2 Which service firms benefit more?

Next, we examine which types of treated service firms benefit most from the B2V reform.

We explore heterogeneities in terms of firm size and innovation quality before the reform,

similar to the analysis above. The results are reported in Table 6. In Panel A, we show

heterogeneities according to the pre-reform firm size, which we measure by the logarithm of

total assets. We set a dummy Largei that is equal to 1 when the firm is above the sample

median size. Then, we interact Largei with Servicei × Posti in the DID estimations. In

Panel B, we consider heterogeneities across service firms according to their pre-reform quality

of innovation, which we measure by the number of patent citations before the reform. We

set a dummy More innovativei that is equal to 1 if the treated firm’s pre-reform quality of

innovation is above the sample median.

In Panel A, we find that larger services firm generally benefit more from the reform.

Specifically, the increase in sales, R&D investment, employment, and wages is positive and

significant only for larger service firms in the triple DID estimations. We also show that

customer concentration only declined for larger service firm, suggesting that they were the

ones to have expanded their customer base (column 2). Further, in column 6, we find that

larger firms also experienced a significant increase in the quality of innovation after the

reform, measured by new patent applications. Overall, results in Panel A indicate that

outsourcing spurred by the B2V reform mainly goes to larger service firms, possibly due to

their larger market power or their ability to be competitive in this market.18

In Panel B, we instead differentiate between more and less innovative service firms. We

find suggestive evidence that less innovative service firms benefited more from the reform.

Service firms with poorer innovation quality were more likely to be negatively affected by

the turnover tax before the reform. In comparison, downstream firms may still purchase

intermediate goods from service firms with better innovation quality even with the presence

of tax distortion. As such, our hypothesis is that the B2V reform should have a greater

impact on service firms with poorer innovation quality. We find a significant increase in sales,

R&D investment, employment, and wages for both types of firms, but document a smaller

18Note that Hansen et al. (2021) show no heterogeneous size response amongst their upstream firms –
cultivators.
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magnitude of change for more innovative firms. We also find a significant improvement in

the quality of new patents for less innovative firms, reflected by a higher number of citations.

Note that the only significant difference between less and more innovative firms is in terms

of sales, but the direction of the triple interaction coefficients implies smaller effects for more

innovative firms. These results imply that the turnover tax likely hurt the less innovative

service firms to a larger extent before the reform.

8 Alternative explanations

In this section, we discuss alternative explanations for the observed increase in the service

firms’ sales, R&D investment, and employment. We summarize the results of this analysis

in Table 7.

8.1 The role of financial constraints

We start by looking at the role that the financial constraints play in our setting. As the

B2V reform significantly increased sales for service firms, this, in principle, could enhance

the liquidity of financially constrained service firms. If our baseline results are driven by

relaxation of financial constraints, we should observe a stronger increase in R&D investment

and employment among financially constrained service firms. To test this we conduct het-

erogeneity analysis, using two alternative proxies for financial constraints: 1) the dividend

payout ratio, defined as dividend per share relative to net asset per share, averaged across

years before the B2V reform; and 2) the investment rating by financial analysts, averaged

across years before reform. Arguably, firms with a higher dividend payout ratio are less

likely to be constrained. Firms with a better investment rating by analysts may also find it

easier to raise external financing.

We present the results in columns 1 - 4 of Table 6, where we interact Service×Post with

dummies More constrainedi to indicate firms with above dividend payout ratio (columns

1 and 3) and firms with above median investment rating (columns 2 and 4), both before

the reform. We do so for both R&D investment and employment as outcome variables. In

all columns, we find that the estimated coefficients on the interaction terms are statistically

insignificant for both outcome variables. This result implies that the increase in service

firms’ R&D investment and employment is unlikely to be driven by liquidity improvement.
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8.2 Changes in the cost of capital

Next, we consider the importance of cost of capital, since the B2V reform could have

lowered the cost of capital for investment for service firms. This is because before the

reform, service firms could not deduct input costs associated with R&D investment under

the BT, but can deduct those after switching to the VAT. However, if most of the R&D

expenditures are in the form of wages, the reform should have limited impact on the cost of

capital for R&D investment, since wages are not deductible when calculating either the BT

or the VAT.19 If the change in the cost of capital is important, we should observe a larger

response among service firms spending more on R&D related equipment and less on R&D

personnel. Further, if capital and labor are substitutes, this may affect price of labor as well.

To examine the importance of this channel, we hand-collect R&D personnel wage for

each service firm in our sample from the annual financial statements, and then calculate the

ratio of R&D personnel wage to total R&D expenditures for each service firm.20 On average,

more than 70% of R&D expenditures went into wage. This suggests that the majority of the

R&D expenditures for a typical service firm was not deductible against the VAT after the

B2V reform. We then construct an indicator variable called “High labor ratio”, which equals

1 if the ratio of R&D personnel wage to total R&D expenditures is above sample median.

We interact this indicator with Service × Post, and present results for R&D investment

and employment in columns 5 and 6 in Table 7. We find that firms that spent a larger

proportion of their R&D expenditures on wages did not respond differently from those that

spent less. Thus, changes in the cost of capital are unlikely to drive the observed increase in

R&D investment and employment among service firms.

8.3 Price changes

A third potential mechanism through which demand for service firms may increase is a

lower product price. This may occur, if the B2V reform reduced service firms’ tax burden

and hence, production costs. While the B2V is portrayed by the government as a tax reduc-

ing policy reform (Cui, 2014), it remains controversial whether firms’ tax burden actually

19According to the Chinese accounting standard, R&D expenditures include both the wages of R&D
related personnel and expenses on construction, use, maintenance, and depreciation of R&D-related fixed
assets (Liu and Mao, 2019).

20Since Chinese listed firms were not required to disclose this data before 2015, we can only collect this
information for years 2017 and 2018.
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declined after the B2V.21 In column 7 of Table 7, we calculate firms’ tax burden as the ratio

of total BT and VAT paid scaled by firms’ total assets.22 Conceptually, more connected

manufacturing firms may also experience a reduction in tax burden after the B2V reform.

