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This paper explores a kinked wage deduction tax policy in China to analyze firms’
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theoretical model estimates that the substitution elasticity between skilled and un-

skilled labor is approximately 1.18, and that firms tend to over-report the unskilled

labor by 5.54% to 7.91%. Welfare analysis shows that the manipulation of the reported

unskilled labor eases the negative effect of the wage deduction policy on GDP, whereas

the adjustment of labor magnifies the effect. An application of this framework to the

payroll tax using the tax schedule and reforms in the U.S. shows a significant role of

employment adjustment in transmitting the effects of tax incidences.
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1 Introduction

Tax policies, critical to economic development, are at the top of the agenda of policy

makers. To understand how tax policies work, it is important to analyze the responses of

firms. Recent studies have studied the responses of investment (e.g., House and Shapiro,

2008; Yagan, 2015; Zwick and Mahon, 2017; Ohrn, 2018), wage and employment (e.g.,

Serrato and Zidar, 2016; Fuest et al., 2018; Saez et al., 2019), pricing (e.g., Benzarti et al.,

2019), and capital labor ratio (e.g., Benzarti and Harju, 2018). In this paper, we investigate

the adjustment margin of the employment structure, i.e., the substitution between skilled

and unskilled labor.

Specifically, we intend to quantify the role of employment structure adjustment in trans-

mitting the impacts of tax instruments. Key parameters in the evaluation are the substitution

elasticities between skilled labor and unskilled labor and between labor and other production

factors, such as capital. To this end, we study a tax policy in China that generates a kink

point in firms’ budget sets. By applying the bunching method to the universe of all manufac-

turing firms, we are able to solicit the substitution elasticities among production factors (i.e.,

skilled labor, unskilled labor, and capital). To illustrate the role of employment adjustment,

we first investigate how firms respond to our focal tax policy. Then, we evaluate the effect

of payroll tax, a widely-used tax instrument on the employment. As China does not apply

the payroll tax, we consider the tax schedule in the U.S., and investigate the consequences

of two on-going policy debates regarding changes in the social security payroll tax.

Our empirical analysis explores a wage deduction tax policy in China. Specifically, after

China adopted a reform and opening up strategy in the late 1970s, it used a “dual-track”

corporate income tax scheme for domestic enterprises (DEs) and foreign-invested enterprises

(FIEs). Under this scheme, FIEs could fully deduct wage bills from taxable corporate income,

whereas DEs could claim up to only a statutory province-level wage limit. This nonlinear

wage deduction schedule introduces a kink point in firms’ budget sets, affecting firms’ choices

of production inputs.

To estimate the substitution elasticities among inputs, we apply a bunching method to

the first wave of economic census in 2004, which covers basic information and balance sheets

for all manufacturing firms. The graphical results clearly demonstrate a sharp jump in

the density distribution of the average per worker monthly wage for DEs around the wage

deduction limit point, suggesting firms’ tax responses to the policy. We do not find the same

pattern of bunching for FIEs that can fully deduct wages or for DEs using the second wave

of economic census in 2008, when the wage deduction limit policy was abolished. These

observations confirm that the bunching of affected DEs to the policy is not spurious.

To gain insight into how firms responded to the wage deduction limit, we follow the

methodology of Diamond and Persson (2017), which is based on the premise that the rela-
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tionship between the variables of interest and the average per worker monthly wage would

be smooth in the absence of a deduction limit. Hence, the relationship characterized in

the nonmanipulation regions can be used to construct a counterfactual relationship for the

manipulation regions around the kink point. We find that firms did not relabel part of

their labor costs as unemployment insurance, employment benefit, and administration costs

(which are fully deductible from taxable income) in response to the wage deduction limit.

Instead, firms decreased their capital input and substituted skilled labor with unskilled la-

bor. This decline in the labor ratio may come from the substitution of skilled with unskilled

labor and the manipulation of the total employment level.

We then construct a theoretical model to quantify the role of employment adjustment.

Specifically, firms differ in their relative importance of skilled and unskilled labor to output

production and optimally choose their inputs given the tax policies. By comparing firm

behavior under the wage deduction limit and that under a counterfactual tax policy when

firms can fully deduct wages, we can derive the mass of firms that choose to bunch at the de-

duction limit in the former scenario. A crucial part of the model estimation is the estimation

of the density distribution of the average monthly wage per worker under the counterfactual

scenario. To this end, we use two methods: (1) a parametric approach following Chetty et al.

(2011) to estimate the counterfactual density from the observed density; and (2) a nonpara-

metric approach using groups of firms that were not subject to the wage deduction limit of

960 RMB as the counterfactuals and combining a difference-in-differences (DD) spirit. We

estimate the substitution elasticity between skilled and unskilled labor σ̂ to be around 1.1548

to 2.5926, which implies that when the wage ratio of skilled over unskilled labor increases

by 1 percent, firms would decrease the ratio of skilled over unskilled labor by approximately

1.1548 to 2.5926 percent.

To alleviate the concern that firms may manipulate their reporting of employment (e.g.,

adding “ghost workers” to inflate the employment) in response to the policy, we extend

our model to incorporate this possibility. Specifically, we allow firms to over-report the

number of unskilled laborers by including a new parameter (i.e., the booking manipulation

degree) in the model. To simultaneously pin down the two parameters of interests (i.e.,

the labor substitution elasticity and the booking manipulation degree), we explore two wage

deduction limits implemented in different regions (i.e., 800 RMB and 960 RMB) to construct

two moment equations. The estimation results show that firms reported 3.20% to 8.52% more

nonexistent unskilled labor to claim the wage deduction from taxable income. The elasticity

of substitution remains robust, ranging around 1.1803 to 1.2821.

Based on the substitution elasticity and the density distribution of firm heterogeneity

estimated from the nonparametric DD approach and the extended model with the booking

manipulation, we then quantify the role of employment structure adjustment underlying the
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effect of the tax incidence. Specifically, we find that the wage deduction limit policy causes

the aggregate GDP to decline by approximately 0.2872 percent. However, when firms are not

allowed to change their employment structure, GDP increases by 0.8863 percent instead with

the wage deduction limit. The intuition for the opposite effects is as follows. Firms respond

to the imposed wage deduction limit by manipulating the reported employment level and

substituting skilled labor with unskilled labor. The booking manipulation reduces corporate

tax and hence stimulates production, whereas the labor substitution decrease firms’ produc-

tivity and hence reduce total production. When firms are able to adjust their employment

structure, the adjustment margin dominates the manipulation margin and hence leads to

a decrease in GDP. However, when the labor substitution is not allowed, the manipulation

eases the effect of tax incidence and hence GDP increases.

We take the social security payroll tax in the U.S. as an example to further illustrate the

role of employment adjustment in transmitting the effects of tax incidences. Specifically, to

shed light on the proposal by the H.R. 860 bill to have an annual increase in the payroll

tax rate, we conduct a counterfactual mimicking this setting. With flexible employment

adjustment, the increase in payroll tax rate increases total payroll tax revenue but reduces

firms’ capital and employment inputs and, hence, GDP. These results are consistent with the

findings by Benzarti and Harju (2018), who employ a discontinuity in the average payroll tax

rate and show that a higher tax rate decreases both capital and labor inputs and, hence, the

sales of firms. The prohibition of employment adjustment makes firms more responsive to

payroll tax increases and generates an additional 3.2 percent decline in GDP. The mitigating

role of employment structure adjustment in the payroll tax setting is understandable. The

increase in payroll tax rate makes firms use more skilled labor to replace unskilled labor,

which reduces the negative shock of the tax incidence.

The maximum taxable earnings is adjusted annually in the U.S. according to the change

in wage index. To illustrate how firms respond to the change in the maximum taxable

earnings, we study a counterfactual with the same setup. The estimation results show that

the increase in maximum taxable earnings decreases the ratio of skilled to unskilled labor

as skilled labor becomes relatively expensive; as a result, GDP declines. However, total

employment, capital, and GDP decline less when firms cannot adjust their employment

structure. The intuition behind this result is that the increase in the maximum taxable

earnings leads to a substitution from skilled labor to unskilled one, which amplifies the

negative shock of the tax incidence.

Although the estimated absolute changes in input factors, GDP, and tax revenues may

not provide useful insights on the welfare analysis due to the different market contexts

between China and U.S. the estimated percentage changes in these variables when firms are

not allowed to adjust the ratio of skilled to unskilled labor would shed some lights on the
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mitigating role of employment structure adjustment in the effect of tax incidences.

Literature review. Our work is related to the literature on tax policies that target

specific groups of workers and hence change firms’ employment decisions. Examples include

the work opportunity tax credit policy and the Indian employment credit policy in U.S., the

apprenticeship job creation tax credit policy in Canada, and the payroll tax cuts policy for

young workers in Sweden. Specifically, Katz (1998) analyzes the U.S. wage subsidy policies

for the disadvantaged in U.S.; Huttunen et al. (2013) examine the effect of payroll tax cuts

for older workers in Finland; Elias (2015) investigates the payroll tax cut policy for old

and young workers in Spain; and Saez et al. (2019) study the payroll tax cut policies for

young workers in Sweden. The departure of our study is that we investigate a tax policy

designed without the intention to benefit specific groups of workers but indirectly distorting

firms’ employment preference. Meanwhile, we quantify the role of employment adjustment

in transmitting the effects of the tax incidence.

