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Abstract
This paper examines the impact of financially constrained intermediate inputs on within-industry total
factor productivity loss. Utilizing exogenous tax reforms in China as a natural experiment, our difference-
in-difference analysis reveals that reduced tax burdens lead to increased firm-level intermediate inputs,
particularly among financially constrained firms. We incorporate financially constrained intermediate
inputs into a partial equilibrium model of firm dynamics. Our calibration suggests that financially con-
strained intermediate inputs play a quantitatively more important role in accounting for misallocation
than financially constrained capital. The presence of financially constrained intermediate inputs intro-
duces a downward bias in the measurement of value-added productivity, especially for firms in the top
decile of gross-output productivity. As a result, the average “efficient” levels of capital and labor for the top
decile firms in the standard Hsieh and Klenow (2009) exercise are lower than what is truly efficient.
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1. Introduction
Intermediate input costs exceed 50% of gross output revenues for industrial production in most
countries (Jones, 2011). The time window from purchases of intermediates to the receipt of sales
revenue is non-negligible, which leads to additional working capital demand for firms despite
the provision of trade credit from suppliers (Fazzari and Petersen, 1993; Gao, 2017; Bigio and
La’o, 2020; Almeida, et al. 2024). In economies with underdeveloped financial markets, natural
questions are (i) how financial frictions affect the firm-level use of intermediate inputs and (ii) the
extent of total factor productivity (TFP) loss when firms face financial constraints in intermediate
inputs.

This paper addresses these questions by studying the Chinese manufacturing sector. First, we
present empirical evidence that domestically owned firms are, on average, financially constrained
in intermediate inputs as opposed to foreign-owned firms in China. Utilizing the National Tax
Survey Database (NTSD, 2007–2011), we exploit the staggered implementation of 2007–2009
value-added tax (VAT) reform and the one-time 2008 corporate income tax (CIT) reform for
identification.

Specifically, in 2007, firms in several industries in the central six provinces (e.g., Hunan, Anhui)
in China were allowed to deduct the equipment investment costs from the VAT liability, which
reduced firms’ tax burden and released internal funds for alternative uses. Previous studies show
that this reform boosted capital investments for treated firms (Liu and Mao, 2019; Chen, Jiang,
Liu, Serrato, and Xu, 2023). Similarly, for intermediate inputs, we find that treated firms increased

C© The Author(s), 2025. Published by Cambridge University Press. This is an Open Access article, distributed under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivatives licence (https://creativecommons.org/licenses/by-nc-nd/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided that no alterations are made and the original article is prop-
erly cited. The written permission of Cambridge University Press must be obtained prior to any commercial use and/or adaptation of the
article.

https://doi.org/10.1017/S1365100525000136 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100525000136
https://orcid.org/0000-0002-4189-6929
mailto:wenyaw111@gmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1017/S1365100525000136


2 W. Wang and J. Xu

their intermediate inputs by four percentage points as a fraction of gross output compared to the
control group after the reform. This treatment effect was more pronounced for firms that were
more financially constrained–specifically, younger, non-state-owned, and smaller in total assets.
Our results also hold for the treatment event when the VAT reform was expanded to all domestic
firms later in 2009 and when the CIT reform took place in 2008.

Second, we write a partial equilibrium model of industrial dynamics à la Hopenhayn (1992)
to quantify the TFP loss induced by financially constrained intermediate inputs. To be clear, we
focus on a representative industry and thus examine the within-industry TFP loss rather than the
amplified aggregate TFP loss explored inmulti-sector input-output studies such as Acemoglu et al.
(2012) and Bigio and La’o (2020). We model financial frictions as costly equity and debt issuances
(Cooley and Quadrini, 2001; Arellano, et al. 2012). Due to the working capital requirement, firms
pay a fraction of intermediate inputs a period ahead when they make next-period capital invest-
ment decisions. Firms borrow one-period debt for both inputs, with the option to default based
on later realizations of gross-output productivity. Since financial intermediaries can only recover
part of the debt upon firms’ default, firms are thus charged with an interest rate premium that
reflects their default risks.

We calibrate our model to the Chinese Annual Survey of Industrial Firms (ASIF, 1998–2007)
data, which has a longer panel and a more comprehensive coverage of the manufacturing sector
than NTSD. We then simulate a sample of firms that resemble ASIF. In both ASIF and the model
simulated data, we perform the standard Hsieh and Klenow (2009) reallocation exercise, except
that we use the gross-output production function. The gross-output TFP loss (or equivalently,
the potential gross-output TFP gain) is defined as the percentage change in the industry-level
gross output when we reallocate capital, labor, and intermediate inputs to equalize their marginal
revenue products across firms while keeping the industry-level stocks of each input constant. Our
calculations show that the potential within-industry TFP gain is 38% for an average industry in
ASIF and 27% for the representative industry in our benchmark model. This result suggests that
our model accounts for about 71% of the misallocation in the Chinese data.

We then implement several counterfactual experiments to decompose the overall misallocation
in our benchmark model into components caused by intermediate input and capital frictions. We
find that financially constrained intermediate inputs account for about 18% of the misallocation
in the benchmark model, whereas the extensively studied financial frictions on capital account for
only about 2% of the misallocation. This result aligns with the higher cost share of intermediate
inputs in the gross-output production function and their repetitive purchasing needs. It is also
consistent with the weak nexus between financially constrained capital and misallocation found
in the literature (Midrigan and Xu, 2014; Moll, 2014). Our findings suggest that financial frictions
cause more misallocation when intermediate inputs are also constrained.

Lastly, we investigate the implications of our findings for (i) the value-added productivity mea-
surement and (ii) the quantification ofmisallocation using theHsieh andKlenow (2009)’smethod.
As pointed out by Gandhi, et al. (2020), using either gross-output or value-added production func-
tions could paint a different picture of the productivity heterogeneities across firms. In our case,
distortions on intermediate inputs contaminate the value-added productivity measure, making it
no longer purely technological. Compared to the value-added productivity absent intermediate
input distortions, we show that the distorted value-added productivity faces a downward bias.
This bias becomes more severe when the intermediate input distortion increases in its absolute
value. When the intermediate input distortion is size-dependent (Restuccia and Rogerson, 2008;
Guner, et al. 2008) as in the case of financial constraints, we find that the top decile firms in terms
of gross output productivities exhibit a downward bias of value-added productivities by about 35%
in ASIF and by 16% in our model.

The distorted value-added productivities affect the within-industry reallocation of capital and
labor under the Hsieh and Klenow (2009) method. Given the further downward bias in value-
added productivities for more productive firms, the HK reallocation exercise assigns a smaller
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fraction of industry-level input stock to these firms than what is efficient. Using capital as an
example, we find that the “efficient” capital reallocated to top decile firms in terms of gross out-
put productivity averages 4% lower than what is truly efficient in ASIF and 1.7% lower in our
model. In contrast, the remaining 90% of firms receive a reallocated capital that exceeds what is
efficient.

We cannot determine whether the HK method overestimates or underestimates misallocation
since our misallocation measure is a gross-output TFP loss while the HKmeasure is a value-added
TFP loss. The conversion between the two requires a fully-blown multi-industry input-output
model, as studied in Hang, et al. (2020).1 Borrowing from their findings, we convert our gross-
output TFP loss to the value-added TFP loss that can be readily compared with the HK measure.
Results show that the HK method underestimates the within-industry value-added TFP losses in
both ASIF and the model simulated data. Therefore, in environments where intermediate inputs
are likely distorted (such as China and India in Boehm and Oberfield, 2020), it is essential for
researchers to use gross output production functions.

This paper is built on several strands of the misallocation literature. The first is the growing
literature on intermediate inputs and misallocation. Most discussion focuses on the input-output
transmission of sectoral distortions to the aggregate economy. For instance, Jones (2011) shows
that distortions have a multiplier effect and cause a significant aggregate TFP decline through
sectoral input-output linkages. Similar studies include Bartelme and Gorodnichenko (2015), Bigio
and La’o (2020), and Osotimehin and Popov (2023) among many others. Other studies document
specific frictions on intermediate inputs. For instance, Boehm and Oberfield (2020) finds that
firm-level intermediate inputs are distorted in areas with weak law enforcement in India. We
contribute to this literature by providing empirical evidence on financial frictions of intermediate
inputs.

The second strand is on financially constrained capital and misallocation. One theoretical
view states that the misallocation caused by this channel could be moderate because firms can
self-finance. This view contradicts the ample empirical evidence of financially constrained firms
(Gilchrist, et al. 2013; Wu, 2018; Whited and Zhao, 2021). Self-financing does not undo mis-
allocation when productivities are less persistent (Caselli and Gennaioli, 2013), when there are
fixed cost barriers (Midrigan and Xu, 2014), when the initial state of the economy is badly mis-
allocated (Buera and Shin, 2013), and when borrowing constraints are endogenous and tighter
for smaller and younger firms (Gopinath, et al. 2017; Bai, et al. 2018). This paper quantita-
tively shows that financial frictions cause a larger misallocation if intermediate inputs are also
constrained.

The last strand of the literature is on size-dependent distortions andmisallocation. In Restuccia
and Rogerson (2008) and Guner, et al. (2008), distortions that positively correlate with firm-
level productivities reduce the aggregate TFP more than uncorrelated distortions. Baqaee and
Farhi (2020) shows how the size-dependent distortion matters for misallocation when the log
normality assumption for productivities and distortions fails. We contribute by showing how a
size-dependent intermediate input distortion biases value-added productivities, particularly for
the most productive firms. Therefore, we are closely related to Hang, et al. (2020), which also
emphasizes how intermediate input distortions cause the divergence of misallocation measures
under the two alternative gross-output and value-added approaches.

