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Water-Pollutant Discharge-Fee System in China
Dajun Shen' and Ali Guna*”

ABSTRACT

The market-based pollutant discharge fee has long been argued to
be more cost-effective than command-and-control policies. China
adopted an environmental policy instrument for dealing with its
water pollution in the early 1980s. However, the serious environ-
mental deterioration that unfolded in the following decades cast
doubts on the system’s effectiveness. This article evaluates the wa-
ter-pollutant discharge-fee system in China from the perspective
of its design, top-down implementation, effectiveness, and external
and internal driving forces. It discusses its role in China’s overall
water-pollution control and extends the analysis to provide con-
structive insights into a recent major reform that converted the fees
into environmental taxes.

Keywords: water-pollutant discharge fee, market-based environ-
mental policy instrument, China

Sistema de tarifa de descarga de
contaminantes del agua en China

RESUMEN

Durante mucho tiempo se ha argumentado que la tarifa de descar-
ga de contaminantes basada en el mercado es mas rentable que las
politicas de comando y control. China adopté un instrumento de
politica ambiental para hacer frente a su contaminacion del agua
a principios de los afos ochenta. Sin embargo, el grave deterioro
ambiental que se desarroll6 en las décadas siguientes arroj6 dudas
sobre la efectividad del sistema. Este articulo evalua el sistema de
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tarifas de descarga de contaminantes del agua en China desde la
perspectiva de su diseflo, implementacion de arriba hacia abajo,
efectividad y fuerzas impulsoras externas e internas. Discute su pa-
pel en el control general de la contaminacién del agua en China y
extiende el analisis para proporcionar una visiéon constructiva de
una reforma importante reciente que convirtio los aranceles en im-
puestos ambientales.

Palabras clave: tarifa de descarga de contaminantes del agua, ins-
trumento de politica ambiental basado en el mercado, China
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Introduction

water-pollutant ~ discharge-fee
Asystem is defined as a basic en-
vironmental management pol-
icy and economic instrument to con-
trol water pollution and environment
deterioration. As a comprehensive and

independent system, it originated from
industrially developed countries and is

considered as a national measure of
charging organizations or individu-
als who discharge pollutants into wa-
ter bodies (Bai and Qu 2009). The
water-pollutant discharge-fee system
could stimulate and facilitate pollution
control, and the polluters are obliged to
take social responsibility for contami-
nating water bodies and environment.
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The contamination fee is charged based
on two major principles: one is based
on environment quality, which entails
that discharging pollutants into water
bodies would be charged for a pollution
discharge fee; the other is based on an
environmental standard, which entails
that water pollutants exceeding the na-
tional standard would be charged by
the quantity and concentration of con-
taminants (Lv 2009).

Water-pollutant ~ discharge-fee
system was introduced in the 1980s in
China, by which the government and
administrative departments charged
for external environmental loss by
translating the loss into internal costs
for the pollutant discharger (Xu and
Ni 2004). The development of wa-
ter-pollutant discharge-fee system is
a landmark in environmental law sys-
tems and has become one of the most
significant elements contributing to
environmental protection in China.
The system developed during the vast
expansion of environmental protec-
tion on institutions, laws, and policies
in the first decade after implementing
the policy in the 1980s (Xiang and
Wang 2003), at which time the dra-
matic degradation of environmental
quality aroused governmental and
public concerns. Thus, China turned
to economic incentives to address the
environmental problems and achieve
equity, fairness, and efficiency. Tech-
nically, China developed a series of
management systems to deal with en-
vironmental pollution, among which
the discharge-fee system was the ear-
liest and most important one. The
water-pollutant discharge-fee system

was set up within the discharge-fee
system, thereby aiming to regulate
pollution behavior and the relation-
ship between polluters and other so-
cial parties, stimulate enterprises and
polluters to take their responsibilities,
reduce and control the amount of to-
tal waste, quantify the environmen-
tal cost, and maximize social welfare
(Zhang 2008).

Research on the water-pollutant
discharge-fee system in China has been
pursued only sporadically. Because the
system is defined within the broad-
er discharge-fee system, most studies
focus on analyzing the whole system
and the emission trade, rather than the
water-pollutant discharge-fee system
specifically. The legal framework of wa-
ter-pollution control is designed based
on a watershed-control zone and pol-
lution-control unit to promote firms’
pollution reduction (Ma, Wang, and
Wang 2013; Wu, Xu, and Ma 2015). But
the system’s implementation in China’s
provinces is disconnected due to hy-
drological conditions and regional ad-
ministrative regulations. The political
mechanism determines the central gov-
ernment’s implementation of the sys-
tem to the county level. Although the
environmental reform intensity varies
across space and time, the decentralized
environmental targets are poor to fulfill
due to economic growth is overriding
(Ge and Wang 2001; Zhou and Chen
2008). In addition, simple emission-re-
duction targets with career-promotion
opportunities for local governors has
appeared too aggressive to examine
detailed problems during the fee sys-
tem’s enforcement (Genia and William
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2012). Thus, the gap in the top-bottom
enforcement approach and the mech-
anisms disconnection provide more
space and flexibility for local officials
to geographically transfer pollution
(Kahn, Li, and Zhao 2015). The exist-
ing empirical evidences focus primarily
on the correlation between economic
growth and industrial pollution (Gao,
Su, and Yang 2014; Li 2015; Wang, Wu,
and Yan 2008), and on finding a tech-
nical solution for the water-pollutant
discharge (Hammer 1996), so that the
discussion of the water-pollution dis-
charge-fee system has limited to pollut-
ants theoretical analysis (Liu 2009). In-
depth systematic and comprehensive
studies combining the characteristics
of water-resource utility are insufficient
and unable to provide strong support
for decision making.

1. Design of the Water-Pollutant
Discharge-Fee System

uring Chinas transformation
D to a market-oriented economic

structure, the country’s envi-
ronmental deterioration cast a shadow
on its unprecedented economic growth.
The environmental externality was paid
by the environment and the public that
was exposed to the pollution, rather
than by polluters. Water pollution is-
sues became highly sensitive for the
conventional water-utilization mode in
the early developing stage. Increasing
contaminated water and the conflict be-
tween water supply and demand stimu-
lated the government towards water-re-
source sustainability.

1.1. Development of the Water-
Pollutant Discharge-Fee System

The water-pollutant discharge-fee sys-
tem in China was designed as an in-
dispensable component of the broader
discharge-fee system and enforced in
1982. It was approved as an indepen-
dent section in the Temporary Regula-
tion of Pollutant Discharge Fee, which
aimed to balance the water-resource
shortage and the environmental costs
by using price lever. The issue of wa-
ter-resource protection and sewage
discharge was first officially men-
tioned in the Environment Protection
Report of 1978. In accordance with the
polluter pays principle (PPP), the re-
port stressed that polluters should pay
for pollutants in the wastewater they
discharged. In 1979, water-pollutant
discharge fee was written in the En-
vironmental Protection Conditional
Law, which stated that pollutants ex-
ceeding the national standard should
be charged. The water-pollutant dis-
charge-fee collection was systematical-
ly redefined in the Temporary Regula-
tion of Pollutant Discharge Fee of 1982,
including revisions of its purpose,
objects, charging standard, and man-
agement method, based on two years
of pilot implementation and contam-
ination facts. It was applied through
the top-bottom political mechanism
at the central, provincial, prefectural,
and county levels. The approval of the
temporary regulation provided legal
support for the fee collection of wa-
ter-pollutant discharge.

Then the approval of the water
pollution prevention law in 1984 was an
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important step. It was the first indepen-
dent law defining water pollution from
different perspectives and strengthen-
ing its strategic meaning and impact.
Subsequently, the rules for water-fee
collection were adjusted in the envi-
ronment protection law in 1989 from
simply charging for the total amount
to a standard-exceeding charge based
on pollutant quantity and concen-
tration. Moreover, the standard was
broadened by expanding the pollut-
ant types. During the 1992 nationwide
shift in economic structure, an increas-
ing amount of enterprises contributed
substantially not only to gross domes-
tic product (GDP) growth, but also
to environmental pollution. In 1993,
the Inform of Fee Collection on Waste-
water Discharge was adopted and the
work on water-pollution reduction was
strengthened under the pressure of wa-
ter-quality deterioration. In 1996, the
Integrated Water Pollutant Discharge
Standard was approved to enhance and
normalize the fee-collection work.

In 2003, the pollutant dis-
charge-fee system was systematical-
ly revised and the Pollutant Discharge
Fee Collection and Management Regu-
lation was promulgated together with
the pollutant discharge-fee-standard
calculation method as supporting doc-
uments. It was regarded as a compre-
hensive reform, clearly stating that the
water-pollutant fee should be calculat-
ed and charged based on the equivalent
of pollutant concentration and quanti-
ty in relation to the national pollutant
standard. Furthermore, the areas cov-
ered by the system’s policy were en-

larged from inland water bodies to sea
and ocean areas through the approval
of the Ocean Environment Protection
Law in the same year. This revision
and extension were marked as a break-
through in the pollutant discharge-fee
system.