This paper also contributes to the literature on the substitution between skilled and

unskilled labor. Most previous studies have attempted to explain the rapid increase in the

college premium in the U.S. and have therefore concentrated on estimating the substitution

elasticity between college and high school labor (Katz and Murphy, 1992; Heckman et al.,

1998; Krusell et al., 2000 ; Card and Lemieux, 2001; Acemoglu, 2002; Autor et al., 2008);

see Katz and Autor (1999) for a review of this literature. One exception is Angrist (1995),

who investigates the substitution between workers with sixteen years of schooling and those

with less than twelve years of schooling in Palestine. Our work focuses on investigating a

large emerging economy, i.e., China, and estimating the elasticity of substitution between

high school and non-high school graduates, which is of more importance than that between

college and non-college labor in the developing country setting.

The present study is related to recent literature that estimates behavioral responses to

discontinuities in incentives created by kinked or notched policies.1 The recent literature

has applied the bunching methodology to explore various types of behavioral responses of

firms, including splitting responses of large firms to a value-added tax (VAT) threshold (Onji,

2009), sales size adjustment in response to a VAT threshold (Harju et al., 2016; Liu et al.,

2017), employment size adjustment in response to thresholds in labor laws and accounting

and legal rules (Gourio and Roys, 2014; Garicano et al., 2016), substituting between labor

and capital in response to a minimum wage rule (Harasztosi and Lindner, 2019), and R&D

investment adjustment in response to a threshold associated with corporate tax cuts (Chen

et al., 2019). This paper contributes to the literature by employing the methodology to

1The methodology based on kinked policies is developed by Saez (2010) and Chetty et al. (2011), while
the methodology based on notched policies is developed by Kleven and Waseem (2013); see Kleven (2016)
for a review.

4



study the substituting responses of firms between skilled and unskilled labor.

This paper is organized as follows. In Section 2, we describe the policy background and

the data. In Section 3, we present the bunching evidence that motivates this paper and the

reduced-form evidence of how firms respond to the wage deduction limit policy. In Section

4, we develop theoretical models to illustrate the behavioral responses of firms and present

results for the model estimation. In Section 5, we conduct welfare analysis and quantify the

role of employment structure adjustment in transmitting the distortion effect of the wage

deduction limit policy and payroll tax incidence. Section 6 concludes the paper.

2 Background

2.1 Wage Deduction Limit Policy

In 1978, China began to implement economic reforms. However, the lack of capital and

technology hampered economic development. To attract foreign investment and introduce

new technology, the government adopted a “dual-track” CIT scheme for DEs and FIEs.

Specifically, all DEs were governed by the Provisional Regulations of the People’s Republic

of China on Corporate Income Tax (promulgated in 1993), whereas FIEs were governed

by the Income Tax Law of the People’s Republic of China for Enterprises with Foreign

Investment and Foreign Enterprises (promulgated in 1991). This dual-track CIT scheme

lasted for approximately 15 years. In 2008, to provide a fair environment for all firms, China

abolished the dual-track tax scheme and replaced it with a universal tax law—the Law of

the People’s Republic of China on Corporate Income Tax.

During the dual-track CIT scheme period, FIEs could fully deduct wage bills from taxable

corporate income, but DEs could claim only up to a statutory wage limit.2 Specifically, when

the average per worker monthly wage was less than or equal to the statutory wage limit, DEs

could fully deduct their wage bills; otherwise, they could deduct only wage bills from taxable

income for the CIT up to the imposed limit for each employee. The historic changes in the

monthly wage deduction limit levels are summarized in Table 1. The limit was initially set at

500 RMB by the Chinese State Administration of Taxation (SAT) in 1994 and was increased

to 550 RMB in 1996 and further to 800 RMB in 2000.3 The local taxation bureaus were

given the authority to inflate the limit up to 120% by the SAT, i.e., up to 600 RMB in 1994,

660 RMB in 1996, and 960 RMB in 2000, respectively. In July 2006, the SAT set the limit

2DEs and FIEs were also charged different CIT rates. Specifically, DEs were subject to CIT rates of 18%,
27%, and 33% for taxable income less than 30,000 RMB, between 30,000 and 100,000 RMB, and more than
100,000 RMB, respectively. However, FIEs were subject to CIT at reduced tax rates ranging from 15% to
33%, conditional on the location and the main business.

31 U.S. dollar was traded at 8.28 RMB from 1994 to July 2005, after which China adopted a managed
floating exchange rate system.
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at 1600 RMB and canceled the adjustment power of local bureaus. After the dual-track CIT

scheme was abolished in 2008, DEs were also allowed to deduct full wage bills.

[Insert Table 1 Here]

Figure 1 shows the distribution of wage deduction limits across regions in 2004, our sample

period. Specifically, three municipalities (Beijing, Shanghai, and Tianjin), a subprovincial

city (Qingdao), and six provinces (Anhui, Fujian, Guangdong, Hunan, Jiangsu, and Zhejiang)

adjusted the limit to 960 RMB. One municipality (Chongqing), all other subprovincial cities,

and 15 provinces (Gansu, Guangxi, Guizhou, Hebei, Henan, Hubei, Hunan, Jiangxi, Ningxia,

Shaanxi, Shandong, Shanxi, Sichuan, Xinjiang, and Yunnan) implemented the regulated 800

RMB limit. Heilongjiang, Jilin, Liaoning, and Tibet adopted a wage deduction limit of

1200 RMB, due to the large-scale development strategy in west and north-east China. For

three provinces (Hainan, Inner Mongolia, and Qinghai), the implemented limits were not

documented.

[Insert Figure 1 Here]

2.2 Data and Variables

Our analysis is based mainly on the first Economic Census conducted by China’s National

Bureau of Statistics (NBS) in 2004, covering all firms in the secondary and tertiary sectors

in China. Basic information for each firm includes the location, industry, ownership, and

employment by education. Meanwhile, the data also have firms’ balance sheets, which record

firm output, capital, revenue, profit, total wage bill, total employee benefit, administrative

cost, tax, etc.

In this paper, we focus on the tax avoidance behavior of domestic manufacturing firms

who were subject to the wage deduction policy in 2004. Specifically, we exclude the three

regions without information about wage deduction limits (i.e., Hainan, Inner Mongolia, and

Qinghai) and four specially treated regions (i.e., Heilongjiang, Jilin, Liaoning, and Tibet).

Meanwhile, one complication with the wage deduction limit of 800 RMB is that it coincided

with the monthly exemption threshold for individual income tax during our sample period.4

To this end, we focus on regions with a wage deduction limit of 960 RMB and use regions

with a wage deduction limit of 800 RMB when constructing counterfactual densities (after

properly controlling for the individual income tax effect). Our analysis sample contains

4According to the law of individual income tax, a certain level of income can be exempted from monthly
taxable income. Specifically, the basic exemption was set at 800 RMB in September 1980 and was increased
to 1600 RMB in January 2006, 2000 RMB in March 2008, 3500 RMB in September 2011, and 5000 RMB in
October 2010.
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757,333 manufacturing firms, of which 665,299 are DEs and the rest are FIEs. Given that

FIEs are not subject to our focal policy, we use them as the counterfactual control group in

the placebo test and the identification.

With the basic information and balance sheet information, we calculate the average

monthly wage per worker by dividing the total wage bill by 12 months and by total em-

ployment. To investigate the effect of employment distortion, we classify firms’ employment

into two categories based on education level, i.e., skilled labor and unskilled labor. Specifi-

cally, skilled labor includes workers with a high school education or above, whereas unskilled

labor includes workers with a junior secondary school education or below. For the measure-

ment of capital, we use total capital. We calculate unemployment insurance per worker,

employee benefit per worker, and administrative cost per worker as the ratios of the firm’s

total corresponding spending to total employment.

Table 2 shows the summary statistics for the DEs in our analysis sample. The average

per worker monthly wage was approximately 838 RMB on average. The average number of

employees was approximately 44, and the skilled over unskilled labor ratio was, on average,

0.98. The logarithm of total capital was, on average, 7.21. Meanwhile, on average, DEs spent

315 RMB, 301 RMB, and 2,589 RMB per worker on unemployment insurance, employee

benefit, and administrative cost, respectively. Moreover, the distributions for employment,

the labor ratio, and the spending per worker on unemployment insurance, employee benefits,

and administrative cost were heavily right skewed.

[Insert Table 2 Here]

3 Reduced-Form Evidence

According to our focal policy, the tax schedule becomes nonlinear with the wage de-

duction limit. Therefore, DEs with an average monthly wage per worker higher than the

deduction limit may have incentive to manipulate their average monthly wage per worker

downwards to avoid paying higher taxes. This potential wage manipulation provides us with

an identification opportunity to study the behavioral responses of firms to tax policies. Be-

fore we lay out our quantification framework in the next section, we first examine whether

firms comply with the policy, i.e., the manipulation of the average monthly wage per worker.

We then use the methodology developed by Diamond and Persson (2017) to present evidence

of how firms respond to the wage deduction limit policy.
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3.1 Bunching Evidence

Figure 2 presents the density distribution of the average monthly wage per worker for DEs

with 960 RMB as the wage deduction limit. The solid curve plots the observed density, with

the rounding patterns around multiples of 100 RMB for monthly wage and multiples for 500

RMB and 1,000 RMB for annual wage removed. Clearly, a sharp jump in the distribution

occurs around the kink point of 960 RMB, implying DEs’ strong responses to the wage

deduction limit in the implemented nonlinear tax schedule.