The rest of the paper is structured as follows. Section 2 introduces how we identify the finan-
cial constraints on intermediate inputs in the Chinese firm-level data. Section 3 introduces the
model. Section 4 calibrates the model, computes the misallocation in the model, and decom-
poses the overall misallocation caused by different frictions. Section 5 discusses how financially
constrained intermediate inputs distort value-added productivity and affect the quantification of
misallocation. Section 6 concludes.
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2. Empirical evidence from the tax reform
This section provides empirical evidence that firms face financial constraints in intermediate
inputs. Using the firm-level tax data in China, we exploit tax reforms during the period of 2004–
2009 and use the difference-in-difference strategy to identify how the tax reforms reduce the tax
burden and hence boost the use of intermediate inputs for financially constrained firms.

2.1 Institutional background
VAT and CIT are the two major business taxes in China, accounting for approximately 25% and
19% of the total tax revenue in 2011, respectively (Chen, He, Liu, Serrato, and Xu, 2021). Below,
we briefly describe the VAT and CIT systems and their recent reforms relevant to our empirical
analysis. For a detailed examination of business taxes in China, we refer readers to Chen, He, Liu,
Serrato, and Xu (2021).

The VAT system classifies firms into two types of taxpayers: small-scale and general, depending
on whether the firm’s annual receipt falls below a certain threshold. For manufacturing firms, this
threshold was 1million CNY before 2008 and increased to 5million CNY after 2008. A small-scale
taxpayer pays a rate of 4 or 6% over the sales of goods. In contrast, a general taxpayer pays a rate
of 17% based on the value-added, that is, the VAT liability is calculated as the total value of sales
net costs related to intermediate inputs.2 Unlike intermediate inputs, costs related to equipment
investment were not allowed to be deducted from the VAT liability.

Starting in 2004, China gradually removed this exclusion of equipment to reduce capital costs
and to stimulate business investment. Initially, a pilot program in 2004 allowed firms in specific
manufacturing industries in three northeastern provinces to deduct new equipment costs from
their VAT liability. In July 2007, this reform expanded to firms in 26 cities within six central
provinces, covering roughly the same industries. In July 2008, the reform included firms in five
cities in Inner Mongolia and counties affected by the Wenchuan earthquake. Finally, in January
2009, the reform extended to all domestic firms across all industries. Detailed information about
the affected industries and provinces at different reform stages is provided in the appendix in
Figure A.1. Small-scale taxpayers were not affected throughout this period, as their VAT was
based on overall sales. Foreign firms were also unaffected since they had been permitted to deduct
equipment costs before the reform started.

In parallel with the VAT reform, the CIT system also underwent significant changes in 2008.
Before 2008, the standard CIT rate was 33%, while foreign firms benefited from preferential
rates of 15% or 24%, depending on their location in special economic zones and alignment with
government-favored industries (Chen, He, Liu, Serrato, and Xu, 2021). In contrast, domestic firms
paid the standard rate. Beginning in January 2008, this dual-track systemwas abolished, and a uni-
fied tax rate of 25% was applied to all firms, both foreign and domestic. These reforms benefited
domestic firms by reducing their tax burden and freeing up internal funds for alternative uses.

2.2 Data
The primary dataset used in our empirical analysis is the NTSD data collected by the State
Taxation Administration of China from 2007 to 2011, covering both the VAT and CIT reforms.
Similar to the better-known ASIF dataset, NTSD includes firm-level balance sheet information
with a detailed breakdown of different types of business taxes. Compared to ASIF, NTSD has
the advantages of (i) covering small, service, and agricultural firms and (ii) reporting firm-level
value-added and intermediate inputs after 2008.

We focus on the manufacturing subsample in the NTSD database. Following Chen, Jiang,
Liu, Serrato, and Xu (2023), we concatenate this data with the ASIF data (2005–2007) to include
more pre-reform years in the subsequent difference-in-differences analysis. We convert the 2011
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Table 1. Summary statistics for the 2005–2011 manufacturing panel

Obs. Mean SD Min Max P25 P50 P75

State-owned 870,721 0.08 0.27 0.00 1.00 0.00 0.00 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Foreign-owned 870,721 0.19 0.39 0.00 1.00 0.00 0.00 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age 757,191 8.94 6.52 0.00 39.00 5.00 7.00 12.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Intermediates/sales 565,054 0.76 0.21 0.00 1.00 0.67 0.79 0.92
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

log Capital 732,811 8.19 2.29 2.08 13.40 6.62 8.32 9.79
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

log Sales 597,142 10.07 1.96 5.00 14.77 8.82 10.13 11.39
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

log Assets 751,330 9.87 1.92 5.86 14.69 8.47 9.81 11.18
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fraction of sales exported 514,482 0.16 0.31 0.00 1.00 0.00 0.00 0.08
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Leverage 1,050,276 0.71 0.45 0.00 1.00 0.00 1.00 1.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Profit margin 596,670 0.00 0.22 −1.41 0.76 −0.01 0.01 0.05

Notes: The 2005–2011 panel is a concentrated dataset that combines the 2005–2007 ASIF and the 2007–2011 NTSD. Variables are win-
sorized at the top and bottom 1% levels. Fraction of sales exported and leverage are capped at 1. Profit margin is defined as the total
profit divided by the total asset.

industry classification code (GB/T 4754–2011) to the 2002 code (GB/T 4754–2002) to ensure
the consistency of industries across the years. To ensure comparability of firm sizes across the
two datasets, we drop small-scale taxpayers in the NTSD dataset. The resulting unbalanced panel
from 2005 to 2011 includes 150,861 firms and 1,050,276 firm-year observations. Table 1 reports
summary statistics of key variables in our dataset.

2.3 Difference-in-difference results
We are interested in exploring whether the reduction of tax burden increases firm-level inter-
mediate inputs, especially for financially constrained firms. To this end, we run the following
regression

mshareispt = γTreatspt × Postspt + δTreatspt +Xitβ +�st +�pt + εispt , (1)

where mshareispt is the intermediate input values divided by gross output for firm i in industry s
located in province p at time t. Treatspt is the treatment dummy, and Postspt is a dummy for the
time periods after the policy reforms, both of which may vary depending on the firm’s province
p and industry s. The coefficient γ thus captures how the reduced tax burden could affect the
firm-level usage of intermediate inputs. Xit are firm-level control variables that include a state-
owned dummy, age, log capital stock, log asset, leverage, fraction of output exported, and the
profit margin. �st and �pt are industry-year and province-year fixed effects that control for any
time-varying changes that are heterogeneous across industries and provinces.

The two reform events we study are the VAT reform in 2007 and the combined VAT and CIT
reforms in 2008 and 2009. In the first event of the 2007 VAT reform, we define the treatment group
as firms in the six central provinces in the specified industries and the control group as foreign
firms and firms treated in the 2004 pilot program. In the second event, we do not separately study
the 2008 CIT reform and the 2009 VAT reform since the two were chronologically close and both
targeted all domestic firms. Meanwhile, the 2008 VAT tax reform targeted firms in InnerMongolia
and counties affected by the Wenchuan earthquake, which were also a subset of treated firms in
the 2008 CIT reform. Thus, we define the treated group in 2008 and 2009 as domestic firms that
were not treated in 2007, and as in the previous case, the control group includes foreign firms and
firms treated in the 2004 pilot program. As one can see, we do not include later-treated domestic
firms in the first control group and the earlier-treated domestic firms in the second control group
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Table 2. Effect of tax reforms on firm-level intermediate input shares: baseline results

2007 reform 2008–09 reforms

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

Treat× post 0.039 ∗∗∗ 0.038 ∗∗∗ 0.022 ∗∗∗ 0.022 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.005) (0.005) (0.002) (0.002)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat −0.004 0.001 0.008 ∗∗∗ 0.011 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.004) (0.004) (0.001) (0.001)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Firm controls No Yes No Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Industry× year FE Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Province× year FE Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Observations 199,376 179,352 494,143 426,247
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Adjusted R2 0.077 0.087 0.094 0.105

Notes: Standard error are in parentheses and clustered at the industry-province-year level. ∗∗∗, ∗∗, and ∗
denote significance at the 1%, 5%, and 10% levels, respectively.

Table 3. Parallel trend and time-varying treatment effects

Coefficient estimate of treat× dummy of

before 3 before 2 before 1 after 0 after 1 after 2 after 3 after 4

2007 reform 0.001 0.000 0.001 0.034 ∗∗∗ 0.021 ∗ 0.017 0.025 ∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.004) (.) (0.006) (0.009) (0.012) (0.013) (0.015)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2008–09 reforms 0.003 0.002 0.000 0.029 ∗∗∗ 0.027 ∗∗∗ 0.024 ∗∗∗ 0.016 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.003) (0.003) (.) (0.004) (0.003) (0.003) (0.003)

Notes: Control variables and the specification of fixed effects are the same as in columns (2) and (4) in Table 2. Standard error are in
parentheses and clustered at the industry-province-year level. ∗∗∗, ∗∗, and ∗ denote significance at the 1%, 5%, and 10% levels, respectively.

to make the DID analysis as clean as possible. We also exclude observations that switch their
treatment status before and after the two events.

Table 2 displays our baseline regression results. Compared to the control group, treated firms
significantly increased their intermediate input shares by four percentage points after the 2007
reform and two percentage points after the 2008–09 reforms. This result is consistent with the
idea that treated firms with extra funds from the reduced tax burden are now able to buy more
intermediate inputs, suggesting a potential role of financial constraints. To further confirm this
idea, we next (i) check the parallel trend assumption between the treatment and control groups
and (ii) check if the increase of intermediate inputs is more pronounced for firms that tend to be
more financially constrained.