Therefore, in column 7, we include as a comparison group only manufacturing firms in in-

dustries that are less that 50% connected with service industries. We find no evidence that

service firms experienced a significant reduction in their tax burden after the B2V reform,

relative to this sub-group of manufacturing firms. Thus, our benchmark results are unlikely

to be driven by this direct price effect.

On the other hand, manufacturing firms already purchasing intermediate goods from ser-

vice industries should experience a reduction in their tax burden after the B2V reform, since

they now can claim deduction on such input purchases. This reduction in manufacturing

firms’ tax burden may lead to a lower price of the final product, possibly generating higher

demand for both downstream manufacturing firms and upstream service firms. Our data

does not provide product-level price information and hence, we rely on the average price

indices for manufacturing industries across years. We calculate the price index separately

for more connected manufacturing industries that were more affected by the B2V reform

through their purchasing network and for those less affected manufacturing industries. In

column 8 in Table 7, we compare the producer price indices for those two groups of manufac-

turing firms directly. We find no evidence that these price indices change significantly after

the B2V reform, suggesting limited impact on producer prices within the few years since the

reform. Hence, the cascading price channel is also unlikely to drive our benchmark results.

8.4 Relabeling

Alternatively, firms could manipulate their financial statements, for example by relabel-

ing, to qualify for certain tax benefits. Given the wide range of R&D tax incentives available

during our sample period that we discuss in Section 2.3, the observed increase in service

firms’ R&D investment may be caused by relabeling (Chen et al., 2021). However, there

is little reason for service firms to engage in such manipulation more than manufacturing

firms. The B2V reform is also unlikely to trigger R&D relabeling, since it does not target

R&D investment per se. More, if service firms did increase relabeling since the B2V reform

for other unknown reasons, we should find a significant reduction in their non-R&D invest-

21Some firms reported increased tax burden after the reform, as illustrated by this media report:
https://www.chinadaily.com.cn/bizchina/2014-07/30/content18207183.htm.

22The results are consistent if we use a natural logarithm of the total BT and VAT as a dependent variable.
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ment after the reform. As Table 3 shows, if anything, there is an increase in service firms’

non-R&D capital expenditures. All of these suggest that the increase in R&D investment

by service firms is unlikely to be caused by relabelling.

9 Conclusions

Turnover taxes cause production distortions due to tax cascading. In particular, they

lead to inefficient vertical integration and misallocation of resources. In this paper, we

examine how the removal of turnover taxes affects the supply chain and firm performance,

by investigating China’s transition from the business tax to the value-added tax as a quasi-

natural experiment. We find that service firms moving from business tax to the value-added

tax significantly increased sales, R&D investment and employment, likely as downstream

manufacturing firms increased outsourcing. Such reallocation increases economic efficiency

and improves the quality of innovation.

We can use back of the envelope calculations to quantify the size of the distortion created

by vertical integration. The total R&D spending of manufacturing firms in 2011 in our

data was 48 billion RMB. This means that the reform increased the relative R&D spending

of service firms by between 4.3 billion and 9.8 billion RMB (top estimates). Half of this

increase in R&D was due to outsourcing from downstream manufacturing firms based on our

estimates. Assume that manufacturing firms’ outsourcing decision is balanced between tax

considerations and production efficiency, this implies that the distortion created by turnover

taxes before the B2V reform was between 2.15 and 4.9 billion RMB of R&D. This is between

0.3-0.8% of the total capital expenditures of those manufacturing firms in 2011.

This paper improves our understanding of the negative impact of turnover taxes imposed

on business inputs, and contributes to the debate on future tax reforms. For example, in the

U.S., the state sales tax system derives a large proportion of its revenue from taxing business

purchases of intermediate goods and services.23 There are also proposals to expand the state

sales tax base to cover a wide range of services, since the overall proportion of services in the

U.S. relative to the sales of tangible goods has been growing. Our study implies that such

proposals would exacerbate distortions associated with sales tax, unless states can provide

adequate exemptions for inputs purchased by businesses.

23According to Phillips and Ibaid (2019), over 41% of state and local sales tax revenues came from those
on business inputs in 2017.
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Figure 3: Outsourcing from manufacturing firms: heterogeneity in terms of other firm traits
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Note: These figures plot the dynamic effects of the reform on R&D expenditures (Panels a and
c) and employment (Panels b and d). We use the year before the B2V reform (t=-1) as the
benchmark. For each outcome variable, we plot the estimated difference in that outcome between
each year and the benchmark year, for the treatment (red filled dots) and control groups, up
to three years before and three years after the reform. We split control group according to size
in Panels a and b, and according to pre-reform quality of innovation in Panels c and d. Large
firms are those reporting above-median total assets before the reform. More innovative firms are
those reporting above-median number of patents before the reform. We control for year and firm-
level fixed effects when estimating these differences. The vertical bars represent the 95% confi-
dence intervals. The services group consists of listed firms in service industries moving from BT
to VAT by 2015, as outlined in Table 1. Standard errors are robust and clustered at the firm
level. In Table C7 we report corresponding coefficients from the simple difference-in-differences
framework in which we compare manufacturing firms of different sizes and innovation quality.
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Table 1: B2V reform: timeline and reformed industries

Panel A: timeline of the reform

Reformed industries Regions Implementation date

Transportation and six service
industries (R&D and technical
services, IT services, cultural and
innovation services, logistics auxiliary
services, attestation and consulting
services, and tangible assets leasing
services)

Shanghai 2012.01.01
Beijing 2012.09.01
Jiangsu 2012.10.01
Anhui 2012.10.01
Fujian 2012.11.01

Guangdong 2012.11.01
Hubei 2012.12.01

Tianjin 2012.12.01
Zhejiang 2012.12.01

Nationwide 2013.08.01

Postal service, rail transportation Nationwide 2014.01.01

Telecommunication Nationwide 2014.06.01

Real estate, construction, finance, and other services Nationwide 2016.05.01

Panel B: tax rates across industries

Industry name & code BT rate VAT rate24

Railway transportation, G53 3% 11%
Road transportation, G54 3% 11%
Water transportation, G55 3% 11%
Air transportation, G56 3% 11%
Portage and transportation agency, G58 3% 6%
Warehousing, G59 5% 6%
Telecomms, broadcast TV and satellite transmission ser-
vices, I63

