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Abstract

Manufacturing firms outsource producer services from external suppliers, yet micro-

evidence on the impact of service outsourcing on firm production remains limited. Us-

ing value-added tax invoice records on Chinese manufacturing firms from 2017 to 2018,

we identify firms’ service outsourcing and document a correlation between purchased

services and firm growth. We then develop a make-or-buy model and a two-regime

production-function estimation to evaluate the impact of producer services as an in-

put on firm production, while recovering the technology of in-house service production.

The estimates imply modest increasing returns in final-good production and decreasing

returns in in-house service production. Relative to the final-good technology, the in-

house service production is more capital-intensive. We then exploit China’s 2018 VAT

credit refund as a quasi-experiment to show that high-rate service purchases increased

with pre-reform credit exposure along both the extensive and intensive margins, ac-

companied by higher post-reform revenues, profit rates, and local supplier sales. Our

policy evaluations indicate that the refund policy generates $1.41 billion in output

gains, while fully exempting service purchases from VAT tied to firms’ stranded credits

would yield $1.77 billion.
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1 Introduction

Manufacturing firms could outsource producer services and benefit from specialization. In the

process of production, a firm can perform tasks such as design, processing, repair, transport,

and administration using its own internal factors, or it can contract them out to external

suppliers. While this make-or-buy decision can enhance firm productivity through matching

and specialization, convincing micro-level evidence on the impact of service outsourcing on

firm production remains limited. A primary obstacle is empirical: conventional production

data record labor, materials, and capital without disentangling the service tasks embedded

within intermediate expenditure. As a result, purchased services are typically pooled with

materials or observed only for the selected subsample of firms that actively buy them.

These data limitations leave two key questions unanswered. First, how much do purchased

services add to firm output? Second, how do tax policies affect the choice between buying

services and making them in house? Answering the first question requires a basic distinction:

zero purchases do not mean zero service input. Non-purchasing firms often perform the same

tasks with their own workers and equipment. Treating them as zero-input users confounds

the make-or-buy choice with input intensity, while dropping them creates a severe selection

bias. Neither approach recovers the in-house technology. The second question centers on

tax frictions under a value-added tax (VAT). While input VAT is neutral under immediate

deduction, firms with stranded credits bear a positive shadow cost on taxed market purchases.

Internal labor, by contrast, generates no VAT. This asymmetry creates an effective tax

penalty on outsourcing that varies with the firm’s credit balance, category tax rates, and

local supplier access. Addressing both margins is essential for measuring the true returns to

services and evaluating how tax policies influence firms’ choice.

China provides a useful setting in which to study these forces. The service share of aggregate

value added rose substantially during the past two decades, and producer services in China

grows even more than other major economies. At the same time, China’s VAT invoice system

records the buyer, seller, value, tax rate, and item code for business-to-business transactions.

We merge these invoices with Corporate Income Tax (CIT) settlement records containing

employment, assets, revenue, and industry. The resulting data reveal both the services

purchased from other firms and the factors used within the purchasing firm. They also

allow us to classify service inputs into production, research and technical, demand-related,

administrative, transport, and other producer services.

Three facts motivate the empirical analysis. First, service purchasing is common. The share

of firm-quarters with positive service purchases rose from 67.8 percent in 2017 to 75.3 percent
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in 2018, creating a sizable extensive margin within the panel. Second, service expenditure

varies considerably across categories. Services account for 4.82 percent of aggregate variable

costs. Production services dominate spending for typical firms, while transport services

represent a larger share among large firms. Third, purchasing status tracks production

patterns. In raw data, buyers operate at larger scale. Within the same firm across quarters,

purchasing periods exhibit lower labor, materials, and capital use per unit of output. These

patterns indicate that service purchasing reflects an endogenous choice, precluding standard

estimation on the buyer subsample alone.

Based on the facts, we develop a make-or-buy model in which service tasks are essential

inputs. A firm can purchase these producer-service tasks or produce them using its own

labor, materials, and capital. Local service supply lowers both the price index and the

fixed contracting cost. The VAT system alters the effective purchase price through the

interaction between category tax rates and the shadow cost of excess credits. These shifters

shift the outsourcing threshold without directly altering technology. The model delivers the

instruments, their expected signs, the conditioning set for the control function, and a joint

estimating equation across both purchasing regimes. Estimating production functions on

active buyers introduces selection on unobserved productivity, as highlighted by Olley and

Pakes (1996). Our two-regime estimator jointly models buyers and non-buyers, imposing

the productivity process on the shared latent state.

The 2018 refund of excess VAT credits provides complementary reduced-form variation. Doc-

ument No. 70 lowered the shadow cost of input credits for eligible manufacturing industries.

Because effective price wedges scale with statutory rates, the model predicts stronger pur-

chasing responses for high-rate categories, such as processing, repair, and transport. We

test this prediction by comparing high- and low-rate services within the same firm-quarter

across varying pre-reform credit exposures. This design isolates policy-driven price responses

from the production-function parameters. We subsequently combine both sets of estimates

to calculate counterfactual changes in output.

The empirical analysis yields three main findings. First, accounting for the extensive margin

substantially raises the estimated output elasticity of services. A pooled control function

using ln(1 + S) yields a service elasticity of 0.0099. By contrast, our two-regime estimator

yields a conditional elasticity of 0.0374 and recovers the parameters of in-house service pro-

duction. Relative to final-good production, in-house service tasks are more capital-intensive:

column (2) of Table 4 reports βk = 0.1553 compared to αK = 0.0205, with βl = 0.0735 and

βm = 0.6211. Returns to scale in final-good production are 1.0629.
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Second, the credit refund generated larger increases in high-rate service purchases among

firms with higher pre-reform credit exposure. The triple-difference coefficient combining

both margins is 0.0269. The corresponding estimate is 0.0238 for spending conditional on

purchase, alongside a 0.0090 increase in purchasing probability. The policy also improved

downstream manufacturer performance and stimulated local supplier sales: the user revenue

coefficient is 0.0325, and the local supplier sales coefficient is 0.2995. These estimates support

the effective-price mechanism and demonstrate the transmission of buyer-side tax relief to

the local service market.

Third, policy simulations indicate measurable aggregate output gains. Applying the observed

credit-refund policy at each firm’s measured exposure increases service purchases by 2.20

percent after accounting for local-supply feedback, yielding $1.41 billion in output gains.

Fully exempting purchased services from VAT tied to each firm’s stranded-credit exposure

raises service purchases by 2.83 percent and output by $1.77 billion.

This paper makes three contributions. The first is to the literature on firm boundaries

and service outsourcing. Property-rights theories show how incomplete contracts and resid-

ual control shape the make-or-buy margin (Grossman and Hart, 1986; Hart and Moore,

1990; Grossman and Helpman, 2002; Antràs, 2003; Antràs and Helpman, 2004). Relational-

contracting models highlight repeated interactions in task allocation (Baker et al., 2002).

Empirical studies document domestic outsourcing of support and logistics tasks (Abraham

and Taylor, 1996; Goldschmidt and Schmieder, 2017), link thicker local markets to lower con-

tracting frictions (Ono, 2007), and relate supplier proximity to firm performance (Bernard

et al., 2019). Sourcing studies examine the location and ownership of production stages

(Grossman and Rossi-Hansberg, 2008; Fort, 2017; Alfaro et al., 2019), with recent work

focusing on market-access services under export complexity (Berlingieri and Pisch, 2026).

Evidence that specialized intermediate inputs improve productivity (Amiti and Konings,

2007; Halpern et al., 2015) supports treating purchased services as distinct inputs. We con-

tribute by tracking domestic buyer–supplier transactions across six service categories and

linking both purchasing margins directly to internal factor use.