[Insert Figures 2 Here]

One concern with Figure 2 is whether the bunching around the kink point reflects firms’

behavioral responses to the wage deduction limit or a spurious correlation due to other

unobserved factors. To alleviate this concern, we conduct several placebo tests; that is, we

assess whether there is any bunching behavior at the location when the wage deduction

limit policy is not in effect. First, we explore the distribution pattern for FIEs, who can

fully deduct wage bills. Figure 3A shows no spike around the corresponding kink point of

960 RMB, which is consistent with the linear tax schedule for FIEs. Second, we study the

distribution pattern of DEs located in regions with an 800 RMB limit in 2004. As the 960

RMB point was not the threshold for the wage deduction in these regions, we should not

find any bunching at 960 RMB if only our focal policy was in place. As shown in Figure

3B, there is no jump at 960 RMB in the observed distribution of the average monthly wage

per worker for DEs with 800 RMB as the wage deduction limit. Third, we use the second

Economic Census conducted by China’s NBS in 2008, in which all firms (including DEs)

were allowed to fully deduct total wage bills from their taxable corporate income. These data

are expected to have no bunching at 960 RMB for DEs, which is confirmed in Figure 3C.

Combined, these results reinforce our findings that firms respond to the wage deduction limit

policy by manipulating their average monthly wage per worker. In the following sections,

we investigate how firms manipulate and the economic consequences of such manipulation.

[Insert Figures 3A-3C Here]

3.2 Estimation Framework

To investigate how firms respond to the wage deduction limit policy, we follow the

methodology of Diamond and Persson (2017), which is based on the premise that the rela-

tionship between the variables of interest and the average per worker monthly wage would

be smooth when no wage deduction limit is imposed. Hence, we can use the domain of firms

not responding to the policy to estimate the relationship between variables of interest and
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the average per worker monthly wage. Then, by applying this estimated relationship to the

domain of responding firms, we can back out the counterfactual values of the variables of

interest. The differences between the counterfactual and observed values of responding firms

represent the policy effect.

Specifically, we first group the studied DEs into average wage bins of 5 and estimate

the counterfactual outcomes of interest in the manipulation region around the kink point

[wlower, wupper] by fitting a third-order polynomial to the data of firms outside the region:

yj =
3∑
i=0

θi(wj)
i +

∑
r∈R,12R

θrI{wjr ∈N} +
∑
r∈12R′

θ′I{wjr ∈N} + εj, (1)

where yj is the average value of the outcome variable in wage bin j; wj is the average per

worker monthly wage relative to the kink in terms of wage bins; and εj denotes the error

term. In addition, to contain the reference point effects of integer wage rates, we add R =

{1000, 1100, 1200} to control for monthly wage rounding and 12R = {11K, 12K, 13K, 14K}
for yearly wage rounding to 1K multiples, where N is the set of natural numbers. See Kleven

and Waseem (2013) for the same practice. In addition, as the kink point itself is a yearly

wage rounding point (i.e., 11.5K), we add 12R′ = {12.5K, 13.5K, 14.5K} to control for yearly

wage rounding to 0.5K multiples, and use the average of these controls to estimate the scale

of rounding at 11.5K.

With the estimated coefficients from equation (1), we calculate the counterfactual rela-

tionship between the average wage and variables of interest inside the manipulation region

[wlower, wupper] as ŷj(wj, θ̂) =
∑3

i=0 θ̂i(wj)
i +
∑

r∈R,12R θ̂rI{wj
r
∈N} + +

∑
r∈12R′ θ̂

′I{wjr ∈N}.
Second, we compute the average counterfactual values of the outcome variables inside

the region [wlower, wupper] with the following equation

E(yj(wj, θ)|wj ∈ [wlower, wupper], no wage deduction limit)

=

∫ wupper

wlower

E(yj(wj, θ)|no wage deduction limit)

× Pr(wj|no wage deduction limit)∫ wupper
wlower

Pr(ws|no wage deduction limit)dws
dwj

=

∫ wupper

wlower

ŷj(wj, θ̂)×
ĉ(wj)∫ wupper

wlower
ĉ(ws)dws

dwj,

where ĉ(wj) represents the counterfactual number of firms in wage bin j when no deduction

limit is imposed.
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Third, we estimate the intention to treat (IIT) effect as follows

ITT = E(yj(wj, θ)|wj ∈ [wlower, wupper],with wage deduction limit)

− E(yj(wj, θ)|wj ∈ [wlower, wupper], no wage deduction limit)

=

∑
wj∈[wlower,wupper]

yj(wj, θ)

Nwj∈[wlower,wupper]

−
∫ wupper

wlower

ŷj(wj, θ̂)×
ĉ(wj)∫ wupper

wlower
ĉ(ws)dws

dwj,

(2)

where Nwj∈[wlower,wupper] denotes the total number of firms with the observed average wage

ranging from wlower to wupper.

A crucial element to obtain the ITT estimates is the counterfactual density of the average

per worker monthly wage under the linear tax schedule when DEs can fully deduct wage bills

from taxable income. To this end, we first follow the empirical framework of Chetty et al.

(2011) to estimate the counterfactual density from the observed density. The estimation

methodology relies on the assumptions that the density of the average wage would be smooth

in the absence of the wage deduction limit and that firms with an average wage much larger

than the deduction limit face a very high adjustment cost and hence would not respond to

the imposed wage deduction limit. With these assumptions, we estimate the counterfactual

density by excluding observations in the region around the kink point and fitting a polynomial

to the observed counts in each bin with the condition that the excess bunching mass equals

the missing mass. Specifically, the estimation equation is

c(wj) =

q∑
i=0

βi(wj)
i +

∑
r∈R,12R

ρrI{wj
r
∈N} +

∑
r∈12R′

ρ′I{wjr ∈N} +

wupper∑
i=wlower

γiI{wj=i} + εj, (3)

where c(wj) is the number of firms in wage bin j; q is the order of the polynomial; and

[wlower, wupper] denotes the width of the excluded region around the kink point (i.e., the

fraction of firms choosing to bunch at the kink point). Following Diamond and Persson

(2017), we choose the values of q, wlower, and wupper based on a 5-fold cross-validation

method. To address the problem of reference point effects, we add controls for integer wage

levels, as in equation (1).

After obtaining the estimated coefficients from equation (3), we calculate the counterfac-

tual density distribution as ĉ(wj) =
∑q

i=0 β̂i(wj)
i +
∑

r∈R,12R ρ̂rI{wj
r
∈N} +

∑
r∈12R′ ρ̂

′I{wjr ∈N}.

The excess mass of bunching is estimated as B̂ =
∑w̄

wlower
(c(wj) − ĉ(wj)), the missing

mass is M̂ =
∑wupper

w̄+1 (ĉ(wj) − c(wj)), and the normalized bunching mass is defined as

b̂ = B̂/(
∑

wj∈[−4,5] ĉ(wj)/10). The red dotted curve in Figure 2 plots the estimated counter-

factual density. Specifically, we set the excluded region as [930, 1070], normalize the average

wage with respect to the kink point 960 RMB, employ a third-order polynomial, and control

for the wage rounding points.
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The above polynomial fitting approach to construct a counterfactual density relies on

two assumptions: (1) the proper formulation of the polynomial function; and (2) the non-

manipulation region is a good counterfactual for the manipulation region. As a robustness,

we use an alternative approach to construct the counterfactual density. Specifically, in our

research setting, we have groups of firms that were not subject to the wage deduction limit

of 960 RMB, and their density distribution can be used to construct a counterfactual den-

sity for firms subject to the policy. First, FIEs can fully deduct wage bills, and as shown

in Figure 3A, there is no significant jump at 960 RMB for these firms. Hence, to improve

the comparability, we use FIEs located in the regions with a wage deduction limit of 960

RMB to construct a counterfactual density for DEs located in these regions. Specifically, we

choose an arbitrary adjustment degree d, construct a density distribution by multiplying the

density of FIEs by d, and calculate the squared sum of differences between the constructed

density and the observed density of DEs in all wage bins outside the exclusion region. The

counterfactual density is chosen as the one minimizing the squared sum of differences.

Second, DEs located in the regions with a wage deduction limit of 800 RMB were not

subject to the cutoff of 960 RMB and can be used to construct a counterfactual density

distribution. We follow a similar procedure as before and select the counterfactual density

as the one minimizing the difference between the constructed density and the observed

density in all wage bins outside the exclusion region.

However, one may be concerned that FIEs are different from DEs and that regions are

different, and hence, the density estimated in the above two samples of firms may not

represent a good counterfactual. To improve the comparability, we use a method in the

spirit of DD analysis; that is, we first construct the difference of the density distribution

around 960 RMB between DEs located in regions with a wage deduction limit of 960 RMB

and DEs in regions with a wage deduction limit of 800 RMB and then compare the result

with the corresponding difference of FIEs between these regions. This double difference

can help us control for the differential distributions between FIEs and DEs and also those

between different regions.