5% 6%

Internet services, I64 5% 6%
Software and information technology services, I65 5% 6%
Leasing, L71 5% 11% or 17%25

Business services, L72 5% 6%
Research and experimental development, 73 5% 6%
Professional technical services, M74 5% 6%
News and publication, R85 5% 6%
Radio, television, film and recording production, R86 5% 6%
Culture and art, R87 5% 6%

Note: Panel A of this table outlines the waves of the B2V reform across different industries and re-
gions. Panel B of this table reports the business tax rate and the VAT rate (since the B2V reform)
for the reformed industries in our sample. The B2V reform provides a general guide for industries
that are subject to the reform (as in Panel A). We therefore match industries for listed firms, as pro-
vided by the China Securities Regulatory Commission, with those outlined by the policy guideline.
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Table 2: Descriptive statistics of key variables.

(1) (2) (3) (4) (5)
All Control Treated diff t-test

Ln(Sales) 21.184 21.235 20.782 0.453*** 4.327
Ln(Conctr) 3.197 3.201 3.156 0.046 0.760
Ln(Capex) 18.336 18.358 18.135 0.223 1.252
Ln(R&D) 17.175 17.172 17.197 -0.026 -0.236
R&D intensity 0.024 0.023 0.039 -0.016*** -5.388
R&D investment in all investment 0.407 0.374 0.714 -0.340*** -6.503
Ln(Empl) 7.435 7.455 7.268 0.187* 1.889
Ln(Wage) 18.649 18.635 18.773 -0.138 -1.613
Patents owned 3.139 3.218 2.166 1.052*** 8.481
Nb of citations 1.689 1.746 1.150 0.596*** 4.535
Cit weighted nb patents 0.693 0.687 0.776 -0.089 -1.626
Pat owned: 5 year citation count 2.076 2.137 1.500 0.637*** 4.048
Patent applications 2.513 2.581 1.875 0.705*** 4.438
Pat appl: 5 year citation count 3.332 3.423 2.512 0.911*** 4.304
Ln(Tax) 17.749 17.772 17.552 0.220** 2.272
Tax/Assets 0.030 0.031 0.022 0.009*** 7.072
Age 12.903 12.992 12.226 0.767** 2.100
Size 21.737 21.744 21.689 0.055 0.554
ROA 0.050 0.048 0.065 -0.017*** -4.908
Leverage 0.414 0.423 0.348 0.076*** 4.700
Subsidy 15.924 15.928 15.894 0.034 0.273
CIT 0.188 0.188 0.193 -0.006 -1.553

Note: This table reports summary statistics of key variables for the control group and the treated
group for a period before the reform (2009-2011). Full sample includes both treated and control
groups. For each variable, we conduct the t-test on the null hypothesis that the mean values are
equal between the treated and the control groups. The associated T-statistics is reported in the
last column. R&D intensity is measured by the ratio of R&D expenditures to total assets. All in-
vestment is the sum of R&D expenditures and capital expenditures. All other variables are defined
in Appendix A. The treated group consists of listed firms in service industries moving from BT to
VAT by 2015, as outlined in Table 1. The control group consists of all listed manufacturing firms.

24These were VAT rates applicable by June 1st, 2017. The VAT rates were reduced for certain industries
in later years.

25The VAT rate is 17% for movable property leasing and 11% for immovable property leasing.
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Table 3: Baseline result: Impact of the B2V reform on firm performances

(1) (2) (3) (4) (5) (6)
Ln(Sales) Ln(Conctr) Ln(Capex) Ln(R&D) Ln(Empl) Ln(Wage)

Panel A: No controls

Servicei× Posti,t 0.271*** -0.152*** 0.115 0.206*** 0.217*** 0.180***
(0.047) (0.033) (0.098) (0.058) (0.047) (0.042)

Observations 19,760 18,744 15,271 13,346 21,007 20,951
# firms 2,755 3,318 3,608 3,144 2,980 2,986
Mean 21.288 3.210 18.438 17.620 7.557 18.905

Panel B: Including controls

Servicei× Posti,t 0.118*** -0.115*** -0.020 0.090** 0.054* 0.034
(0.025) (0.029) (0.082) (0.042) (0.029) (0.024)

Observations 18,008 16,150 13,375 12,822 17,992 17,953
# firms 2,627 2,849 3,136 2,997 2,629 2,632
Mean 21.303 3.184 18.514 17.615 7.667 19.008

Year FE X X X X X X
Firm FEs X X X X X X

Note: This table reports the estimated effects of the B2V reform on treated service firms’ sales
(column 1), customer concentration (column 2), capital expenditures (column 3), R&D expen-
ditures (column 4), number of employees (column 5) and wages (column 6). In Panel A, we
present results with firm and year fixed effects, and in Panel B, we add firm-level control vari-
ables, including firm size, age, returns on assets (ROA), leverage, subsidy and firm-specific and
time-varying nominal corporate income tax rate. We define each of those variables in Appendix
A. The treated group consists of listed firms in service industries moving from BT to VAT by
2015, as outlined in Table 1. The control group consists of all listed manufacturing firms. Stan-
dard errors are robust and clustered at the firm level. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table 4: R&D outsourcing patterns: more and less connected manufacturing plants.