The second contribution is to production-function estimation. Control-function methods

use flexible inputs to proxy for productivity (Levinsohn and Petrin, 2003; Ackerberg et al.,

2015; Wooldridge, 2009), while selection models incorporate endogenous participation into

the productivity process (Olley and Pakes, 1996). Dynamic panel methods provide an alter-

native route using predetermined instruments (Blundell and Bond, 2000). Identification is

challenging in gross-output settings with multiple flexible inputs (Gandhi et al., 2020), and

revenue measures combine physical productivity with markups (Klette and Griliches, 1996;
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De Loecker, 2011; De Loecker et al., 2016; Foster et al., 2008). Flexible-input conditions

also facilitate markup recovery (De Loecker and Warzynski, 2012; De Loecker et al., 2020).

Endogenous productivity models show how directed investment enters the Markov process

(Doraszelski and Jaumandreu, 2013), and technology-regime studies demonstrate parame-

ter heterogeneity across operating modes (Collard-Wexler and De Loecker, 2015; Syverson,

2004). In our setting, materials and purchased services are both flexible inputs. Services en-

ter production only when firms cross an endogenous outsourcing threshold. The two-regime

estimator integrates this threshold into the control function, exploits excluded variation

from effective tax prices and local supply, and identifies in-house technology alongside the

conditional elasticity of purchased services.

The third contribution is to the empirical literature on VAT frictions and tax policy. The-

oretical analyses highlight the self-enforcing nature of the VAT alongside the distortions

caused by incomplete refunds and rate disparities (Keen and Lockwood, 2010; Pomeranz,

2015; Naritomi, 2019). Micro-level studies show that VAT structure and enforcement affect

firm reporting, capital accumulation, and trade flows (Carrillo et al., 2017; Liu and Mao,

2019; Chandra and Long, 2013; Benzarti and Carloni, 2019; Bachas et al., 2024). Prior

evaluations of China’s 2018 reform focus on total factor productivity (Guo and Li, 2023;

Liu et al., 2024), labor income shares (Yang and Si, 2025), innovation efficiency (Huang

et al., 2025), environmental investment (Chen et al., 2024), green strategy (Liao and Li,

2026), and digital transformation (Li et al., 2026a). Rich administrative tax data also al-

low precise identification of firm responses to tax incentives (Chen et al., 2021). Our study

focuses directly on service purchasing as the primary outcome. The cross-category design

separates extensive and intensive margin responses, tests the effective-price channel, and

tracks market spillovers to local suppliers. Combining these empirical responses with pro-

duction estimates allows quantitative evaluation of broader tax exemptions under transparent

partial-equilibrium assumptions.

The rest of the paper proceeds as follows. Section 2 describes the administrative data and

institutional background. Section 3 documents service suppliers, usage, industry composi-

tion, and input patterns. Section 4 develops and estimates the make-or-buy model. Section 5

studies the VAT credit refund and presents the counterfactual exercises. Section 6 concludes.
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2 Data and Institutional Background

2.1 Data

Our empirical analysis focuses on the contributions of producer services in the production,

which requires firm-level records to separate service tasks from materials. The analysis

mainly uses two datasets from administrative sources.

Value-added tax invoices records. The first source is the universe of VAT invoices

issued in mainland China, collected by the State Taxation Administration. The same records

underlie Li et al. (2026b), who use them to study the structure of firm-to-firm production

networks; we use the 2017–2018 window and exploit a different dimension of the records.

Each invoice names the selling firm, the buying firm, and the value of the transaction,

and carries an item code describing what was sold, together with quantity, unit price, and

the statutory VAT rate applied. According to the tax law of mainland China, a buyer

cannot deduct input VAT without a special invoice, so both sides of a business-to-business

transaction have an incentive to have it issued and recorded, and misreporting carries legal

penalties. These invoice and crediting rules follow the Provisional VAT Regulations and the

rules that completed the nationwide VAT transition (State Council of the People’s Republic

of China, 2017; Ministry of Finance and State Administration of Taxation, 2016). Sales

to final consumers generate no deduction and are largely absent, which is immaterial here

because our unit of analysis is an input purchase. Small-scale taxpayers below the reporting

threshold are exempt, so the smallest firms are underrepresented on both sides of the market.

What makes these records usable for a make-or-buy question is the item code. We aggregate

invoices to the buyer × quarter level and sort each line into materials, energy, equipment,

or one of six service categories — production services (SP ), research and technical services

(SR), demand-related services (SD), administrative services (SA), transport (ST ), and other

services (SO) — using the code prefix. The classification follows the economic question

testing whether the purchased item is a task the buyer could instead have carried out with

its own factors. Contract processing and repair is assigned to SP , since subcontracting a

processing step is precisely the margin the paper is about.

Corporate income tax settlement records. The invoice data describe purchases but

say nothing about the firm’s own factors. For those we use the annual settlement records of

the corporate income tax, which cover firms subject to annual filing and report employment,

total assets, sales, and a detailed industry code. Relative to the survey panels conventionally
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used for Chinese manufacturing firms (e.g., Brandt et al., 2017), these records extend below

the above-scale survey threshold and cover firms outside manufacturing. Because they are

filed under a tax obligation and checked by the tax authority, they are also less exposed to the

recall and format problems of survey instruments. The cost is frequency: the settlement is

annual, so employment and the asset stock enter our quarterly panel as within-year anchors,

and we discuss in Section 4 what that implies for which input elasticities can be identified.

The dependent variable in the production-function estimation is quarterly revenue deflated

by an industry price index. Revenue, materials expenditure, and purchased services are

constructed from quarterly invoices. Capital is based on the annual asset stock, using within-

year depreciation backcasting together with quarterly capital equipment rentals observed in

the invoices; labor combines annual corporate income tax headcount with quarterly labor

dispatch observed in the invoices to obtain quarterly-level labor and capital inputs. Materials,

capital, and services enter as the deflated indexes used in the production-function data.

We merge the two sources by firm identifier and restrict attention to manufacturing firms

observed between 2017Q1 and 2018Q4, which gives a firm × quarter panel of 4,183,493

observations on 948,394 distinct firms, of which roughly 730,000 to 740,000 are present in any

given year. The production-function sample in Table 4 is smaller, at 2,874,030 observations

on 738,068 firms, because the productivity process requires a lagged observation and the

local-supply instrument requires the firm’s city to be identified. Table 1 reports summary

statistics for the estimation sample. Three features are worth noting before the analysis. The

typical firm is small: median sales are $0.30 million and median employment is 15. Materials

dominate the cost structure, at 66.7 percent of sales at the median. And purchased services

are a small expenditure item — 0.6 percent of sales at the median, 1.5 percent among firms

that buy — but one that three quarters of firm-quarters record.

