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Abstract

We use household-level data to estimate the effective income tax function
for China, i.e. a nonlinear relationship between household income and effective
income tax rates. The estimated effective tax functions for years 1999-2009 are
used to quantitatively investigate the effects of Chinese personal income tax
reforms. We find that the tax policy changes have reduced average tax rates
by lifting the tax exemption level or adjusting tax brackets. Moreover, the tax
reforms have decreased the aggregate indexes of progressivity. However, vari-
ations in local progressivity measures indicate that tax reforms have reduced
the redistribution effect between low and medium income households while en-
hanced the equalizing effect between medium and high income households. In
addition, the PIT policy changes have lowered the average marginal tax rates
and horizontal equity. Finally, the fiscal revenue elasticity exhibited a declining
trend, while the tax reforms have driven up the elasticity or slowed down the
trend. (JEL H24 H31 D31)
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1 Introduction

In this paper, we use continuous household-level data to achieve two goals. First,
we provide estimates for effective income tax functions in China, i.e. a nonlinear
relationship between household income and effective income tax rates. This function
can be widely used in applied works in macroeconomics and public finance. Second,
we aim to systematically evaluate the effects of personal income tax reforms during
2006-2011 in China using the estimated effective tax functions.

China has experienced rapid income growth together with increases in earnings
inequality in the past 30 years1, however, its personal income tax (PIT) policy re-
mained unchanged from 1994 to 2005. During 2006-2011, a series of reforms of
China’s PIT policy was implemented by increasing tax exemptions and adjusting
tax rate brackets. This sequence of events provides us with a great opportunity to
evaluate how a PIT reform affects economic variables, such as efficiency, inequal-
ity, and fiscal revenue productivity, etc. Previous studies have mainly focused on
the redistribution effect of China’s PIT policy and its reforms. For example, Ma
et al. (2015) point out that the PIT reform in China has weakened the income re-
distribution effect. Moreover, the existing literature has mainly concentrated on the
aggregate index of the redistribution effect, while has ignored variations in local in-
come redistribution effects across income groups. In this paper, we investigate the
effects of PIT reforms on both the overall and disaggregated measures of the redistri-
bution effect. In addition, besides redistributive effects, there are a number of other
important questions need to be answered: (i) How do the PIT reforms change the
disincentives on economic activity? (ii) As Piketty and Qian (2009) argued, Chinese
income tax has been an important source of government revenue. So it is important
to know what is the income elasticity of the fiscal revenue raised by PIT and how
has it been changing. (iii) How income growth and PIT reforms change horizontal
equity over time? In this paper, we aim to answer all of these questions.

A variety of methods are available to investigate the effects of personal income
tax reforms. One widely used strategy is to compute an index number measure of the
pre- and post-tax income distributions, for example the Musgrave and Thin (1948)
index, and compare the calculated indexes before and after PIT reforms. Another
approach is to compare the concentration ratio of tax payment, i.e., asymmetries
in payment by people with different incomes, before and after reforms (Kakwani,

1See Démurger et al. (2006) and Chi et al. (2011).
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1977).2 However, these methods cannot address all the questions mentioned above.
Therefore, we follow Gouveia and Strauss (1994) and Guner et al. (2014) to use a
statistically estimated effective tax function, i.e. a nonlinear relationship between
taxes effectively paid by households and their income. It is important to note that
the effective tax functions are different from the statutory tax functions. That is
because different sources of income are subject to different tax schedules, and hence
total taxes that are effectively paid cannot be calculated using the statutory tax
function for any single type of income3. Moreover, there are several advantages of
using the estimated effective tax function. First, given this function, we can compute
average tax rates and marginal tax rates for any income level. Second, we can easily
estimate the average marginal tax rate and elasticities of tax revenues. Third, the
nonlinear tax function is more suitable to address the nonlinearities in the micro-level
data.

Since there are several functional forms for the effective tax function available, our
first task is to find the one that can fit our data best. Following Guner et al. (2014),
we estimate four specifications for effective taxes, including the log specification
used by Guner et al. (2011), a power function used in Guvenen et al. (2013), the
three-parameter functional form derived by the theory of equal sacrifice in Gouveia
and Strauss (1994), and a polynomial specification that does not require a specific
functional form. The data we used is a unique and comprehensive Urban Household
Survey (UHS) micro-level data set from 1999 to 2009. We find that the Gouveia and
Strauss (1994) specification provides the best statistical fit, hence we use it as our
benchmark specification.

We estimate the effective income tax functions for each year from 1999 to 2009.
Visual inspection of the graphed tax functions reveals that: (i) The average tax rate
for lower income households is stable while it has been increasing for high incomes
during pre-reform years (1999-2005). As the PIT policy remained constant before
2006, the higher average tax rate was primarily due to changes in the income com-
position of high income households. (ii) The reforms in 2006 and 2008 made average

2There are many studies on the redistribution effects of PIT in developed countries, such as Smith
(2001) for Australia, Kesselman and Cheung (2004) for Canada, Iyer et al. (2008) and Bargain et al.
(2013) for the US, Verbist and Figari (2014) for European Union member countries, and Wagstaff
et al. (1999) and Wagstaff and Van Doorslaer (2001) for OECD countries.