(1) (2) (3) (4)
above 75th below 25th diff t-stat
percentile percentile

Panel A: using Chinese input-output tables

Ln(Outsourced R&D) 2.846 2.434 0.412 1.638
Outsourced R&D/ assets 0.005 0.004 0.001 0.785
Pr(Outsourced R&D>0) 0.362 0.302 0.059** 1.994
∆Outsourced R&D 5,066.674 -312.796 5,379.469 0.597

∆′Outsourced R&D
Initial outsourced R&D

54.082 13.132 40.950** 2.052

Panel B: using US input-output tables

Ln(Outsourced R&D) 2.845 2.028 0.817*** 5.601
Outsourced R&D/ assets 0.005 0.003 0.002*** 3.875
Pr(Outsourced R&D>0) 0.360 0.261 0.099*** 5.618
∆Outsourced R&D 5,167.070 4,012.293 1,154.777 0.376

∆′Outsourced R&D
Initial outsourced R&D

59.196 27.576 31.621 1.115

Panel C: using Fally’s upstreamness

Ln(Outsourced R&D) 2.512 2.270 0.242* 1.664
Outsourced R&D/ assets 0.004 0.003 0.001 1.201
Pr(Outsourced R&D>0) 0.323 0.286 0.037** 2.108
∆Outsourced R&D 4,305.165 4,930.687 -625.522 -0.212

∆′Outsourced R&D
Initial outsourced R&D

65.097 17.542 47.556* 1.762

Note: This table shows descriptive statistics for outsourced R&D of manufacturing plants us-
ing tax returns data (NTSD). In Panel A, as a measure of connectedness we use the 2012
Chinese input-output tables; in Panel B, we use the 2012 US input-output tables; in Panel
C, we use a measure of industry upstreamness from Antràs et al. (2012). We compare firms
in the top and bottom 25th percentile of the distribution of these measures, respectively in
columns 1 and 2. Column 3 shows the difference between the two, while column 4 the t-
statistics test. Ln(Outsourced R&D) is the amount of outsourced R&D (in logs) in 2011.
Outsourced R&D

assets is outsourced R&D in 2011, scaled by total assets in that year. Pr(Outsourced
R&D>0) measures the percentage of firms in total firms that outsourced any R&D in 2011.
∆Outsourced R&D is measured as a difference between the level of outsourced R&D in 2014
and 2011, while ∆′Outsourced R&D

Initial outsourced R&D is the accumulated change in outsourcing is the sum of
outsourcing between 2012 and 2014 minus outsourcing in 2011 scaled by outsourcing in 2011.
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Table 5: Quality of innovation

(1) (2) (3) (4) (5) (6)
Total patents New patents

No. of patents Citations Weighted 5-year No. of patents 5-year
patents citations citations

Servicei× Posti,t 0.268*** 0.140 0.155*** 0.252** 0.285** 0.484***
(0.080) (0.104) (0.038) (0.118) (0.123) (0.150)

Observations 12,451 12,652 10,774 12,652 12,684 12,180
# firms 2,206 2,292 2,575 2,292 2,268 2,388
Mean 3.992 3.048 0.875 3.312 2.879 2.678

Year FE X X X X X X
Firm FEs X X X X X X

Note: This table reports the estimated effects of the B2V reform on treated firms’ innovation qual-
ity. In Columns 1-4 we consider total patents owned by firms and in columns 5-6 we consider new
patent applications. The outcome variable is the number of patents in columns 1 and 5, the num-
ber of citations in column 2, the weighted patents in column 3, and the number of citations during
the first 5 years since a patent is granted in columns 4 and 6. All outcome variables are in natu-
ral logarithms. The treated group consists of listed firms in service industries moving from BT to
VAT by 2015, as outlined in Table 1. The control group consists of all listed manufacturing firms.
Standard errors are robust and clustered at the firm level. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table 6: Which service firms benefit more?

(1) (2) (3) (4) (5) (6))
Ln(Sales) Ln(Conctr) Ln(R&D) Ln(Empl) Ln(Wage) Ln(No. of

new patents)

Panel A: pre-reform size

Servicei× Posti,t -0.050 0.072 -0.001 -0.061 0.033 -0.093
(0.091) (0.111) (0.101) (0.081) (0.062) (0.370)

Servicei× Posti,t 0.507*** -0.290** 0.321** 0.364*** 0.280*** 0.769*
× Largei (0.111) (0.121) (0.125) (0.096) (0.077) (0.400)

Panel B: pre-reform quality of innovation

Servicei× Posti,t 0.593*** -0.136 0.446*** 0.254* 0.322*** 0.879***
(0.135) (0.126) (0.128) (0.136) (0.100) (0.300)

Servicei× Posti,t -0.299** -0.032 -0.240 -0.026 -0.080 -0.019
× More innovativei (0.148) (0.134) (0.147) (0.143) (0.109) (0.367)

Observations 13,346 12,664 13,346 13,336 13,295 12,180
# firms 2,340 2,326 2,340 2,340 2,336 2,147
Mean 21.221 3.207 17.620 7.649 18.993 3.704

Year FE X X X X X X
Firm FEs X X X X X X

Note: This table reports the estimated effects of the reform for services firms with different char-
acteristics. In Panel A, we show results for small and larger firms, in Panel B for more and
less innovative firms, both prior to the reform. In Panel A, Largei equals 1 if the treated firm’s
total assets before the reform (in logs) is above the sample median. In Panel B, More inno-
vative equals 1 if the treated firm’s pre-reform quality of innovation is above the sample me-
dian. We measure the quality of innovation by the number of patent citations before the re-
form. We present results for the following outcome variables sales (column 1), customer con-
centration (column 2), R&D expenditures (column 3), number of employees (column 4), wages
(column 5), and number of new patents (column 6). All outcome variables are in logarithms.
The treated group consists of listed firms in service industries moving from BT to VAT by 2015,
as outlined in Table 1. The control group consists of all listed manufacturing firms. Stan-
dard errors are robust and clustered at the firm level. ***p < 0.01, **p < 0.05, *p < 0.1.
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Appendices

A Variable definitions

Sales: firms’ sales. Under the BT regime, we subtract the amount of the business tax from

sales since the amount of business tax paid was included in the sales figure.

Customer Concentration: the ratio of sales to top 5 customers for each firm divided by

the firm’s total sales.

Capex: net increase in fixed assets

R&D: firm-level R&D expenditures.

R&D dummy: a dummy that equals to 1 when RD investment is positive, and 0 otherwise.

Employment: firm-level annual total employment.

Wage: firm-level annual total wages.

Number of patents (total patents): Number of total patents that a firm owns.