With the estimated counterfactual density (from two different approaches), we can obtain

the ITT estimates from equation (2). Standard errors are estimated using a parametric

bootstrap procedure. Specifically, following Chetty et al. (2011), we redraw the estimated

vector of errors εj in equation (1) with replacement to generate a new sample and calculate

a new ITT estimate. We repeat this procedure 200 times and obtain the standard error of

the estimate as the standard deviation of the 200 new estimates.
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3.3 Manipulation Evidence

The bunching evidence in Figure 2 suggests that DEs respond to the wage deduction

limit policy by adjusting their average monthly wage per worker. We then investigate what

variables firms manipulate. One possible manipulation is that firms relabel part of labor wage

as unemployment insurance, employee benefit, or administration cost, which is deductible

from CIT taxable income. Hence, the effective payments that workers receive do not change.

To investigate this potential manipulation, we estimate the ITT effects of the imposed wage

deduction limit on firm expenditure on unemployment insurance, employee benefit, and

administration cost: the results are summarized in columns (1)-(3) of Table 3. All the three

ITT estimates are statistically insignificant, regardless of the approach employed to construct

the counterfactual density, suggesting that firms did not respond to the limit by relabeling.

[Insert Table 3 Here]

Second, there is some anecdotal evidence that firms inflate employment in response to the

wage deduction limit by adding ghost workers ; that is, workers who exist on the books but not

in reality..5 This helps to lower the average monthly wage per worker to achieve the threshold

for tax reduction. Without data on the number of ghost workers, it is difficult to directly

examine this potential manipulation. Instead, we hypothesize that if firms responded in

this way, the real firm operation would not be significantly affected; hence, key performance

indicators would not change. To this end, we examine the policy effect on firm capital:

the results are reported in column (4) of Table 3. The ITT estimates for capital are about

−0.3079 to −0.7980 and are statistically significant at 1% level, which suggests that firms

did respond to the wage deduction limit policy by decreasing firm capital, alleviating the

concern that firms only manipulated the books.

Third, firms could change their employment structure to lower the average monthly

wage per worker. Specifically, they can substitute skilled labor with unskilled labor, as the

latter receives lower wages. In column (5) of Table 3, we investigate the policy effect on

employment structure, that is, the ratio of skilled over unskilled labor. We find estimated

coefficients ranging from −0.2608 to −0.6001, which are statistically significant at 1% level.

In summary, we find that the wage deduction limit policy changed firms’ capital and

reported employment structure. However, without direct information, we cannot fully rule

out the possibility that firms may manipulate the booking of employment. Hence, the

coefficient from the reduced form estimation may indicate an upper bound for the real

5For example, in 2005, tax auditors in Henan province found one mining company manipulating the
employment level by comparing its monthly reported number of employees and checking the payment sum-
maries. The company finally confessed the tax evasion and was fined 50 percent the amount of tax evaded,
totally 390,076.5 RMB.
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response to the policy in the margin of employment structure adjustment. In the following

sections, when we quanify firm adjustment in a response to tax policies, we will incorporate

the manipulation of employment booking and identify the margin of employment structure

adjustment.

4 Quantification Model

To capture the behavioral responses by firms to the wage deduction limit policy and

quantify the role of employment adjustment, we develop a stylized model of employment

decisions by firms. We first do not consider that firms can inflate the booking number of

workers and focus on the optimal adjustment of the employment structure. In section 4.5, we

will extend the model to incorporate the possibility that firms can manipulate the booking

by adding some ghost workers.

4.1 Setup

We assume a monopolistic competitive market with the representative consumer utility

function being

U =

(∫
j∈J

qβj dj

) 1
β

, (4)

where U denotes the utility level; qj denotes the consumption units of firm j’s product; J

denotes the full set of firms in the market; and β ∈ (0, 1) is the substitution parameter.

Hence, for firm j, the demand function is pj = q
−(1−β)
j PQ1−β, where P =

(∫
j∈J p

− β
1−β

j dj

)− 1−β
β

denotes the price index and Q =
(∫

j∈J q
β
j dj
) 1
β

denotes the quantity index.

The production function of firm j is assumed to be

qj = Kαs
j

[
(λjH

σ−1
σ

j + (1− λj)L
σ−1
σ

j )
σ
σ−1

]1−αs
, (5)

where Kj, Hj, and Lj denote capital, skilled labor, and unskilled labor, respectively; αs

denotes the share of capital in the total output in sector s; and λj is a factor augmenting

technology term of skilled labor that varies across firms to generate firm heterogeneity. σ

is our parameter of interest, capturing the elasticity of substitution between skilled and

unskilled labor.6

6Based on the CES-in-CD production functional form, the ratio of capital and the combined labor inputs

(i.e., CLj = (λjH
σ−1
σ

j + (1− λj)L
σ−1
σ

j )
σ

σ−1 ) is constant at αs/(1−αs). Hence, the complementarity between
capital and skilled or unskilled labor depends on the consequential change in the combined labor input. The
reduced form empirical results in section 3.3 shows that firms responded to the tax incidence by substituting
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4.2 Optimal Decision

We start with the counterfactual linear tax schedule, in which firms can fully deduct

wage bills. The profit function is written as

(πj)ct = (1− τ) (pjqj − wHHj − wLLj − rKj) , (6)

where wH , wL, and r denote the input prices of skilled labor, unskilled labor, and capital,

respectively;7 and τ denotes the corporate tax rate. Additionally, wrj ≡
wHHj+wLLj

Hj+Lj
denotes

the average per worker monthly wage level.

Maximizing the profit function, we obtain the optimal decision as

(Hj)
∗
ct

(Lj)∗ct
=

[
wL
wH

λj
1− λj

]σ
, (7)

and

(wrj )
∗
ct =

wH

[
wL
wH

λj
1−λj

]σ
+ wL[

wL
wH

λj
1−λj

]σ
+ 1

. (8)

Next, we consider the implemented nonlinear tax schedule under which firms can only

deduct wage bills up to a preset limit. Let w̄ denote the average monthly wage deduction

limit. The deductible wage bill for firm j is

DCj = min{w̄, wrj}N r
j , (9)

where N r
j = Hj + Lj denotes the reported total employment.

Hence, the profit function becomes

πj = pjqj − (wHHj + wLLj + rKj)− τ(pjqj − rKj −DCj)
− C × I{ (Hj)∗ct

(Lj)∗ct
>D

} × (Lj +Hj − (Lj)
∗
ct − (Hj)

∗
ct).

(10)

To capture that firms with high ratios of skilled to unskilled labor have large costs of ma-

nipulating the employment structure, we add a fixed cost of adjustment C × I{ (Hj)∗ct
(Lj)∗ct

>D

} ×
(Lj +Hj − (Lj)

∗
ct − (Hj)

∗
ct), where C = τw̄; and D > (w̄ − wL)/(wH − w̄).

skilled with unskilled labor and cutting down capital level. This implies that the combined labor input
declines, i.e., ∆CLj = dCLj/dHj × ∆Hj + dCLj/dLj × ∆Lj < 0. Hence, we can have λj/(1 − λj) >

−(∆Lj/∆Hj)× (Hj/Lj)
1
σ

7There are totally 158,044 DEs with the average per worker monthly wage between 860 RMB and 1360
RMB in the bunching range. These affected firms account for about 11% of the total firms, and hence, shall
not have significant influence on the input market. Therefore, in the paper, we treat the input prices as
given.
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For firms with (wj)
∗
ct ≤ w̄ (i.e., λj ≤ 1−1/

[
1 +

(
w̄−wL
wH−w̄

) 1
σ wH
wL

]
≡ λ1), we have (Hj)

∗
ct/(Lj)

∗
ct ≤

(w̄ − wL)/(wH − w̄) < D. Hence, profit functions (6) and (10) are the same. Consequently,

firms are unaffected by the imposed wage deduction limit and choose the same optimal

solution as that under the counterfactual linear tax schedule, i.e.,

(Hj)
∗

(Lj)∗
=

(Hj)
∗
ct

(Lj)∗ct
, (11)

and

(wrj )
∗ = (wrj )

∗
ct. (12)

Define λ̄ ≡ wHD
1
σ

wHD
1
σ +wL

. Given that D > (w̄ − wL)/(wH − w̄), we have λ1 < λ̄. Hence, for

firms with (wj)
∗
ct > w̄ (i.e., λj > λ1), when λ1 < λj ≤ λ̄, we have (Hj)

∗
ct/(Lj)

∗
ct ≤ D, and the

profit function becomes

πj = (1− τ) (pjqj − wHHj − wLLj − rKj)− I{wrj>w̄}τ(wrj − w̄)N r
j . (13)

In this scenario, firms have two options for the average monthly wage rate. First, firms

can set it at w̄. Second, firms can solve the maximization of the new profit function (13),

which generates
(Hj)

∗

(Lj)∗
=

[
wL − τw̄
wH − τw̄

λj
1− λj

]σ
, (14)

and

(wrj )
∗ =

wH

[
wL−τw̄
wH−τw̄

λj
1−λj

]σ
+ wL[

wL−τw̄
wH−τw̄

λj
1−λj

]σ
+ 1

. (15)

Comparing the profits from these two options, we have when λ1 < λ ≤ 1−1/

[
1 +

(
w̄−wL
wH−w̄

) 1
σ wH−τw̄
wL−τw̄

]
≡

λ2 < λ̄, the firms are affected by the wage deduction limit and choose to bunch at the corner

solution
(Hj)

∗

(Lj)∗
=
w̄ − wL
wH − w̄

, (16)

and

(wrj )
∗ = w̄. (17)

When λ2 < λ ≤ λ̄, firms are affected but do not set the average monthly wage per worker

at w̄. Instead, they choose the new optimal solution described in equations (14) and (15).