3In some other countries, for example the U.S., a variety of deductions and exemptions also lead
the effective tax function to be different from the statutory one. In China, since there are no such
deductions in the tax law except for transfer income, different tax schedules of different types of
income play the most important role to distinguish the effective tax function from the statutory
one.
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tax rate lower by lifting the tax exemption level, while the effects were unequally
distributed among households.

We then examine the effects of PIT reforms quantitatively. First, we compute
both aggregate indexes and local measures of tax progressivity to examine the redis-
tributive effect of PIT. The tax reforms in 2006 and 2008 are found to have decreased
the aggregate indexes of progressivity. However, variations in local progressivity
measures indicate that tax reforms had unequal impacts on the redistribution effects
across income intervals. To be more specific, we find that the PIT policy changes
have reduced the redistribution effect between low and medium income households
while enhanced the equalizing effect between medium and high income households.
Second, both simple average and income weighted average marginal tax rates are
computed to access the marginal distortion introduced by PIT on economic activi-
ties. The results show that the 2006 tax reform has lowered the average marginal tax
rates, while the 2008 reform has slowed the speed of increase in the average marginal
tax rate. Third, we calculate the income elasticity of fiscal revenue raised by PIT.
Chinese PIT to GDP ratio increased from less than 0.1 percent in 1986 to about 1.2
percent in 2008. Our results show that the calculated revenue elasticity has a declin-
ing trend and tax reforms had temporally raised it. Finally, we follow Gouveia and
Strauss (1994) and answer the horizontal equity question based on the mean squared
error of the estimated income tax functions. We find that the horizontal inequity has
been on the rise, and the tax reforms had positive impacts on improving horizontal
equity in the short run.

In 2011, China implemented a further PIT reform by both increasing the exemp-
tion level for wage & salary and self-employment income and adjusting the tax system
from 9 brackets to 7 brackets for wage & salary. Because the 2011 household survey
data is not available, we instead use the 2009 survey data to simulate the effects
of this most recent reform. The results show that this reform further reduces the
average tax rates, average marginal tax rates and tax progressivity, while it increases
revenue elasticity and improves horizontal equity.

Another contribution of this paper is that we provide estimates of the nonlinear
effective tax function that can be widely used in macroeconomic and public finance
studies. A large number of papers, for example Castaneda et al. (2003), Conesa and
Krueger (2006) and Kindermann and Krueger (2014) have utilized dynamic general
equilibrium models with heterogeneous households to address policy questions. A
common input of these models is an effective income tax function that characterizes
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the nonlinear relationship between individual income and tax paid. Key parameters
of this function are taken from the early work of Gouveia and Strauss (1994) using
U.S. taxpayer data. However, a lack of proper estimates of the effective income tax
function using micro-level data prevents researchers from applying such models to
investigate important policy issues for the most populous developing country in the
world. This paper fills this void by providing parametric estimates of the effective
income tax function for China. Furthermore, comparing our estimates with those
using U.S. data, we find there are significant differences in parametric estimates
between U.S. and China. This illustrates the necessity of estimating the effective
income tax functions using country-specific data.

This paper is organized as follows. Section 2 provides the background on China’s
PIT and its reforms. Section 3 describes the UHS data set. Section 4 presents
parametric estimates and fitness of the four functional forms. Section 5 presents the
evaluation of the effects of PIT reforms in 2006 and 2008. Section 6 analyzes the
effects of the 2011 reform. Section 7 concludes.

2 Background on China’s personal income tax and

reforms

PIT is a young tax in China. It is introduced in early 1980s when the country
began to transit from a planned economy to a market economy. However, PIT is
only levied on self-employers and foreign workers initially. In 1994, the government
implemented a unified PIT system in real sense. China’s PIT is featured by classified
income taxes which put different sources of income into different schedules (see Table
1). However, only wage & salary and self-employment income are levied by multi-
brackets progressive tax rates. Both of them are allowed by a monthly exemption
of 800 RMB, and marginal tax rates range from 5% to 45%. Labor service charge
is levied by a linear tax rate at 20% with an exemption of 800 RMB per time.
Capital income is levied by a linear tax rate at 20% with no exemption. Transfer
and pension income is completely exempted from PIT. The tax schedule remained
unchanged until 2006. Meanwhile, the personal income of Chinese citizens increased
dramatically. An increasing number of people began to automatically pay higher
taxes because of the progressive design of the tax schedule on wage & salary and
self-employment income. As a result, China’s PIT revenue increased at an average
annual rate of 28.7% from 1994 to 2005, far exceeding the average GDP growth rate.
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Figure 1 shows that the ratio of PIT revenue as a percentage of total tax revenue
increased from 1.42% to 7.28%, and the ratio of PIT revenue as a percentage of GDP
increased from 0.15% to 1.14%. By 2005, the PIT had become the fourth largest
source of China’s tax revenue, after the value-added tax, the corporate income tax
and the business tax.

Figure 1: The Increase of China’s PIT revenue: 1994-2014
This graph describes the ratio of PIT revenue to total tax revenue and the ratio of PIT revenue to GDP. Sources:

China Statistical Yearbook, various years.