For the further promotion of
structural change on economic devel-
opment, the National Development
and Reform Commission (NDRC), the
Ministry of Finance, and the Ministry
of Environmental Protection (MEP)
jointly promulgated the Adjustment
of Pollutant Discharge Fee Collection
with Related Issues and the Pollutant
Discharge Fee Usage Management Ap-
proach in 2014. The water-pollutant dis-
charge-fee standard was declared more
stringent than ever on national level.
These laws and regulations formed the
legal framework for the water-pollutant
discharge-fee system in China. With the
deepening reform of the market-orient-
ed economy, changes appeared within
the system to meet the actual needs. The
system’s evolution, as presented in Table
1, developed in accordance with social
and industrial progress, which can be
demonstrated by the change of the fee
amount, as discussed in Section 3.

1.2. Framework of Water-
Pollutant Discharge System

1.2.1. The Fee Standard

The fee-collection standard was en-
forced in 1982, by which a water-pol-
lutant discharge-fee was collected based
on enterprises standard-exceeding
concentration of pollutants. The orig-



China Policy Journal

Table 1. Development of the Water-Pollutant Discharge-Fee System in China

Year Laws and Regulations Features
1978 Environment Protection Report The practice of Polluters Pays Principals
in China
1979 Environmental Protection Standard exceeding charge based on
Conditional Law concentration & quantity
1982 Temporary Regulation of Pollutant Provide legal support for fee collection of
Discharge Fee water pollutant discharge
1984 Water Pollution Prevention Law First independent law in terms of water
pollution control
1989 Environment Protection Law Pollution charge method revise and
(adjusted) pollutant spices enlarged
1993 The Inform of Fee Collection on Water-pollution reduction work was
Wastewater Discharge strengthened
1996 Integrated Water Pollutant Enhance and normalize the wastewater
Discharge Standard fee collection work
2003 Pollutant Discharge Fee Collection System reform
and Management Regulation
2003 Ocean Environment Protection Law System coverage area was enlarged from
inland water to sea water
2014 The Adjustment of Pollutant System adjustment according to actual
Discharge Fee Collection with need
Related Issues & Pollutant
Discharge Fee Usage Management
Approach

inal water-pollutant discharge-fee sys-
tem did not reflect the principle that a
homogenous amount of contaminants
was charged equally: it only charged for
the highest contaminant amount, which
failed to meet the standard when the
firm discharged more than one kind of

pollutants in its wastewater. The fee per
ton was formulated differently for each
pollutant. The pollution-fee charge was
defined only in the standard-exceeding
amount, which in essence entailed that
any pollutant discharge lying within the
range of the national standard had been
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legally permitted. And, the penalty fare
was doubled for behaviors that went be-
yond the temporary regulation.

The water-pollutant discharge-
fee system practiced a serious attempt
to address pollution problems through
an empirical application suiting the
boost of firms, thus the fee standard
was revised in 2003. This reform was a
rational innovation. The fee-collection
principle was changed from one based
on excessive charge to one based on the
discharged equivalent of water-pollut-
ant. Once a pollutant was discharged
into a water body, a pollution fee was
charged, instead of restricting the dis-
charge to a standard. The fee standard
was set at 0.7 RMB per pollutant equiv-
alent and the penalty fare was doubled
for pollutants that failed to meet the
standard. Moreover, enterprises that
suffered economic loss could apply for
half to full pollution-fee exemption.

Current water-pollutant-fee stan-
dard is defined according to the 2014
Adjustment of Pollutant Discharge Fee
Collection and Related Issue. It declared
an increase in the water-pollutant dis-
charge-fee standard from 0.7 RMB to
1.4 RMB per equivalent. Within each
discharging point, toxic pollutants and
heavy metals should be added to the
calculation. Other pollutants need to be
sorted according to their concentration
from the highest to the lowest, whereby
the total fee charge should include no
more than three types of pollutants. In
addition, local governments are allowed
to adjust the fee standard according to
regional conditions. For pollution-con-
trol areas, heavily polluted areas, and

economically powerful areas, standards
are allowed to be set higher than the na-
tional level. The fee level dropped from
1982 to 2003 and doubled in 2014. As
the half-full pollution-fee exemption
is banned in the adjustment of 2014,
the water-pollutant discharge fee nota-
bly increased and sped up the external
environmental cost, as well as the cost
within the fee system. The obstinate
concept of “if you pay more you can
discharge more” should be precluded.
The 11™ five-year plan set the target at
“reducing 10% of the total pollutants,’
thus making it necessary to monitor
enterprises to limit the total pollutant
discharge amount. A critical penalty on
standard-exceeding discharge would
assure the system’s operation and wa-
ter-resource sustainability, theoretical-
ly limiting wastewater discharge to the
largest extent.

1.2.2. The Fee Structure

The evolution of the water-pollutant
discharge-fee system is also reflected in
the fee structure. In 1974, wastewater
was defined partially by an industri-
al waste-discharge standard. In 1982,
the temporary regulation claimed that
those discharging more than two pol-
lutant types in wastewater should be
charged by the highest one. The sin-
gle-factor charge principle based on
a standard-exceeding amount deter-
mined the water-pollution discharge
fee. Enterprises from different areas
adopted the same wastewater-discharge
standard, though certain factors such
as difference in economic development
level, pollution transfer (even with-
in same river-basin area), and water-
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resource capacity and function were
taken into account but would lead to
different results. Any production plant’s
marginal cost of pollution control
monotonically decreased the function
of the pollution-emission quantity, so
that the larger the pollution emission,
the lower the marginal cost (Hou 2008).

According to the 2003 regula-
tion, different levels of the water-pol-
lutant discharge fee were defined as
pollutant discharge fee plus pollutant
standard-exceeding charge. The pollut-
ant discharge fee was reformed to cover
both the standard-meeting and stan-
dard-exceeding parts. The latter was
doubled for excessive pollutant concen-
tration. Until 2014, the block-rate pol-
lutant structural change was designed
for different situations (Xu 2014). The
revision of the fee structure was partial-
ly tested in certain provinces and cities.
The block-rate pollutant charge was
first conducted in Tianjin. The pollut-
ant fee increased to 7.5 RMB on COD
and 9.5 RMB on ammonium and ni-
trogen: a tenfold increase compared to
the previous standard. Which indicated
that the smaller the amount of waste-
water, the lower the fee. A differential
charge standard was set in Tianjin in
the Inform of Block-Rate Based Pol-
lutant Discharge Fee Standard Adjust-
ment, which regulated that pollutant
discharge concentrations of 90%-100%
should be charged according to a gener-
al standard, wastewater concentrations
of 80%-90% should be charged by mul-
tiplying the discharge amount by 90%,
concentrations of 70%-80% should
multiply the fee by 80%, concentrations
of 60%-70% should multiply the fee by

70%, and concentrations of 50%-60%
should multiply the fee by 60%, while
concentrations under 50% should be
charged less than 50%. The different
stages fit for different wastewater-dis-
charging scales on firms  production
abilities, which was quickly imitated
and spread to other industrially devel-
oped provinces.

The other fee-structure improve-
ment was conducted in ShanXi prov-
ince, where the wastewater discharge
fee increased to 1.4 RMB per pollutant
equivalent. In addition, pollution con-
centration exceeded the national and
provincial limits, or amounts exceed-
ing the aggregate value would be dou-
ble charged. If both of the conditions
had been met, the fee would be tripled.
Furthermore, the water-pollutant dis-
charge-fee structure was set up based
on different industries. Fees for the pet-
rochemical, packaging, and printing in-
dustries were increased to 1.8 RMB per
pollutant equivalent. The water-pollut-
ant fee was graded by charging for ev-
ery 10% for concentration percentages
from 50% to 100%, while still halved for
water-pollutant concentrations below
50%. Provinces with similar econom-
ic structures implemented this type of
block-charge policy with adjustments
concerning their regional natural re-
source capacity and developing mode.

The pollutant standard-exceed-
ing charge is calculated for the follow-
ing situations: the pollutant category is
restricted by national regulations and
regional laws, the total amount of water
pollutant exceeds the upper limits, and
the production equipment or the prod-
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ucts are listed in the 2011 Industrial
Structure Adjustment Guide. If the pol-
lutant’s discharge behavior falls under
one of these situations, the penalty fee is
charged once; while if it falls under two
situations, the penalty is doubled; or
meets all situations, the penalty go up
to thrice. Moreover, to strengthen wa-
ter-pollution control, the penalty fare is
defined in terms 73 and 74 of the water
pollution prevention law (2008): the ir-
regular use of wastewater-treatment fa-
cilities and the demolition and idling of
pollutant-treatment equipment should
be charged by the upper level of the ex-
ecutive authority with a penalty fare of
one to three times the water-pollutant
discharge fee, while the national or re-
gional standard-exceeding discharge
over the total quantity-control indica-
tors are charged with a fare of two to
five times the discharge fee.

The flexible fee structure not
only affects the industrial structure,
but also guides the spacial distribution
of enterprises avoiding environmental
sensitive areas and gives preference to
water-resource abundant and low de-
velopment-difficulty areas, which has
turther practical implications from the
perspective of development and man-
agement.

1.2.3. Pollutant Factors

With industrial development, the wa-
ter-pollutant discharge-fee system was
broadened by expanding the range of
pollutant factors. The Temporary Regu-
lation of Pollutant Discharge Fee set the
standard for wastewater, waste gasses
and solids, among which 20 types of

water pollutants are clearly defined. In
1991, the list was extended to 29 types
due to an increase in known facts about
pollution. With further promotion of
the water-pollutant discharge-fee sys-
tem till 1993, the water-pollution fee
was deepened from the content and the
range. In 2003, the pollutant types were
redefined and extended to 65, cover-
ing most of the water contaminants, of
which 36 types were newly added, in-
cluding heavy metals, radioactive ma-
terials, biochemical pollutants, etc. The
fee standard changed from being sin-
gle-factor dominant to being multi-fac-
tor based.