To test the parallel trend assumption, we interact the treatment dummy with year dum-
mies before and after reforms: 1(before t), where t = 1, 2, 3 and 1(after s) with s= 0, 1, 2, 3, 4.
For instance, for the 2007 VAT reform, firm-year observations in 2006 are assigned with
1(before 1)= 1 and the rest before and after dummies being 0. We set the coefficient of treat ×
1(before 1) to be 0. The rest of the regression specifications are the same as in columns (2)
and (4) in Table 2. Table 3 lists the coefficient estimates for the interaction terms between treat
and each before/after dummy. We find that before each reform event, treated and control firms
were not significantly different, supporting the parallel trend hypothesis. After the 2007 reform,
treated firms were not significantly different from control firms in 2007, which could be explained
by the fact that the reform came out in the middle of the year. However, treated firms signifi-
cantly increased their intermediate inputs in 2008, 2009, and 2011, consistent with our results in
Table 2. In 2010, the interaction term is marginally insignificant with a t-statistic of 1.31. For the
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Table 4. Larger effects of tax reforms on firm-level intermediate shares for more constrained firms

2007 reform 2008–09 reforms

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

Treat× post 0.017 ∗∗∗ 0.036 ∗∗∗ 0.020 ∗∗ 0.011 ∗∗∗ 0.021 ∗∗∗ −0.000
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.005) (0.005) (0.008) (0.002) (0.002) (0.003)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat× post× small 0.034 ∗∗∗ 0.026 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.004) (0.002)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat× post× young 0.005 0.002 ∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.003) (0.001)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat× post× non-SOE 0.021 ∗∗∗ 0.024 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.008) (0.003)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Firm controls Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Industry× year FE Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Province× year FE Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Observations 179,352 179,352 179,352 426,247 426,247 426,247
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Adjusted R2 0.088 0.088 0.088 0.106 0.105 0.105

Notes: Standard error are in parentheses and clustered at the industry-province-year level. ∗∗∗, ∗∗, and ∗ denote significance at the 1%, 5%,
and 10% levels, respectively.

2008–09 reforms, treated firms significantly increased intermediate inputs immediately in 2008
and throughout the rest of our sample period, again consistent with our results in Table 2.

For the last round of our empirical analysis, we study whether the treatment effects are more
pronounced for smaller, younger, and non-state-owned firms, which are financially constrained
in the literature (Cooley and Quadrini, 2001; Song, et al. 2011; Bai, et al. 2018; Jin, et al. 2019). We
define a small dummy as one if firms are below the median level of log assets and zero otherwise.
Similarly, we define a young dummy when a firm is younger than the median age of 7. We thus
include a triple interaction term one at a time into our baseline regressions in columns (2) and (4)
in Table 3. Table 4 shows that all the triple interaction terms are positive, suggesting that, indeed,
smaller, younger, and non-state-owned treated firms increase their intermediate inputs more than
the average treated firms.

2.4 Robustness checks
We conduct a series of robustness checks. The first robustness check examines whether our results
are influenced by the 2008 financial crisis and the subsequent 2009 stimulus plan implemented by
the Chinese government. One alternative hypothesis suggests that the observed increase inmshare
in Table 2 for the 2008–09 reforms may be attributed to a decline in sales during the crisis rather
than an increase in intermediate inputs. Given the weakening international demand at the time,
this hypothesis is particularly relevant for exporting firms.

To test this, we estimate a modified version of equation (1) that includes an additional triple
interaction term, Treat × Post × Exporter. The results, presented in Column (1) of Table 5, indi-
cate that the increase in intermediate input share is smaller for exporters, thus rejecting the
alternative hypothesis.

Another alternative hypothesis related to the financial crisis is that China’s stimulus plans,
rather than the reduced tax burden emphasized in our analysis, drove the increased use of inter-
mediate inputs.3 We argue that the increase in intermediate inputs in Table 3 started in 2008
before the stimulus plan, which invalidates the alternative hypothesis. For the period starting in
2009, the alternative hypothesis does not necessarily reject the notion of financially constrained
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Table 5. Robustness check for the 2008–09 reforms: financial crisis and stimulus plan

(1) (2) (3)

All Firms All Firms Drop SOE Firms

Treat× post× exporter −0.021 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.002)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat× post 0.029 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.002)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Exporter 0.011 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.001)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat× year08 0.026 ∗∗∗ 0.028 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.003) (0.004)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat× post09 0.009 ∗∗ 0.011 ∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.004) (0.004)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat× HiStimu× post09 0.016 ∗∗∗ 0.018 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.005) (0.005)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HiStimu× post09 −0.008 ∗ −0.009 ∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.005) (0.005)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat× HiStimu 0.017 ∗∗∗ 0.017 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.003) (0.003)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treat 0.014 ∗∗∗ −0.003 −0.004
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.001) (0.003) (0.003)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HiStimu −0.018 ∗∗∗ −0.018 ∗∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.003) (0.003)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Firm controls Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Industry× year FE Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Province× year FE Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Observations 426,247 400,071 369,488
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Adjusted R2 0.103 0.105 0.105

Notes: “All firms” in column (1) refers to the same sample as in Table 2. The size of “All firms” in column (2) shrinks
because of missing stimulus loan data for 20 cities (out of 339 cities in the firm-level data, including four centrally-
administrated cities, Beijing, Shanghai, Tianjin, and Chongqing). Standard error are in parentheses and clustered at
the industry-province-year level. ∗∗∗, ∗∗, and ∗ denote significance at the 1%, 5%, and 10% levels, respectively.

intermediate inputs, as the increased credit supply may play the same role as the relaxed tax bur-
den. Nevertheless, it is ideal to disentangle the impact of tax reforms from that of the stimulus
plans.

We thus exploit the cross-city variation in stimulus scales and test whether our difference-in-
difference coefficients change accordingly. Summarized by Bai, et al. (2016), the national stimulus
plan directed resources to favored industries (e.g., infrastructure and poverty-alleviating projects
in less-developed regions) with a local solution that city administrations, motivated by their polit-
ical career goals, funded these projects by local commercial banks. As a result, the scale of the
stimulus plan varied across cities, which could be quantified as excessive loans as a percentage of
city-level GDPs in 2009. “Excessive” means a loan balance that exceeds the predicted value using
city-level loan balances and loan growth rates from 2004 to 2008 as in Chen, et al. (2020).

We borrow this city-level excessive loan data, bl09, from Chen, et al. (2020) (downloaded
from He’s website). We create a dummy, HiStimuc, which labels firms located in a city c with
its excessive loan above the median (10% of 2009 city GDPs) and estimate:
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mshareiscpt =γ1Treatspt × Year08t + γ2Treatspt × Post09t + γ3Treatspt ×HiStimuc × Post09t
+ γ4HiStimuc × Post09t + δ1Treatspt + δ2HiStimuc + δ3Treatspt ×HiStimuc
+Xitβ +�st +�pt + εiscpt , (2)

for the 2008–09 reforms. Here, Year08t is the dummy for the year 2008, and Post09t is the dummy
indicating years starting from (including) 2009.

According to equation (2), the treatment effect on the treated group in 2008 is γ1. Starting
from (including) 2009, the treatment effect on the treated firms in low-stimulus cities is γ2, and
in high-stimulus cities, is γ2 + γ3. If the previously found result on increased intermediate inputs
was entirely driven by the stimulus plan, γ1 would be statistically insignificant from 0, and γ4
would be positive and statistically significant. In addition, γ3 would be positive and significant.

Columns (2) and (3) of Table 5 present our results. In column (2), we find that first, the esti-
mate of γ1, 0.026, is comparable to the estimate in Table 3, suggesting the robustness of our
early results. Second, contrary to the alternative hypothesis, γ4 is negative and statistically sig-
nificant, −0.008. In other words, controlled firms located in high-stimulus cities decreased their
intermediate inputs after 2009, which refutes the hypothesis that stimulus plans increased inter-
mediate inputs for all firms. Compared to controlled firms, the treatment effect for treated firms
in these high-stimulus cities is an increase of their intermediate inputs by 0.025. This treatment
effect is indeed larger than that for treated firms in low-stimulus cities, γ2 = 0.009. Our results
in column (3) of Table 5 are quantitatively similar if we drop state-owned firms from the sample.
Therefore, we conclude that the stimulus alone did not explain the increased intermediate inputs,
but it did explain jointly with the tax reforms.

In the second robustness check, a potential concern regarding the results of the 2007 VAT
reform presented in Table 2 is that the observed increase in intermediate input share for firms
in the six central provinces may be attributable to the CIT reform rather than the VAT reform.
Unfortunately, we cannot rule out this hypothesis, as the absence of gap years between the two
reforms prevents us from conducting a staggered difference-in-difference analysis. Yet, if we
include firms from the six central provinces into the treatment group in the regression for the
2008–09 reforms, our results do not change.

In the last robustness check, we run a regression specification that includes firm fixed effects to
control for unobserved firm heterogeneities. Columns (1)–(4) in Table 6 show that the treatment
effect remains robust, and its coefficient estimates even increase for both reforms. Meanwhile,
we run a placebo test for the 2008–09 reforms to confirm that our treatment effect is not due to
other economic forces. Specifically, we look into the service subsample of NTSD, which covers
construction, transportation, information, retail and wholesale, real estate, and business services
industries.4 We choose the service subsample because, first, these industries are subject to busi-
ness tax, and their intermediate input levels should not be affected by the VAT reform. Second,
since these industries have less competing needs in financing for capital investment, their inter-
mediate input levels are less likely to be constrained and affected by the CIT reform.5 We thus
define the placebo treatment group as domestic firms located outside the central six provinces
and the placebo control group as foreign firms. We rerun our regression in Table 2, and results are
displayed in columns (5) and (6) of Table 6. As we conjectured, the coefficients of the interaction
term treatment × post are insignificant.