Partly in response to the pressure of reducing households’ PIT burden, the Chi-
nese government launched a PIT policy reform which increased monthly exemption
for wage & salary and self-employment income from 800 RMB to 1,600 RMB in 2006,
with the tax brackets unchanged. In 2008, the monthly exemption for wage & salary
and self-employment income was further increased to 2,000 RMB. Subsequently, in
2011, the monthly tax exemption for wage & salary and self-employment income
was further raised to 3,500 RMB and the tax rate brackets for wage & salary were
compressed from nine grades to seven grades to further reduce the tax burden. The
tax schedule for other types of income still remained the same as before. As shown
in Figure 1, these reforms have slowed down the increase in the ratio of PIT revenue
to GDP and to total revenue.
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Table 1: PIT schedule for different sources of income (1994-now)
Source of income Schedule

Wage

9-bracket progressive tax rate with monthly exemption of 800RMB: 94-05
9-bracket progressive tax rate with monthly exemption of 1600RMB: 06-07
9-bracket progressive tax rate with monthly exemption of 2000RMB: 08-11
7-bracket progressive tax rate with monthly exemption of 3500RMB: 11-

Self employment

5-bracket progressive tax rate with monthly exemption of 800RMB: 94-05
5-bracket progressive tax rate with monthly exemption of 1600RMB: 06-07
5-bracket progressive tax rate with monthly exemption of 2000RMB: 08-11
5-bracket progressive tax rate with monthly exemption of 3500RMB: 11-

Labor service charge linear tax rate at 20% with exemption of 800RMB per time
Author’s remuneration linear tax rate at 20% with no exemption
Royalties linear tax rate at 20% with no exemption
Interest, dividends and bonuses linear tax rate at 20% with no exemption
Income from lease of property linear tax rate at 20% with no exemption
Income from transfer of property linear tax rate at 20% with no exemption
Incidental income linear tax rate at 20% with no exemption
Transfer and pension income exempted

3 Data and Summary Statistics

In this paper, we use a unique and comprehensive Urban Household Survey (UHS)
dataset from 1999 to 2009. This survey is conducted by National Bureau of Statistics
(NBS), and used to compile the chapter of Urban Household Lives in China Statistics
Yearbook. The survey uses a stratified two-stage random sampling method. In the
first stage, NBS selects cities and counties according to population size to ensure that
the sample is representative of the urban population. In the second stage, within each
selected location, the survey successively samples subdistricts, residential committees
and households. The dataset includes households’ demographic and employment
status, detailed components of income and consumption expenditures, etc. To ensure
the accuracy of individual income statistics, NBS requires each individual to maintain
a monthly account in a prescribed form. The data is especially detailed in reporting
individuals’ income from different sources, including wage & salary, self-employment,
capital and transfer income, etc. Based upon this information, it is straightforward
to calculate tax payment and post-tax income of each individual by applying the
official PIT rates.

The average household annual income of the sample increased from 18.3 thou-
sand RMB in 1999 to 52.8 thousand RMB in 2009, reflecting the rapid economic
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growth in China. In the meantime, the composition of Chinese income has changed
dramatically. The proportion of transfer income and self-employment income has
increased very fast in this period while wage & salary income has been declining (see
Table 2). The average household size and number of labor forces are declining.

Table 2: Summary Statistics
Sample Total income Wage & Self- Labor service Capital Transfer Household Household

Year Size (10,000RMB) Salaries employment charge Income Income size labor

1999 10199 1.83 71.85% 2.20% 3.80% 0.42% 21.73% 3.09 1.84

2000 10199 1.97 67.99% 3.27% 4.03% 0.31% 24.41% 3.09 1.76

2001 10199 2.10 66.94% 3.54% 4.06% 0.24% 25.22% 3.05 1.72

2002 26431 2.21 66.70% 4.59% 2.47% 0.23% 26.01% 3.07 1.70

2003 29522 2.38 65.92% 5.29% 2.36% 0.23% 26.20% 3.03 1.67

2004 31362 2.82 65.55% 5.20% 2.37% 0.25% 26.63% 2.99 1.65

2005 32882 3.13 63.76% 5.95% 2.35% 0.22% 27.72% 2.97 1.61

2006 32968 3.54 64.07% 5.93% 2.09% 0.29% 27.62% 2.93 1.61

2007 33910 4.18 64.53% 5.68% 1.98% 0.38% 27.43% 2.92 1.63

2008 39949 4.68 62.57% 6.82% 2.06% 0.36% 28.19% 2.96 1.60

2009 39216 5.28 62.71% 6.72% 1.91% 0.38% 28.29% 2.89 1.59

Table 3 shows the income composition of different households for the 2009 sam-
ple. For most households, wage and salary income constitutes the major source
of income. For low-income households, transfers, consisting of income from unem-
ployment insurance, social relief, pension income, medical insurance and money from
other households (such as alimony), constitute an important fraction of total income.
As income increases, the proportion of transfer income decreases, but the proportion
of capital income and wage income increase. However, capital income has not been
a major income source even for high-income households.
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Table 3: Income structure and average tax rate: 2009 (%)
Wage & Self- Labor service Capital Transfers Average