1.2.4. The Fee Collection Range

Environmental deterioration had been
exacerbated since the 10™ five-year
plan, for prioritized achieving econom-
ic growth. Increasing transferrable or il-
legal point-source and nonpoint-source
pollution resulted in compromised san-
itation condition. In 1982, the fee sys-
tem was limited to private and collec-
tive firms and units. However, supply-
driven and conventional exploitation
stretched the gap between water de-
mand and the supply. It deviated from
the original objective to control all
wastewater discharged into water bod-
ies, to cover and regulate any newly
added pollution source within the sys-
tem. Thus, the pollution fee was rede-
fined in the Pollutant Discharge Fee Col-
lection and Management Regulation of
2003, which was extended to include to
all polluters, including plants, units, in-
dividuals from the industrial field, and
commercial householders.
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1.2.5. Calculation Method

The calculation method was reformed
from being based on pollution con-
centration and quantity to being pol-
lution-equivalent based in a more sys-
tematic and rational way. In 1982, the
water-pollutant discharge fee was calcu-
lated by the pollutant-exceeding quanti-
ty, which was specific coefficient times
the highest exceeding tons. In 2003, the
pollution fee was calculated by the pol-
lutant equivalent instead of the pollutant
quantity, equaling 0.7 RMB times the
largest three pollutant equivalents (the
pollutant equivalent is the water-pollut-
ant amount divided by the specific pol-
lutant’s equivalent value) plus the dou-
bled penalty fare. The 2014 adjustment
increased the equation coefficient from
0.7 RMB to 1.4 RMB and then intro-
duced the block-rate charge. The fee cal-
culated from the equation would times
the degree it belongs to. Though the re-
formed calculation method accounting
for regional economic level, characteris-
tics of local industrial pollution, even the
environmental cost, it was still far from
stimulating emission reduction. Then as
balancing inflation, regional standards
required to set the fee at 2.46 RMB per
pollutant equivalent, based on the con-
sumer price index (Wang et al. 2014).

2. Implementation
and Related Issues

2.1. Process Underlying the Water-
Pollutant Discharge-Fee System

ver three decades of imple-
mentation, the water-pollut-
ant discharge fee was enlarged

from being collected centrally to being
collected at the county level. This was
implemented through institutional rou-
tines and developed in accordance with
different phenomena, such as the tran-
sition from a standard-fee charge to a
multiple-factors combined charge and
more stringent regional standards than
the unified regulation. Every step of the
policy improvement formed an attempt
to motivate enterprises and polluters
to reduce pollution. The fee-collection
process conducted through an apply-
verify mechanism: the water-pollut-
ant discharge unit applies for the total
amount of discharged wastewater first,
and then the environmental protection
agencies verifed the quantity, thereby
considering the plant’s actual produc-
tion scale and basing their calculation
on the material balance principle. Only
if the water-pollutant discharge got
permitted can polluters discharge the
wastewater legally. After the contam-
inating behavior, polluters would be
charged the water-pollutant discharge
fee. The organizational process of ap-
ply—-verify policy is comparatively com-
plex and several problems and failures
appeared during its limited implemen-
tation. Currently, the system has been
incorporated into the pollutant emis-
sion-permit system.

2.2. Problems in System
Implementation

2.2.1. Low Charging Standard and
Weak Enforcement

Water-pollutant discharge-fee system
has been adopted as an economic-in-
centive approach to controlling pol-
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lution in a cost-effective way, there
is widespread debate on whether the
economic-incentive approach is more
suitable than a command-and-control
policy in developing countries (Barde
1994; Blackman and Harrington 2000;
Panaiotov 1994; Motta, Huber, and
Ruitenbeek 1999; Wolverton and West
2005). The advantages and disadvan-
tages of such an approach have been
analyzed in various situations. Bell and
Russel (2002) indicate that developing
countries do not possess the conditions
for the implementation of market-based
strategies. While constructive efforts
are made to practice the fee system in
China to control water pollution, even
its stimulating effects are not that obvi-
ous and there exists deviation from the
policy’s main purpose. Especially, the
fee design impedes enterprises from re-
ducing emissions: theoretically, the op-
timal charge level should be set at the
point at which the marginal control cost
equals the average marginal loss. If the
pollutant-fee standard is higher than
enterprises’ cost on pollutant reduc-
tion, the profit would drive enterprises
to pursue technological innovation and
device upgrades for emission reduc-
tion, or simply to choose to pay for pol-
lutant emission rather than investing in
pollution control, so that the incentives
of the water-pollutant discharge-fee
system would ultimately become inef-
fective. As difficult to define each pol-
lutant’s marginal loss, the average cost
on pollutant control has been adopted
under technical assistance from World
Bank’s research of The Design and Im-
plementation of Pollution Discharge
Fee in China in 1994, instead of calcu-
lating pollutants’ marginal treatment

11

fee. Consequently, the cost of illegal
discharge is lower than that of abiding
by the law, which leads to the strange
phenomenon of active contaminating
payment versus passive improvement
measures on pollution reduction.

2.2.2. Low Efficiency

The process of collecting the pollutant
discharge-fee met great resistance in its
initial steps and significant percentag-
es of enterprises eager to obtain higher
profits consequently ignored environ-
mental pollution, with some even re-
fusing to pay the pollution fee, though
investing in the visible short-term
benefit program. Local environmental
protection bureaus are understaffed,
underequipped, and underpaid, there-
by generating a poor system-imple-
mentation condition. The implemen-
tation of bank transfers appeared as a
milestone in normalizing the pollution
discharge-fee collection. As disputes
between dischargers and executors
mostly occur in the disconnection and
noncompliance operation of the apply—
verify procedure, false and concealed
reports, lax law enforcement, and ne-
gotiated charges are common. Addi-
tionally, regulators set a single fee that
was applied to all plants, with no regard
for different levels of environmental
tolerance or the demand of the region-
al-development function. In principle,
the system not only lacks flexibility but
also obstructs polluters’ adoption of
abatement technologies. Furthermore,
technical support is rarely mentioned
and grossly limited in the system’s im-
plementation. Disconnections within
the water-pollutant discharge-fee sys-
tem, including discharger registration,
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establishment of a pollution informa-
tion-management system, pollutant
measurement, pollution-loads calcula-
tion, monitor-receiving water bodies,
and so forth directly lower the regional
environmental authorities’ efficiency
and weaken the system’s influence and
power.

2.2.3. Revenue Issue

The water-pollutant discharge-fee sys-
tem generates revenue and should be
earmarked for environmental expen-
ditures rather than for departmental
expenditures. The water-pollution dis-
charge fee is collected by local environ-
mental authorities. The 2003 pollution
discharge-fee-management regulation
stipulates that it is to be used as a specific
environmental protection fund, cover-
ing the major pollution-source-control
program, the regional pollution-pre-
vention program, the new technol-
ogy-application program, and other
pollution-control programs. In theory,
local environmental protection bu-
reaus only act as fee-collection units, of
which the management fee should not
be included in the pollution-discharge
fee, though departments’ management
funding is in fact heavily reliant on the
pollution-discharge fee. The connec-
tion between revenue and expenditure
reflects the contradiction in the design
of the fee system’s mechanism. In this
collection mode and in view of depart-
mental interests, it is not strange that
local environmental-protection depart-
ments are unwilling to control pollu-
tion for the purpose of obtaining more
revenue. Therefore, the actual amount
of the water-pollutant discharge fee is
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embezzled and detained for other pur-
poses. A fairly large amount of the pol-
lutant fee falls outside of supervision,
as the financial department is unable
to acquire accurate information on the
fee situation, which directly slows down
the fee system’s development and low-
ers the efficiency of pollutant control.

3. Effectiveness of the Water-
Pollutant Discharge-Fee System

3.1. System Performance

istorically, the pollution dis-
Hcharge—fee program has been
applied in both developed and
developing countries worldwide. This
market-based strategy achieved results
on air, water, and solids pollution con-
trol in different degrees. In France and
the Netherlands, the effluent charge is
designed to raise revenue for water-pol-
lution-control  funding, ultimately
achieving improvements in water qual-
ity (Tietenberg 1990). Wastewater dis-
chargers in Germany are regulated to
meet the minimum pollutant standard
and pay for half of the standard-exceed-
ing amount, while the related effluent
charge is calculated per pollution unit
and increased to control water pol-
lution in the short term (Zhang and
Xiong 2012). The practice in Europe-
an countries explored and developed
an independent and mature pollu-
tion-management approach involving a
legal framework, a political mechanism,
organization corporation, revenue su-
pervision (Xiao 2003; Zhou 2006),
which achieved significant results in
water-pollution reduction. The mar-
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ket-based instrument is an incentive by
which to correct environmental exter-
nality and its implementation needs to
be combined with related policies. The
diversity of water resources in America
determined the different states’ water
policies. Empirical study support that
water-pollution regulations had signifi-
cant effects on firms’ production in wa-
ter-polluting industries (Chakraborti
2016; Chakraborti and McConnell 2012;
Rassier and Earnhart 2015; Shimshack
and Ward 2008). The water policy and
water quality mutually influence each
other and a reverse effect has been ob-
served in that the decline of water qual-
ity stimulates the stringency of the per-
mitted discharge level, leading plants
to consequently reduce their pollution
emissions (Chakraborti 2016). Signif-
icant results in water-pollution con-
trol were achieved in developed coun-
tries that rely on well-defined property
rights. The comments summarized that
using market instruments and prices as
the primary instruments to control pol-
lution in developing countries is frag-
mented, due to the fact that the range
of political, institutional, and adminis-
trative rules, practices, and processes
is powerless in handling market-based
strategies. In India, water governance is
a challenge at almost all scales, whereby
the states’ limited power not only weak-
ens their capacity to solve transbound-
ary water issues but also makes them
powerless in the field of domestic water
use and pollution (Chokkakula 2012).
Evidence in Malaysia suggests the fi-
nancial condition limits the investment
in technical-abatement measures for
water-pollution control in the sewage
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system, and that the lack of coopera-
tion between governments and plants
impedes water-quality improvement
(Muyibi, Ambali, and Eissa 2008).