3. Model
This section incorporates financially constrained intermediate inputs into a standard partial
equilibrium model of industry dynamics (Hopenhayn, 1992). We use this model to quantify
the magnitude of TFP loss caused by the constrained intermediate inputs. Given the extensive
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Table 6. Robustness check: firm heterogeneities and placebo test

Unobserved firm heterogeneities Placebo test

2007 reform 2008–09 reforms 2008–09 reforms

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

Treat× post 0.054 ∗∗∗ 0.058 ∗∗∗ 0.031 ∗∗∗ 0.031 ∗∗∗ −0.0307 −0.0307
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.003) (0.003) (0.002) (0.002) (-1.05) (-1.05)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Firm controls No Yes No Yes No Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Firm FE Yes Yes Yes Yes No No
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Industry× year FE No No No No Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Province× year FE No No No No Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Observations 194,998 174,025 480,814 408,905 219,115 219,115
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Adjusted R2 0.278 0.278 0.309 0.309 0.075 0.076

Notes: Standard error are in parentheses and clustered at the firm level in columns (1) – (4) and at the industry-province-year level
in columns (5) – (6). ∗∗∗, ∗∗, and ∗ denote significance at the 1%, 5%, and 10% levels, respectively.

literature on capital, we also include financial frictions on capital to compare TFP losses caused
by financial frictions on both inputs.

To summarize, firms in our model borrow for capital and intermediate inputs. They endoge-
nously default (Cooley and Quadrini, 2001; Arellano, et al. 2012) on the debt. The borrowing
interest rates reflect this default risk. We abstract away from the input-output production net-
work here (Jones, 2011; Acemoglu et al. 2012; Liu, 2019; Osotimehin and Popov, 2023) and aim to
quantify the magnitude of within-industrymisallocation.

3.1 Firms
The representative industry s in the economy is populated with a mass of firms,Mt , which grows
over time at a rate of g to capture the fast growth of the Chinese manufacturing sector (Brandt,
et al. 2012). Firm i produces output Yit at time t according to the production function

Yit =AitK
βk
it L

βl
it M

βm
it , (3)

where Kit , Lit , and Mit are capital, labor, and intermediate inputs with cost shares of βk, βl and
βm, βk + βl + βm = 1. Firms compete monopolistically within the representative industry, and
the industry-level output is aggregated as

Yst =
{ Mt∑

i=1
Y
σ−1
σ

it

} σ
σ−1

, (4)

with an elasticity of substitution σ . Combining equations (3) and (4) gives firm i’s revenue
production function

PitYit = exp(zit)K
β̃k
it L

β̃l
it M

β̃m
it , (5)

where Pit is the output price and β̃x = βx(σ − 1)/σ , for x ∈ {K, L,M}. Revenue productivity
exp(zit) equals PstY1/σ

st A(σ−1)/σ
it , where Pst is the industry-level output price. For ease of exposi-

tion, the rest of our model refers to exp(zit) as the firm-level productivity and Ait as the firm-level
quantity productivity. In a stationary distribution of firms, Pst and Yst are constants over time, and
hence their levels have no effect on the later computation of misallocation as in Hsieh and Klenow
(2009).6
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Following Midrigan and Xu (2014), we include a permanent component of firm-level produc-
tivity zit , z̄i, z̄i ∼N(μz̄, σ 2

z̄ ), and a transitory component μit that follows an AR(1) process with
persistence ρ

μit+1 = ρμit + εit+1, εit+1 ∼N(0, σ 2
ε ). (6)

We assume that the labor input is static and not distorted; that is, firms choose Lit given zit , Kit ,
andMit to maximize

πit =max
Lit

{PitYit(zit ,Kit ,Mit , Lit)−wLit} . (7)

In the international finance literature (e.g., Neumeyer and Perri, 2005; Mendoza and Yue, 2012),
labor inputs are subject to a working capital constraint. We do not follow this approach here since
financially constrained labor does not delink the gross-output and value-added productivities,
which is the focus of our paper.

Financial frictions. We incorporate the financial friction on intermediate inputs by imposing a
working capital requirement. Specifically, at t, firms pay ω< 1 fraction for the next period inter-
mediate inputMit+1 at the same time when they set capital Kit+1. The rest, 1−ω fraction, is paid
at time t + 1. At t + 1, firms choose the usage of intermediate inputs up to its pre-determined
level, i.e., M̃it+1 ≤Mit+1, to maximize their profit�it+1:

�it+1 = max
M̃it+1≤Mit+1

{
πit+1(zit+1,Kit+1, M̃it+1)− (1−ω)Mit+1 + (Mit+1 − M̃it+1)

}
. (8)

This timing arrangement reflects the fact that firms purchase the inventory of materials ahead
of production and further ahead of the collection of sales revenue (Fazzari and Petersen, 1993;
Gao, 2017; Almeida, et al. 2024). ω hence pins down the average working capital need of firms to
finance upfront for the material inventoryMit .

How do firms finance capital and the ω fraction of intermediate inputs investment? Similar to
Cooley and Quadrini (2001) and Arellano, et al. (2012), we model financial frictions as costly
equity and debt issuances. First, entrepreneurs incur a cost of ce for each unit of new equity
issuance. Second, when they borrow, there is a limited enforcement problem. As detailed later, the
price of bond qit(zit , Bit+1,Kit+1,Mit+1) decreases with the expected default probability, implying
a higher interest rate of borrowing. In the special case with a zero default probability, debt price
qit = 1/(1+ r2) where r2 is the risk-free borrowing rate. The rate r2 exceeds the saving rate r1 by
assuming a per-dollar intermediation cost of cI .

With frictions specified above, the end-of-period dividend Dit is

dit =�it(zit ,Kit ,Mit)− Iit − C(Kit ,Kit+1)− ωMit+1
1+ r1

− Bit + qit(zit , Bit+1,Kit+1,Mit+1)Bit+1,

(9)

Dit =
(
1+ 1(dit < 0)ce

)
dit , (10)

where Iit =Kit+1 − (1− δ)Kit is the investment andC(Kit ,Kit+1) is the associated adjustment cost
that equates to ξKit + θ

2 (Kit+1 −Kit)2/Kit . Equation (9) and (10) thus specify that firms borrow
Bit and issue new equity to finance capital and the ω fraction of intermediate input investments.7

Value functions and default. For simplicity, the rest of the model is in a recursive form and
abstracts away the firm subscript i.
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At the beginning of each period, a firm chooses to default or repay after z is realized. Given the
state variables (z, B,K,M) and the bond price schedule q′(z, B′,K ′,M′), the value of repayment is

Vr(z, B,K,M)= max
B′,K′,M′

{
D+ β(1−ψ)Ez′|zV(z′, B′,K ′,M′)

}
, (11)

and the value of default is

Vd(z, B,K,M)= max
B′,K′,M′

{
Dd + β(1−ψ)Ez′|zV(z′, B′,K ′,M′)

}
, (12)

s.t. Dd =
(
1+ 1(dd < 0)ce

)
dd, (13)

dd = − ωM′

1+ r1
−K ′ − C(0,K ′)+ q(z, B′,K ′,M′)B′. (14)

In other words, once default, the firm loses capital K and the fraction of intermediate inputs it has
paid ωM and thus generates zero revenue at time t. The unpaid intermediate inputs, (1−ω)M,
are returned to suppliers without a repudiation cost for simplicity.

By equation (12), we allow default when firms continue operations. After the default decision,
the firm is subject to an exogenous exit shock with a probability ψ . With equations (11) and
(12), the value function V =max{Vr ,Vd} and the default variable χ equals to 1 if V =Vd and 0
otherwise.

3.2 Entrants
In each period t, there are μentMt mass of entrants. Each entrant draws an initial permanent pro-
ductivity z̄ from a distributionN(0, σ 2

z ) and a transitory productivityμ0 from another distribution
N(0, σ 2

μ). The entrant also draws an initial wealth B0 < 0 independently from a Pareto distribution
with the density function g(− B0),

g(− B0)=
{

αaαmin
(−B0)α+1 if − B0 ≥ amin,
0 if − B0 < amin,

(15)

where amin is the minimum wealth.
Firms do not enter and produce right away. A preparation period exists for entrants to

build up capital stock and intermediate inputs out of scratch, according to their initial produc-
tivity z0 = z̄ +μ0 and wealth draw B0. Their choices of borrowing B′

ent(z0,−B0, 0, 0), capital
K ′
ent(z0,−B0, 0, 0), and intermediate inputsM′

ent(z0,−B0, 0, 0) for the first production period are
given by maximizing the value function Ve(z0, B0, 0, 0),

Ve(z0, B0, 0, 0)= max
B′,K′,M′

{
De + β(1−ψ)Ez′|z0V(z′, B′,K ′,M′)

}
, (16)

s.t. De =
(
1+ 1(de < 0)ce

)
de, (17)

de = − ωM′

1+ r1
−K ′ − B0 + q(z, B′,K ′,M′)B′. (18)

We assume no capital adjustment costs for entrants.

3.3 Financial intermediaries
There exists a continuum of risk-neutral competitive intermediaries that take deposits and lend.
Given debt price functions q′(z, B′,K ′,M′), the problem for a competitive lender is to choose a
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supply function B′s = B′s(z,K ′,M′;q′) to maximize its expected profit:

max
B′

{
(1−ψ)

(
(1− Ez′|zχ ′)B′

+ Ez′|z
[
χ ′ min{B′ − λ2ωM′ − (λ1(1− δ)− ξ )K ′, 0}] )− (1+ r2)q′B′

}
. (19)

The first term is debt repayment B′s with a probability (1−ψ)(1− Ez′|zχ ′). The second term gives
an expected loss when the borrower defaults, in which case the intermediary recovers λ1 of the
undepreciated capital net of a fixed adjustment cost and λ2 of intermediate inputs the borrower
has paid.