Income Salary employment charge income tax rate

Bottom

1 42.4 6.4 13.0 0.8 37.4 0.2

1-5 47.2 4.8 3.2 0.4 44.4 0.1

5-10 53.2 4.0 2.3 0.5 39.9 0.1

Quantiles

1st 51.9 3.7 2.8 0.4 41.2 0.1

2nd 56.9 2.0 1.3 0.4 39.4 0.3

3rd 64.0 1.5 1.0 0.5 33.0 0.7

4th 68.7 1.2 0.7 0.6 28.8 1.7

5th 72.0 1.1 0.5 0.9 25.5 4.8

Top

90-95 72.7 1.1 0.5 0.8 25.0 4.7

95-99 72.9 1.4 0.3 1.2 24.2 7.1

99-100 68.5 0.8 0.2 2.3 28.1 11.8

4 Method and parametric estimation

4.1 Empirical specification

Figure 2 depicts the average income tax rate across different income percentiles that
provides us an intuitive picture on the relationship between tax rate and income. In
this section, we provide estimates of effective tax functions. A classical strategy of
estimating effective tax functions is to find a theoretical model with specific implica-
tions for the functional form of the tax function and estimate the resulting functional
form. We use a functional form that is theoretically motivated by the equal sacrifice
principle (see Young (1988), Young (1990) and Berliant and Gouveia (1993)). It is
also practically applied by Gouveia and Strauss (1994) and Guner et al. (2014).
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Figure 2: Average income tax rate across income percentiles

First, we explain briefly how the equation was derived. Young (1990) presents a
tax function constructed from applying the equal sacrifice principle to an isoelastic
utility function as follows:

u = −c−ρ

where u is the level of utility, c is a level of consumption, and ρ is a parameter.
The equal sacrifice principle defines the tax function that causes a sacrifice of s given
economic income x, as the solution to

−x−ρ + (x− t(x))−ρ = s

from which we find the total tax function:

t(x) = x− (x−ρ + s)−1/ρ

We then derive the average tax function as follows:

t̄(x) = 1− (sxρ + 1)−1/ρ

Following Gouveia and Strauss (1994), as an approximation to incentive com-
patible equal sacrifice tax functions, the above specification is augmented with one
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parameter b. The equation we estimate statistically is, therefore:

t̄(x) = b− b(sxρ + 1)−1/ρ + ε

where b, s, and ρ are parameters to be estimated; and ε is an random disturbance.
We refer to it as the Gouveia and Strauss (1994) (GS) specification. With this
specification, the asymptotic average tax rate is b. Hence, b represents the maximum
politically feasible tax rate, which could be interpreted as a weight given to incentives
in the design of the effective income tax function (Gouveia and Strauss, 1994). ρ is
the elasticity of the marginal utility of consumption.

The above specification uses the isoelastic utility function u = −c−ρ. We also
consider to replace it with CRRA utility function, that is, u = c1−σ

1−σ . Under the
CRRA utility function, the incentive compatible equal sacrifice tax function is given
by

t̄(x) = b− b(1− sσx−σ)1/σ + ε

We find that the estimated tax function using CRRA utility function is identical
to the one using GS specification.

Other than the GS specification, our second and third specifications are not
directly derived from a theoretical model but also widely used in the literature. The
second one has been practically used by Guvenen et al. (2013) and Guner et al.
(2014) and is given by:

t̄(x) = δ + νxπ + ε

This specification also has three parameters to be estimated. We refer to this
specification as the power specification. The third one has only two parameters, and
is given by:

t̄(x) = α + γlog(x) + ε

This specification was used by Guner et al. (2011) and Guner et al. (2012). We
refer to it as the log specification.

The last strategy to estimate the effective income tax function with nonlinear
function forms is to look for a functional form only based on statistical goodness-
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of-fit criteria. As suggested by the Weierstrass approximation theorem, a high-order
polynomial can provide a very close approximation to an underlying functional form.
Specifically, we estimate a very general, five-parameter, forth-order polynomial re-
gression in the following form:

t̄(x) = β0 + β1x+ β2x
2 + β3x

3 + β4x
4 + ε

We refer to it as the polynomial specification.

4.2 Parametric estimates

Table 4 shows the parametric estimates for the 2009 sample under the four spec-
ifications described above. The log and polynomial formulations are estimated by
OLS and the Power and GS specifications are estimated by Nonlinear Least Squares
(NLS). As the table demonstrates, parameters are estimated precisely in all cases,
statistically significant at the 1% level. Among all of the four specifications, the GS
specification has the highest R2, followed by polynomial and power specifications.
The log specification has the lowest R2, probably because it has only two parameters.
For illustration purposes, Figure 3 plots the estimated effective tax functions under
all specifications. This figure shows that the resulting shape of average tax rates, for
household annual income smaller than 170,000 RMB, are similar under GS, power,
and polynomial specifications, while the power formulation gives higher average tax
rates for income greater than that level. In contrast, the log specification gives much
lower average tax rates, which indicates that a two-parameter functional form does
not have enough degree of freedom to fit Chinese data.

Since the GS specification performs best in goodness-of-fit, we then estimate the
GS specification for each year from 1999 to 2009. The results are reported in Table
5.