Number of patents (new patents): Number of new patents that a firm apply for in a

certain year.

Citations (total patents): The cumulative number of citations over all previous years for

a firm’s total patents

Weighted patents: Total number of patents that a firm holds weighted by the number of

citations that these patents receive.

5-year citations (total patents): Number of citations received in 5 years after application

for all patents that a firm owns.

5-year citations (new patents): Number of citations received in 5 years after application

for new patents that a firm owns.

Size: the natural logarithm of firms’ total assets.

Age: current year minus the year of firm establishment.

ROA: net profit divided by total assets.

Leverage: total debt divided by total assets.

Subsidy: the natural logarithm of all subsidies received from the government.

CIT: firm and year-specific nominal corporate income tax rate.

Tax: the sum of annual business tax and value-added tax paid by the firm. As Chinese

listed firms do not disclose VAT, we follow Fang et al. (2017) to calculate the sum of the two

taxes as follows. We first calculate the total turnover tax which is the sum of BT, VAT, and

consumption tax paid. We then subtract the amount of disclosed consumption tax paid from
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the total turnover tax. Total turnover tax is not directly disclosed. However, additional tax

and fees are calculated based on the amount of turnover tax paid. Specifically, the education

supplementary tax is 3% of the turnover tax, the local education supplementary tax is 2% of

the turnover tax, and the urban construction tax is 5% or 7% of the turnover tax for firms

in the urban areas. We follow the following three steps to obtain turnover tax paid: 1) for

companies disclosing the federal education supplementary tax, we set the turnover tax to

be the federal education supplementary tax divided by 3%; 2) for companies only disclosing

the local education supplementary tax, we set the turnover tax to be the local education

supplementary tax divided by 2%; and 3) for other companies, we use the urban construction

tax divided by 6% to calculate the amount of the turnover tax.
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B How representative are the listed firms?

One may be concerned about how representative the listed firms are. To attenuate

concerns that our main results come from a selected sample of firms and do not represent

the population of firms in China, we do two things. First, we present results using the

universe of Chinese tax returns between 2009 - 2016. Then we examine effect of the reform

using aggregated province-industry level data.

B.1 Evidence from tax returns data

In this section, we compare R&D investment across size distributions in the listed firm

sample and the NTSD. We report the results in Table B1. Table B2 presents results using

the populations of tax returns in China for years 2009 -2016. We consider the effects of the

reform on sales, R&D, capital expenditures, employment, tax burden, and the amount of

outsourced R&D. We do not have data on customer concentration or wages for non-listed

firms. We ensure that for sales, R&D, capital expenditures and employment, we consider

the same sample of firms. In Table B2, we present results with firm and year fixed effects

only. These are analogous to results in Panel A in Table 3.
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Table B1: R&D investment across firm size quintiles: comparison between listed firms and
tax returns data

(1) (2) (3) (4) (5)
Q1 Q2 Q3 Q4 Q5

Panel A: Tax returns data

Ln(R&D) 0.276 0.689 1.126 1.599 1.281
R&D expenditures 8 48 156 443 581
Pr(R&D > 0) 0.025 0.055 0.082 0.110 0.085
Ln(Total assets) 12 15 16 18 20
Total assets 374 3,223 11,783 48,947 1,402,885

Observations 137,407 94,583 101,960 94,307 126,580

Panel B: Listed firms

Ln(R&D) 16.946 17.664 18.117 18.286 17.739
R&D expenditures 31,475 64,129 134,201 186,632 206,364
Pr(R&D > 0) 0.824 0.861 0.793 0.681 0.626
Ln(Total assets) 20.279 21.133 21.730 22.434 23.862
Total assets 689,339 1,530,000 2,780,000 5,680,000 34,000,000

Observations 383 363 338 416 543

Note: This Table reports the average R&D and firm size across firm size quintiles. Here,
we only report results for service firms. Panel A reports these statistics using the tax re-
turns data, while Panel B uses the sample of listed firms. R&D expenditures and total
assets are both in thousands of RMB. Pr(R&D > 0) is the percentage of firms in each
size quintile that report positive R&D expenditures. The sample period is 2009 - 2016.
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Table B2: Impact of the B2V reform on firm performance: evidence from tax returns

(1) (2) (3) (4) (5) (6)
Ln(Sales) Ln(Capex) Ln(R&D) R&D dummy Ln(Empl) Tax/Assets

Servicei× Posti,t 0.091*** 0.184*** 0.157*** 0.019*** 0.044*** -0.005***
(0.010) (0.022) (0.013) (0.002) (0.006) (0.001)

Observations 998,718 998,718 998,718 998,718 998,718 992,476
# firms 391,131 391,131 391,131 391,131 391,131 388,535
Mean 9.926 3.646 0.535 0.073 3.704 0.068

Note: This table reports the difference-in-differences estimated effects of the B2V reform on treated
service firms’ sales (column 1), capital expenditures (column 2), R&D expenditures (column 3), the
extensive margin of conducting any R&D investment (column 4), number of employees (column 5),
and tax burden defined as total turnover and VAT tax scaled by total assets (column 6), based on
the NTSD. The treated group consists of all firms in service industries moving from BT to VAT by
2015, as outlined in Table 1. The control group consists of all manufacturing firms. Standard er-
rors are robust and clustered at the firm level. In each specification, we include firm and year fixed
effects. Standard errors are robust and clustered over firm. ***p < 0.01, **p < 0.05, *p < 0.1.
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Figure B1: R&D investment by firm size quintile in the NTSD
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Note: This figure illustrates R&D investment across firms of different sizes in the NTSD,
based on data in 2011. In Panel A, we plot the share of firms in total firms mak-
ing any R&D investment across the size quintiles, for the treatment and control groups seper-
ately. In Panel B, we plot the average of R&D investment (in logs) across size quintiles.
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Figure B2: Distribution of the estimated effects of the B2V reform across firm size quintiles.