2.2 Institutional Background

China’s aggregate production structure shifted markedly toward services between 1998 and

2018. Panel A of Figure 1 shows a sustained increase in the service share of GDP alongside a

decline in the industry share. The broader service sector, however, includes consumer-facing

activities that are not inputs into manufacturing. Panel B therefore isolates producer ser-

vices, defined as information and communication, finance, professional and technical services,

administrative support, and transportation and storage. China’s producer-service share also

rose, but remained below that of the major advanced economies shown in the figure. This

gap motivates an analysis of the firms that use such services and the frictions that govern

their purchases.
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Table 1: Summary Statistics

Statistics Median Mean SD IQR IDR

Panel A: Output and own factors
Sales (million RMB) 2.018 6.029 12.200 4.947 14.329
Materials expenditure (million RMB) 1.306 4.039 8.488 3.268 9.572
Capital (million RMB) 4.964 22.085 85.691 13.553 45.987
Employment (headcount) 15 37.095 63.592 32 87

Panel B: Purchased service inputs
Service purchases, six categories (million RMB) 0.013 0.209 0.663 0.106 0.492
of which dispatched labor (million RMB) 0.000 0.003 0.093 0.000 0.000

Panel C: Input intensities and the outsourcing margin
Materials / sales (percent) 66.739 72.747 36.612 42.538 84.711
Service purchases / sales (percent) 0.626 3.167 6.945 3.136 8.928
conditional on buying (percent) 1.473 4.252 7.756 4.318 11.206

Buys services, Dit 1 0.745 0.436 1 1

Firms buying services 625,669 (84.77%)
Total number of firms 738,068

Firm-quarters buying services 2,140,540 (74.48%)
Observations (estimation sample) 2,874,030

Observations (full quarterly panel) 4,183,493
Firms (full quarterly panel) 948,394

Note: The sample is the estimation sample of Section 4.3, which is the full 2017–2018 quarterly panel of manu-
facturing firms less observations without a lagged value for the productivity process and observations whose city
cannot be identified; the last block reports the size of the full panel for comparison. IQR is the interquartile range
and IDR the interdecile range (p90 − p10). Monetary values are nominal RMB. The six service categories are pro-
duction services, research and technical services, demand-related services, administrative services, transport, and
other services; a firm counts as buying if it records positive spending in any of them in that quarter.

VAT credits and the 2018 refund. China’s VAT is collected on sales while allowing

general taxpayers to deduct VAT paid on eligible inputs. In its textbook form, the credit-

invoice design supports self-enforcement and production neutrality, but incomplete refunds

and multiple rates can restore cascading (Keen and Lockwood, 2010; Pomeranz, 2015). When

current output VAT is large enough to absorb input credits immediately, an additional taxed

purchase is a pass-through. When input VAT exceeds output VAT, however, the unused

balance is carried forward, and delay gives that purchase a positive shadow cost. This

feature is particularly relevant for service outsourcing because purchased services generate

input VAT, whereas wages used for the corresponding in-house task do not. Statutory rates

also differ across service categories. The rate schedule and its 2018 adjustment follow Caishui

No. 36 and No. 32 (Ministry of Finance and State Administration of Taxation, 2016, 2018a).

During our sample, processing and repair were taxed at 17 or 16 percent, transport at 11 or

10 percent, and modern services at 6 percent.

Caishui [2018] No. 70 introduced refunds of excess credits for firms in 18 eligible industries
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Figure 1: The Service Sector in China and in International Comparison
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Sources: World Bank, World Development Indicators (Panel A); OECD Trade in Value Added, 2025 edition, drawn from the

Inter-Country Input-Output tables, at current USD (Panel B).

Note: Panel A plots value added by broad sector as a share of GDP. Panel B measures producer services
as ISIC Rev.4 divisions J (information and communication), K (financial and insurance), M (professional,
scientific and technical), N (administrative and support) and H (transportation and storage), expressed as
a share of total value added.

in the second half of 2018. The policy did not change the technology for producing a service

task, but it reduced the shadow cost of input VAT for exposed firms. The difference in

statutory rates implies a stronger effective-price change for high-rate categories. Section 4.2

formalizes this mechanism, and Section 5 estimates the corresponding reduced-form response

of service purchases (Ministry of Finance and State Administration of Taxation, 2018b).

3 Producer Services in Chinese Manufacturing

To motivate our theoretical model and empirical strategy, this section establishes four styl-

ized facts regarding the supply, adoption, industry intensity, and factor-saving patterns of

producer services across Chinese manufacturing firms.

3.1 Geographic Distribution of Suppliers

Producer-service suppliers exhibit pronounced geographic concentration across mainland

China. Figure 2 maps the spatial distribution of service providers, plotting total supplier sales

in Panel A and the number of distinct suppliers in Panel B across prefecture-level cities over

the 2017–2018 period. Both dimensions highlight extreme spatial clustering, with the vast

majority of service activity concentrated in coastal economic centers and core metropolitan
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regions (notably the Yangtze River Delta, the Pearl River Delta, and the Beijing–Tianjin–

Hebei corridor), while interior regions display markedly sparser supplier networks.

Although sales volume and supplier counts share similar spatial footprints, they capture

economically distinct margins of local service supply: total sales reflect the joint outcome

of supplier entry and operational scale, whereas the provider count measures the depth

and thickness of the local supplier pool. Because producer-service transactions often in-

volve task-specific customization, frequent monitoring, and relationship-specific investments,

thicker local markets reduce search frictions, lower contracting costs, and mitigate hold-up

risks. This geographic variation establishes that firms’ access to external services is heavily

conditioned by their local environment, motivating our use of the standardized local service

location quotient (LSct) as an excluded supply shifter in Section 4.

Figure 2: Geographic Distribution of Producer-Service Suppliers
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Note: Panel A maps total sales by service suppliers, and Panel B maps the number of suppliers. Both

measures aggregate the six service categories over 2017–2018.

3.2 Adoption and Spending

Our second finding is that while producer service purchasing is widespread, participation

is fluid and displays substantial churn across quarters. Table 2 reports service adoption

rates at both annual and quarterly frequencies. At the annual level, service purchasing is

pervasive: the share of manufacturing firms purchasing at least one producer service rose

from 78.74 percent in 2017 to 84.30 percent in 2018. However, examining the same firms at

the quarterly frequency reveals that participation is intermittent, with quarterly adoption

rates standing at 67.78 percent in 2017 and 75.29 percent in 2018. The persistent 9-to-

11 percentage point wedge between annual and quarterly participation demonstrates that

service sourcing is not a permanent, static organizational trait; rather, a substantial fraction
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of manufacturers regularly move back and forth across the make-or-buy margin over time.

This dynamic participation underscores the empirical necessity of explicitly modeling the

extensive margin (Dit) rather than discarding non-purchasing quarters.

Table 2: Share of Firms Buying Service Inputs

Firm × year Firm × quarter

Frequency Percentage Frequency Percentage

Year: 2017
Buying service inputs 573,589 78.74% 1,414,558 67.78%
Not buying service inputs 154,861 21.26% 672,359 32.22%
Total 728,450 100% 2,086,917 100%

Year: 2018
Buying service inputs 624,548 84.30% 1,578,541 75.29%
Not buying service inputs 116,321 15.70% 518,035 24.71%
Total 740,869 100% 2,096,576 100%

Note: A firm counts as buying service inputs if it records positive spending in any of the six service
categories. The two panels differ in the unit of observation. At the firm × year level a firm counts as
a buyer if it bought in any quarter of the year, so the participation rate is mechanically higher than
at the firm × quarter level, where each quarter is counted separately. Both are reported because
the two answer different questions: whether a firm uses purchased services at all, and how regularly
it does so. The gap between them — eleven percentage points in 2017 and nine in 2018 — indicates
that a substantial share of buyers purchase in some quarters but not others.

Table 3 turns to the intensive margin, reporting the expenditure share of purchased services

in variable costs across three distinct averaging concepts. Across all six categories, purchased

services constitute 4.55 percent of variable costs for the average firm-quarter (unweighted

mean) and 4.82 percent when weighted by expenditure. While services represent a modest

expenditure share relative to raw materials, this aggregate figure masks significant hetero-

geneity across functional categories. Production services (contract processing, assembly, and

repair) dominate outsourcing budgets, representing an unweighted share of 2.79 percent

across all firms and expanding to 5.04 percent conditional on buying. In contrast, trans-

port services exhibit a much larger aggregate share (1.39 percent) than unweighted share

(0.85 percent), reflecting disproportionate procurement by large-scale manufacturers. Spe-

cialized services, such as R&D, technical consulting, and demand-related activities, feature

low unconditional adoption rates but takes sizable share (e.g., 1.85 percent of variable costs

for demand services) among active users.
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Table 3: Expenditure Share in Variable Cost of Service Input Categories

Unweighted

firm mean

Aggregate

share

Mean among

buyers

All services 4.55% 4.82% 12.78%

By category

Production services 2.79% 2.63% 5.04%

Transport services 0.85% 1.39% 2.34%

Administrative services 0.24% 0.25% 1.26%

Demand services 0.11% 0.08% 1.85%

R&D and technical services 0.10% 0.11% 1.23%

Other services 0.46% 0.36% 1.06%

Note 1 : The denominator is variable cost, defined as materials plus energy plus the six service

categories; capital expenditure and leasing are excluded.