We can see that the implied estimates of the intertemporal elasticity of substitu-
tion 1/(ρ + 1) for the 2009 sample is 0.276. b is estimated at 0.178, indicating the
maximum politically feasible tax rate is 17.8%. The estimate of b is much lower than
the US (0.264) in 2000 given by Guner et al. (2014).
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Table 4: Estimation results: 2009 comparison
(1) (2) (3) (4)

Estimates GS Log Power Polynomial
b 0.178

(0.004)
s 0.002

(0.000)
ρ 2.617

(0.046)
α -0.019

(0.000)
β 0.023

(0.000)
ν 1.330

(0.015)
π -0.006

(0.000)
δ 0.002

(0.000)
β0 0.006

(0.001)
β1 -0.007

(0.001)
β2 0.002

(0.000)
β3 -0.000

(0.000)
β4 0.000

(0.000)
Obs 39203 39203 39203 39203
R2 0.604 0.322 0.472 0.480
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Figure 3: Comparison between functional forms

Table 5: Estimation results of GS specification: 1999 - 2009
b s ρ obs R2

1999 0.088 (0.004) 0.023 (0.001) 3.223 (0.113) 10197 0.573
2000 0.111 (0.005) 0.021 (0.001) 2.872 (0.088) 10196 0.610
2001 0.118 (0.005) 0.020 (0.001) 2.822 (0.083) 10196 0.644
2002 0.112 (0.003) 0.029 (0.001) 2.502 (0.050) 26421 0.628
2003 0.130 (0.004) 0.028 (0.001) 2.344 (0.044) 29508 0.649
2004 0.148 (0.004) 0.029 (0.001) 2.101 (0.036) 31347 0.680
2005 0.152 (0.003) 0.031 (0.001) 2.024 (0.035) 32871 0.696
2006 0.155 (0.003) 0.003 (0.000) 3.013 (0.054) 32954 0.598
2007 0.165 (0.004) 0.004 (0.000) 2.757 (0.047) 33896 0.632
2008 0.180 (0.004) 0.002 (0.000) 2.765 (0.046) 39878 0.607
2009 0.178 (0.004) 0.002 (0.000) 2.617 (0.046) 39203 0.604

5 Effects of PIT reforms: 2006 and 2008

In this section, we systematically examine the effects of PIT reforms using our esti-
mated effective income tax functions under Gouveia and Strauss (1994) specification.
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5.1 Chronological comparisons

The estimated effective income tax functions are plotted in Figures 4-7. The hori-
zontal axis is household annual income (in 10,000 RMB) and the vertical axis is the
effective average tax rate.

Figure 4: Effective income tax functions: 1999-2001

Visual inspection of Figure 4 and 5 reveals that the average tax rate for lower
income households is stable while it has been increasing for high incomes during
1999-2005 except for year 2002. As there was no changes in PIT policy during this
period, the higher average tax rate was due to changes in the income composition of
high income households. Table 6 shows the income composition for households with
annual income greater than 50,000 RMB. We find that, except for 2002, the share
of tax-exempted transfer income has been declining, which contributed to higher
average tax rates. Moreover, wage & salary income and labor service charge increased
from 1999 to 2001 and then became stable during 2002-2005 after a sudden drop in
2002. Higher wage & salary income pushed households into higher tax brackets and
contributed to the increase in average tax rates during 1999-2001. The sudden drop
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in 2002 was one of the reason why the average tax rate declined during that year.
Finally, the self-employment income has been increasing during 2002-2005, which can
also push households into higher tax brackets and hence contributed to the increase
in average tax rates.

Figure 5: Effective income tax functions: 2002-2005

Table 6: income composition for households with annual income >50,000 RMB:
1999-2009 (%)

wage & self- Labor service capital transfer Number of
salary employment charge income income labor force

1999 76.8 1.8 1.8 1.2 18.3 2.38
2000 77.7 2.1 1.7 0.8 17.7 2.26
2001 78.1 1.9 2.2 0.6 17.2 2.17
2002 74.9 3.8 1.4 0.5 19.3 2.19
2003 73.4 5.0 1.6 0.7 19.3 2.13
2004 74.2 5.2 1.7 0.7 18.3 2.10
2005 74.9 6.3 1.5 0.4 16.9 2.12
2006 74.4 6.9 1.4 0.8 16.6 2.11
2007 71.1 9.7 1.4 1.1 16.7 2.11
2008 72.8 10.5 1.4 0.8 14.5 2.16
2009 72.0 9.7 1.2 0.9 16.2 2.14
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In 2006, China reinitiated PIT policy reform by increasing tax exemption for
wage & salary and self-employment income from 800 RMB per month to 1,600 RMB
per month. Figure 6 traces the evolution of the effective tax function during 2005-
2007. Effective tax functions fall from 2005 to 2006, reflecting the increase in tax
exemption level. Average tax rates are almost identical between 2006 and 2007 since
there are no PIT reforms in 2007.

Figure 6: Effective income tax functions: 2005-2007

In March 2008, China further increased the tax exemption level for wage & salary
and self-employment income to 2,000 RMB per month. As shown in Figure 7, the
average tax rate decreased for household annual income under 250,000 RMB while
increased for higher income levels. The lower average rates are due to the increase
in tax exemption and the higher tax rates for rich households are due to changes in
their income composition.

From 2008 to 2009, effective income tax functions declined. There are several
reasons for this fall. First, the PIT policy change occurred in March 2008, so income
in the first two months of 2008 were subject to lower tax exemption level. Second,
the tax exempted transfer income were higher in 2009, especially for high income
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households, contributing the lower average tax rates.4 Third, wage & salary and
self-employment income fell for high income households, which drives the personal
income tax into lower brackets.