Finally, for firms with λj > λ3 ≡ λ̄, we have that (Hj)
∗
ct/(Lj)

∗
ct > D; hence, the profit
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function is given by

πj = (1−τ) (pjqj − wHHj − wLLj − rKj)−τ(wrj−w̄)N r
j −C(Lj+Hj−(Lj)

∗
ct−(Hj)

∗
ct). (18)

By maximizing this profit function, we obtain the optimal solution as

(Hj)
∗

(Lj)∗
=

(Hj)
∗
ct

(Lj)∗ct
, (19)

and

(wrj )
∗ = (wrj )

∗
ct. (20)

In other words, in this scenario, the firms are unaffected by the kink introduced into the tax

schedule.

In summary, the optimal choice of the average per worker monthly wage under the non-

linear tax schedule is

(wrj )
∗ =



(wrj )
∗
ct if λj ≤ λ1

w̄ if λj ∈ (λ1, λ2]

wH

[
wL−τw̄
wH−τw̄

λj
1−λj

]σ
+wL[

wL−τw̄
wH−τw̄

λj
1−λj

]σ
+1

if λj ∈ (λ2, λ3]

(wrj )
∗
ct if λj > λ3

. (21)

Figure 4 compares firms’ optimal wage choices under the linear and nonlinear tax schedules.

[Insert Figure 4 Here]

4.3 Implications for Bunching

A firm who bunches at w̄ with the lowest λj (i.e., λj = λ1) chooses the same skilled

to unskilled labor ratio and the same reported average per worker monthly wage under the

implemented nonlinear policy as those under the counterfactual linear tax schedule, that is
(Hj)

∗

(Lj)∗
|λj=λ1 =

(Hj)
∗
ct

(Lj)∗ct
|λj=λ1 = w̄−wL

wH−w̄
and (wrj )

∗|λj=λ1 = (wrj )
∗
ct|λj=λ1 = w̄. A firm who bunches

at w̄ with the highest λj (i.e., λj = λ2) chooses
(Hj)

∗

(Lj)∗
|λj=λ2 = w̄−wL

wH−w̄
and (wrj )

∗|λj=λ2 = w̄

under the implemented nonlinear policy and would choose
(Hj)

∗
ct

(Lj)∗ct
|λj=λ2 and (wrj )

∗
ct|λj=λ2 under

the counterfactual linear policy.

Hence, all firms with λj ∈ [λ1, λ2] (or (wrj )
∗
ct ∈ [w̄, w̄ + ∆w]) bunch at w̄ under the
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nonlinear tax schedule, where

∆w ≡ (wrj )
∗
ct|λj=λ2 − w̄

=
wH

[
wL
wH

wH−τw̄
wL−τw̄

]σ
w̄−wL
wH−w̄

+ wL[
wL
wH

wH−τw̄
wL−τw̄

]σ
w̄−wL
wH−w̄

+ 1
− w̄

= ϕ(wL, wH , w̄, τ, σ).

(22)

Therefore, the excess fraction of bunching is given by

B =

∫ λ2

λ1

f(λj)dλj =

∫ w̄+∆w

w̄

ĉ((wrj )
∗
ct)d(wrj )

∗
ct ' ĉ(w̄)∆w,

where ĉ((wrj )
∗
ct) denotes the density distribution of the reported average monthly wage under

the counterfactual tax schedule; and the second approximation is based on the assumption

(as in Saez (2010) and Chetty et al. (2011)) that the counterfactual density ĉ((wrj )
∗
ct) is

uniform around the deduction limit w̄. We then have that ∆w = B/ĉ(w̄). Hence, we

can estimate σ as a function of observable parameters (wL, wH , w̄, τ, r) and the empirically

estimable variable ∆̂w.

In addition, by comparing the ratio H/L for the firms affected by the nonlinear tax

schedule, we obtain that

(Hj)
∗
ct

(Lj)∗ct
=

[
wL
wH

λj
1− λj

]σ
>

(Hj)
∗

(Lj)∗
=

[
wL − τw̄
wH − τw̄

λj
1− λj

]σ
.

Thus, the introduction of the wage deduction limit reduces the relative employment of skilled

labor, which is consistent with the reduced-form evidence in Section 3.3.

4.4 Estimation

We estimate the previous model using the 2004 Economic Census. Specifically, we set

the interest rate r = 5.58% in 2004 according to the World Bank. Meanwhile, we estimate

wage rates wL and wH from the census data using the following two conditions:

wL ∗
∑
j

Lj + wH ∗
∑
j

Hj =
∑
j

total wage billj (23)

and

Median

(
Hj

Lj

)
=
w̄ − wL
wH − w̄

(24)
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for firms bunching around the kink point 960 RMB. We obtain wL = 867.65 and wH =

1252.44. For the corporate tax rate τ , we use the mean effective tax rate of the studied

DEs. The counterfactual density distribution of the average monthly wage per worker (that

is, the distribution in the scenario when DEs can fully deduct wage bills from their taxable

corporate income) is estimated using both the parametric estimation à la (Chetty et al.

(2011)) and the nonparametric differencing estimation approach elaborated in Section 3.2.

With the estimated counterfactual density distribution and values of key parameters

(wL, wH , w̄, τ, r), we can estimate ∆̂w and hence the elasticity σ̂ from equation (22). The

results are summarized in panel A of Table 4. The first row presents the results with the

counterfactual density constructed using the empirical framework of Chetty et al. (2011)).

The last three rows present the results with the counterfactual density estimated by the

nonparametric differencing approaches. Results show that ∆̂w is around 12.5880 to 27.3043

and the elasticity σ̂ ranges from 1.1548 to 2.4002. This implies that when the relative wage

of skilled to unskilled labor increases by 1%, firms decrease the ratio of skilled to unskilled

labor by about 1.1548% to 2.4002%.

[Insert Table 4 Here]

In the baseline, we estimate wL and wH using the model moments. To assess the sen-

sitivity of our results to wage rates, we calculate wage rates from the 2005 Chinese Mini

Population Census. Specifically, we use the mean wage rates of employees with education

lower than senior secondary school and those with education higher than junior secondary

school to calculate wL and wH , respectively: we obtain wL = 860 and wH = 1250. The

results obtained using the wage rates calculated from the 2005 Mini Population Census are

reported in panel B of Table 4, replicating the analyses in panel A: σ̂ ranges from 1.2344 to

2.5926.

Comparison with the existing literature. The literature on the estimation of the elasticity

of substitution between skilled and unskilled labor can be traced back to Katz and Murphy

(1992). Specifically, they estimate the substitution elasticity between college and high school

labor as 1.41 using the U.S. March Current Population Surveys (CPS) data from 1967-1987.

Katz and Autor (1999) include demand shifts as controls and find that the elasticity ranges

from 1 to 3. Krusell et al. (2000) use an alternative definition of skilled labor as workers

with at least some college education and obtain a moderately higher elasticity estimate of

1.89. Card and Lemieux (2001) include an aggregate relative supply index and age-group

specific relative supplies of college workers in the model of Katz and Murphy (1992) and find

that the elasticity of substitution between college and high school labor is approximately

2.2 to 2.5 in both the U.S. and the U.K. Autor et al. (2008) use the 1968-2005 CPS data
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to re-estimate the elasticity with the model of Katz and Murphy (1992) and show that the

elasticity of substitution between college and high school equivalents is 2.43 when no trend

break in the annual growth rate in 1992 is added.

The estimated elasticity in this paper is comparable to the estimates from the U.S. One

difference from most previous studies is that our work focuses on the substitution between

the high school and non-high school graduates. One study similar to ours is by Angrist

(1995), who uses Palestinian data and finds the elasticity of substitution between workers

with sixteen years of schooling and those with less than twelve years of schooling to be

approximately 2.

4.5 An Extension with the Booking Manipulation

In response to the wage deduction limit, firms may manipulate their reported employ-

ment level without effectively changing their operation. This manipulation behavior is likely

to occur when tax administration and enforcement are weak or the penalties for tax eva-

sion are not tough. In the studied period in China, tax auditing was not strict despite of

significant penalties.8 Typically, tax auditors verify the reported employment level by look-

ing at firms’ employee rosters, labor attendance sheets, payment summaries, social security

payment records, etc. Hence, there are some room for firms to fabricate relevant documents

and payment records to manipulate the employment level.

In Section 3.3, we present some reduced-form evidence that firms did have real responses

to the policy, e.g., an increase in capital. However, this may not fully rule out the role of

the booking manipulation in generating the bunching response and, hence, possibly bias our

estimates in the previous analysis. To this end, in this section, we extend our aforemen-

tioned theoretical model to incorporate the possibility that firms may inflate the reporting

of employment.

Specifically, we change N r
j in equation (9) to N r

j = Hj + Lj + Lmj . Without loss of

generality and for simplicity of the calculation, we define Lmj = Lj×ηj as firm j’s manipulated

number of unskilled employment, where ηj is the manipulation degree variable. Additionally,

wrj =
wHHj+wLLj

Nr
j

.