Water and its derivative func-
tions serve economic users, so that
adopting a market instrument by which
to guide water allocation and pollution
issues is theoretically considered as a
cost-effective approach. Therefore, the
market paradigm was introduced and
promoted in developed and transition-
ing countries, including China. To as-
sess the market’s power on water gover-
nance in China, several questions have
been addressed: How successful is the
water-pollutant discharge-fee system
in controlling water pollution? Which
factors are responsible for its success?
With regard to the first question, in-
creasing empirical evidence demon-
strates that the combination of the fee
system and water-pollution regulations
reduces pollution-intensive activity
(Chen et al. 2018; Yuan, Jiang, and Bi
2010). Additionally, the collection of
water-pollution discharge fees directly
revealed the system’s degree of enforce-
ment, which could be one of the main
factors by which to assess its effective-
ness. The national grand total pollu-
tion-fee amount from 1992 to 2014 is
237.59 billion RMB. The adjustment of
the fee system in 2003 can be seen as
a turning point: the growth rate of the
pollutant discharge fee was below 10%
until 2003, after which it doubled to
reach its first peak at 17.68 billion RMB
in 2008. It subsequently fluctuated due
to the decreasing number of enterpris-
es during the financial crisis. The total
of the discharge-fee collection corre-
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Figure 1. Total pollutant discharge-fee collection in China
(Source: China Statistical Year Book)

sponds to the country’s economic de-
velopment and transition in industrial
structure. With gradual economic re-
covery, the revenue increased to reach
another peak at 20.48 billion RMB in
2013 (Figure 1).

Data on the water-pollutant dis-
charge fee collected within the total
pollution fee reveals more information
(Figure 2). Before 2003, the water-pol-
lutant discharge-fee revenue increased
at a stable rate, as it is collected under
the single-factor charging principle and
not many types of pollutants are defined
in the standard. The promulgation of
the 2003 regulation completely altered
the collection and the revenues from
the fee increased to three times higher
than ever before, reaching their peak
in 2007. Economic factors can lead en-
terprises’ productivity to drop, as well
as the wastewater-discharge amount
and the fee. In general, the water-pol-
lutant-discharge revenue is doubled
after the pollutant’s equivalent charge,
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but with more exposed the revenue is-
sues. As shown, the water-pollutant
fee accounted for over 50% of the total
pollutant-discharge fee. Theoretically,
the actual water-pollutant fee amount
should lie far from the total pollution
fee amount. However, neither the wa-
ter-pollutant discharge fee nor the total
pollution fee was fully collected. Regu-
lations do help to promote fee collec-
tion, but implementation without su-
pervision contributes to the fee breach
and absence of revenue management.

3.2. Assessment on Pollution Control

The results of the water-pollutant dis-
charge-fee system are demonstrated
by pollution control. Before the system
was implemented, the wastewater-dis-
charge amount increased rapidly with-
out charge. The situation was curbed
and further deterioration was avoided
since with promulgation of the tem-
porary regulation. Subsequently, the
wastewater discharge surged in line
with the boost in economic growth,
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Figure 2. Water-pollutant discharge-fee collection in China
(Source: China Statistical Year Book)

increasing from 1988 to 1994. The pol-
lution amount was jumped from 1995
to 2001. Apparently, the approval of the
2003 regulation retarded the increasing
rate of pollution, after which the total
amount of water pollutant continued
to grow, but comparatively more gen-
tly from 2006 to 2013, when the rate
dropped from 8.7% to 2.3%. During
the 10 years of rapid industrial devel-
opment, the total wastewater discharge
was not doubled but did maintain an
increasing rate (Figure 3).

Pollutants such as COD and
ammoniacal nitrogen within wastewa-
ter can explain water quality in detail
(Figure 4). The fee system operated ef-
fectively since its reform. With slight
fluctuations, the amount of COD was
stable in 2008, at 13.2 million tons, after
which it increased sharply from 2011
to 2014 to almost double than ever be-
fore. While the amounts of ammonium
and nitrogen appeared quite stable un-
til 2010, they doubled in 2011 at 2.604
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million tons and then decreased in the
following three years to 2.385 million
tons. The concentrations of ammonium
and nitrogen were more clearly con-
trolled than the COD concentration
during the period of rapid economic
growth. Though the water quality can-
not be fully determined by the levels of
COD, ammonium, and nitrogen, the
fee system’s stimulation of pollutant re-
duction still contributes to the gradual
improvement of water quality, though
not as obviously as expected.

Water quality is also assessed
from a macro perspective in seven ma-
jor river basins nationwide (Figure 5).
The percentage of surface water with
good quality and less contamination
(levels I-III) sharply declined in 2001.
The amount of healthy river bodies al-
most equals that of contaminated rivers.
The fact that the amount of healthy and
unhealthy rivers increased at the same
speed illustrates that the effect of the fee
program was insufficiently effective in
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Figure 3. Wastewater discharge in China
(Source: China Statistical Year Book)

Figure 4. COD and ammoniacal nitrogen discharges in China
(Source: China Statistical Year Book)

controlling pollution before the policy
reform. The most contaminated rivers
boost to occupy a large amount of all
seven river systems at that time, but they
were identified and their water quality
was largely improved since 2003. The
number of rivers with good water quali-
ty experienced sharp increases twice be-
fore 2014, during which time the rivers
with the worst water quality (levels IV-
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V) were controlled to achieve a decrease
in contamination. The amount of river
waters with the lowest quality levels still
amounts to 30% of all river waters.

Pollution control has been as-
sessed through water quality at both
the micro and macro scales, and can
also be interpreted from the perspective
of industry structure. Within the rigid
demand of economic development, the



Water-Pollutant Discharge-Fee System in China

Figure 5. Surface water quality.
(Sources: China Statistical Year Book, China Environmental Statistical Bulletin)

discharges of COD and ammoniacal ni-
trogen in industrial wastewater dropped
by 48.8% and 36.1%, respectively, with
a particularly strong decline after the
11" five-year plan. Additionally, the
reuse rate of industrial water gradu-
ally increased. The average pollutant
concentration in industrial wastewater
continues to decline in accordance with
the changing macro-pollution situa-
tion. The average COD concentration
in industrial wastewater also appeared
to decline (MEP 2015), though its lev-
els are still far from those required by
the water-environment function. More
generally, the water quality in most ar-
eas does not meet the aquatic-environ-
ment standard. The water-pollutant dis-
charge-fee system adopts an integrated
approach and is emphasized through-
out policies and legislation, planning
and management, wastewater quantity
and concentration, surface and un-
derground water quality, and so forth.
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However, the pollution facts interpret-
ed above illustrate the limitation in the
implementation of the fee system, and
the disconnections of range links with-
in the system impede its efficiency. No
direct evidence indicates improvements
of integrated wastewater management.

4. Driving Forces of the Water-
Pollutant Discharge-Fee System

ith regard to the second

question, several factors rel-

evant to the fee system re-
quire examination throughout the im-
plementation environment. From the
analysis above, the results obtained in
the evaluation of the fee system show
its deficiencies from a multi-scale per-
spective. For instance, regarding the
management of the water-pollutant fee,
polluters’ behavioral regulation and ad-
ministrative support are not fully real-
ized. Regarding factors affected by the
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effective enforcement of the system, it
is essential to identify the strengths and
weaknesses of the process. Though the
water-pollutant discharge-fee system in
China underwent reform and adjust-
ment, several thorny issues appeared
within the application process, such
as differences in the total fee amount,
which consequently led to the deriva-
tion of the policy goal. Each element
is implemented based on the legal, ad-
ministrative, socioeconomic, and polit-
ical circumstances. As a linking proce-
dure, the policy’s implementation relies
on executors to realize the policy target
through explaining, propagating, test-
ing, conducting, and supervising. Inte-
grated management of water resources
is required to enhance the system.