Figure 7: Effective income tax functions: 2007-2009

5.2 Income inequality and the redistribution effect

The personal income tax is one of the most commonly used taxes to alleviate income
inequality. In this subsection, we first report several empirical facts on the distribu-
tions of taxes paid as well as before- and after-tax income. Then, we analyze the
evolution of the redistribution effect of PIT.

Table 7 displays the distribution of tax liabilities and before- and after-tax income
distributions in 2009. The bottom 20% of households earns 6.9% of total income
and pays about 0.3% of total personal income taxes. In contrast, the top 20% of
households earns about 41.7% of total income and pays more than 80% of total taxes.
The 3rd and 4th columns show that the pre- and post-tax income distributions differ
effectively. Specifically, the after-income shares of the first four quantiles are larger
than the corresponding shares of the before-tax income, while the income share of

4See Table 6.
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the 5th quantile decreases after paying taxes. These results provide a simple glance
of the redistribution effect of the PIT system, we then further analyze the evolution
of the redistribution effect in detail.

On the other hand, an increasing number of macroeconomic and public finance
studies have focused on the impacts of public policies on heterogeneous households.
In these papers, for example, Krusell and Smith (1998), Castaneda et al. (2003)
and Bachmann et al. (2013), a dynamic general equilibrium model with heteroge-
neous households is calibrated to match empirical moments regarding distributions
of wealth and earnings in U.S. data. However, a lack of such empirical moments of
Chinese data prevents researchers from conducting similar analysis. So, another con-
tribution of Table 7 is providing the calibration targets that can be used in macroe-
conomic analysis with heterogeneous households.

Table 7: Distribution of tax liabilities
Income (%) Share of PIT paid (%) Pre-tax income share (%) Post-tax income share (%) Average tax rate (%)

Bottom

1 0.0 0.1 0.1 0.2

1-5 0.0 0.9 0.9 0.1

5-10 0.1 2.6 2.7 0.1

Quantiles

1st 0.3 6.9 7.1 0.1

2nd 1.2 11.9 12.2 0.3

3rd 4.2 16.6 17.0 0.7

4th 13.7 23.1 23.3 1.7

5th 80.5 41.7 40.4 4.8

Top

90-95 15.9 10.1 10.0 4.7

95-99 26.2 10.9 10.4 7.1

99-100 21.4 4.9 4.4 11.8

Gini 0.34658 0.33452

The most widely used method to access the income redistribution effect of PIT
is to compute the difference between pre-tax and post-tax Gini coefficients, i.e. the
Musgrave and Thin (1948) (MT) index. However, this method has ignored variations
in tax progressivity across different income intervals and thus cannot access the
redistribution effect for a subgroup of households. A PIT policy change may maintain
the overall tax progressivity by increasing the progression for one group of households
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while decreasing it for another group. Therefore, we may ignore some important
issues without knowing variations in tax progressivity across income intervals. In
this paper, we investigate both global and local measures of the redistribution effect
using our estimated effective income tax functions. Specifically, we provide two
methods to calculate progression at a given point in the income scale as well as the
aggregate indexes of tax progressivity.

The first method comes from the idea that the tax system is progressive if the
average tax rate increases as income rises. In other words, the marginal tax rate is
greater, equal and less than the average tax rate, then the tax system is progressive,
proportional and regressive.5 The following equation can be used to calculated the
local measure of progression:

dt̄(x)

dx
=
t′(x)− t̄(x)

x

where t̄(x) and t′(x) are the average tax rate and marginal tax rate at income
level x, respectively. An aggregate index of progressivity of the tax system can be
defined as:

N∑
i=1

1

N

t′(xi)− t̄(xi)
xi

where N is total number of households in our sample and xi is annual income for
household i.

The above measure uses the derivative of the average tax, t̄(x), with respect to
gross income. We also propose a second method that utilizes the derivative of the
marginal tax t′(x) with respect to gross income, i.e. the second derivative of tax paid
t(x) at income x. The second derivative measures the increment in marginal tax rate
for a marginal increase in income. The larger the increment, the larger the equalizing
effects on the distribution of income. The aggregate index of tax progressivity is
computed as the average of the individually calculated second derivative for each
household:

N∑
i=1

1

N

dt′(x)

dx

5See also Kakwani (1977).
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Table 8: Aggregate tax progressivity∑N
i=1

1
N
t′(xi)−t̄(xy)

xi

∑N
i=1

1
N
dt′(x)
dx

MT index average income (10,000 RMB)
1999 0.0054 0.0166 0.0051 1.83
2000 0.0058 0.0170 0.0065 1.97
2001 0.0062 0.0180 0.0073 2.10
2002 0.0067 0.0178 0.0065 2.21
2003 0.0072 0.0184 0.0081 2.38
2004 0.0079 0.0187 0.0100 2.82
2005 0.0082 0.0184 0.0108 3.13

first reform: Jan 2006
2006 0.0039 0.0118 0.0095 3.54
2007 0.0046 0.0129 0.0125 4.18

second reform: March 2008
2008 0.0040 0.0111 0.0119 4.68
2009 0.0041 0.0109 0.0121 5.28

Table 8 displays the evolutions of our measures of the aggregate redistribution
effect as well as the MT index from 1999 to 2009. All indexes have remained pos-
itive, implying the PIT system reduces income inequality in China. From 1999 to
2005, there was no changes in China’s PIT system, but the measures of tax pro-
gressivity exhibit increases in trend. That is because the increased average personal
income pushed households into higher tax brackets that expanded the overall income
redistribution effect of PIT.