Note: This figure plots the distribution of the estimates effects of the B2V reform on service firms
R&D across size quintiles based on the NTSD. We define size quintiles using total assets distribution
as in 2011. We present estimates without control variables here. The treated group consists of all
firms in service industries moving from BT to VAT by 2015, as outlined in Table 1. The control
group consists of all manufacturing firms. Standard errors are robust and clustered at the firm level.
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B.2 Industry level results

Second, we use aggregated province-industry level data for the software industry obtained

from the database WIND.26 Over 80% of our treated firm-year observations come from the

software industry. Thus, analyses based on the software industry at the province level should

shed some light on whether the increase in sales documented among listed software firms

can be also found at the aggregate level. As a comparison, we collect province-industry

level aggregate sales for the manufacturing industries in our control group from the statistics

yearbooks published by the National Bureau of Statistics.

We find that the software industry experienced a 30% increase in sales since the B2V

reform relative to manufacturing industries in the control group. This effect is statistically

significant at the 1 percent level, with a p-value of 0.007. The sample we have includes 605

observations. We present the dynamic evolution of these changes in Figure B3. Our findings

are consistent with the positive effect of the B2V reform we find on firm-level sales in Table

3. Together with the results from Table 3, these estimates suggest that the B2V reform

created a positive demand shock for the treated service industries as a whole, and this effect

is not unique to listed firms in our sample.

26We did not find aggregate sales at the province level for other treated industries, as the Chinese official
statistics usually focus on the manufacturing sector and do not provide information on the service industries.
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Figure B3: Dynamic effects of the B2V reform on the software industry
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Note: This figure reports the dynamic effects of the reform on sales of the software industry at
the province level. We plot the event study coefficient for the software industryrelative to the
manufacturing industries, at each province level, from 3 years before the reform to 3 or more
years after the reform. Each dot represents the coefficient estimate, while each vertical line rep-
resents the 95% confidence intervals. We control for year and province-level fixed effects when
estimating these differences. Standard errors are robust and clustered at the province level.
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C Additional figures and tables

Figure C1: Dynamic effects of the B2V reform: staggered DID corrections.

a Sales (in logs) b Customer concentration (in logs)

c R&D investment (in logs) d Employment (in logs)

Note: This figure reports the dynamic effects of the B2V reform on treated firms’ sales (Panel a), customer
concentration (Panel b), R&D expenditures (Panel c), and number of employees (Panel d). All panels in-
clude the event study coefficient plots for treated firms relative to those in the control group from 3 years
before the reform to 3 or more years after the reform. Each dot represents the coefficient estimate using
different methodologies, while each vertical line represents the associated 95% confidence intervals. We con-
trol for year and firm-level fixed effects when estimating these differences. The treated group consists of
listed firms in service industries moving from BT to VAT by 2015, as outlined in Table 1. The control
group consists of all listed manufacturing firms. Standard errors are robust and clustered at the firm level.
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Figure C2: Using retail firms as the alternative control group

Note: This figure reports the dynamic effects of the B2V reform on sales (Panel a) and R&D
expenditures (Panel b), when we use different firms as the alternative control group. We use
year t = −1 as the benchmark. For each outcome variable, we plot the estimated difference
in that outcome between each year and the benchmark year, for the treatment group (red filled
dots), the baseline control group (grey hollow diamonds), and an alternative control group of re-
tail firms (blue filled diamonds) up to three years before and three years after the reform. We
control for year and firm-level fixed effects when estimating these differences. The vertical bars
represent the 95% confidence intervals. The treated group consists of listed firms in service in-
dustries moving from BT to VAT by 2015, as outlined in Table 1. The baseline control group
consists of all manufacturing firms. Standard errors are robust and clustered at the firm level.
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Table C1: Goodman Bacon decomposition

Dep Var. Timing groups Never treated Overall coefficient

Ln(Sales)
Coefficient -0.032 0.252 0.249***

Weights 0.010 0.990

Ln(Conctr)
Coefficient -0.054 0.009 -0.155***

Weights -0.156 0.990

Ln(Capex)
Coefficient -0.354 0.100 0.095

Weights 0.010 0.989

Ln(R&D)
Coefficient -0.091 0.007 0.191**

Weights 0.195 0.989

Ln(Empl)
Coefficient 0.084 0.203 0.202***

Weights 0.010 0.990

Ln(Wage)
Coefficient 0.034 0.010 0.164***

Weights 0.165 0.990

Note: This table decomposes the overall effect of the reform using the Goodman Bacon de-
composition, based on a balanced data during 2009-2016. This limits the number of observa-
tions, relative to the benchmark results, which is necessary to perform the decomposition. We
report the estimated effects of the reform on treated firms’ sales, customer concentration, cap-
ital expenditures, R&D, employment and wages. The treated group consists of listed firms
in service industries moving from BT to VAT by 2015, as outlined in Table 1. The con-
trol group consists of all listed manufacturing firms. In the decomposition, we include year
fixed effect, but no controls. Standard errors are robust and clustered at the firm level.
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Table C2: Impact of the B2V reform on firm performances: using retail firms as the alter-
native control group

(1) (2) (3) (4) (5) (6)
Ln(Sales) Ln(Conctr) Ln(Capex) Ln(R&D) Ln(Empl) Ln(Wage)

Servicei× Posti,t 0.262*** -0.338*** 0.076 0.062 0.164*** 0.223***
(0.058) (0.106) (0.113) (0.130) (0.062) (0.047)

Year FE X X X X X X
Firm FEs X X X X X X

Observations 4,674 3,671 3,961 1,848 5,931 5,922
# firms 636 660 702 351 783 783
Mean 21.412 0.404 17.985 17.531 7.249 18.809

Note: This table reports the estimated effects of the B2V reform on treated service firms’ sales
(column 1), customer concentration (column 2), capital expenditures (column 3), R&D expen-
ditures (column 4), number of employees (column 5) and wages (column 6). In Panel A, we
present results with firm and year fixed effects, and in Panel B, we add firm-level control vari-
ables, including firm size, age, returns on assets (ROA), leverage, subsidy and firm-specific and
time-varying nominal corporate income tax rate. We define each of those variables in Appendix
A. The treated group consists of listed firms in service industries moving from BT to VAT by
2015, as outlined in Table 1. The control group consists of all listed manufacturing firms. Stan-
dard errors are robust and clustered at the firm level. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table C3: Outsourcing: different measures for inter-industry connection strength