With this change, the profit function becomes

πj = pjqj − (wHHj + wLLj + rKj)− τ(pjqj − rKj −DCj)− c(Lj, ηj)
− C × I[ (Hj)∗ct

(Lj)∗ct
>D

] × (Lj + Lmj +Hj − (Lj)
∗
ct − (Lmj )∗ct − (Hj)

∗
ct)
, (25)

8 According to the law of the People’s Republic of China on the administration of tax collection, tax
payers who forged accounting books or overstated expenses would be fined not less than 50 percent but not
more than five times the amount of tax he fails to pay or underpays.
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where c(Lj, ηj) = c
2
η2
jLj denotes the cost of the booking manipulation9 and (Lmj )∗ct denotes

firm j’s optimal choice of the manipulated number of unskilled employment under the coun-

terfactual linear tax schedule.

The optimal choices under the implemented nonlinear tax schedule can then be derived

as

(
(wrj )

∗, η∗j
)

=



(
(wrj )

∗
ct, 0
)

if λj ≤ λ′1(
w̄, [0, τw̄

c
]
)

if λj ∈ (λ′1, λ
′
2]wH

[
wL−τw̄−

τ2w̄2

2c
wH−τw̄

λj
1−λj

]σ
+wL[

wL−τw̄−
τ2w̄2

2c
wH−τw̄

λj
1−λj

]σ
+1+ τw̄

c

, τw̄
c

 if λj ∈ (λ′2, λ
′
3]

(
(wrj )

∗
ct, 0
)

if λj > λ′3.

(26)

where λ′1 ≡ 1− 1/

(
1 +

[
w̄−wL
wH−w̄

] 1
σ wH
wL

)
; λ′2 ≡ 1− 1/

(
1 +

[
w̄(1+ τw̄

c
)−wL

wH−w̄

] 1
σ wH−τw̄
wL−τw̄− τ

2w̄2

2c

)
; and

λ′3 ≡ wHD
1
σ

wHD
1
σ +wL

. The comparison of firms’ optimal choices of the average per worker monthly

wage and the manipulation degree are presented in Figure 5.

[Insert Figure 5 Here]

The bunching firm with the lowest λj = λ′1 chooses the same (wrj )
∗|λj=λ′1 = (wrj )

∗
ct|λj=λ′1 =

w̄ under both the implemented nonlinear and the counterfactual linear tax schedules. The

optimal solution of the bunching firm with the highest λj = λ′2 under the counterfactual

linear tax schedule is

(wrj )
∗
ct|λj=λ′2 =

wH

[
wL
wH

λ′2
1−λ′2

]σ
+ wL[

wL
wH

λ′2
1−λ′2

]σ
+ 1

. (27)

Hence, all firms with λj ∈ [λ′1, λ
′
2] (or the counterfactual reported average monthly wage

(wrj )
∗
ct ∈ [w̄, w̄ + ∆w′]) bunch around w̄ under the nonlinear tax schedule, where

∆w′ = ϕ(wL, wH , w̄, τ, c, σ). (28)

9The cost of manipulation might come from fabrication of relevant documents, social security payments
to be paid, monetary penalties incurred if caught cheating, etc. Since the forging costs were much smaller
compared with the potential tax reduction, some firms did take risk to manipulate the reported employment
level and hence reduced the employment adjustment. As a result, the costs of manipulation affected firms’
employment decision indirectly. However, as social security payments and administration costs were de-
ductible from the tax payments, manipulation costs were unlikely to affect the firms’ employment decisions
too much directly.
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The excess fraction of bunching is

B =

∫ λ′2

λ′1

f(λj)dλj =

∫ w̄+∆w′

w̄

ĉ((wrj )
∗
ct)d(wrj )

∗
ct ' ĉ(w̄)∆w′, (29)

Combining equations (28) and (29), we have two unknown parameters c and σ, which require

two empirical moments to pin down simultaneously. The bunching around 960 RMB of DEs

located in regions with a wage deduction limit of 960 RMB provides one moment. For the

other, we resort to DEs located in regions with a wage deduction limit of 800 RMB.

The estimation results of σ and η = τw̄
c

are presented in Table 5. The baseline analysis

relies on Chetty et al.’s (2011) method to estimate the counterfactual density distribution of

the average monthly wage per worker. Results are reported in the first two rows for DEs in

regions with a wage deduction limit of 960 RMB and in regions with a wage deduction limit

of 800 RMB, respectively. η̂ = 5.95% for the former regions and η̂ = 4.48% for the latter

regions, implying that affected firms with a 960 RMB limit and an 800 RMB limit reported

5.95% and 4.48% more unskilled labor as ghost workers, respectively.10 Incorporating the

possibility of the booking manipulation, we estimate the substitution elasticity as σ̂ = 1.2607,

approximately 31% smaller than the baseline estimate without the booking manipulation in

Table 4.

[Insert Table 5 Here]

However, the bunching around 800 RMB may reflect not only firms’ responses to the

deduction limit threshold of CIT but also the responses to the exemption threshold of in-

dividual income tax, as these two thresholds coincide in our studied period. Hence, in the

rest of the table, we use the alternative estimation methods of the counterfactual density

distribution as discussed in Section 3.2 and mimic the analyses in Table 4. Specifically, as

the control groups for the counterfactual, we employ the corresponding FIEs in the same

regions, the DEs at the 960 RMB kink point in regions with an 800 RMB deduction limit,

and the DD design using both of these two samples, respectively. The elasticity estimates

σ̂ and manipulation estimates η̂ remain stable, ranging from 1.1803 to 1.2821 and 3.20% to

8.52%, respectively.

10Given the not very strict tax auditing environment and the relatively high penalties, the estimated
booking manipulation falls within a reasonable range.
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5 Counterfactual Analysis

In this section, we conduct counterfactuals to quantify the role of employment adjustment

in the distortion effect of tax incidences and investigate the welfare consequences of the wage

deduction limit policy and payroll tax incidence.

5.1 Role of Employment Adjustment

To understand the role of employment adjustment in transmitting the tax incidence, we

conduct several counterfactuals in this subsection. Specifically, we first compute the GDP

outcome for the counterfactual when there is no wage deduction limit policy (referred to as

benchmark). Next, we calculate the same outcome for our observed scenario; that is, the one

with the wage deduction limit policy in place. The difference between these two generates

the consequences of our focal policy. Finally, we consider another counterfactual in which

the focal policy was in effect but firms cannot adjust their employment structures (i.e., the

employment structure was fixed at the benchmark). Comparing the change from the bench-

mark to the observed scenario with the change from the benchmark to the counterfactual

without employment adjustment, we can then quantify the role of employment adjustment

in the effect of tax incidence.

Specifically, under the benchmark scenario (i.e., a linear tax schedule in which all firms

can fully deduct wage bills), all firms’ profit functions are presented by equation (6). We

can solve, for each firm, the optimal K, H, and L as functions of λ (i.e., KB(λj), H
B(λj),

and LB(λj)). Consequently, the baseline aggregate GDP for regions with a wage deduction

limit of 960 RMB is

GDPB =

[∫
λj

(
KB
j (λj)

αs
[
(λjH

B
j (λj)

σ−1
σ + (1− λj)LBj (λj)

σ−1
σ )

σ
σ−1

]1−αs
)β

dλj

] 1
β

, (30)

Next, under the observed scenario, DEs are subject to the wage deduction limit, and their

profit functions are presented by equation (10), whereas FIEs’ profit functions are captured

by equation (6). Hence, we can solve a new set of K, H, and L as functions of λj. The

aggregate GDP for regions with a 960 RMB deduction limit is calculated as

GDP =

[∫
λj

(
Kj(λj)

αs
[
(λjHj(λj)

σ−1
σ + (1− λj)Lj(λj)

σ−1
σ )

σ
σ−1

]1−αs
)β

dλj

] 1
β

. (31)

αs is computed by dividing the aggregate capital cost by the aggregate total input costs
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in the domestic and foreign firm set s, i.e.,

αs =
(1− τ)rKs

(1− τ)rKs + pHHs + pLLs
.

We set r = 5.58%; τj = 0.18, 0.27, or 0.33 for DEs conditional on the firms’ taxable

income; τj = 0.15, 0.24, or 0.33 for FIEs conditional on the firms’ registration location and

main business; and wL = 867.65 and wH = 1252.44. The distribution of λj can be inversely

calculated from the estimated counterfactual distribution and the corresponding elasticity

σ = 1.1803 estimated from the extended model in Section 4.5, given equation (8). β is set at

0.75, a central value in the range of estimates used in the previous literature (for a review,

see Head and Mayer, 2014).

Panel A of Table 6 presents the percentage change from the benchmark to the observed

scenario, i.e.,
(
GDPO −GDPB

)
/GDPB. As shown in column (8), the wage deduction limit

policy caused aggregate GDP to decline by approximately 0.2872 percent, which accounts

for 21.82 billion RMB for regions with a 960 RMB limit with reference to the published

provincial and city-level GDPs in 2004.11 As illustrated in the model, firms responded to the

policy by manipulating the reported employment level and substituting skilled labor with

unskilled labor. The manipulation allowed tax reduction and hence stimulated production.

However, the labor substitution reduced firm productivity, which dominated the stimulation

effect of the booking manipulation and leaded to a decrease in aggregate GDP.