3.4 Equilibrium
A recursive equilibrium is a debt price function q′(z, B′,K ′,M′), policy functions of incum-
bent firms B′d(z, B,K,M;q′), K ′(z, B,K,M;q′), and M′(z, B,K,M;q′), a transition indicator func-
tion for incumbents T(z, B,K,M;B′,K ′,M′), policy functions of entrants B′

ent(z0,−B0, 0, 0;q′),
K ′
ent(z0,−B0, 0, 0;q′), and M′

ent(z0,−B0, 0, 0;q′), a default rule χ(z, B,K,M), a transition indica-
tor function for entrants Tent(z, B, 0, 0;B′,K ′,M′), a supply function of funds bs(z,K ′,M′;q′), a
debt price function q′(z, B′,K ′,M′), an endogenous mass of firms M′, and a probability density
function of firms f ′(z′, B′,K ′,M′) such that

a. given the debt price function q′(z, B′,K ′,M′), policy functions of B′d(z, B,K,M;q′),
K ′(z, B,K,M;q′), and M′(z, B,K,M;q′), and the default rule χ(z, B,K,M) solve the prob-
lem of incumbent firms. Policy functions of B′

ent(z0,−B0, 0, 0;q′),K ′
ent(z0,−B0, 0, 0;q′), and

M′
ent(z0,−B0, 0, 0;q′) solve the problem of entrant firms;

b. given the debt price function q′(z, B′,K ′,M′), the supply function of funds Bs(z,K ′,M′;q′)
solves the lenders’ problem;

c. the debt price function q′(z, B′,K ′,M′) clears the supply and the demand of funds at the
firm-level, if B′ > 0:

T(z, B,K,M;B′,K ′,M′)B′d(z, B,K,M;q′)= B
′s(z,K ′,M′;q′) for incumbents,

Tent(z, B0, 0, 0;B′,K ′,M′)B′d
ent(z, B, 0, 0;q

′)= B
′s(z,K ′,M′;q′) for entrants.

d. the distribution f ′ and the mass of firms M′ evolve recursively as in equations (20), (21),
and (22), given an initial massM0, an initial firm distribution f0, a mass of entrants μent , a
default rule χ(z, B,K,M), and policy functions of incumbents and entrants:

f ′(z′, B′,K ′,M′)=μent

∫
z

∫
B
φ(z)g(− B)Tent(z, B, 0, 0;B′,K ′,M′)dzdB+ (1−ψ)∫

z

∫
B

∫
K

∫
M
(1− χ ′(z′, B′,K ′,M′))f (z, B,K,M)T(z, B,K,M;B′,K ′,M′)φ(z′|z)dzdBdKdM,

(20)
f ′(z′, 0, 0, 0)

=
∫
z

∫
B

∫
K

∫
M
χ ′(z′, B′,K ′,M′)f (z, B,K,M)T(z, B,K,M;B′,K ′,M′)φ(z′|z)dzdBdKdM,

(21)
M

′ =M× (1+μent −ψ), (22)
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where φ(z′|z) is the conditional probability according to the AR(1) process. A stationary
distribution is defined as (i) M′ =M and (ii) f ′(z, B,K,M)= f (z, B,K,M) for any state
(z, B,K,M).

4. Quantitative analysis
This section quantitatively evaluates the extent of misallocation caused by financial frictions on
intermediate inputs. We describe how we parametrize our model, introduce the mechanism of
financial frictions, and decompose misallocation generated by each friction in the model. Our
results show the channel of financially-constrained intermediate inputs important, generating a
larger TFP loss than the better-studied channel of financially-constrained capital.

4.1 Parametrization
We first introduce the mapping between our model and the Chinese data. Unlike the empirical
analysis, we use the ASIF (1998–2007) data to calibrate our model since ASIF has a longer panel
and is more representative of the manufacturing sector in China. Given a set of parameters, we
simulate firms from the model-implied stationary distribution and obtain the top 20% subsample
in sales that can be directly compared to the ASIF data.8 In the simulated data, intermediate inputs
usage M̃, not the pre-paid levelM, corresponds to the observed firm-level intermediate inputs in
ASIF.

In terms of parameters, we parametrize the cost of equity issuance ce = 0.3 as in Cooley
and Quadrini (2001). The capital adjustment cost is parametrized by ξ = 0.039 and θ = 0.049
following Cooper and Haltiwanger (2006). Capital depreciation rate δ equals to 0.09. Firms’
discount factor β is 0.94, which implies a risk-free borrowing interest rate r2 = 0.06 according
to People’s Bank of China during the period of 1998–2007. Similarly, the saving interest rate
r1 equals 0.03 to match the average deposit rate. The exit rate ψ is 0.08 to match the aver-
age exit rate during the period of 2008–2012 according to a firm survival analysis report by
the State Administration for Industry and Commerce of China.9 Given these values, we have
β(1−ψ)(1+ r2)< 1 that ensures unconstrained firms invest efficiently as in Arellano, et al.
(2012).

In the gross-output production function, the intermediate input share β̃m is 0.61 following
Jones (2011). Following Hsieh and Klenow (2009), we assume that β̃k and β̃l are equal and set as
0.5(1− 1/σ − β̃m) to reflect that the labor fraction of GDP is 50% in Chinese national accounts.
We then calibrate the return-to-scale parameter 1− 1/σ = 0.85 to match the fact that 84.5% of
total gross output is produced by the top 10% firms in sales in the manufacturing sector, which are
equivalently the top 50% firms in the ASIF data. The rationale is that as 1− 1/σ increases, gross
output in the economy is more concentrated within the largest firms. The annual growth rate in
the manufacturing population during this period is approximately 9%, according to the economic
censuses of 2004 and 2008. Combined with the exit rate, the relative mass of entrants μent is
thus 17%. We set the threshold sales yc such that the fraction of firms with sales greater than yc
is 20%.

Capital and intermediate input recovery rates, λ1 and λ2, determine how binding the borrow-
ing constraint is. Inspired by Bai, et al. (2018), we calibrate λ2 to match the level of leverage
(i.e., debt-to-asset ratio) and λ1 to match its slope with respect to asset percentiles in the ASIF
data.10 In the model, the leverage ratio is defined as debt over the sum of capital and the
pre-paid intermediate inputs. Our numerical experiments find that the leverage level is sen-
sitive to λ2 and its slope with respect to asset sensitive to λ1. This gives us λ1 = 0.60 and
λ2 = 0.10.

The productivity process is calibrated to match the productivity moments in the ASIF data.
We discretize the permanent productivity z̄i into 5 grids, and the transitory productivity μit into
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Table 7.Model parameters

Parametrized Calibrated

Parameter Value Parameter Value

Discounting factor β 0.94 Return to scale 1− 1/σ 0.85
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Depreciation rate δ 0.09 Labor share βl 0.50
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Equity issuance cost ce 0.30 Intermediate input share β̃m 0.61
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital adjustment cost Fraction of intermediate inputs in advance ω 40%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fixed cost ξ 0.039 Threshold sales yc 23.24
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Convex cost θ 0.049 Exit rate ψ 0.08
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interest rates Recovery rates
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Saving rate r1 0.03 Capital λ1 0.60
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Risk-free borrowing rate r2 0.06 Intermediate inputs λ2 0.10
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Transitory productivity
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Persistence ρ 0.80
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Standard deviation σε 0.24
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Permanent productivity
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mean μz̄ 0.90
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Standard deviation σz̄ 0.30
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Initial wealth distribution of entrants
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mass of entrants μent 0.17
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pareto shape α 50.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Minimumwealth amin 8.00

15 grids, using Tauchen (1986)’s method. The persistence of transitory productivity ρ and its
standard deviation are chosen to match the 1-year persistence and the cross-sectional dispersion
of productivities in the data. The mean and standard deviation of the permanent productivity
distribution are jointly calibrated to match the average and the 5-year persistence of firm-level
productivities in the data.