Panel A: Impact on R&D expenditures

(1) (2) (3) (4) (5) (6)
More onnected Less connected

Input-output Input-output

Chinese US Upstreamness Chinese US Upstreamness

Servicei× Posti,t 0.259*** 0.232*** 0.245*** 0.167*** 0.157** 0.173***
(0.068) (0.061) (0.065) (0.060) (0.064) (0.061)

Observations 3,232 5,267 4,167 5,362 4,116 5,219

Panel B: Impact on employment

Servicei× Posti,t 0.236*** 0.194*** 0.190*** 0.169*** 0.176*** 0.172***
(0.045) (0.044) (0.045) (0.044) (0.046) (0.046)

Observations 4,882 7,486 9,857 7,694 9,122 6,758
Year FE X X X X X X
Firm FEs X X X X X X

Note: This table reports the estimated effects of the reform on R&D expenditures and em-
ployment (both in logs) across various control group thresholds. In Panel A, we report esti-
mates for R&D expenditures and in Panel B, we report estimates for employment. In columns
1-3 we include as control group only manufacturing firms that are more connected with ser-
vice firms. In columns 4-6 we include as control group only manufacturing firms that are less
connected with service firms. In each case, we split firms according to the median level of
connectedness, measured using: the 2012 industry input-output tables from Chinese Statisti-
cal office (columns 1, 4); the 2012 industry input-output tables from US Bureau of Economic
Analysis (columns 2, 5); and a measure of industry upstreamness from Antràs et al. (2012)
(columns 4, 6). In each specification, we include industry and year fixed effects. Standard
errors are robust and clustered at the firm level. ***p < 0.01, **p < 0.05, *p < 0.1.

53



Table C4: Outsourcing: robustness using different control groups

Panel A: Ln(R&D) without controls

(1) (2) (3) (4) (5) (6) (7)
below 30% below 40% below 50% below 60% below 70% below 80% below 90%

Servicei× Posti,t 0.152** 0.177*** 0.195*** 0.217*** 0.199*** 0.196*** 0.196***
(0.069) (0.067) (0.065) (0.061) (0.059) (0.059) (0.059)

Observations 3,130 3,522 4,011 5,511 6,972 7,396 7,608

Panel B: Ln(R&D) with controls

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

Servicei× Posti,t 0.044 0.047 0.060 0.087** 0.081* 0.079* 0.081*
(0.048) (0.047) (0.046) (0.044) (0.043) (0.042) (0.042)

Observations 3,090 3,479 3,965 5,442 6,889 7,309 7,518
Controls X X X X X X X

Panel C: Ln(Employment) without controls

Servicei× Posti,t 0.177*** 0.186*** 0.205*** 0.185*** 0.183*** 0.179*** 0.189***
(0.047) (0.046) (0.045) (0.044) (0.043) (0.043) (0.043)

Observations 4,797 5,359 5,976 8,000 9,827 10,361 10,756

Panel D: Ln(Employment) with controls

Servicei× Posti,t 0.042 0.048 0.063** 0.053* 0.056* 0.058* 0.062**
(0.032) (0.031) (0.031) (0.030) (0.029) (0.029) (0.029)

Observations 4,797 5,359 5,976 8,000 9,827 10,361 10,756
Controls X X X X X X X
Year FE X X X X X X X
Firm FEs X X X X X X X

Note: This table reports the estimated effects of the reform on R&D expenditures and em-
ployment across various control groups. In Panels A and B, we report estimates for R&D
expenditures, and in Panels C and D we report estimates for employment. In Column 1,
we include only manufacturing firms from industries that sell (or purchase) less than 30% of
their output to (or from) affected service firms in the control group. Moving to the right,
we increase the ratio by 10 percentage points in each column. Firm controls include size,
age, returns on assets (ROA), leverage, subsidy and firm-specific and time-varying nominal
corporate income tax rate. We define each of those variables in Appendix A. Standard er-
rors are robust and clustered at the firm level. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table C5: Impact of the B2V reform on firm performances: clustering robustness

(1) (2) (3) (4) (5) (6)
Ln(Sales) Ln(Conctr) Ln(Capex) Ln(R&D) Ln(Empl) Ln(Wage)

Servicei× Posti,t 0.273** -0.149*** 0.122 0.205** 0.215** 0.177
(0.085) (0.030) (0.085) (0.071) (0.080) (0.100)

Observations 18,919 16,966 13,929 8,545 18,912 18,857
# firms 2,647 2,910 3,209 3,419 2,652 2,650
Mean 21.270 3.193 18.498 17.513 7.632 18.965

Year FE X X X X X X
Firm FEs X X X X X X

Note: Note: This table reports the estimated effects of the reform on sales (column 1), customer
concentration (column 2), capital expenditures (column 3), R&D expenditures (column 4), num-
ber of employees (column 5) and wages (column 6), where we cluster the standard errors at the
province-industry level. We present results with firm and year fixed effects. The treated group
consists of listed firms in service industries moving from BT to VAT by 2015, as outlined in Table
1. The control group consists of all listed manufacturing firms. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table C6: The impact of the reform on B2C firms

(1) (2) (3) (4) (5)
Ln(Sales) Ln(Capex) Ln(R&D) Ln(Empl) Ln(Wage)

Servicei× Posti,t 0.155 -0.309 0.000 -0.080 -0.006
(0.103) (0.280) (0.176) (0.118) (0.089)

Year FE X X X X X
Firm FEs X X X X X

Observations 6,140 4,891 6,140 6,135 6,130
# firms 976 945 976 976 975
Mean 21.267 18.507 17.668 7.699 19.014

Note: This table reports the estimated effects of the B2V reform for a sub-sample of treated firms in
B2C industries (including transportation services, culture and entertainment, and commercial ser-
vices). We consider the following outcomes: sales (column 1), capital expenditures (column 2), R&D
expenditures (column 3), number of employees (column 4) and wages (column 5). The control group
consists of all listed manufacturing firms. Standard errors are robust and clustered at the firm level.
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Table C7: Heterogeneous impact of the B2V reform on manufacturing firms’ R&D investment
and employment.