Note 2 : The three columns are three different averages of the same underlying quantity and answer

different questions. The unweighted firm mean averages Sb/variable cost across firm-quarters, giving

every firm equal weight and counting non-buyers as zero: it describes the typical firm. The aggregate

share is total spending on category b divided by total variable cost, so large firms dominate: it

describes where manufacturing input spending as a whole goes. The mean among buyers conditions

on positive spending: it describes how much a firm commits once it decides to buy at all.

Note 3 : The three differ in informative ways. Transport is 0.85% of the typical firm’s variable cost

but 1.39% in the aggregate, because large firms buy proportionally more of it. Demand services

are rarely bought but account for 1.85% of variable cost among firms that use them. Production

services have the largest unweighted and conditional shares and are the only category that is both

widely purchased and large for those who purchase.

3.3 Industry Composition

The intensity of service input use varies systematically across two-digit manufacturing sectors.

Figure 3 ranks industries by their production-service expenditure as a share of revenue in 2017

(Panel A) and applies the identical ranking to 2018 (Panel B). The cross-industry distribution

exhibits a clear technological gradient: downstream assembly and discrete manufacturing

industries—such as apparel, machinery repair, electronics, optical instruments, and transport

equipment—exhibit the highest service intensities, with total service purchases reaching 6

to 8 percent of industry revenue. Conversely, heavy process industries (such as petroleum

and coking, paper, and chemicals) allocate substantially smaller revenue shares to external

services.

Crucially, this cross-industry ranking is exceptionally stable across the two sample years,

indicating that the propensity to outsource intermediate service tasks is governed by persis-
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tent, industry-specific production technologies rather than idiosyncratic, transitory demand

shocks. At the same time, the varying combinations of production, transport, administrative,

and technical services across sectors demonstrate that different manufacturing processes rely

on distinct service tasks.

Figure 3: Service Input Intensity by Manufacturing Industry
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12



3.4 Firm Size and Input Use

A salient pattern in the micro data is that service-purchasing firms are substantially larger

across all operational dimensions. As documented in Figure 4, firms that purchase services

exhibit mean log sales that are 1.376 log points higher than those of non-purchasing firms—a

fourfold difference in levels. This scale advantage is equally evident in internal factor employ-

ment: buyers operate with 1.114 log points more labor and 1.429 log points more capital. The

proportional scale of these gaps across sales, employment, and capital indicates that service

adoption strongly correlates with overall firm productivity and size, consistent with models

where only larger firms generate sufficient volume to amortize the fixed contracting costs

of external procurement. Consequently, standard production-function estimators restricted

solely to active buyers would suffer from severe selection bias on unobserved productivity.

Figure 4: Firm Size by Service-Purchasing Status
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axis starts at zero, so the visual step between the bars understates the difference: 1.376 log points is a factor

of 4.0 in levels, and the bracket reports both. The same comparison for employment and capital gives gaps

of 1.114 and 1.429 log points. The differences are descriptive: purchasing status is a choice, and these are

not causal effects of buying on size.

While cross-sectional comparisons reflect firm sorting by scale, analyzing within-firm input
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adjustments provides direct evidence on factor substitution. Figure 5 compares input-output

ratios across purchasing and non-purchasing quarters within the same firm, absorbing firm

fixed effects and industry-by-quarter shocks. When a firm switches from in-house provision

to purchasing services, its internal factor use per unit of output drops significantly across

all inputs: log labor per unit of output (ln(L/Y )) declines by 0.0660 log points, materials

(ln(M/Y )) fall by 0.0296 log points, and capital (ln(K/Y )) drops by 0.0676 log points.

The uniform negative sign across all three inputs confirms that purchased producer services

substitute for internal tasks that the firm would otherwise have to perform using its own

labor, materials, and equipment. Furthermore, the fact that internal capital and labor

experience substantially larger reductions than materials suggests that in-house service tasks

are particularly factor-intensive. While these within-firm associations remain descriptive

because the purchasing choice responds endogenously to unobserved productivity shocks,

they provide direct micro-level empirical grounding for our structural framework in Section 4,

where in-house service production requires internal factor expenditure that can be relieved

through external market sourcing.

Figure 5: Input–Output Ratios and Service Purchasing
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Note: The bars report the coefficient on the service-purchasing indicator from separate regressions of ln(L/Y ),

ln(M/Y ), and ln(K/Y ). All specifications absorb firm and two-digit-industry-by-quarter fixed effects. Stan-

dard errors are clustered by firm; whiskers are 95% confidence intervals. The underlying sample contains

2,874,030 firm-quarter observations from 738,068 firms and 217 industry-by-quarter cells; singleton fixed-

effect groups are omitted in estimation.
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4 Empirical Model

This section develops a parsimonious empirical model of service sourcing. The model has

two roles. First, it connects the observed zero-purchase decision to the production function,

so that firms that buy services and firms that make the task in house can be estimated

jointly. Second, it shows how local service supply and the shadow cost of excess input

VAT shift purchasing without shifting technology, which motivates the instruments and the

counterfactual mapping.

4.1 Setup

Time t is a quarter, i indexes manufacturing firms, and xit = (lit,mit, kit) denotes log labor,

materials, and capital. The dependent variable qit is industry-deflated revenue. Let Dit =

1(SB
it > 0) indicate a positive purchase of producer services and let sit = lnSB

it when Dit = 1.

Two production regimes. For firms that buy services, we write the log production function

as

qit = αLlit + αMmit + αKkit + αSsit + ωit + εit, Dit = 1, (1)

where ωit is productivity observed by the firm when it chooses inputs, αS > 0, and εit is an

ex-post shock or measurement error. For firms that report no service purchase, the service

task is not observed separately. We represent the task produced in house by

sHit = cH + βllit + βmmit + βkkit + ωit, Dit = 0. (2)

This equation is an empirical technology for the unobserved service task. The coefficients

βj are input elasticities. Substituting (2) into the production function for non-buyers and

combining the two regimes gives

qit =
∑

j∈{L,M,K}

[αj + (1−Dit)θj] xj,it +DitαSsit + (1−Dit)C0

+ [1 + (1−Dit)αS]ωit + εit,

(3)

where θj ≡ αSβj and C0 ≡ αScH . Equation (3) is the estimating equation used below.

αL + αM + αK + αS measures returns to scale in final-good production, while βl + βm + βk

measures returns to scale in the in-house service production.

Figure 6 summarizes this structure. The service task enters final-good production through

one of two branches. A firm that buys uses the purchased quantity sit, so its labor, materials,

and capital enter output only through the final-good elasticities αj. A firm that does not
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Figure 6: Two-Regime Production Structure

In-house production

Regime Dit = 0 (make)
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Note: The figure illustrates Equations (1)–(3). The solid arrow denotes the in-house regime (Dit = 0), in
which the service task sHit is produced from the firm’s own labor, materials, and capital and is not observed
separately. The dashed arrow denotes the purchasing regime (Dit = 1), in which the service task is measured
by purchases sit = lnSB

it recorded on VAT invoices. Local supply LSct and the credit wedge Wit shift the
make-or-buy choice and purchased quantities but are excluded from both technologies.

buy produces the task with the same three inputs. Each input then affects output twice:

directly through αj, and indirectly through the in-house mapping with weight θj = αSβj.