For entrants, the productivity distribution of entrants is the same as that of incumbents. The
shape parameter α andminimumwealth amin of the initial wealth distribution determine the first-
period output for entrants. The fraction of intermediate inputs paid a period aheadω impacts how
fast a firm grows post entry and the relativemarket share for firms of different ages. Thus, the three
parameters, namely, α, amin, and ω are jointly determined to match the facts that 6.94% of newly-
established firms younger than five years old have sales greater than yc, that these firms are 65.56%
of an average ASIF firm in sales, and that 37.09% of ASIF entrants are older than five over a 5-year
period in the data.11

Table 7 lists all parameters and their values, and Table 8 shows the differences of moments
between the model and the data. The model overall well replicates the data in targeted moments,
except for the market share of top 10% firms, which is generally a moment hard to match. In
addition, the model is also close to the data in the following five non-targeted moments: (i) the
slope of the intermediate inputs usage to gross-output ratio (%, M̃/Y) with respect to asset per-
centiles; (ii) the slope of the capital to gross-output ratio (%,K/Y) with respect to asset percentiles;
(iii) the standard deviation of interest rates; (iv) the coefficient of variation of log marginal rev-
enue product of intermediate inputs (logMRPM); (v) the coefficient of variation of log marginal
revenue product of capital (logMRPK).
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Table 8. Model moments compared to data

Moments Data Model

Targeted
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sample: All firms
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Market share by firms of top 10% sales 97.34% 87.50%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Exit rate 8.00% 8.00%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fraction of firms above the threshold sales 20.00% 20.00%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sample: Top 20% firms
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Leverage 0.56 0.54
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Leverage(%)-asset slope 0.07 0.07
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Correlation coefficient b.w. productivity z and its 1 year lag z−1 0.61 0.65
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Average productivity z 1.98 1.88
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Standard deviation of productivity z 0.43 0.37
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sample: A 5-year unbalanced panel of top 20% firms
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Correlation coefficient b.w. productivity z and its 5 year lag z−5 0.39 0.23
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fraction of newly-established firms above threshold sales 6.94% 7.56%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Relative size of newly-established firms 65.56% 96.50%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fraction of incumbents in end-year entrants 37.09% 40.04%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Not Targeted
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sample: Top 20% firms
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Intm-output-ratio(%)-asset slope 0.12 0.06
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital-output-ratio(%) -asset slope 3.32 1.43
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Standard deviation of interest rate 0.03 0.14
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Coefficient of variation: logMRPM 0.33 0.20
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Coefficient of variation: logMRPK 1.67 0.95

Notes: Model statistics are for the top 20% firms in the sales distribution. Leverage is computed as debt over asset.
In the model, asset corresponds to the sum of capital and pre-paid intermediate inputs. The leverage(%)-asset slope
is obtained by regressing the leverage ratio (%) on the asset percentiles. Intm-output-ratio(%)-asset slope and capital-
output-ratio(%)-asset slope are similarly defined. Over a 5-yearwindow, newly-established firms are the oneswith ages
younger than five by the end year. End-year entrants are firms that are not in the ASIF at the beginning of the 5-year
windowbut showup by the end year. These firms could be newly-established ones or those that expandwith their sales
surpassing the threshold level during the 5-year window.

4.2 Financial frictions: roles of ce, λ1, and λ2

This subsection illustrates the mechanism of financial frictions via comparative statics of ce, λ1,
and λ2. We choose statistics that reflect the financial condition, the equilibrium size, and
the marginal revenue product statistics of firms in the top 20% subsample of our simulated
data.

Role of ce. Wefirstly set ce to two alternative levels, 0 and 1. Table 9 shows that as the cost of equity
issuance increases from 0 to 1, the equilibrium fraction of firms that issue new equity decreases
from 80.06% to 73.35%. Simultaneously there is an increasing fraction of firms default. The aver-
age leverage ratio decreases from 0.57 to 0.36, consistent with Bolton, et al. (2021) that argues how
a costly equity issuance decreases firms’ capacity to borrow. Meanwhile, the correlation between
the leverage and the asset percentile increases with ce, reflecting the increasing importance of
assets in debt financing when equity becomes costly. As a result, the capital stock for an aver-
age firm decreases substantially from 874.61 to 360.92. In addition, misallocation of capital and
intermediate inputs increases with increasing standard deviations of marginal products, from 0.15
to 0.25 for intermediate inputs and from 0.36 to 0.72 for capital.
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Table 9.Comparative statics when varying ce, λ1, and λ2

ce λ1 λ2

Benchmark 0 1 0 1 0 1

Fraction of firms that issue equity 74.30% 80.2% 73.35% 72.16% 77.50% 74.06% 82.22%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fraction of firms that default 0.01% 0.01% 0.04% 0 0.13% 0 0.05%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Average leverage ratio 0.54 0.57 0.36 0.45 0.58 0.48 0.64
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Leverage(%)-asset slope 0.07 −0.08 4.24 −0.16 0.35 0.06 0.24
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Average capital 576.6 874.61 360.92 459.63 674.08 562.37 621.59
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Average logMRPM 1.11 1.07 1.15 1.10 1.13 1.11 1.11
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Standard deviation of logMRPM 0.22 0.15 0.25 0.19 0.27 0.21 0.21
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Average logMRPK 0.41 0.37 0.83 0.50 0.36 0.42 0.37
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Standard deviation of logMRPK 0.39 0.36 0.72 0.46 0.37 0.41 0.38

Notes: Statistics are for the top 20% firms in the sales distribution. Leverage(%)-asset slope is obtained by regressing the leverage ratio (%)
on the asset percentiles. ce is the equity issuance cost. logMRPM (logMRPK) represents log marginal revenue product of intermediate inputs
(capital). λ1 and λ2 are recovery rates for capital and intermediate inputs.

Role of λ1. We secondly change the capital recovery rate into two other levels, 0 and 1. Table 9
shows that when the recovery rate increases from 0 to 1, the fraction of firms with new equity
issuance increases from 72.16% to 77.50%. The fraction of defaulting firms is 0 when λ1 = 0
because the leverage decreases to a lower level of 0.45. Meanwhile, since capital plays no role
as collateral when λ1 = 0, the leverage(%)-asset slope is −0.16, reflecting a greater need to bor-
row for smaller firms. This slope increases to 0.35 when capital becomes the perfect collateral,
i.e., λ1 = 1. In equilibrium, the average capital increases from 459.63 to 674.08. The average
logMRPK decreases from 0.50 to 0.36 with a decreasing standard deviation from 0.46 to 0.37,
suggesting that capital misallocation is smaller when the capital recovery rate is higher. The result
is the opposite for logMRPM. When λ1 increases from 0 to 1, the mean and standard deviation of
logMRPM increases because firms invest more in capital than intermediate inputs.

Role of λ2. Moment changes by varying λ2 are similar to those by varying λ1, which can
be summarized as follows: (i) the change of leverage ratio is more sensitive to λ2 while the
leverage(%)-asset slope is more sensitive to λ1 and (ii) the mean and standard deviation of
logMRPM are not sensitive to λ2, suggesting that once there is a working capital constraint, the
key parameter to determine its misallocation is the cost of equity and the capital recovery rate.

4.3 Quantifying misallocation caused by constrained intermediate inputs
We next explore the magnitude of misallocation caused by financially constrained intermediate
inputs. Methodologically, we first calculate the potential TFP gain in our model simulated data,
which can be summarized as follows:

� log TFPs = log
{ M∑

i=1
Aσ−1
i

} 1
σ−1 − log

{ M∑
i=1

(Ai
TFPRi
TFPRs

)σ−1
} 1
σ−1

, (23)

where TFPRi summarizes distortions in firm-level capital and intermediate inputs. In each coun-
terfactual experiment, we change the model by removing certain frictions (e.g., financial frictions
on intermediate inputs) and then simulate another set of firms from this alternative model. In this
new data, we calculate the alternative TFP gain. We attribute the difference between the two TFP
gains as the additional misallocation caused by the removed frictions.
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Experiments. We introduce howwe design our experiments as follows. Experiment 1 removes the
financial friction on intermediate inputs. To do so, we modify the post-equity issuance dividend
D as

dit =�it(zit ,Kit , Bit)− Iit − C(Kit ,Kit+1)− Bit + qit(zit , Bit+1,Kit+1,Mit+1)Bit+1, (24)

Dit =
(
1+ 1(dit < 0)ce

)
dit − ωMit+1

1+ r1
. (25)

The equations specify that firms finance intermediate inputs out of a separate zero-cost equity
issuance (or equivalently, debt financing without enforcement frictions). Similarly, Experiment 2
removes the financial friction on capital with the modified D being

dit =�it(zit ,Kit , Bit)− ωMit+1
1+ r1

− Bit + qit(zit , Bit+1,Kit+1,Mit+1)Bit+1, (26)

Dit = (1+ 1(dit < 0)ce)dit − Iit − C(Kit ,Kit+1). (27)
Experiment 3 then removes the financial constraint and the working capital friction on inter-

mediate inputs. In other words, intermediate inputs in this counterfactual experiment are flexible
and undistorted. Similarly, Experiment 4 removes adjustment costs and financial constraints
on capital together. In these experiments, equity and debt issuances are still costly.12 Lastly,
Experiment 5 removes the above capital and intermediate input frictions by modifying dit and
Dit as in equations (26) and (27), letting ω= 0 and setting C(Kit ,Kit+1)= 0. Experiment 5 only
has the time-to-build friction for capital.

In this partial equilibrium framework, output levels are not comparable across experiments.
Thus, we compare between experiments by looking into potential TFP gains in their simulated
data. Conceptually, we are interested in understanding how much the static misallocation would
be if firms hypothetically lived in the counterfactual economy.

Results. Table 10 presents our results that can be summarized as follows. First, a comparison
between Benchmark and Experiment 5 implies that one-period time-to-build for capital com-
bined with stochastic productivities drives the most misallocation, about 73%, in the Benchmark
model. This number is unexpectedly high, given the rich specification of frictions in the model.
However, this result is consistent with Asker, et al. (2014), which find that the dynamic nature
of capital with a series of stochastic productivities accounts for most of the cross-country TFP
differences.

Second, we find greater importance of financial frictions on intermediate inputs than on capi-
tal in generating misallocation. Differencing the Benchmark and Experiment 1 implies that 18%
(4.78/26.76) of the Benchmark misallocation is due to financially constrained intermediate inputs,
substantially higher than the fraction, 2%, from financially constrained capital obtained by dif-
ferencing the Benchmark and Experiment 2. This discussion contributes to the existing studies
that find that the amount of misallocation from financially constrained capital is small if firms can
self-finance (e.g., Midrigan and Xu, 2014; Moll, 2014). Our results show that if there are also finan-
cially constrained intermediate inputs, the importance of financial frictions would substantially
increase.