4.1. External Factors
4.1.1. Social Factors

The water-pollutant discharge-fee sys-
tem is implemented to correct the mar-
ket failure and guide water use and
allocation. The main objective of the
water-pollutant discharge-fee system is
to protect water resources’ capacity and
productivity. Society provides the plat-
form for the system’s implementation.
System-policy enforcement refers to
the two main parties: the policy exec-
utor who represents the government’s
behavior (Yang and Wang 2013) and
the water-pollutant dischargers, which
include individuals, units, and plants.
Most of the system’s procedures are
highly reliant on governmental offi-
cers. The water-pollutant fee-collection
work is not only limited by understaff-
ing, but also by the noncompliance
operations and related individual be-
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haviors of local officials. Therefore,
different extent of pollutant-fee arrears
such as pollutant-fee negotiation and
relationship-fee collection, less pay-
ment are quite common. The nation-
al average fee-collection rate is only
50% and government interference is
also detected in the policy-enforce-
ment process. Local protection greatly
contributes to increasing the pollution
intensity (Jiang, Lin, and Lin 2014).
Administrative interference under re-
gional protection can be expected to
generate more space and uncertainty
in the policy’s implementation, which
is likely to lead to rent-seeking behav-
ior within the system’s operation. Re-
versely, pollution behavior also affects
the system’s efficiency and proper im-
plementation. False consciousness of
pollution and the idea of emission as
“more payment, more discharge” are
formed within the discharger group
by the confused relationship between
the system-enforcement authorities
and dischargers’ noncompliance op-
erations. Certain phenomena such as
false or concealed reports in pollut-
ant-amount applications are sure to
impact the collection of the full pollu-
tion-discharge fee amount. Simultane-
ously, the pursuit of economic growth,
which was local governments’ most
important target and assessment index,
significantly impeded the system’s im-
plementation.

Whether firms and plants ac-
tively pay for their pollution discharge
is determined by their net profit. The
implementation of the fee system may
alter enterprises’ production activities
(Wu 2015) and increases production
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costs, which subsequently reduces prof-
it. Firms would choose the cheapest
way to solve the pollution issue: either
by discharging or adopting advanced
technology. The fee system regulates the
relationship between enterprises and
the environment in order to offset the
cost. Correspondingly, the decline in
recorded dischargers since the system’s
reform in 2003 proves the stringency of
the regulations and related standards.
The declining number of enterprises
versus the increasing wastewater-fee
amount in the following decade implies
an increase in the fee amount, which in-
directly demonstrates that the standard
also became more stringent, motivat-
ed by the aim of forcing enterprises to
adopt abatement technology. Simulta-
neously, the severe environmental de-
terioration within that decade not only
increased public concern about wa-
ter-resource scarcity, but also strength-
ened the importance of the fee system’s
follow-up monitoring.

4.1.2. Economic Factors

As an economic incentive, the wa-
ter-pollutant discharge-fee system could
not be implemented independently
without taking into account the mac-
ro-economic circumstances. The eco-
nomic structure and its development
drive the water-pollutant discharge-fee
system, as revealed in the changing
trend of the GDP (Figure 6). The GDP
stably increased at the rate of 14.2% un-
til its peak in 2007, after which it fluctu-
ated, decreasing until 2014 during the
economic recovery from the financial
crisis, which correspondingly affected
the water-pollutant discharge-fee sys-
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tem. The relationship between the GDP
and the water-pollutant discharge fee is
demonstrated by the same though more
obviously changing trend in the former.
This means not only that the fee pro-
gram is implemented at a specific scale,
but also that it has a strong correlation
to the macro policy and strategy.

4.2. Internal Factors
4.2.1. Data Management

The pollution fee is calculated based on
monitoring data. There exists difficul-
ty in obtaining data accuracy, even in
the same river basin area, data moni-
tored by different sectors with different
methods do not match with each oth-
er. The water-pollutant discharge data
are monitored by executors and/or the
dischargers. From a governmental per-
spective, the data are rarely shared or
combined with different data-monitor-
ing methods, which makes it difficult
to conduct further data analyses. Ad-
ditionally, pollution data are also difh-
cult to access, data sharing and trans-
parency are low, and the coverage of the
pollution monitoring system is limited,
which intensifies the uncertainty and
confusion. As the data for several pollu-
tion areas are absent, unified and com-
prehensive pollution-data management
needs to be pursued to fill the gap.

4.2.2. Enforcement Transparency

The procedures in the apply-verify pro-
cess are complex and limit the system’s
full promotion, and the information
asymmetry for executors constrains the
development of the water-pollutant dis-
charge-fee system. The accuracy and re-
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Figure 6. GDP growth rate in China from 1980 to 2014
(Source: China Statistical Year Book)

liability of related information strongly
affect the system and policy conduc-
tion. Obstruction from dischargers,
governmental interference, and non-
compliance operations mask the actu-
al pollution situation and hamper the
fee-collection work Also with institu-
tional barrier, the information cannot
be transferred fluently and accurately.
The disconnection caused by informa-
tion asymmetry indicates the absence
of information platforms across gov-
ernmental authorities, dischargers, and
benefit-related parties.

4.2.3. Supervision and Cooperation

Despite the reform, the water-pollutant
discharge-fee system still has a long way
to go in achieving efficiency, equality,
and effectiveness in pollution control.
The fee system takes an adaptive-man-
agement approach, the power and ef-
fectiveness of which are reflected in the
actual implementation. The pollution
discharge-fee program lacks super-
vision and a cooperation mechanism
across executive authorities. Not only
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the fee-expenditure direction but also
the fee-system operation needs supervi-
sion from other departments or a third
party. Supervision and cooperation
are antithetical and mutually comple-
ment each other. The supervisory par-
ticipation from each side is significant
for strategic cooperation. The question
of how to connect different units and
promote the departments’ synergy be-
comes the challenge that needs to be
addressed in order to fill the gap. Such
synergy requires that the prospective
management faces dynamic indicators,
including industry change, policy ad-
justment, and technical improvement.
Therefore, it not only needs to meet the
rigid demand of pollution control but
also better conduct the fee system’s im-
plementation. Moreover, institutional
barriers lead to both external and in-
ternal conflicts during the system’s op-
eration. Such problems and disconnec-
tions reflect the passivity of pollution
control, which also largely increases the
cost of the fee system’s implementation.
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5. Conclusion and Discussion

his article evaluates the wa-

ter-pollutant discharge-fee sys-

tem in China, which adopts a
progressive approach to pollution con-
trol. The system has achieved staged
results and undergone reforms in mul-
tiple aspects, including fee-standard
improvement, fee-calculation innova-
tion, and pollutant-indicator construc-
tion. It is highly contextual and influ-
enced by economic, social, and political
external factors, as well as by internal
theoretical and operational contexts.
Through the system’s reform in 2013, it
was redefined as a comparatively com-
prehensive system with the ability to
face and handle the complex pollution
situation. However, problems arose due
to the limited scope of legal measures
and technical support, and weakness-
es appeared in the system regarding
departmental conflicts of interest, the
contradiction of increasing environ-
mental pollution versus decreasing fee
collection, and other problems during
the design, implementation, and super-
vision of the fee system, which adverse-
ly influenced the system’s efficiency anc
the water quality.

With the recognition of these de
ficiencies, the pollution fee transitioned
to an environmental tax in 2018. The
levy of environmental tax may enhance
the rigor of law enforcement, avoid ad-
ministrative intervention and rent-seek-
ing, and strengthen the implementation.
Three lessons can be drawn from the fee
system in view of better implementing
the new environmental tax. First, data
collection and management should be
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significantly improved. Data are the ba-
sis for the implementation of essentially
any environmental policy, but their de-
ficiencies plagued the fee system’s im-
plementation. The pollutant-discharge
monitoring system should be fully
developed according to legal require-
ments. Data should be shared among
stakeholders, including polluters, en-
vironmental-protection agencies, and
taxation departments. Second, an ef-
fective linkage needs to be developed
with the pollution-emission permit
system that since recently is being fully
implemented. The permit system could
serve as a key foundation for the levy
of environmental tax. Third, environ-
mental-protection agencies should co-
ordinate well with taxation agencies.
Since the pollution fee-to-tax reform,
collection agencies are no longer tax-
ation agencies instead of environmen-
tal-protection agencies. The collection
procedures and rules for environmental
tax should be made to fit with general
tax-collection principles. The coordina-
tion between the two agencies should
thus focus on both data sharing and
tax-collection procedures/rules.
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Assessing the Implementation of Local
Emission Trading Schemes in China:
Econometric Analysis of Market Data

Lili Li*

ABSTRACT

Emission trading scheme (ETS) has been used for reducing emis-
sions of industries in developed countries since the 1990s. This
study contributes to existing research by focusing on the implemen-
tation of local ETSs for reducing carbon dioxide (CO,) emissions
in the context of China. Based on time-series analysis techniques,
the study investigates into the market dynamics of the local ETSs in
China from their launching dates to 30 June 2017, addressing the
relations between energy prices and the prices of China’s CO, emis-
sion allowance (CEA). The price values of CEA and the level of
trading volumes vary across the ETS pilots due to their differences
in policy features, local business environment and governments’
support. Between the two provincial ETSs, Hubei ETS had less
volatile price and larger weekly trading volume, while Guangdong
ETS had higher CEA price on average. Among the five city ETSs,
Tianjin and Chongqing ETSs were not so market-oriented consid-
ering their lower prices and much less active trading activities. The
regression analyses found that the links between energy prices and
CEA prices were different among local ETSs as well, which may
be because of different demand and supply dynamics in the ETS
markets and energy markets. There was no Granger causality from
energy prices to CEA prices in Guangdong or Hubei. With respect
to the city ETSs, the steam coal price granger caused the CEA price
in Shanghai, and the changes in coal price had a negative short-
term effect on the changes in CEA price, indicating that an increase
in coal price could arrest coal associated pollution due to a sub-
stitution of coal with less carbon-intensive fuels (e.g. natural gas).
In Beijing, the results show that the international oil price granger
caused the CEA price, and there was a positive effect of the oil price
changes on the CEA price changes in the short-run, implying a
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substitution of oil with coal when oil price increases. In addition,
the Shanghai Shenzhen 300 stock index granger caused the CEA
price in Beijing, Shanghai and Shenzhen, suggesting that the CEA
price was affected by the macroeconomic environment. Further-
more, the results suggest that in all local ETSs, the CEA prices were
at a higher level at the initial stage but significantly dropped after
the compliance deadline in the next calendar year due to decreases
in CEA demand. As ETS will continue to be an important tool for
climate change mitigation in China, the diverse policy features and
performance of the local ETSs served as crucial references for the
ETS at national level. The policy implication is that the national
ETS should reduce the CEA price volatility caused by energy price
fluctuations and put emphasis on local contingencies.