The make-or-buy indicator Dit determines which branch applies. The shifters introduced in

Section 4.2, local supply LSct and the credit wedge Wit, move firms across the branches and

along the purchased-service margin, but enter neither technology. Productivity enters both

technologies. For a non-buyer it therefore appears in output with weight 1 + αS, which is

why Section 4.3 imposes the productivity process on the common state ωit rather than on

the regime-dependent composite.

Equation (3) is a two-regime empirical approximation, not a claim that every buyer physi-

cally ceases all in-house service activity. The buyer branch treats any unobserved in-house

component as part of the controlled latent state. If that component changes systematically

with purchased services after conditioning on the state and the instruments, αS should be in-

terpreted as the conditional elasticity of industry-deflated revenue with respect to observed

service purchases, rather than the elasticity with respect to the total service task. This

interpretation is also the one used in the counterfactual calculation.

4.2 The Value-Added Tax, Credits, and Effective Prices

The credit wedge. A general taxpayer deducts input VAT from output VAT. A purchased

service with a special invoice therefore generates a credit of τbtp
b
S,ctS

B
it , where b denotes the
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service category. Wages paid to the firm’s own workers generate no input credit. When

current output VAT is sufficient, the credit is used immediately and the statutory tax does

not change the effective purchase price. When input VAT exceeds output VAT, the unused

credit is carried forward, so delay or non-recovery gives the credit a positive shadow cost.

These rules follow the Provisional VAT Regulations and Caishui No. 36 (State Council of

the People’s Republic of China, 2017; Ministry of Finance and State Administration of

Taxation, 2016); the 2018 rate adjustment follows Caishui No. 32 (Ministry of Finance and

State Administration of Taxation, 2018a). Caishui No. 70 introduced refunds of excess credits

for firms in 18 eligible industries in 2018 (Ministry of Finance and State Administration of

Taxation, 2018b).

Let λit ∈ [0, 1] denote the present-value loss from one additional unit of input VAT. It equals

zero when the credit is deducted immediately and is positive in a carryforward position. A

simple representation is

λit = (1− ψit)
(
1− Etδ

Ti−t
)

for a firm with excess credits, where Ti is the date at which future output VAT absorbs the

balance, δ is the discount factor, and ψit is the refunded fraction. We treat the opening credit

position and the policy as predetermined at the quarterly purchase decision. The effective

price of category b is then

p̃ b
S,ict = p b

S,ct (1 + λitτbt) , Wibt ≡ ln (1 + λitτbt) . (4)

A firm with λit = 0 does not respond to the statutory rate. For a firm with excess credits,

a refund lowers λit, and the resulting price change is larger for a category with a higher τbt.

This cross-category contrast motivates the triple-difference design in Section 5.

Local supply and the sourcing decision. Producer services often require frequent inter-

action or a close match between the supplier and the buyer. We use LSct, the standardized

seller-side service location quotient in city c, as a measure of market thickness. Rather than

specifying supplier entry and matching in full, we summarize their price implication by

ln p b
S,ct = δbt − ηbLSct + upbct, ηb > 0. (5)

This reduced-form relation captures both a lower price index and better matches in a thicker

local market, consistent with evidence on local service outsourcing and supplier proximity

(Ono, 2007; Bernard et al., 2019). Local supply may also reduce the fixed cost of finding

and contracting with a supplier, as in models of specialized input matching and relational
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contracts (Grossman and Helpman, 2002; Baker et al., 2002).

Combining (4) and (5) yields

ln p̃ b
S,ict = δbt − ηbLSct +Wibt + upbct.

We therefore write the purchase decision and conditional service demand as

Dit = 1 {h(xit, ωit) + γLSLSct − γWWit + νit ≥ 0} , γLS, γW > 0, (6)

sit = g(xit, ωit, LSct,Wit),
∂g

∂LS
> 0,

∂g

∂W
< 0, Dit = 1. (7)

The function h(·) collects the relative value of buying rather than making and the fixed

contracting cost. Equations (6) and (7) impose only the price and market-thickness mono-

tonicities used in estimation. They also make the selection problem explicit: Dit and sit

depend on the same productivity state that enters Equation (3).

Firm Responses. The reduced-form policy estimate is converted into a service-purchase

response without solving the firm’s full optimization problem. Let ζ̂ denote the estimated

semi-elasticity of purchases with respect to a one-percentage-point reduction in the effective

tax wedge per unit of firm exposure. For a policy exposure ei, the category-level direct

response is ζ̂(100τbei). Aggregating the six service categories gives

∆ lnSCF
i = ln

[∑
b Sib exp{ζ̂(100τbei)}∑

b Sib

]
+∆ lnSLS

i , (8)

where ∆ lnSLS
i is the calibrated local-supply feedback. For the credit-refund benchmark,

ei = Treat70i×CreditExpoi. For the service-VAT exemption, all six category rates are set to

zero and ei = CreditExpoi, so a firm without stranded credits has no effective-price response.

Applying the cross-category policy estimate to each category in this way requires the common-

semi-elasticity assumption stated in Section 5.3. Holding other inputs, the sourcing regime,

and general-equilibrium prices fixed, the production function maps purchases into output

according to

∆ lnQCF
i ≃ αS∆ lnSCF

i , ∆QCF
i ≃ QiαS∆ lnSCF

i . (9)

These equations are the partial-equilibrium accounting implemented in Section 5.3.
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4.3 Estimation

The purchase indicator and purchased quantity are endogenous in Equation (3). Estimating

the buyer branch alone would select firms on ωit, while coding non-purchases as an ordinary

zero in ln(1 + S) would force the extensive and intensive margins into the same regressor.

We instead retain both regimes and estimate the first-stage control function

qit = Ditϕ1(lit, kit,mit, sit, LSct,Wit) + (1−Dit)ϕ0(lit, kit,mit, LSct,Wit) + εit. (10)

For buyers, service demand is inverted conditional on LSct andWit. For non-buyers, who have

no observed sit, productivity is recovered from a regime-specific materials-demand inversion.

Because this is a gross-output production function in which materials and purchased services

are both flexible inputs, monotonicity of one flexible-input demand equation is not sufficient

by itself. The additional demand shifters (LSct,Wit) provide the variation required by the

maintained identification argument (Gandhi et al., 2020).

Excluded variation. The tax instrument aggregates category-level wedges with firms’ fixed

2017 service-expenditure shares (ϖib):

W IV
it =

∑
b

ϖib ln
(
1 + λ̂itτbt

)
, λ̂it = CreditExpoi (1− ψTreat70iPost70t) . (11)

The instrument combines pre-reform exposure with statutory category rates, the 2018 rate

adjustment, and the Document No. 70 refund. The baseline instrument vector also uses

interactions of LSct with predetermined firm size and labor intensity, together with the high-

rate by post-policy by exposure interaction. The exclusion restriction is that, conditional

on the fixed effects and predetermined controls, these shifters affect purchases but not the

innovation in firm productivity.

Holding the 2017 shares fixed makes them predetermined, but does not by itself make the

resulting shift-share instrument exogenous (Goldsmith-Pinkham et al., 2020). Likewise, lo-

cal supplier concentration may respond to local manufacturing conditions. The baseline

therefore absorbs industry-by-quarter shocks, and specifications with city-by-quarter effects

provide a sensitivity check. The identifying variation should be interpreted conditionally

on these controls rather than as an unconditional consequence of using statutory rates or

supplier counts.