[Insert Table 6 Here]

Finally, to understand the role of employment adjustment, we consider a counterfactual

where the focal policy was in place but firms were not allowed to adjust their employment

structure. Specifically, DEs maximize the profit function captured by equation (10) with the

constraint that
(Hj)

∗

(Lj)∗
=

(Hj)
∗
ct

(Lj)∗ct
. (32)

We can then solve the optimal K, H, and L as functions of λ for each firm and calculate

GDP using equation (31). Similarly, we calculate the percentage change from the benchmark

to the concerned counterfactual using the same parameters and distribution of λ.

The results are presented in panel B of Table 6. GDP increased by 0.8863 percent. One

explanation might be that without the ability of labor substitution, firms enjoyed reduction

in corporate taxes by manipulating the reported employment levels and hence expanded

production. Therefore, the manipulation margin eases the effect of tax incidence, whereas

11According to the China Statistical Yearbook (2005) and provincial statistical yearbooks, the aggregate
GDP for regions with a 960 RMB limit is approximately 7,599 billion RMB.
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the adjustment of employment structure magnifies the effect.

5.2 Social Security Payroll Tax

With the estimated fundamentals (i.e., σ and the distribution of λ), we can illustrate

the welfare consequences of other tax policies and, in particular, the role of employment

adjustment in transmitting the effects of tax incidences. Specifically, we investigate a widely-

used tax instrument on employment; that is, the social security payroll tax as an example.

However, as China does not apply the payroll tax, we consider the tax schedule in the U.S.

and its intended tax reforms. The U.S. payroll tax requires that employers and employees

each pay social security tax at a specified rate up to a taxable maximum. In 2020, the

tax rate is set at 6.2%, and the tax applies to the first US$137,700 in earnings. To apply

our framework to the tax setting, we set the tax rate as τpayroll = 0.062 and the maximum

taxable earnings as w̄payroll = 960RMB, the threshold of the previous setting. Consequently,

the profit function changes to

πj = pjqj − wHHj − wLLj − rKj − τpayrollw̄payrollHj − τpayrollwLLj. (33)

The optimal labor ratio is

Hj

Lj
=

(
λ

1− λ
wL + τpayrollwL

wH + τpayrollw̄payroll

)σ
, (34)

which is a function of the two policy parameters, τpayroll and w̄payroll. Hence, firms could

respond to the change in policy parameters by adjusting their employment structure.

There are two debating policy changes of payroll tax in the U.S. First, there is an on-

going debate in the U.S. about whether to increase τpayroll; specifically, the H.R. 860 bill

proposes an annual increase of 0.0005. To understand the possible consequence of this rate

increase, we conduct a counterfactual with the tax rate τpayroll increased to 0.0625 and the

maximum taxable earnings w̄payroll unchanged. To do so, we set the parameters at the ex-

tended model levels (as shown in Table 6). Specifically, r = 5.58%, β = 0.75, wL = 867.65

and wH = 1252.44; σ = 1.1803 and η = 0.0791 estimated from the extended model and the

nonparametric DD approach; the distribution of λj is inversely estimated from equation (8).

The results are summarized in panel A of Table 7. With flexible employment adjust-

ment, the increase in payroll tax rate increases total payroll tax revenue by 0.6464 percent.

However, it also reduces GDP by 0.1569 percent: firms decrease capital by 0.1216 percent

and total employment by 0.1646 percent on average. These results are consistent with the

findings of Benzarti and Harju (2018), who employ a discontinuity in the average payroll tax

rate and show that a higher tax rate decreases both capital and labor inputs and, hence, the
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sales of firms.

[Insert Table 7 Here]

In addition, with the tax rate increased, skilled labor becomes relatively less expensive.

As a result, firms substitute unskilled labor with skilled labor, leading to an average increase

in the ratio of skilled to unskilled of 0.0124 percent.

To understand the role of employment adjustment, we consider a counterfactual with

τpayroll increased by 0.0005, w̄payroll fixed, and no employment adjustment. We find that

firms become more responsive; that is, they reduce employment and capital more on average

(i.e., by 0.1678 percent and 0.1247 percent, respectively). As a result, GDP decreases by

0.1619 percent, more than the decline in the setting with flexible employment adjustment.

The increase in payroll tax rate makes firms use more skilled labor to replace unskilled labor,

which alleviates the negative shock of the tax incidence. While our research findings may

not directly apply to the policy debate in the U.S. (due to the differences in the choice

of the maximum taxable earnings and the application of the estimated elasticity of labor

substitution), the estimated percentage changes in input factors, GDP, and tax revenue may

shed some light on the mitigating role of employment structure adjustment in the payroll

tax setting.

Second, the maximum taxable earnings w̄payroll is adjusted annually according to the

change in wage index. To illustrate the effect of w̄payroll, we study a counterfactual with

w̄payroll increased by 1 percent (=9.6 RMB) and the tax rate τpayroll fixed. The estimation

results are presented in panel B of Table 7. The increase of w̄payroll makes skilled labor

relatively more expensive; therefore, firms decrease the ratio of skilled to unskilled labor

by 0.0535 percent on average. Meanwhile, firms decrease total employment and capital by

0.0916 percent and 0.0743 percent on average, respectively. As a result, GDP declines by

0.1219 percent. On the other hand, the payroll tax revenue increases by 0.5083 percent,

reflecting that the increase in maximum taxable earnings dominates the decline in tax base.

Moreover, when firms cannot adjust their employment structure, the total employment,

capital, and GDP decline less, but tax revenue increases more after an increase in w̄payroll.

The amplifying effect of the employment adjustment with the increase in maximum taxable

earnings operates in the opposite direction to that with the increase in the payroll tax rate,

as the former induces to a substitution from skilled labor to unskilled labor, whereas the

latter induces the reverse substitution.

6 Conclusions

In this paper, we analyze the responses of firms to tax policies in the employment structure

adjustment margin by exploring a kinked wage deduction tax policy in China. According
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to this policy, domestic firms in China can deduct their per worker monthly wage payments

from taxable income only up to a certain statutory limit and thus have incentives to adjust

their employment structures.

Our analysis is based on the first wave of the Economic Census of China in 2004. We first

present clear evidence of bunching in the distribution of the firm-level average per worker

monthly wage around the deduction limit. This pattern is observed only for firms subject

to the limit when the limit is imposed, indicating that the bunching is due to the firms’

responses to the kink. We then apply a reduced-form bunching method to estimate how

firms respond to the policy and find that firms did not relabel part of the labor cost as other

deductible terms. Instead, firms decreased capital input and the ratio of skilled to unskilled

labor by around 0.31 to 0.80 percent and 0.26 to 0.60 percent, respectively. The decline in the

labor ratio may come from both the labor substitution and the booking manipulation. By

constructing theoretical models, we quantify the role of employment structure adjustment in

transmitting the distortion effect of the tax incidence. We estimate the substitution elasticity

between skilled and unskilled labor to be approximately 1.1803 and find that firms reported

5.54% to 7.91% more unskilled labor as ghost workers to achieve a greater reduction of wage

payments. Welfare analysis shows that the nonlinear wage deduction policy decreased GDP

by 0.2872 percent, with the booking manipulation margin easing the effect of tax incidence

whereas the adjustment of employment structure amplifying the effect.

Finally, we apply our framework to the social security payroll tax setting in the U.S. The

results show that a 0.05 percentage point increase in the payroll tax rate decreases GDP by

0.1569 percent, with the employment structure adjustment alleviating the decline, whereas

a 1 percent increase in the maximum taxable earning reduces GDP by 0.1219 percent, with

the employment structure adjustment amplifying the decrease. This result may shed light

on the ongoing debate in the U.S. about whether to increase the payroll tax rate annually

and provide policymakers some advice on whether to promote labor market flexibility to

alleviate the distortion effect of such an annual increase.
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Figures and Tables
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Figure 1

Wage Deduction Limit Policy in 2004

Notes: This figure shows the distribution of implemented wage deduction limits across all municipalities and

provinces in China in 2004.
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Figure 2

Density Distribution of Monthly Average Per Worker Wage for DEs with a Deduction
Limit of 960 RMB

Notes: This figure shows the density distributions of the average per worker monthly wage around the kink

point of 960 (demarcated by the vertical line) for domestic enterprises (DEs) located in the provinces with

960 RMB wage deduction limit. The solid curve displays the observed density in 5 RMB bins, with the

rounding patterns around multiples of 100 RMB for monthly wage and 500 RMB and 1000 RMB for annual

wage removed; the dashed curve displays the counterfactual density constructed by excluding a window of

(930, 1070) centered on the kink point, controlling for multiples of 100 RMB for monthly wage and 500 RMB

and 1000 RMB for annual wage and fitting a polynomial of third order to the observed distributions.
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Figure 3

Density Distribution of Monthly Average Per Worker Wage for Control Groups

Notes: These figures show the density distributions of the average per worker monthly wage around the kink

point of 960 (demarcated by the vertical line) for firms in the control groups. Panel A depicts the densities

for foreign-invested enterprises (FIEs) located in the provinces with a 960 RMB wage deduction limit; Panel

B shows those for domestic enterprises (DEs) subject to an 800 RMB wage deduction limit; Panel C plots

those for all DEs in 2008 using the second Economic Census data. The solid curves display the observed

densities in 5 RMB bins, with the rounding patterns around multiples of 100 RMB for monthly wage and

500 RMB and 1000 RMB for annual wage removed; the dashed curves display the counterfactual densities by

excluding a window of (930, 1070) around the kink point, controlling for multiples of 100 RMB for monthly

wage and 500 RMB and 1000 RMB for annual wage, and fitting a polynomial of third order to the observed

distributions in panel A, B, and C, respectively.
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Figure 4

Firms’ Responses under the Linear and Nonlinear Tax Schedules

Notes: This figure compares the firms’ optimal choices of the average per worker monthly wage under the

linear and nonlinear tax schedules.