Keywords: Emission trading scheme; local pilots; emission allow-
ance price; energy price

Evaluacion de la implementacion de esquemas
de comercio de emisiones locales en China:
analisis econométrico de datos de mercado

RESUMEN

El esquema de comercio de emisiones (ETS) se ha utilizado para
reducir las emisiones de las industrias en los paises desarrollados
desde los aflos noventa. Este estudio contribuye a la investigacion
existente al centrarse en la implementacion de ETS locales para re-
ducir las emisiones de diéxido de carbono (CO,) en el contexto de
China. Con base en las técnicas de analisis de series temporales,
el estudio investiga la dinamica del mercado de los ETS locales en
China desde su fecha de lanzamiento hasta el 30 de junio de 2017,
abordando las relaciones entre los precios de la energia y los precios
de la emision de CO, en China (CEA). Los valores de los precios
de CEA y el nivel de los volimenes de negociacioén varian en los
programas piloto de ETS debido a sus diferencias en las caracteris-
ticas de las politicas, el entorno empresarial local y el apoyo de los
gobiernos. Entre los dos ETS provinciales, el ETS de Hubei tuvo un
precio menos volatil y un mayor volumen de transacciones sema-
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nales, mientras que el ETS de Guangdong tuvo un precio de CEA
mas alto en promedio. Entre los cinco ETS de la ciudad, los ETS de
Tianjin y Chongqging no estaban tan orientados hacia el mercado
teniendo en cuenta sus precios mas bajos y actividades comerciales
mucho menos activas. Los analisis de regresion encontraron que
los vinculos entre los precios de la energia y los precios del CEA
también eran diferentes entre los ETS locales, lo que puede deberse
a las diferentes dinamicas de oferta y demanda en los mercados de
ETS y los mercados de energia. No hubo causalidad de Granger
por los precios de la energia a los precios del CEA en Guangdong
o Hubei. Con respecto a los ETS de la ciudad, el precio del carbén
a vapor causo el precio del CEA en Shanghai, y los cambios en el
precio del carbon tuvieron un efecto negativo a corto plazo en los
cambios en el precio del CEA, lo que indica que un aumento en el
precio del carbon podria detener la contaminacidn debida a la sus-
titucion del carbon por combustibles menos intensivos en carbono
(por ejemplo, carbdn, gas natural). En Beijing, los resultados mues-
tran que el aumento en el precio del petroleo internacional causo el
precio del CEA, y hubo un efecto positivo de los cambios del precio
del petroleo en los cambios del precio del CEA en el corto plazo,
lo que implica una sustitucion del petréleo con el carbén cuando
el precio del petréleo aumenta. Ademads, el indice de acciones de
Shanghai Shenzhen 300 tuvo un efecto granger sobre el precio del
CEA en Beijing, Shanghai y Shenzhen, lo que sugiere que el precio
del CEA se vio afectado por el entorno macroeconémico. Ademas,
los coeficientes en los break dummy sugieren que en todos los ETS
locales, el precio del CEA se ubicd en un nivel mas alto al princi-
pio, pero se redujo significativamente en el préximo afio debido a
la disminucién de la demanda del CEA. Dado que el ETS seguira
siendo una herramienta importante para la mitigacién del cambio
climatico en China, las diversas caracteristicas de las politicas y el
desempeiio de los ETS locales sirvieron como referencias cruciales
para el ETS a nivel nacional. La implicacion de la politica es que el
ETS nacional deberia reducir la volatilidad de los precios del CEA
causada por las fluctuaciones de los precios de la energia y poner
énfasis en las contingencias locales.

Palabras clave: esquema de comercio de emisiones; pilotos locales;
precio de permiso de emisidn; precio de la energia
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1. Introduction

he strong interest in using “New

Environmental Policy Instru-

ments”(NEPIs)—including eco-
nomic instruments that emphasize
market incentives and suasive instru-
ments that encourage voluntary envi-
ronmental changes, in contrast to tra-
ditional direct government command
and control (GCAC) approaches, has
been prevalent in developed countries
since 1980s, with numerous academic
studies on their implementation and ef-
fectiveness. However, there is a lack of
evidence illustrating the complexity in
the design and implementation of NE-
PIs in developing countries with limited
monitoring and enforcement resources.

More and more scientific ev-
idence shows that greenhouse gas
(GHG) emissions contribute to the
global climate change, and emission
trading scheme (ETS) is an important
policy instrument for reducing GHG
emissions that the Kyoto Protocol sug-
gested. ETS has been used for emission
abatement at the international level such
as the European Union (EU) ETS, at the
country level such as the South Korea
ETS, and at the regional level such as
the Regional Greenhouse Gas Initia-
tive. Between 2013 and 2014, seven do-
mestic pilots of ETS were established in
China, including two provincial level
ETSs and five city level ETSs. Since the
end of 2017, China has started to estab-
lish the national ETS. Experiences from
the pilots become important references
for the national ETS.

Following the polluter-pay prin-
ciple, ETS creates a market for carbon
dioxide (CO,) emission allowances to
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encourage the internalization of emis-
sion abatement costs. If the market
functions well, the emission allowance
price can reflect the marginal cost of
emission abatement and encourage en-
terprises to adopt low-carbon technolo-
gies. One of the major implementation
concerns is that targeting enterprises
fail to respond in ways anticipated by
policymakers due to low economic in-
centives (Weaver 2010). In practice, the
emission allowance price tends to be
low and volatile, hardly reflecting the
real abatement cost. For instance, the
carbon price of EU-ETS once decreased
to almost zero in its first carbon trad-
ing period from 2005 to 2007 (Alberola,
Chevallier, and Cheze 2008). In those
cases, industrial participants would
have little incentives to adopt costly en-
vironmental measures to reduce CO,
emissions internally.

China is the largest emitter of
CO, emissions, mainly caused by its
enormous size of population and econ-
omy, and the high share of coal (more
than 60%) in its energy mix (Olivier et
al. 2015). Although China has no com-
pulsory GHG reduction obligation in
the Kyoto Protocol, it has committed to
achieving intensity-based targets partly
in response to increasing international
pressures that proceeded the Copen-
hagen negotiation. As its INDC for the
Paris Agreement, China promised to
reduce its CO, emission intensity by
60%-65% by 2030 in relative to 2005
(NDRC of China 2015). To achieve
the national CO, emission reduction
target, China has used many policy in-
struments and ETS is one of the most
important ones.



China Policy Journal

The first piloting ETS for CO,
emission reduction in China is Shen-
zhen ETS, established in June 2013.
Subsequently, Shanghai, Beijing, Guang-
dong, and Tianjin developed ETS pilots
by the end of 2013. After that, Hubei
and Chongqging developed ETS pilots
in 2014. While some similarities of the
policy design exist among pilots, such as
the use of intensity-based cap, the inclu-
sion of power generation sector, and the
use of free allocation, there are variations
regarding the policy design across pilots,
such as the difference in non-compli-
ance penalties, the difference in sectoral
coverage, and the difference in the use of

auction to complement free allowance
allocation (see Table 1).

All seven ETS pilots in China as-
sign intensity-based caps to participants
compared to the use of absolute caps in
other ETSs. One of the critical justifica-
tions for the intensity-based cap is the
uncertainty of the business-as-usual
output (Quirion 2005). Chinas GHG
emissions have not reached its peak
yet, and the country still keeps a rap-
id economic development. Under the
circumstances, reaching an absolute
emission cap can be costly, but setting
intensity-based caps ensures flexibility
considering the emissions from future

Table 1. Policy Features of ETS Pilots in China

Program (duration)

ETS pilots (2013-present)

Scope

City-level ETS: BJ, SH, SZ, T], CQ
Provincial-level ETS: HB, GD

Identifying potential
participants

2009-2012.

2010 or 2011

Enterprises are capped if they meet thresholds as follows.

(1) BJ: annual emission >10,000 tons CO,e on average during 2009-
2012 (mandatory); enterprises with annual energy consumption >
2,000 tce can voluntarily participate.

(2) SH: emission >20,000 tons CO,e in 2010 or 2011 for major industri-
al sectors; the threshold is >10,000 tons COe for non-industrial sectors

(3) SZ: industrial enterprises with emission>3,000 tons CO,e per year,
or public buildings with area >10,000m>.

(4) TJ: annual emission>20,000 tons CO,e in any year since 2009.