Joint second stage. Given the first-stage estimate ϕ̂it, productivity for a candidate param-
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eter vector Θ is

ωit(Θ) =
ϕ̂it −

∑
j αjxj,it −DitαSsit − (1−Dit)

(
C0 +

∑
j θjxj,it

)
1 + (1−Dit)αS

. (12)

We impose the productivity process on this common state rather than on the regime-

dependent composite term:

ωit = ag(i)t + ρωi,t−1 + βSRSRit + ξit, E[Zitξit] = 0, (13)

where ag(i)t denotes industry-by-quarter effects, SRit is the R&D-intensity measure, and

Zit contains the excluded variables and predetermined inputs. The parameters θj and αS

are estimated jointly, after which βj = θj/αS. Since this division makes the βj directions

sensitive to the precision of αS, we use firm-cluster block-bootstrap standard errors for the

two-regime estimates.

The model illustrates that thicker local supply raises the probability and quantity of service

purchases, the credit wedge lowers both margins for firms with stranded credits, and a refund

produces a larger effective-price change in higher-rate categories. The production-function

estimates then translate the observed input response into the partial-equilibrium output

effects in Equation (9).

Table 4 reports the production-function estimates. Column (1) is a conventional single-

regime control function that pools buyers and non-buyers and enters services as ln(1 + Sit).

Column (2) estimates the two regimes jointly, places industry-by-quarter intercepts in the

process for ω. Column (3) reports the estimation results for firms buying the services in the

continuous two quarters and gives a verification for the estimates in panel A of column (2).

The service coefficients in the columns (1) and (2) answer different questions. In column (1),

αS = 0.0099 combines zero and positive purchases through ln(1 + S), forcing the extensive

and intensive margins into one regressor. In column (2), lnS enters only in the buying regime,

while Dit and the in-house technology account separately for the make-or-buy margin. The

estimate αS = 0.0374, with a bootstrap standard error of 0.0002, is therefore the elasticity

of industry-deflated revenue with respect to purchased services conditional on buying. The

numerical gap between 0.0374 and 0.0099 illustrates that the specifications use different

transformations and estimate different objects. Column (3) asks how much of that gap

survives once the control function is estimated only on buyers and services enter as lnSit.

The sample requires a purchase in both the current and the previous quarter, so that lnSit

and its lag are defined. The service elasticity is 0.0320, with a standard error of 0.0002,
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which lies close to Panel A of column (2). The buyer-only control function keeps a common

intercept in the process for ω, and its moments are computed on buyers alone. It recovers

the purchased-service elasticity.

The remaining coefficients describe how observed inputs map into the service task when the

firm does not buy. The final-good elasticities in column (2) are 0.2152 for labor, 0.7899

for materials, and 0.0205 for capital. The in-house mapping has lower elasticities with

respect to labor and materials, βl = 0.0735 and βm = 0.6211, but a higher elasticity with

respect to capital, βk = 0.1553, than the corresponding final-good coefficients. Including

purchased services, final-good returns to scale are increasing to scales (1.0629), while the

in-house producer services production elasticities sum to 0.8498, indicating decreasing to

scales. The capital elasticity of final-good production in column (2), Panel A (0.0205), is

smaller than the capital elasticity in column (1) (0.1375), but in in-house producer-service

production in column (2), Panel B, the capital elasticity is high (0.1553). This indicates

that the technology for producer-service production is relatively more capital-intensive than

final-good production, and that outsourcing producer services can effectively reduce a firm’s

own capital input.
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Table 4: Production Function Estimates: Control Function and Two-Regime

(1) (2) (3)
Pooled Estimation Two-regime Estimation Pooled Estimation 1=(Buyers only)

Panel A: Final-good input elasticities

αL (labor) 0.1239∗∗∗ 0.2152∗∗∗ 0.1195∗∗∗

(0.0140) (0.0141) (0.0197)
αM (materials) 0.8095∗∗∗ 0.7899∗∗∗ 0.7852∗∗∗

(0.0009) (0.0010) (0.0014)
αK (capital) 0.1375∗∗∗ 0.0205∗∗∗ 0.0936∗∗∗

(0.0060) (0.0072) (0.0105)
αS (services) 0.0099∗∗∗ 0.0374∗∗∗ 0.0320∗∗∗

(0.0001) (0.0002) (0.0002)

Returns to scale 1.0808 1.0629 1.0303
(0.0115) (0.0083) (0.0158)

Panel B: In-house service technology

βl (labor) — 0.0735∗∗ —
(0.0286)

βm (materials) — 0.6211∗∗∗ —
(0.0144)

βk (capital) — 0.1553∗∗∗ —
(0.0280)

βl + βm + βk — 0.8498 —
(0.0283)

C0 (allocation constant) — −0.0778∗∗∗ —
(0.0078)

Panel C: Productivity process

βω
SR (R&D service share) 2.9076∗∗∗ 1.7144∗∗∗ 2.1816∗∗∗

(0.0663) (0.0601) (0.0692)
ρ (persistence) 0.9901∗∗∗ 0.9719∗∗∗ 0.9896∗∗∗

(0.0001) (0.0004) (0.0001)
a0 0.0146∗∗∗ absorbed 0.0229∗∗∗

(0.0001) (0.0002)

Service input measure ln(1 + Sit) lnSit, Dit = 1(Sit > 0) lnSit
Sample Pooled Pooled Sit > 0, Si,t−1 > 0
Observations 2,874,030 2,874,030 1,842,980
Firms 738,068 738,068 532,817

Note 1 : Column (1) is the single-regime control function that pools firms that buy services with firms that do not. Local supply
enters only the first-stage polynomial. The instruments are lagged labor, lagged materials, current capital, lagged services, and
a constant. Its standard errors are numerical-Jacobian sandwich errors clustered at the firm. Column (2) is the baseline two-
regime model Column (3) uses the column (1) estimator and the column (2) labor measure, replaces ln(1+Sit) with lnSit, and
keeps firm-quarters that purchase services in both t and t− 1.
Note 2 : Standard errors are firm-cluster block-bootstrap standard errors.
Note 3 : Columns (1), (2) and (3) do not estimate the same αS . In column (1) the service input enters as ln(1 + Sit) over the
pooled sample, so αS is the coefficient on a transformation that combines zero and positive purchases; it is not an elasticity with
respect to S at zero. In columns (2) and (3) the service input enters as lnSit and is interacted with the outsourcing indicator
Dit, so αS is the elasticity of industry-deflated revenue with respect to purchased services conditional on the firm buying.
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01.

22



5 Value-added Tax Reform and Service Input

This section uses the 2018 credit refund policy as an external shock to estimate how the

effective VAT wedge changes service purchases and firm outcomes.

5.1 The Value-added Tax Reform

Document No. 70 reduced the shadow cost of excess input credits for eligible industries

(Ministry of Finance and State Administration of Taxation, 2018b). The model predicts that

this relief should have a larger effect on high-rate services because the effective-price wedge

ln(1 + λitτbt) is increasing in the statutory rate. We let Hb indicate a high-rate categories

(production services and transport services) and estimate this cross-category response at the

firm level:
yibt = βDDDHb × Postt × FirmExpoi

+ δ
(
Hb × FirmExpoi × t

)
+ µit + νbt + κib + εibt.

(14)

where b indexes service categories, FirmExpoi = Treat70i × CreditExpoi, and CreditExpoi

is measured before the reform. The empirical post period is 2018Q4. The fixed effects

compare categories within the same firm and quarter while absorbing common category-

specific time shocks and persistent firm-category differences, and the additional interaction

allows a differential linear trend. The coefficient βDDD is positive if high-rate purchases rise

differentially after the refund among firms with greater exposure.