(1) (2) (3) (4)
Ln(R&D) Ln(Empl) Ln(R&D) Ln(Empl)

Largei× post 0.087** 0.160***
(0.037) (0.027)

More innovativei× post 0.327*** 0.054*
(0.101) (0.032)

Year FE X X X X
Firm FEs X X X X

Observations 9,800 16,065 9,800 16,065
# firms 1,883 2,385 1,883 2,385
Mean 17.563 7.553 17.563 7.553

Note: This table reports the estimated effects of the B2V reform on manufacturing firms’ R&D
investment (columns 1 and 3) and employment (column 2 and 4). In this table, we only include
manufacturing firms. The first two columns examine heterogeneity of the response in terms of firm
size, where we compare large manufacturing firms with small manufacturing firms. The last two
columns examine heterogeneity of the response in terms of firms’ innovation quality, where we com-
pare more innovative manufacturing firms with less innovative manufacturing firms. We define large
firms as those with above-median total assets before the reform, and more innovative firms as those
with above-median patents before the reform. The standard errors are robust and clustered at the
firm level. Standard errors are robust and clustered over firm. ***p < 0.01, **p < 0.05, *p < 0.1.
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D Propensity score matching

We use propensity score-matching to construct the alternative treated and control groups,

based on the observed firm-level characteristics including firm size, age, ROA, leverage, the

level of subsidies received from the government (in logs), and individual firm-level corporate

income tax rate. All these covariates are measured in 2011 before the implementation of the

B2V reform. First, we estimate the following probit model:

Servicei = α0 + α1 ×X
′

i + εi (3)

where Servicei equals 1 if firm i belongs to the selected service industry treatment group,

and 0 when it is a selected manufacturing firm with weak links to service industry. X
′
i is a

vector of firm-level characteristics. εi is the error term. The predicted probabilities from this

regression — propensity scores — are used to construct the matched sample of service and

manufacturing firms. We use kernel matching, which assigns inverse probability weights to

control group observations. Table D1 reports the means of key variables for the treatment

and the control groups before and after our matching procedure, together with a pairwise

t-test and the bias reduction that results from matching.
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Table D1: Matching properties

Variable Group Treated Control t-test % bias % bias reduction

Size
Unmatched 21.689 21.579 1.23 8.5
Matched 21.678 21.667 0.09 0.9 90

Age
Unmatched 12.226 12.339 -0.3 -2.2
Matched 12.175 12.239 -0.12 -1.2 43.6

ROA
Unmatched 0.065 0.045 4.92*** 38.2
Matched 0.066 0.068 -0.32 -2.8 92.5

Leverage
Unmatched 0.348 0.397 -2.93 -21.8
Matched 0.345 0.347 -0.1 -1 95.6

Subsidy
Unmatched 15.894 15.962 -0.56 -4.1
Matched 15.894 15.943 -0.29 -3 27.9

CIT
Unmatched 0.193 0.174 5.71*** 39.7
Matched 0.192 0.189 0.55 5.7 85.8

Note: This table reports the matching properties for the list of matching variables
we use. % bias reduction is calculated as (% bias of unmatched sample-% bias of
matched sample)/(% bias of unmatched sample). For variable definitions, see Appendix A.
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Table D2: Difference-in-differences estimations based on the matched sample

(1) Ln(Sales) (2) Ln(Conctr) (3) Ln(Capex) (4) Ln(R&D) (5) Ln(Empl) (6) Ln(Wage)
Panel A: No controls

Servicei× Posti,t 0.223*** -0.127*** 0.073 0.227*** 0.173*** 0.127***
(0.043) (0.033) (0.097) (0.069) (0.044) (0.039)

Observations 16,565 14,712 12,769 11,016 16,568 16,516
# firms 1,144 1,255 1,407 1,049 1,147 1,146
Mean 21.372 3.168 18.544 17.687 7.710 7.710

Panel B: Including controls

Servicei× Posti,t 0.099*** -0.100*** -0.080 0.067 0.055* 0.021
(0.024) (0.031) (0.087) (0.057) (0.031) (0.026)

Observations 15,645 13,931 12,188 10,643 15,631 15,596
# firms 1,139 1,274 1,395 1,045 1,141 1,139
Mean 21.408 3.157 18.558 17.682 7.754 7.754

Year FE X X X X X X
Firm FEs X X X X X X

Note: This table reports the estimated effects of the reform on the treated firms’ sales, customer
concentration, capital expenditures, R&D investment, employment and wage based on a matched
sample. We use kernel propensity score matching to match firms based on firm-level informa-
tion in 2011. In Panel A, we present results with firm and year fixed effects, and in Panel B,
we add firm control variables. Firm controls include size, age, returns on assets (ROA), lever-
age, subsidy and firm-specific and time-varying nominal corporate income tax rate. The treated
group consists of matched listed firms in service industries moving from BT to VAT by 2015, as
outlined in Table 1. The control group consists of matched listed manufacturing firms. Stan-
dard errors are robust and clustered at the firm level. ***p < 0.01, **p < 0.05, *p < 0.1.
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Figure D1: Matched sample: dynamic estimation results
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Note: This figure reports the dynamic estimation results for the impact of the reform on sales (panel
a) and R&D expenditures (panel b), based on the matched sample. We use year t=-1 as the bench-
mark. For each outcome variable, we plot the estimated difference in that outcome between each
year and the benchmark year, for the service firms (red filled dots) and manufacturing firms (grey
hollow diamonds), up to three years before and three years after the reform. We control for year and
firm-level fixed effects when estimating these differences. The vertical bars represent the 95% confi-
dence intervals. The treated group consists of matched listed firms in service industries moving from
BT to VAT by 2015, as outlined in Table 1. The control group consists of matched manufacturing
firms. Standard errors are robust and clustered at the firm level. ***p < 0.01, **p < 0.05, *p < 0.1.
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