Third, although we embed the financial frictions on intermediate inputs by imposing a work-
ing capital restriction, the restriction itself does not generate a substantial misallocation. In
Experiment 3, when intermediate inputs can be flexibly chosen after the realization of the con-
temporaneous productivity, the magnitude of misallocation drops only slightly to 20.32%. Thus,
among the overall misallocation of 6.44% induced by intermediate input frictions, 26% is from
the working capital restriction and 74% ([26.76–21.98]/[26.76–20.32]) is from financial frictions.

Fourth, in accounting for the misallocation in ASIF, we find that intermediate input frictions
account for 17% of misallocation in China, while capital frictions (financial frictions plus adjust-
ment costs) account for 7%. Our Benchmark model overall accounts for 71% misallocation in
ASIF.
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Table 10. Potential total factor productivity gains in the benchmark model and counterfactual experiments

TFP Gains

ASIF Data
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

37.88%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Model Simulated Data
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Benchmark 26.76%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Experiment 1 21.98%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Experiment 2 26.34%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Experiment 3 20.32%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Experiment 4 24.15%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Experiment 5 19.43%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Decomposing Misallocation in the Benchmark Model
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

By fin. constraints onM (1) (Benchmark - Experiment 1) 4.78%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

% of Benchmark (18%)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

By fin. constraints on K (3) (Benchmark - Experiment 2) 0.42%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

% of Benchmark (2%)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

By fin. constraints & working capital friction (2) onM (Benchmark - Experiment 3) 6.44%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

% of Benchmark (24%)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

By fin. constraints & adj. costs (4) on K (Benchmark - Experiment 4) 2.61%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

% of Benchmark (10%)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

By all frictions (1)+ (2)+ (3)+ (4) onM and K (Benchmark - Experiment 5) 7.33%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

%of Benchmark (27%)

Notes:Model statistics are for the top 20% firms in the sales distribution. Experiment 1 removes financial frictions on intermediate
inputs (1). Experiment 2 removes financial frictions on capital (3). Experiment 3 removes financial frictions and theworking capital
restriction (2) on intermediate inputs. Experiment 4 removes financial frictions and capital adjustments on capital (4). Experiment
5 removes all the above frictions, with only the time-to-build restriction for capital.

5. Further discussions
Most misallocation literature models firms as value-added producers and quantifies misalloca-
tion by treating the value-added productivities as technological. This section first discusses that
the presence of financial frictions on intermediate inputs implies that the value-added produc-
tivity measure would be contaminated with the distortions. With the size-dependent feature of
financial frictions, this section then discusses how the Hsieh and Klenow (2009)’s method could
underestimate the magnitude of within-industry misallocation.

5.1 Implications for the measurement of value-vdded productivity
To see how the value-added productivity is distorted, we introduce the firm-level value-added
production function as

Yνi =Aνi K
αsk
i Lα

s
l

i , (28)
where Yνi is the value-added quantity and Aνi is its productivity. We drop the subscript t for
simplicity. αsk and α

s
l are the industry-specific value-added cost shares of capital and labor, respec-

tively. We assume that the value-added revenue is PiYi − PmMi as observed in firm-level data;
that is, the distortion τMi is non-pecuniary. This value-added approach aggregates the firm-level
value-added Yνi to the industry-level value-added Yνs :
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Yνs =
(

M∑
i=1

(Yνi )
σν−1
σν

) σν

σν−1

, (29)

with the elasticity of substitution σν . For simplicity, we assume σν = σ . The industry-level value-
added price is thus Pνs = (

∑
M

i=1 (Pνi )1−σ )1/(1−σ ).
How is the value-added productivity Av

i related to the true productivity Ai? In the appendix,
we show that

Aνi (τ
m
i )=

⎛
⎝ (PsY

1
σ
s )

1
1−β̃sm

Pνs (Yνs )
1
σ

�s(τmi )

⎞
⎠

σ
σ−1

Aα
s
a

i , (30)

where αsa = 1/(1− β̃sm) and cost shares are

αsk = βsk(1− βsm)
1− β̃sm

, αsl = (1− βsk)(1− βsm)
1− β̃sm

, β̃sm = βsm
σ − 1
σ

, αsk + αsl < 1,

and

�s(τmi )=
(
1− β̃sm

1+ τmi

)(
β̃sm

(1+ τmi )Pm

) β̃sm
1−β̃sm

. (31)

Note that when τmi = 0 or when τmi is equal across firms, the log value-added productivity Av
i is

proportional to the log gross-output productivity Ai. This result has also been studied in Hang,
et al. (2020).

Different from Hang, et al. (2020), we further study how the value-added productivities Aνi
would look like when τmi is size-dependent (Restuccia and Rogerson, 2008; Guner, et al. 2008).
The property of “size-dependent” distortions implies a higher average τmi for more productive
firms in terms of Ai, or mathematically speaking,

τmi = c0 + ρτ logAi + ζi, (32)

where c0 is a constant, ρτ > 0 and E(ζi)= 0. For the case of financial frictions, ρτ > 0 since more
productive firms demand more debt borrowings for inputs and are hence more likely to be con-
strained, ceteris paribus. We confirm that this is the case in the Chinese data and also in ourmodel.
The correlation coefficients between logMRPMi and logAi are 0.27 in ASIF and 0.49 in the model
simulated data. The same size-dependent property is true for the capital distortion τ ki : the correla-
tion coefficients between logMRPKi and logAi are 0.58 in ASIF and 0.56 in the model simulated
data.

How does this size-dependent structure of distortions affect the estimate of value-added pro-
ductivity? To formalize the question, we define the bias in logAνi as the difference between the
distorted log productivity, logAνi (τ

m
i ), and the hypothetical log productivity absent intermediate

input distortions, logAνi (0):

� logAνi (τ
m
i )= σ

σ − 1

[
log

(
�s(τmi )

)− log (�s(0))
]
. (33)

Proposition A.1 in the appendix states that logAνi is biased downward more when τmi deviates
further away from zero in terms of absolute value. Proposition A.2 further states that if τmi posi-
tively correlates with logAi, most productive firms have the most severe downward bias. Figure 1
intuitively illustrates these results. We plot the bias against the decile of τmi distortions on the left
panel and the bias against the decile of true productivity logAi on the right panel. It is evident
that (i) the downward bias is substantial when τmi is high and (ii) most productive firms in terms
of logAi have the most substantial downward bias in value-added productivity, by about 35% in
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Figure 1. Downward biases in value-added productivities for different levels of τmi and log Ai.
Notes:Model statistics are for the top 20%firms in the sales distribution. The bias is defined as log Aνi (τ

m
i )− log Aνi (0). Deciles

of intermediate input distortions and log gross output productivities are calculated for the pooled 1998–2007 data. Deciles
in the model are calculated for the representative industry. The lowest decile represents the lowest 10% of firms using the
sorted variable.

ASIF and 16% in the model. In the data, we also observe a substantial downward bias on logAνi for
least productive firms because these firms, on average, receive subsidies (i.e., a negative τmi ). We
do not have this result in the model since firms are either financially constrained with a positive
τmi or unconstrained with a zero τmi .

5.2 Connecting to the conventional misallocationmeasure
A subsequent question is how our TFP gain is distinct from the TFP gain in Hsieh and Klenow
(2009)’s method. We first note that our TFP gain differs from the one computed in Hsieh and
Klenow (2009). Specifically, our TFP gain takes the industry-level capital Ks, labor Ls, and inter-
mediate inputs Ms constant and thus is a gross-output TFP gain. In contrast, the HK takes the
industry-level capital and labor constant and implicitly allows industry-level intermediate inputs
to vary optimally as implied by any pre-specified gross output production function. The TFP gain
in Hsieh and Klenow (2009) is thus a value-added TFP gain.

Second, given the above distinction, the distorted value-added productivities pose challenges
for the misallocation quantification under the HK approach. We illustrate this point using the
allocation of capital as an example, as the allocation of labor is the same as the case of capital. In
our reallocation exercise, the efficient capital Keff

i for firm i should be

Keff
i = (Ai)σ−1∑

M

i=1 (Ai)σ−1
Ks, (34)

In contrast, under the HK approach, the reallocation exercise allocates Keff ,ν
i to firm i

Keff ,ν
i = (Ai)σ−1[�s(τmi )]σαsa∑

M

i=1 (Ai)σ−1[�s(τmi )]σαsa
Ks, (35)
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Figure 2. Difference in capital levels after reallocation between the two approaches (Keff ,νi − Keffi )/Keffi .
Notes: Model statistics are for the top 20% firms in the sales distribution. Keff ,νi is the level of post-reallocation “efficient”
capital under the HK approach, and Keffi is the efficient level under the GO approach. Deciles of log gross output productivity
are calculated within industries in the ASIF data and within the representative industry in the model simulation. The lowest
decile represents the least productive 10% of firms.

The two “efficient” capitalKeff
i andKeff ,ν

i differ due to the existence of�s(τmi ), and are equal only if
firms are undistorted or identically distorted with a constant τms within industries. If intermediate
input distortions are on average greater for higher Ai firms as in the last section, capital for the
most productive firms after reallocation could be, on average, lower under the HK approach than
what is efficient.13

Figure 2 graphically presents the difference between the two “efficient” capital stock levels.
Consistent with our conjecture, we find that for firms in the highest decile of Ai, their average
“efficient” capital under the HK approach is 1.7% lower than the efficient average capital in the
model and 4% lower in the ASIF data. However, for the remaining 90% firms, the HK reallocation
allocates too much capital than what is efficient. These results are driven by the fact that in both
model and data, the average intermediate input friction increases in logAi.