Table 5 reports the triple-difference estimates, decomposing the policy response into in-

tensive and extensive margins. In Column (1), the combined-margins specification using

ln(1 + Sibt) yields a statistically significant coefficient of 0.0269 (p < 0.01), indicating that

manufacturers with higher pre-reform credit exposure differentially expanded their purchases

of high-tax-rate services following the refund. Decomposing this aggregate response reveals

that both margins played an active role. In Column (2), conditional on positive spending,

high-rate service purchases among incumbent buyers grew by 2.38 percent per unit of expo-

sure (β = 0.0238, p < 0.01), demonstrating a pronounced intensive-margin expansion. At

the same time, the refund prompted new outsourcing decisions: the linear probability model

in Column (3) shows a 0.90 percentage point increase in the likelihood of procuring high-rate

services (β = 0.0090, p < 0.01). This extensive-margin entry is further corroborated by the

conditional logit specification in Column (4) (β = 0.0421, p < 0.01). Taken together, these

findings demonstrate that the reduction in the effective tax wedge operated along two dis-

tinct dimensions: it induced non-purchasing firms to cross the make-or-buy threshold into

the market, while simultaneously scaling up service demand among existing buyers.
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Table 5: VAT Credit Refund and Purchases of High-Rate Services

(1) (2) (3) (4)
Combined Margins Intensive Margin Extensive Margin

ln(1 + Sibt) lnSibt OLS Logit
HighRateb × Postt × FirmExpoi 0.0269∗∗∗ 0.0238∗∗∗ 0.0090∗∗∗ 0.0421∗∗∗

(0.0053) (0.0080) (0.0011) (0.0083)

Firm × Quarter FE YES YES YES YES
Service Category × Quarter FE YES YES YES YES
Firm × Service Category FE YES YES YES NO
Observations 15,728,250 2,726,542 15,728,250 10,336,045
Adjusted R2 0.706 0.603 0.599
Pseudo R2 0.505

Note: FirmExpoi = Treat70i×CreditExpoi, where CreditExpoi is measured before the reform. All columns
control for HighRateb × FirmExpoi interacted with a linear quarterly trend. Standard errors clustered at
the industry level are in parentheses.
Column (4) is a conditional logit that conditions out firm-by-quarter effects and includes service-category-
by-quarter effects. Firm-by-service-category effects cannot be included simultaneously in this estimator.
Groups without within-group variation in purchasing status do not contribute to the conditional likelihood,
which accounts for the smaller sample. The reported logit coefficient establishes direction and statistical
significance but is not a probability marginal effect.
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

Figure 7: Event Study of the Credit Refund on Service Purchases
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Note: The figure reports the event-study analogue of Equation (14), using the fixed effects, differential linear

trend, and industry clustering in Table 5. The omitted quarter is 2018Q3. Bars are 95% confidence intervals,

and units are log points × 100. The two margins are shown separately in Figure 8.

To validate the identifying assumption and trace the dynamic response, Figure 7 plots the

event-study estimates corresponding to Equation (14), with 2018Q3 serving as the normal-

ized baseline quarter. Two key features emerge from the dynamic pattern. First, the es-

timated coefficients in the pre-reform periods (from quarter −7 to −2) are statistically in-
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distinguishable from zero and show basically no obvious pre-trend, confirming that exposed

and unexposed firms were on parallel paths prior to the refund and ruling out obvious antici-

pation effects. Second, service purchases exhibit a sharp and immediate divergence precisely

in the implementation quarter (2018Q4, quarter 0), jumping by over 2 percent for firms with

higher credit exposure. Figure 8 in the appendix decomposes this dynamic trajectory into

separate margins. Both the extensive probability of entering the service market and the

intensive spending among incumbent buyers jump concurrently in 2018Q4, confirming that

the policy reform triggered an immediate, synchronized adjustment across both margins.

5.2 Policy Impact

Direct effects on service users. The observed purchasing expansion should translate into

tangible performance improvements if the VAT credit wedge previously distorted an econom-

ically productive input. Table 6 examines downstream manufacturer outcomes by regressing

firm revenue and profitability on the interaction between pre-reform credit exposure and the

post-refund period, absorbing firm and quarter fixed effects.

Table 6: Post-Refund Firm Outcomes by Pre-Reform Credit Exposure

(1) (2) (3) (4)
lnUsers’ Revenue Users’ Profit Rate

FirmExpoi × Postt 0.0332∗∗∗ 0.0325∗∗∗ 0.0523∗∗∗ 0.0523∗∗∗

(0.0065) (0.0067) (0.0061) (0.0061)

Capital Intensity (ln(K/L)it) YES YES
Capital Stock (lnKit) YES YES
Firm FE YES YES YES YES
Quarter FE YES YES YES YES
Observations 2,351,290 2,351,290 2,351,290 2,351,290
Adjusted R2 0.899 0.901 0.254 0.254

Note: FirmExpoi = Treat70i × CreditExpoi, where credit exposure is measured before
the reform, and Postt equals one in 2018Q4. Standard errors clustered at the industry
level are in parentheses.
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

The estimates confirm that easing the input tax friction yielded meaningful economic gains

for exposed manufacturers. In Column (1), the baseline revenue elasticity is 0.0332 (p <

0.01). Controlling for contemporaneous capital intensity and capital stock in Column (2)

leaves this estimate virtually unchanged at 0.0325 (p < 0.01), indicating an approximate

3.25 percent post-reform revenue expansion per unit of exposure. Similarly, Columns (3)

and (4) show a robust and stable improvement in operating profitability: exposed firms

experienced a 5.23 percentage point increase in their profit rate (β = 0.0523, p < 0.01),

irrespective of internal capital adjustments. That these gains survive controls for internal
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factor stocks indicates that the performance boost does not simply reflect parallel physical

capital deepening; rather, it stems from the productivity and cost advantages of outsourcing

specialized service tasks.

Indirect effects through local suppliers. Because producer services typically feature

localized market interactions and contracting frictions, a buyer-side reduction in the effective

service price should propagate upstream to stimulate the local supplier ecosystem. To capture

this market-level spillover, Table 7 aggregates policy exposure to the prefecture-level city and

assesses the post-refund growth in local service provider activity, absorbing city and quarter

fixed effects.

Table 7: Post-Refund Local Supplier Outcomes by City Exposure

(1) (2) (3) (4)
ln Suppliers’ Sales ln Sales per Supplier

CityExpoc × Postt 0.2990∗∗∗ 0.2995∗∗∗ 0.3258∗∗∗ 0.3258∗∗∗

(0.0732) (0.0743) (0.0817) (0.0820)

Local Manufacturing Firm Number YES YES
Local Manufacturing Revenue YES YES
Local Manufacturing Employment YES YES
City FE YES YES YES YES
Quarter FE YES YES YES YES
Observations 2,672 2,672 2,672 2,672
Adjusted R2 0.982 0.982 0.837 0.838

Note: CityExpoc is the 2017 revenue-weighted mean of firm exposure among manufac-
turing buyers in city c, and Postt equals one in 2018Q4. Standard errors clustered at the
prefecture-level city are in parentheses.
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

The results document substantial upstream demand spillovers. In Column (1), aggregate

service supplier sales rise by 29.90 percent per unit of city exposure (β = 0.2990, p < 0.01).

Crucially, conditioning on local manufacturing firm count, total revenue, and aggregate em-

ployment in Column (2) yields an almost identical estimate of 0.2995 (p < 0.01), confirming

that this upstream surge is not an artifact of broad local industrial booms, but is specifically

driven by manufacturing demand for service inputs. Columns (3) and (4) evaluate provider-

level scale, reporting a 32.58 percent increase in sales per supplier (β = 0.3258, p < 0.01).

The fact that sales per supplier expand at a comparable magnitude to total market sales

reveals that the policy primarily scaled up incumbent service providers’ operational capacity,

rather than inducing a purely extensive-margin influx of small or newly registered entities.