(5) CQ: annual emission >10,000 tons CO,e in any year during

(6) GD: industrial enterprises with annual emission >10,000 tons CO,e
on average or any year in 2010-2012; non-industrial enterprises with
emission > 5,000 tons CO e

(7) HB: emission > 150,000 tons CO,e for major regulated sectors in
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(1) BJ: covering power generation sector, cement, heat supply, petro-
chemical, car manufacturing, and etc.; public buildings, aviation, large
restaurants, hotels and banks

(2) SH: covering power generation sector, steel, non-ferrous, paper,
rubber, chemicals, petrochemical, textile and etc.; airlines, ports, air-
ports, large commercial shops and hotels

(3) SZ: covering 26 industrial sectors as well as power generation sector,
gas and water supply; 197 public use buildings; participation open to

Cap coverage any financial institution.

(4) TJ: covering power generation sector, steel & iron, petrochemical,
chemicals, civil construction, heat supply, oil and gas mining

(5) CQ: covering power generation sector, steel & iron, cement, metal
alloy, calcium carbide, caustic soda, electro-plated aluminum

(6) HB: covering power generation sector, steel, cement, non-ferrous,
paper, chemicals, automobile manufacturing, glass and etc.

(7) GD: covering power generation sector, steel, cement, non-ferrous,
paper, ceramics, petrochemical, plastics and etc.

Share of the cap coverage in the total emissions in the city/province:

Scale (1) BJ-40%; (2) SH-57%; (3) SZ-38%; (4) TJ-60%; (5) CQ-40%; (6) GD-
55%; (7) HB-35%

Intensity-based emission caps are assigned to participating enterprises
through either free allocation or auctioning, and the enterprises can

buy more emission allowance from the ETS market:

Setti ter-
e. 1n;g enl ir . (1) Free allocation through grandfathering approach is the prevalent

rise-level targets

P 8 allocation method across pilots;

(2) Auctioning has been used as a complementary allocation method in
GD, SH and SZ to allocate a small portion of allowances.

(1) Except CQ and TJ, every ETS pilot has monetary penalties for

non-compliance.
Enforcing compli-
(2) Additionally, SZ, HB and GD have a further penalty, which is

deducting the excess emissions from the following complinace period's

ance

emission allowance.

Note: Swartz (2013), Perdan and Azapagic (2011), and relevant Chinese policy documents. “BJ”
is short for Beijing, “SH” for Shanghai, “SZ” for Shenzhen, “TJ” for Tianjin, “CQ” for Chongqing,
“GD” for Guangdong.
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economic growth in China. Besides, the
intensity-based cap setting can make
better adjustments for the emergence of
new entrants and unexpected changes
of emission reduction cost. However,
as the intensity-based cap allows rapid
economic growth to continue, its effec-
tiveness on emission abatement has a
higher uncertainty than using the abso-
lute emission cap.

Compared to more mature ETS
such as EU ETS, Chinese ETS is still at
the trial stage. After more than four-
year operation, the problems of the
emission trading markets have become
apparent, including low liquidity and
high volatility, even though some pilots
are a little better than others. China’s
ETSs generally had a poor performance
because of the absence of legal binding
forces, excessive allowance allocation,
market segmentation, and lack of active
investments (Tan and Wang 2017a).

The price of emission allowance
is often used for analyzing an emis-
sion trading market, as it theoretical-
ly responds to the market supply and
demand. Factors affecting the price of
the CO, emission allowance that are
commonly identified in the literature
include energy prices, macroeconomic
indicators, extreme temperature events
and institutional events. A summary of
this group of studies is shown in Table
2. In these studies, the words such as
“impact’, “influence’, “effect” etc. mostly
refer to Granger causality in the sense of
inter-temporal precedence, rather than
causality “in the colloquial sense of an
unavoidable logical link” (Keppler and
Mansanet-Bataller 2010). The empirical

32

literature concentrates on the analysis of
the EU CO, emission allowance (EUA)
prices, while there are a small number
of studies on the ETS in the United
States (Hammoudeh, Nguyen, and Sou-
sa, 2014a; Hammoudeh et al. 2015; Kim
and Koo 2010). Literature has examined
the Granger causality from crude oil
price, natural gas price, and coal price
to the price of CO, emission allowanc-
es, using time series techniques such
as GARCH, Vector Auto-regression
(VAR), Newey-West Ordinary Least
Squares (NW-OLS), Autoregressive
Distributed Lag (ADL), Vector Error
Correction Model (VECM) and quan-
tile regressions. Alberola, Chevallier,
and Cheze (2008), Hammoudeh, Nguy-
en, and Sousa (2014a,b), Hammoudeh
et al. (2015), and Keppler and Man-
sanet-Bataller (2010) also include elec-
tricity price in the analysis in addition
to energy prices, assuming that changes
in electricity price may affect CO, emis-
sion allowance price due to the resulting
changes in the consumption of electrici-
ty, a secondary energy source. This may
not happen in China since Chinese elec-
tricity price is highly regulated and the
price changes are not frequent.

According to the substitution ef-
fect theory, the increase in oil price (or
natural gas price) would contribute to
an increase in CO, emission allowance
price through a fuel substitution from
oil (or natural gas) to more carbon-in-
tensive fuels such as coal. For instance,
Boersen and Scholtens (2014) found
that oil price, as well as natural gas price,
were positive drivers of EUA futures
price during the second phase of EU
ETS. Alberola, Chevallier, and Chéze
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Table 2. Review of Empirical Studies on Factors Affecting CO, Emission Allowance Price

ETS/ Time
Literature Dependent Period Main Factors Examined Method
Variable
Crude oil price, natural gas
price, coal price, switch price of
Alberola, CO, between coal and natural
Chevallier, and EE I(E);FS?iileJA 220(? 057'74_ gas, temperature, electricity I\CI}VXROCI;?’
Cheéze (2008a,b) potp ’ price, the compliance break,
the announcement of stricter
allocation
Boersen and EUETS/EUA  2008.12- Cci:;?e Zlclepihc:)saaitlcl}rlal c%:ssilfirlife) Threshold
Scholtens (2014)  futures price  2012.12 price, P Y GARCH
from coal to natural gas
Crude oil price, natural gas price, ~ Markov-
Chevallier (2011) Eﬁi:f“ig‘: 220(;) 15 0 17_ coal price, aggregated industrial switching
P ’ production index VAR
I;agr:ll)r’relﬁujsg, EU ETS/EUA 2006.8- Crude oil price, natural gas price, SE:Z::EEI
Sousa (2014a) spot price 2013.11 coal price, electricity price VAR
Tanand Wang ~ EUETS/EUA  2005.4- rig‘i‘izl"llrirelcz’l:i‘)‘erilg]z;ic Quantile
(2017b) futures price 2016.1 price, price, regression
indicators
Creti, Jouvet,and EUETS/EUA  2005.6- Cr“iieogf%ge’bsetf;l;giz’;’l X?h OLS
Mignon (2012) futures price 2010.12 P 2
natural gas
Keppler and EU ETS/ 2005.1-  Natural gas price, electricity price,
Mansanet- EUA spot and 2007.12 coal price, temperature, stock OLS
Bataller (2010) futures price and 2008 index
Natural gas price, coal price,
macroeconomic indicators, the
EU ETS/EUA 2008.1-  number of issued CERs, electricity
Koch etal. (2014) futures price 2013.10 production from wind/solar, NW-OLS
switch price of CO, between coal
and natural gas
Chicago/
. CCX* trading Crude oil price, natural gas price,
szza(;ll%f 00 emission ;gg;; coal price, temperature, economy ADL®
allowance ' crisis dummy
volume
Hammoudeh et Pgosxi};sti 2006.8- Crude oil price, natural gas price, NADLS
al. (2015) EUA pricz 2013.11 coal price, electricity price
I;an:nxujsg, P[rjsxigsé 2006.7- Crude oil price, natural gas price, ~ Quantile
Soﬁsz ( 26 14b) FUA pricz 2013.11 coal price, electricity price regressions

* Chicago Climate Exchange (CCX); ® Autoregressive distributed lag (ADL); © Nonlinear autoregressive dis-

tributed lag model (NADL).
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(2008) explored the drivers of EUA spot
price in two sub-periods during Janu-
ary 2005-April 2007 (before and after
the “compliance break” in 2016), and
found that oil price positively affect-
ed the EUA price in both sub-periods.
However, some other studies reported a
negative relationship between oil price
and CO, emission allowance price when
the substitution effect was not signifi-
cant. Hammoudeh, Nguyen, and Sousa
(2014a) found that when CO, emission
allowance price was at a high level, oil
prices had a substantial negative effect
on CO, emission allowance price. They
explained that the result might be (1)
because when CO, emission allowance
price was high, higher oil price might
lead to a substantial drop in all energy
consumption and the associated emis-
sions, without encouraging the sub-
stitution of coal for oil, or (2) because
higher oil price might raise all energy
prices and encourage the use of cleaner
energy resources.