A final question is that given Figure 2, whether the HK approach overestimates or underes-
timates the potential value-added TFP gain in the Chinese data and in our model. Answering
this question requires a fully-blown multi-industry input-output model as in Jones (2011), which
is done by Hang, et al. (2020). We borrow from Hang, et al. (2020)’s results and convert the
within-industry gross-output TFP gain to the within-industry value-added TFP gain by

Value-added TFP gain= 1
1− βm

×Gross-output TFP gain. (36)

According to this formula, the potential value-added TFP gain is 135% in ASIF and 96% in
our Benchmark model. Following the HK approach, however, the potential value-added TFP
gain is lower, 103% in ASIF and 45% in our benchmark model. These differences are caused
by a lower Keff ,ν

i for most productive firms since these firms are assigned with underestimated
value-added productivities under the HK method. Our results imply that it is crucial to use
the gross-output production function when researchers study misallocation in an environment
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in which intermediate inputs are likely distorted, such as China here and India in Boehm and
Oberfield (2020).

6. Conclusion
Most of the existing literature on misallocation studies distortions in firm-level inputs of capital
and labor. This paper provides the first empirical evidence on financially constrained intermediate
inputs and builds a quantitative model to evaluate its importance in accounting for misallocation
in China’s ASIF data.

This paper contributes to the literature in three folds. Using the Chinese exogenous tax reform
events and the difference-in-difference method, it first provides evidence of how firms are finan-
cially constrained in intermediate inputs in China. Second, it shows a greater quantitative role of
financially constrained intermediate inputs in causing misallocation than financially constrained
capital. Third, the paper points out how constrained intermediate inputs distort firm-level value-
added productivity measures. When more productive firms are more constrained in intermediate
inputs, the standard Hsieh and Klenow (2009) reallocation exercise tends to reallocate less cap-
ital than what is efficient, causing a potential underestimation of misallocation in the Chinese
firm-level data and in our model.
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Notes
1 Other studies that use a gross-output production function and quantify a gross-output TFP loss includes Bils, et al. (2021).
2 Firms in mining and utilities industries pay a VAT rate of 13%, while self-produced agricultural producers are exempted
from the VAT. Firms in the service industry pay a different type of tax, business tax, which is often 3% or 5% of the total sales
of services.
3 Using loan-level data, Cong, et al. (2019) demonstrates that the $4 trillion stimulus plan expanded credit supply to
manufacturing firms, thereby boosting their capital investments and employment.
4 We cannot do the same placebo test for the 2007 reform since we do not have firm-level data for the service sector before
2007.
5 A median service firm has a fixed asset as 2% of its total assets, while this ratio is 22% for the median manufacturing firm.
6 The stationary distribution refers to the state of industry that (i) there is a constant mass of firms and (ii) the probability
density function over the state space does not change over time. See the formal definition in Section 3.4.
7 An alternative setting is that firms issue equity and borrow an intertemporal debt to finance capital investment, and borrow
an intratemporal debt to finance the ω fraction of intermediate inputs, subject to a collateral constraint. This setting increases
the number of state variables and comes with additional computation costs. We simplify to one debt as in equations (9) and
(10) to preserve the flavor that more productive firms are financially binded more in that alternative setting.
8 The number of firms in the manufacturing sector in China was 1.26 million in 2004 (Economic Census), and only 0.25
million (20%) of them are in the ASIF data by the minimum sales requirement.
9 Entries and exits in the ASIF data cannot be viewed as births and deaths of firms by its left-truncation in the firm sales
distribution.
10 Using log sales as the firm size measure, a corporate finance literature (e.g., Rajan and Zingales, 1995; Booth, et al. 2001)
also finds the positive cross-sectional size-leverage relationship in developing and developed countries.
11 The ratios of 37.09% and 65.56% are averages for two time periods, 1998–2003 and 2002–2007 (see Table A.1 in the
appendix). The ratio of 6.94% equals 66,221 firms younger than five years old in the 2003 ASIF data, divided by the total
number of newly-established firms over five years. This total number is estimated as 953,388, assuming a 17% entry rate, an
8% exit rate, and that the ASIF data also constituted the top 20% manufacturing firms in 1998.
12 The removal of financial frictions of one input is not equivalent to setting the corresponding recovery rate to 1, since doing
so also influences the debt financing for the other input.
13 For each firm, the Keff ,ν

i could be lower or higher than Keff
i , depending on the idiosyncratic level of distortion ζi in

equation (31).
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A. Appendix

Expression of value-added productivity. Using the gross-output production function, the first-
order condition of intermediate inputs is

PsY
1
σ
s A

σ−1
σ

i βsm
σ − 1
σ

M
σ−1
σ
βsm−1

i (Kβ
s
k

i L1−β
s
k

i )(1−βsm)
σ−1
σ = Pm(1+ τMi ). (A.1)

Therefore the value-added revenue is

Pνi Y
ν
i = PiYi − PmMi = [1− βsm(σ − 1)

σ (1+ τmi )
]PiYis,

=
[
1− β̃sm

1+ τmi

] (
PsY

1
σ
s

) 1
1−β̃sm

[
β̃sm

(1+ τmi )Pm

] β̃sm
1−β̃sm

(Aα
s
a

i )
σ−1
σ (Kα

s
k

i Lα
s
l

i )
σ−1
σ , (A.2)

where αsa = 1/
(
1− β̃m

)
, αsk = βsk(1− βsm)/(1− β̃sm), and αsl = βsl (1− βsm)/(1− β̃sm). The second

equation holds by expressingMi as a function of Ki and Li from equation (A.1).
Since Yνi = [Pνi Yνi /(Pνs (Yνs )

1
σ )]

σ
σ−1 , we obtain the value-added productivity as expressed in the

main text.

Proposition A.1. For τmi ≥ β̃sm − 1, the value-added production function is well-defined with the
gross-output value exceeding the intermediate input cost. The percentage bias of the actual value-
added productivity, Aνi (τ

m
i ), from its hypothetical level when intermediate input distortions are

absent, Aνi (0), is

� logAνi (τ
m
i )= σ

σ − 1

[
log

(
�s(τmi )

)− log (�s(0))
]
. (A.3)

We have� logAνi (τ
m
i )≤ 0 and the equality holds when τmi = 0. The downward bias of value-added

productivity,� logAνi (τ
m
i ), is more severe when τmi increases in its absolute value.
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Figure A.1. The value-added tax reform coverages at its different stages, from Liu and Mao (2019).

Table A1. Entry in the Annual Survey of Industrial Firm (ASIF) data over a 5-year
window

China

1998–2003 2002–2007

Number of Firms, End Year
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Incumbents 39.90% 30.27%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Entrants (Age> 5) 23.32% 24.67%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Entrants (Age≤5) 36.77% 45.06%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Market Share, End Year
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Incumbents 60.45% 57.34%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Entrants (Age> 5) 14.66% 14.07%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Entrants (Age≤5) 24.89% 28.59%

Notes: Entrants are defined as firms that enter into the ASIF data by the end of a 5-year window. Vice
versa for incumbents. Age is calculated by the difference of year t and the birth year.,
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Proof.

1. Let τ̃mi = 1
1+τmi :

∂�s
∂τ̃mi

= P
β̃sm

1−β̃sm
m

β̃sm
1− β̃sm

(τ̃mi )
β̃m

1−β̃m [(τ̃mi )−1 − 1],

which is negative if τ̃mi > 1 (i.e., τmi < 0) and positive if τ̃mi < 1 (i.e., τmi > 0). Since τ̃mi is
decreasing in τmi , �s is decreasing in τmi for positive τmi , increasing for negative τmi . The
second order derivative shows the maximum is obtained when τmi = 0.

Proposition A.2. Suppose τmi is size-dependent, i.e., τmi = c0 + ρτ logAi + ζi, ρτ > 0, and ζi is a
random variable with a zero mean. We have the following results:

1. the expected negative bias, conditional on the gross-output productivity, E(� logAνi |Ai),
is more severe when firms are away from the productivity level of logA0 = −(1+
2ac0)/(2aρτ ), where a= 0.5[β̃sm(1− β̃sm)− 1]/(1− β̃sm)2.

2. for sufficiently productive firms, the expected negative bias, E(� logAνi |Ai), is more severe
when τmi becomes more size-dependent.

Proof. When corr(τmi , logAi) 	= 0, one can rewrite
τmi = c0 + ρτ logAi + ζi,

where c0 is a constant, ρτ 	= 0, and E(ζi)= 0.
The deviation of log value-added quantity productivity:

σ − 1
σ

� logAνi = log �s(τmi )− log (�s(0)),

= − β̃sm
1− β̃sm

log (1+ τmi )+ log (1− β̃sm
1+ τmi

)− log (1− β̃sm),

≈ − β̃sm
1− β̃sm

(
τmi − 0.5(τmi )2

)
+ 1

1− β̃sm
τmi − 0.5

1
(1− β̃sm)2

(τmi )2,

= τmi + a(τmi )2. (A.4)

where a= 0.5[β̃sm(1− β̃sm)− 1]/(1− β̃sm)2 < 0. The approximate equation holds by Taylor expan-
sions up to an order two. Therefore
σ − 1
σ

E(� logAνi |Ai)= a(ρτ )2( logAi)2 + ρτ (1+ 2ac0) logAi + ac20 + aVAR(ζi)+ c0. (A.5)

The parabola reaches the maximum at logA0 = −(1+ 2ac0)/(2aρτ ). Thus for logAi ∈
[ logA0,∞), average deviation is decreasing in logAi. Vice versa for logAi ∈ (− ∞, logA0).
Meanwhile,

∂ σ−1
σ

E(� logAνi |Ai)
∂ρτ

= 2aρτ ( logAi)2 + (1+ 2ac0), (A.6)

which is negative for sufficiently large logAi when distortions are size-dependent, i.e., ρτ > 0.
Therefore, more size-dependent distortions cause a disproportionately negative deviation of
logAνi for very productive firms.
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