Both measures and the MT index indicate that the 2006 and 2008 PIT reforms
decreased the aggregate tax progressivity. All of the three aggregate indexes have
taken into account the pre-tax income distribution when calculating the overall re-
distribution effect. Since lower income intervals has larger population density than
upper income intervals, the aggregate indexes are shown to be decreased. However,
the graphs of local tax progressivity show that the reforms actually result in a more
equal PIT system. Figure 8 to 9 plot the two local measures of tax progressivity
for each income level. Three findings need to be emphasized. First, the local tax
progressivity exhibits a hump-shaped pattern, which implies that medium income
households bear the highest jump of tax rate. Second, the tax reforms shift the peak
of local tax progressivity toward higher income level reflecting the increase of tax
exemption level. Third, the PIT reforms reduce tax progressivity for lower income
households while increasing tax progressivity for higher income groups. Therefore,
although the tax reforms have reduced global measures of tax progressivity, they de-
liver different changes in income redistribution effects among different income groups.
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Specifically, the tax reforms have reduced the redistribution effect between low and
medium income households and increased the equalizing effect between medium and
high income households.

Figure 8: local tax progressivity: Measure One
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Figure 9: local tax progressivity: Measure Two

5.3 Effective average marginal tax rate

The effective average marginal tax rate is of interest because it is a measure of the
marginal distortion introduced by the PIT system. In this subsection, we calculate
the average marginal tax rate to investigate how the disincentives on economic activ-
ity have been changed during the reforms. We compute the marginal tax rate from
the estimated effective income tax function rather than the statutory tax function.
That is because each source of income is associated with a specific tax schedule, so
the marginal tax rate cannot be calculated using the statutory marginal tax rate for
any single source of income.

Another issue that needs to be addressed is aggregation. Two candidates are
available to calculate the average marginal tax rate: simple average and income
weighted average.

The simple average marginal tax rate is computed as:

SAMT =
N∑
i=1

1

N
t′(xi)
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And the income weighted average marginal income tax is defined as:

WAMT =

∑N
i=1 t

′(xi)xi∑N
i=1 xi

Each of them is preferable under different circumstances. For example, since
every individual has the same time endowment, the simple average is desirable when
considering the disincentives of income tax on labor supply. On the other hand,
the income weighted average has the advantage to access the disincentive effects of
income tax on savings or investment, because high income households save or invest
more. Therefore, we report both types of average marginal tax rate in Table 9. Both
average marginal tax rates exhibited an increasing trend from 1999 to 2005. During
this period, the PIT policy remained unchanged, while personal income grew quickly;
then more people became eligible for higher marginal tax rates. Average marginal
tax rates fell dramatically in 2006 as the tax exemption level doubled at that year.
Moreover, the weighted average marginal tax rate dropped by less in percentage,
which implies that the effective marginal tax rate for high income households was
reduced by less.

Since 2007, average marginal tax rates have continued increasing. The 2008 PIT
reform did not stop the rise of average marginal tax rates but only lower its increment.
That is because the exemption level only increased by a small amount (from 1600
RMB to 2000 RMB) and the personal income growth dominated the tax reducing
effect of the PIT reform.

Table 9: Average marginal tax rate
simple average weighted average

1999 0.0184 0.0294
2000 0.0218 0.0361
2001 0.0248 0.0404
2002 0.0273 0.0409
2003 0.0322 0.0493
2004 0.0408 0.0608
2005 0.0468 0.0688
2006 0.0280 0.0495
2007 0.0372 0.0611
2008 0.0373 0.0643
2009 0.0413 0.0670
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5.4 Revenue elasticities

Piketty and Qian (2009) show that Chinese income tax has been an important source
of government revenue. By 2005, PIT had become the fourth largest source of fiscal
revenue of China. An important question is to explore the marginal relation between
aggregate personal income and fiscal revenue, i.e. the income elasticity of fiscal
revenue. From the perspective of an fiscal authority preparing budgets, the income
elasticity of fiscal revenue would help to calculate revenue forecasts. The estimated
effective income tax function can be used to conduct such analysis. We obtain the
revenue elasticity by the following procedure: we calculate predicted tax revenues
for the actual income distribution and an income distribution obtained from the
actual one by raising all incomes by one percent. The elasticity is computed as the
percentage change of tax revenue.

The second column of Table 10 displays our estimates of the income elasticity of
fiscal revenue. There was a declining trend in the revenue elasticity, however the tax
reforms have driven up the elasticity or slowed down the declining trend. The income
elasticity of fiscal revenue depends on the proportion of households that close to the
margin of higher tax brackets. If most households are close enough to higher tax
brackets, then a marginal increase in income will generate a higher average marginal
tax rate and result in a higher revenue elasticity.