These market-level responses confirm the downstream-to-upstream transmission of tax re-

lief and provide the empirical foundation for our counterfactual calibration of local-supply

feedback.
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5.3 Counterfactual Analysis

We consider two policy exercises. The first reproduces the observed credit-refund policy

for eligible industries at each firm’s measured exposure. The second sets the VAT rate on

purchased services to zero for all firms, while allowing the effective price to fall only in

proportion to each firm’s own stranded-credit exposure. A firm without stranded credits

therefore has no effective-price response in either exercise. Both calculations incorporate the

calibrated local-supply adjustment and map service purchases into output using the service

coefficient, αS = 0.03736, from column (2) of Table 4.

Table 8: Illustrative Partial-Equilibrium Policy Accounting

(1) (2)
Credit-refund

policy benchmark
Service-VAT
exemption

Policy coverage Eligible industries All firms
Effective exposure ei Treat70i × CreditExpoi CreditExpoi

Service purchases: direct response +1.46% +2.08%
including local-supply feedback +2.20% +2.83%

Output gain (billion RMB) 9.31 11.72

Note 1 : Column (1) applies the credit refund to listed industries at each firm’s observed ratio of stranded input
credits to revenue. Column (2) sets the VAT rate on all six purchased-service categories to zero and uses each firm’s
own observed credit exposure. A firm with no stranded credit has no effective-price response in either exercise.
Note 2 : The purchase response is calibrated from the aggregate estimate 0.0269 in column (1) of Table 5. Dividing
by the 8.92-percentage-point tax-rate difference and by the standard deviation of the underlying credit-exposure ratio
gives a semi-elasticity of 0.07858 per percentage point and per unit of exposure. The current six-category service
definition is used; “other services” are assigned the 6% rate. The local-supply response from Table 7 adds 0.00727
log point to service demand.
Note 3 : Output gains use αS = 0.03736 from the two-regime model in column (2) of Table 4.

Table 8 summarizes the simulation results, highlighting two central economic takeaways.

First, the actual 2018 refund policy produced substantial output gains by loosening in-

put constraints in the treated industries. Direct price relief increased service purchases

by 1.46 percent, while the induced deepening of the local supplier market provided an ad-

ditional 0.74 percentage-point boost. Accounting for this local-supply feedback, aggregate

service purchases expanded by 2.20 percent, generating an aggregate manufacturing output

gain of 9.31 billion RMB (equivalent to $1.41 billion). Second, the broader service-VAT

exemption illustrates the scope of unaddressed tax distortions in the wider economy. By

extending relief beyond the 18 selected industries to all capital- or credit-constrained man-

ufacturers, the direct purchasing response reaches 2.08 percent, and total purchases rise by

2.83 percent with supplier feedback. This universal exemption yields a total output expan-

sion of 11.72 billion RMB ($1.77 billion)–a nearly 26 percent increase in output gains over

the actual 2018 refund, indicating the potential of future tax policy reforms.

27



6 Conclusion

This paper investigates how tax frictions shape manufacturing firms’ make-or-buy decisions

and distort organizational boundaries. By merging administrative VAT invoices with cor-

porate income tax records, we observe firm-to-firm service transactions alongside internal

factor use across Chinese manufacturing. These data highlight an essential extensive mar-

gin: firms that do not purchase services often produce the corresponding tasks in house.

Our two-regime production-function estimator incorporates this make-or-buy choice into the

control-function framework, resolving the downward bias of standard pooled specifications.

While a conventional pooled control function yields a service elasticity of 0.0099, our two-

regime model yields a conditional elasticity of 0.0374. The estimation results conditional on

firms buying services confirm this estimate. The structural estimates also uncover the param-

eters of in-house service provision. In-house service production is more capital-intensive than

final-good production, exhibiting a capital elasticity of βk = 0.1553 relative to αK = 0.0205.

The estimates also indicate decreasing returns to scale in in-house service tasks alongside

modest increasing returns of 1.0629 in final-good output.

The 2018 refund of excess VAT credits provides quasi-experimental variation that corrobo-

rates the model’s effective-price mechanism. By lowering the shadow cost of stranded credits,

the reform generated disproportionate purchasing expansions in high-rate service categories

such as production and transport services. In our triple-difference specification, the com-

bined elasticity across both margins is 0.0269. This response operates through both intensive

spending growth, with a coefficient of 0.0238, and a 0.0090 increase in purchasing probability

on the extensive margin. The policy also generated positive economic consequences across

the production network. Exposed manufacturing buyers experienced post-reform revenue

increases of 3.25 percent and a 5.23 percentage point improvement in profit rates. Further-

more, this buyer-side tax relief propagated to upstream markets, raising total local supplier

sales by 29.95 percent and sales per supplier by 32.58 percent.

Counterfactual policy simulations quantify the aggregate output gains from reducing tax

frictions on service outsourcing. Accounting for local-supply feedback, the observed 2018

refund policy expanded aggregate service purchases by 2.20 percent, generating $1.41 billion

in output gains. A broader policy that fully exempts purchased services from VAT scaled

to each firm’s stranded credits increases service purchases by 2.83 percent, delivering $1.77
billion in output gains. These results demonstrate that input-credit usability directly governs

firm specialization and intermediate input choices. Delayed refunds impose real shadow

costs that alter the boundary of the firm. Separating make from buy is therefore essential

for correctly evaluating production technology and designing neutral tax policy in modern
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production networks.
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Antràs, P. and Helpman, E. (2004). Global sourcing. Journal of Political Economy,
112(3):552–580.

Bachas, P., Gadenne, L., and Jensen, A. (2024). Informality, consumption taxes, and redis-
tribution. Review of Economic Studies, 91(5):2604–2634.

Baker, G., Gibbons, R., and Murphy, K. J. (2002). Relational contracts and the theory of
the firm. Quarterly Journal of Economics, 117(1):39–84.

Benzarti, Y. and Carloni, D. (2019). Who really benefits from consumption tax cuts? evi-
dence from a large VAT reform in france. American Economic Journal: Economic Policy,
11(1):38–63.

Berlingieri, G. and Pisch, F. (2026). Managing export complexity: The role of service
outsourcing. Review of Economics and Statistics, pages 1–45. Advance online publication.

Bernard, A. B., Moxnes, A., and Saito, Y. U. (2019). Production networks, geography, and
firm performance. Journal of Political Economy, 127(2):639–688.

Blundell, R. and Bond, S. (2000). GMM estimation with persistent panel data: An applica-
tion to production functions. Econometric Reviews, 19(3):321–340.

Brandt, L., Van Biesebroeck, J., Wang, L., and Zhang, Y. (2017). WTO accession and
performance of Chinese manufacturing firms. American Economic Review, 107(9):2784–
2820.

Carrillo, P., Pomeranz, D., and Singhal, M. (2017). Dodging the taxman: Firm misreporting
and limits to tax enforcement. American Economic Journal: Applied Economics, 9(2):144–
164.

Chandra, P. and Long, C. (2013). VAT rebates and export performance in China: Firm-level
evidence. Journal of Public Economics, 102:13–22.

29



Chen, S., Xiao, Y., and Zhang, Z. (2024). Value-added tax credit refund and environmental
protection investment: Evidence from chinese heavy-polluting enterprises. Journal of
Cleaner Production, 450:141945.
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A Appendix A

Figure 8: Event Study by Margin: Extensive and Intensive
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A. Extensive Margin: Pr(Buy)
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B. Intensive Margin: ln(Service Spending)

Note: The figure decomposes Figure 7 into the two margins reported in columns (3) and (2) of Table 5.
Panel A takes as dependent variable an indicator for positive spending, estimated by OLS, and is measured
in percentage points. Panel B takes log spending among cells with positive spending and is measured in log
points × 100; it therefore conditions on a decision the reform itself moves, and the entrants it excludes are
on average smaller buyers, so Panel B is best read as a net figure. Quarter −1 is 2018Q3, normalised to
zero; quarter 0 is 2018Q4. Fixed effects, clustering, and the detrending are as in Figure 7. Bars are 95%
confidence intervals.
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