Figure 5

Firms’ Responses under the Linear and Nonlinear Tax Schedules with Employment
Manipulation

Notes: This figure compares the firms’ optimal choices of the average per worker monthly wage and manip-

ulation degree under the linear and nonlinear tax schedules.
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Table 1. Deduction Limit for the Average Per Worker Monthly Wage in Corporate Income
Tax

Period
Domestic Enterprises Foreign-Invested Enterprises

National Deduction Limit Allow for 20% inflation Deduction limit

1994.5∼1995.12 500 Yes Fully
1996.1∼1999.12 550 Yes Fully
2000.1∼2006.6 800 Yes Fully
2006.7∼2007.12 1600 No Fully
2008.1∼Now Fully No Fully

Note: This table summarizes deduction limits for the average per worker monthly wage in Corporate Income
Tax (CIT) for all firms in China since May 1994.

Table 2. Summary Statistics for Domestic Enterprises in the Main Sample

Variable (1) (2) (3) (4) (5)
N mean P25 P50 P75

Average Wage Per Worker (Monthly, RMB) 629,759 837.5624 518.0180 727.2728 947.9167
Employment 665,299 44.4820 8 16 38
Skilled versus Unskilled Labor 587,054 0.9756 0.1111 0.3333 0.8750
Capital (ln) 626,182 7.2088 6.2538 7.0901 8.0790
Unemployment Insurance per Worker (RMB) 629,759 315.4075 0 0 62.7962
Employee Benefits per Worker (RMB) 660,333 301.0581 0 0 0
Administrative Cost per Worker (RMB) 660,333 2588.5920 0 0 0

Note: This table displays the summary statistics for the DEs in the main sample used in this paper, i.e., domestic
manufacturing firms in provinces with a 960 RMB limit. The average monthly wage per worker is calculated by
dividing the total wage bill by 12 months and by total employment. Workers are classified into two categories based
on education level—the highest education levels of high school or above and junior secondary school or below. The
skilled versus unskilled labor ratio is calculated as the ratio of total employment of these two groups. Total capital
is used as the capital measurement. The variables unemployment insurance per worker, employee benefits per
worker, and administrative cost per worker are calculated as the ratios of the firm’s total corresponding spending
to total employment.
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Table 4. Elasticity of Substitution between Skilled and Unskilled Labor

Samples
(1) (2) (3) (4) (5)
∆w wH wL τ σ

Panel A: ∆w based on 2004 Economic Census
wH and wL from 2004 Economic Census

DE 960 2004 20.5967 1252.44 867.65 0.31 1.8444
DE 960 2004 - FIE 960 2004 27.3043 1252.44 867.65 0.31 2.4002
DE 960 2004 - DE 800 2004 12.5880 1252.44 867.65 0.31 1.1548
(DE 960 2004 - DE 800 2004) 22.7656 1252.44 867.65 0.31 2.0261

(FIE 960 2004 - FIE 800 2004)

Panel B: ∆w based on 2004 Economic Census,
wH and wL from 2005 Chinese Population Census

DE 960 2004 20.5967 1250 860 0.31 1.9829
DE 960 2004 - FIE 960 2004 27.3043 1250 860 0.31 2.5926
DE 960 2004 - DE 800 2004 12.5880 1250 860 0.31 1.2344
(DE 960 2004 - DE 800 2004) 22.7656 1250 860 0.31 2.1816

(FIE 960 2004 - FIE 800 2004)

Note: This table shows the estimates for the elasticity of substitution between skilled and
unskilled labor for Domestic Enterprises (DEs) with a 960 RMB limit. Columns (1) presents
the normalized bunching size. Columns (2) and (3) present the monthly wages for skilled
and unskilled labor, respectively, and the values are calculated with equations (23) and (24)
as conditions. Column (4) presents the tax rate, calculated as the mean effective tax rate
of the corresponding group of firms. Column (5) presents the elasticity estimate. Panel A
(B) displays the results using wage rates calculated from the 2004 economic census (2005
population census). The first row of each panel presents the results using a parametric
approach following Chetty et al. (2011) to construct the counterfactual density for DEs with
a 960 RMB limit. The second and third rows of each panel present the results using the
density distributions of Foreign-Invested Enterprises (FIEs) located in the provinces with
a 960 RMB limit and of Domestic Enterprises (DE) in the provinces with an 800 RMB
limit to construct the counterfactual densities, respectively. The fourth row of each panel
presents the results using the difference between the density distributions of FIEs located
in provinces with 960 RMB and 800 RMB limits to construct the counterfactual for the
difference between the densities of DEs with 960 RMB and 800 RMB limits.
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Table 5. Elasticity of Substitution and Degree of Booking Manipulation

Samples
∆w wH wL τ σ η
(1) (2) (3) (4) (5) (6)

DE 960 2004 20.5967 1252.44 867.65 0.31 1.2607 5.95%
DE 800 2004 9.1000 1090.02 704.49 0.28 1.2607 4.48%

DE 960 2004 - FIE 960 2004 27.3043 1252.44 867.65 0.31 1.2821 8.52%
DE 800 2004 - FIE 800 2004 11.4180 1090.02 704.49 0.28 1.2821 5.37%

DE 960 2004 - DE 800 2004 12.5880 1252.44 867.65 0.31 1.2145 4.25%
DE 800 2004 - DE 960 2004 11.5062 1090.02 704.49 0.28 1.2145 3.20%

(DE 960 2004 - DE 800 2004) 22.7656 1252.44 867.65 0.31 1.1803 7.91%
(FIE 960 2004 - FIE 800 2004)

(DE 800 2004 - DE 960 2004) - 14.9741 1090.02 704.49 0.28 1.1803 5.54%
(FIE 800 2004 - FIE 960 2004)

Note: This table shows the estimates for the elasticity of substitution between skilled and unskilled
labor and the degree of booking manipulation. Column (1) presents the normalized bunching size.
Columns (2) and (3) present the monthly wages for skilled and unskilled labor, respectively, and
the values are calculated from the 2004 economic census with equations (23) and (24) as conditions.
Column (4) presents the tax rate, calculated as the mean effective tax rate of the corresponding
group of firms. Column (5) presents the elasticity estimate, and column (6) presents the booking
manipulation estimate. The first (second) row presents the results using a parametric approach
following Chetty et al. (2011) to construct the counterfactual density for Domestic Enterprises
(DEs) with a 960 (800) RMB limit. The third (fourth) row presents the results using the density
distribution of Foreign-Invested Enterprises (FIEs) located in the provinces with a 960 (800) RMB
limit to construct the counterfactual density. The fifth (sixth) row presents the results using
the density distribution of DEs in the provinces with an 800 (960) RMB limit to construct the
counterfactual density. The seventh (ninth) row presents the results using the difference between
the density distributions of FIEs located in provinces with 960 RMB and 800 RMB (800 RMB and
960 RMB) limits to construct the counterfactual for the difference between the densities of DEs
with 960 RMB and 800 RMB (800 RMB and 960 RMB) limits.
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Table 6. Welfare Analysis with the Extended Model

Percent of
Difference in

β r wh wl σ η GDP
(1) (2) (3) (4) (5) (6) (7)

Panel A. Full Adjustment of Employment Structure
0.75 0.0558 1252.44 867.65 1.1803 7.91% -0.2872%
Panel B. No Adjustment of Employment Structure
0.75 0.0558 1252.44 867.65 1.1803 7.91% 0.8863%

Note: This table shows the welfare analysis results for the extended model. The
counterfactual density is estimated from the extended model with the book-
ing manipulation. We use the difference between the density distributions of
Foreign-Invested Enterprises (FIEs) located in provinces with 960 RMB and
800 RMB limits to construct the counterfactual for the difference between the
densities of Domestic Enterprises (DEs) with 960 RMB and 800 RMB limits.
Panel A presents the results when firms can fully adjust their skilled to un-
skilled labor ratio; panel B presents the results when firms cannot adjust the
employment structure. Column (1) presents the substitution parameter of the
CES utility function in equation (4), and the value is set based on the central
value in the range of estimates used in the previous literature [for a review, see
Head and Mayer (2014)]. Column (2) presents the interest rate, which is set
based on data from the World Bank. Columns (3) and (4) present the monthly
wages for skilled and unskilled labor, respectively, which are calculated from the
2004 economic census with equations (23) and (24) as conditions. Column (5)
presents the elasticity estimate from the nonparametric difference-in-differences
(DD) approach. Column (6) presents the booking manipulation estimate. Col-
umn (7) presents the percent difference in GDP, calculated as the ratio of the
difference between the GDP under the implemented nonlinear tax schedule
and the GDP ′ under the counterfactual linear tax schedule over GDP ′.
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