Table 10: Revenue elasticity and MSE
elasticity MSE

1999 2.4828 0.0086
2000 2.2890 0.0099
2001 2.2269 0.0105
2002 2.1328 0.0111
2003 1.9060 0.0130
2004 1.6590 0.0157
2005 1.5004 0.0176
2006 2.1051 0.0137
2007 1.8989 0.0163
2008 1.9392 0.0177
2009 1.9420 0.0190

5.5 Horizontal equity

Horizontal equity refers to that taxpayers with the same income and assets as well
as some additional characteristics should pay the same amount in taxes. In a perfect
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horizontal equity PIT system, there would be no deviations for individual tax paid to
our estimated average tax. Hence, the mean squared error (MSE) of our regression
can be used to measure the dispersion of effective tax rates in the PIT system. It
is important to notice that the MSE is not a strict measure of horizontal equity,
because, except for income, our estimates do not distinguish households by different
characteristics such as occupations, marital status, working or retirement status.
However, as the distribution of households along these dimensions does not change
dramatically every year, variations in the MSE can be used to study the direction of
changes in the horizontal equity of the PIT system.

The last column of Table 10 shows the MSE for each year. There was an increasing
trend from 1999 to 2005. The decline in the MSE from 2005 to 2006 implies that
the horizontal equity was improved by the tax reform. That is because the higher
exemption level pushes a large number of households out of the lowest tax bracket,
such that a large proportion of households is treated equally subjecting to almost
zero taxes. As the increment of tax exemption was small, the 2008 tax reform did
not turnover the trend of MSE but only lower its increment.

6 The 2011 tax reform

In 2011, another PIT reform was implemented in China. The exemption level for
wage & salary and self-employment income was increased from 2,000 RMB to 3,500
RMB per month. In addition, the number of tax brackets for wage & salary was
adjusted from 9 to 7. Table 11 displays the tax brackets for taxable wage and salary
income. From this table we find that, the 2011 reform reduces the tax rate for
monthly taxable income lower than 4500 RMB, while it maintains or increases the
tax rate for taxable income exceeding that level.

Since the 2011 household survey data is not available, we use the 2009 survey
data to simulate the effects of this reform. That is, we use the personal income
data of 2009 and recalculate the amount of tax that should be paid under the new
PIT system. Figure 10 shows that the 2011 tax reform substantially decreases the
effective average tax rates. Table 12 compares fiscal variables before and after the
reform. The 2011 reform leads to a decline in average marginal tax rates by about
60.6 to 69.2 percent and aggregate progressivity indexes by 52.1 to 75.6 percent.
In addition, as in the 2006 and 2008 reforms, the reform in 2011 increases revenue
elasticity and positively affects the horizontal equity.
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Table 11: Tax brackets for wage and salary
Jan. 1994-September 2011

Tax grade Monthly Taxable Income Tax rate (%)
1 RMB ≤ 500 5
2 500 < RMB ≤ 2000 10
3 2000 < RMB ≤ 5000 15
4 5000 < RMB ≤ 20000 20
5 20000 < RMB ≤ 40000 25
6 40000 < RMB ≤ 60000 30
7 60000 < RMB ≤ 80000 35
8 80000 < RMB ≤ 100000 40
9 100000 < RMB 45

after September 2011
Tax grade Monthly Taxable Income Tax rate (%)

1 RMB ≤ 1500 3
2 1500 < RMB ≤ 4500 10
3 4500 < RMB ≤ 9000 20
4 9000 < RMB ≤ 35000 25
5 35000 < RMB ≤ 55000 30
6 55000 < RMB ≤ 80000 35
7 80000 < RMB 45

Table 12: Fiscal variables: Old vs. New tax system
progressivity marginal tax rate∑N

i=1
1
N

t′(xi)−t̄(xi)
xi

∑N
i=1

1
N

dt′(x)
dx MT sp. avg. wt. avg. rev. elast. MSE

Old system 0.0041 0.0109 0.0121 0.0413 0.0670 1.9420 0.0190
New system 0.0010 0.0037 0.0057 0.0127 0.0264 2.4554 0.0118

effects of reform -75.6% -66.1% -52.1% -69.2% -60.6% 26.4% -37.9%
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Figure 10: Effective tax function: Old vs. New tax system

7 Conclusions

In this paper, we provide nonlinear estimates of the effective income tax functions for
China that can be readily used in macroeconomic and public finance work. We have
done so by utilizing a unique and comprehensive Urban Household Survey micro-
level data set from 1999 to 2009. Using the estimated effective tax functions, we
then explore the effects of the PIT reforms in 2006, 2008 and 2011. The main em-
pirical findings are the following. First, the tax policy changes have reduced average
tax rates by lifting the tax exemption level. Second, the tax system exhibits a trend
toward more progressivity due to income growth in China. The tax reforms have
decreased the aggregate indexes of progressivity. However, variations in local pro-
gressivity measures indicate that tax reforms have reduced the redistribution effect
between low and medium income households while enhanced the equalizing effect
between medium and high income households. Third, the PIT policy changes have
lowered the overall disincentive on economic activities introduced by income taxes.
Fourth, the revenue elasticity exhibited a declining trend, while the tax reforms have
driven up the elasticity or slowed down the trend. Finally, the impacts of the 2006
and 2011 tax reforms were beneficial to horizontal equity, but it did not stop the
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effective income tax rates becoming more widely dispersed overtime.
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