Some studies revealed a negative
relation between coal price and the CO,
emission allowance price, which is con-
sistent with the substitution effect the-
ory. Hammoudeh, Nguyen, and Sousa
(2014a) suggested that in the context of
US during 2006-2013, coal price had a
negative impact on CO, emission allow-
ance price, as a rise in coal price could
arrest coal-associated pollution. Ham-
moudeh et al. (2015) further stated that
coal price had a negative but asymmet-
ric impact on the CO, emission allow-
ance price in the short term. Compared
to a price increase, a price decrease of
coal had a more significant impact.
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Literature has also examined
whether the natural gas price affects the
price of the CO, emission allowance.
Alberola, Chevallier, and Cheéze (2008)
found that the natural gas price posi-
tively impacted EUA spot price while
the coal price negatively impacted EUA
spot price during January 2005-April
2007. Alberola, Chevallier, and Cheze
(2008) also included the switch price
between natural gas and coal in the
analysis, but there seemed to be a multi-
collinearity problem among coal price,
gas price, and the switch price. Tan and
Wang (2017b) summarized that during
the three phases of EU ETS, the rela-
tionships between EUA price and en-
ergy prices vary from one phase to an-
other. It is reasonable as the supply and
demand curves of energy sources were
changing during the three phases. Same
could be said about the supply and de-
mand of emission allowances.

Some studies examined the im-
pact of macroeconomic indicators, such
as aggregated industrial production,
stock index, economy crisis dummy
and so on. The macroeconomic indica-
tors can influence CO, emission allow-
ance price either through affecting the
expectation of economic growth and
the future emission allowance demand
or through affecting the changes of en-
ergy price (Tan and Wang 2017b). How-
ever, only a few of the studies showed
that the impact of macroeconomic in-
dicators is significant (Chevallier 2011;
Koch et al. 2014). Literature also found
structural breaks of CO, emission al-
lowance price series due to institutional
decisions or events. For instance, there
was often a compliance break in year
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T when the regulated firms actively
manage their compliance after the dis-
closure of verified emission and before
the submission deadline of allowances
valid for year T-1 (Alberola, Chevallier,
and Cheze 2008).

There are limited empirical stud-
ies on the price dynamics of the pilot-
ing ETSs in China. Among a few recent
empirical studies that did focus on CO,
emission allowance (CEA), Zeng et al.
(2017), Zhang and Zhang (2016), and
Fan and Todorova (2017) examined
the relationships between CEA price
and energy prices. Zeng et al. (2017)
employed a structural VAR approach
showing that during April 2014-No-
vember 2015, coal price had a signif-
icant and positive impact on Beijing
CEA price within a short period, but it
became negative after two days when
firms started to substitute coal with less
carbon-intensive energy sources or use
carbon-reduction measures. Based on a
quantile regression method, Zhang and
Zhang (2016) argued that oil price had
a slight positive impact on the Shanghai
CEA price, consistent with the substi-
tution effect theory. Fan and Todorova
(2017) investigated into the response
of emission allowance price to energy
prices and macroeconomic indicators
in Beijing, Shenzhen, Guangdong and
Hubei from the launching dates to De-
cember 2016. The results showed that
Hubei CEA price was weakly related
to natural gas price, while Guangdong
CEA price had a significant positive re-
lation with oil price. However, overall,
the empirical studies on the influence
from energy prices to CEA prices have
been scarce and scattered.
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Given that there are still few em-
pirical studies on the prices of China’s
CEA and considering that ETS will
continue to play an important role in
reducing CO, emissions in China, this
study aims at examining the price dy-
namics of CEA, with a focus on the
relations between energy markets and
ETS markets. The rest of the article is
organized as follows. Section 2 details
the data and method. Section 3 starts
with the descriptive analysis of the
CEA price and trading volume data,
following by co-integration tests and
multivariate regressions to examine the
relationship between energy prices and
CEA price. Section 4 presents conclud-
ing remarks and policy implications of
the findings.

2. Data and Method

2.1. Data

e collected the daily CEA
Wprice data and daily trans-
action volume data from
the website (www.tanpaifang.com) that
compiles the market data published
by Emission Exchanges of the seven
ETS pilots. The website was created in
2012, organized by the Zhongke Car-
bon Information Technology Research
Institute, providing data, regulatory in-
formation and consultancy about ETS.
As Chinese ETS allows for only spot
trading, all price data collected are clos-
ing spot trading price data. The market
data of China’s seven piloting ETSs can
also be found from the website (www.
chinacarbon.net.cn) organized by Cli-
mate Limited, which is a UN-accredited
online media company. Data from the
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two sources are identical. This study col-
lected the daily market data of the seven
ETS pilots from their launching dates
to 30 June 2017, considering that in the
second half of year 2017, all ETS pilots
were making adaptions since the coun-
try was going to establish the national
ETS by the end of the year. The curren-
cy unit of all price data is changed from
RMB to US dollar ($), using the curren-
cy conversion rates provided by OECD.

In mostlocal ETSs, the daily CEA
data, either price or trading volume, are
missing for many days, which impede
the ability to do the analysis at the daily
frequency. Similar to Fan and Todorova
(2017), we used the weekly price data
(Price, $/ton CO,e) for analysis. For
instance, given any week T, if the daily
CEA price data is available for n days
(n<7) of the week, the weekly price data
will be calculated by averaging the daily
price data: Pricer= (X} Price;)/n. Also,
we generated the weekly trading volume
data (Volume, 1000 ton CO_e/week) by
totaling the daily trading volume in
the week. Given any week T, if the dai-
ly trading volume data is available for
n days (n<7) of the week, the weekly
trading volume data will be calculated
by Volumer=Y1 Volume;. Thus, in week
T, we can think it as the Volume amount
of CEA was traded in the week at the
Price . Further, a time-series variable of
price return is generated for each price
variable for analysis using the equation
In(Price /Price, ).

On energy markets, we collect-
ed data on the oil price, coal price, and
natural gas price, in order to address
the relations between energy prices and

36

CEA prices. Coal consumption is one
of the major sources of CO, emission in
China, and the consumption of crude
oil or natural gas is much less. We ex-
pect that the demand for CEA will in-
crease due to substitution effect if the
price of less carbon-intensive fuel (e.g.
oil) increases, or if the price of more
carbon-intensive fuel (e.g. coal) de-
creases. Given there is no coal price in-
dex for each pilot region, the coal price
we use is the Bohai Rim 5500 kcal/kg
stream coal spot price (Coal , RMB/ton,
weekly), which was also used by Fan
and Todorova (2017). It is a most im-
portant benchmark domestic coal price
index in China. It is based on the aver-
age price of 5500 kcal coal at Qinhuan-
gdao, Tianjin, Caofeidian, Jingtang,
Huanghua and Guotoujingtan ports.
The data is published by Qinhuangd-
ao Maritime Coal Market Co., Ltd and
can be collected from the website www.
coalchina.org.cn. We collected natu-
ral gas price data from CEIC database,
which is monthly average spot price
data (RMB/ton) of Liquefied Natural
Gas (LNG) released by China Petroleum
and Chemical Industry Federation. We
converted the monthly data to a week-
ly price variable of LNG (LNG, RMB/
ton, weekly) by assuming that different
weeks during the same month have the
same price. The oil price (Brent, $/bar-
rel, weekly) is the weekly Europe spot
price of Brent crude oil and petroleum
products, collected by the website of US
Energy Information Administration.
Chinese oil import dependence is larg-
er than 60%, so we use the Brent crude
oil price to reflect the influence of the
international price shocks. Coal, and
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Brent, are collected from 2013 Week 25
when the first piloting ETS started to
operate in Shenzhen. Available obser-
vations of LNG, only started from 1%
January 2014. Data are all collected till
30" June 2017. The currency unit is all
converted to US dollar ($) using OECD
currency conversion rates.

Further, we include the Shang-
hai Shenzhen 300 stock index data (31%
December 2014=1000, daily) to capture
the relation between the macroeco-
nomic level and the CEA price. The data
was collected from CEIC database for
the time period of 2013 Week 25-2017
Week 26 and converted to weekly data
(Stock,, weekly) by averaging the daily
stock index data. The macroeconomic
level can affect the demand and supply
of CEA through affecting the produc-
tion activities and the associated CO,
emissions. Thus, we expect that CEA
prices increase when Stock, increases.

Table 3. Test for Structural Breaks of lnPricet

We also add three dummy vari-
ables to test the structural changes of
the regressions. They are Break2014,
Break2015, and Break2016, respectively
taking a value of 1 from 2014 Week 27,
2015 Week 27 and 2016 Week 27. So
there are four sub-periods of the data-
set, launching dates -June 2014 (1% Pe-
riod), July 2014-June 2015 (2™ Period),
July 2015-June 2016 (3" Period), and
July 2016-June 2017 (4" Period). The
compliances of regulated enterprises in
any local ETS follow a particular calen-
dar. At the beginning of year T in each
ETS pilot, the regulated enterprises re-
ceive their CEA allocations for year T.
The regulated enterprises have to submit
their emission reports to the regulator in
March of year T or the end of February
of year T, with dates varying over pilots,
and then a third party will verify their
reports. In April, the regulated enterpris-
es should submit the verified emission

Full Sample Period Break2014 Break2015 Break2016
TS From AR (2014 Week ) cyue oo (2016 Week
Launching To Lags 26) 26)
Date Chi Statistic ~ Chi Statistic ~ Chi Statistic
BJ 28-Nov-2013 30-Jun-2017 3 4.275 16.827*** 19.453***
CcQ 19-Jun-2014 30-Jun-2017 2 — 2.577 2.920
SH 26-Nov-2013 30-Jun-2017 2 2.237 10.251** 8.198**
Sz 18-Jun-2013 30-Jun-2017 3 41.766*** 18.991** 5.935
TJ 26-Dec-2013 30-Jun-2017 2 9.561** 2.541 24.578**
GD 16-Dec-2013 30-Jun-2017 3 9.699** 11.305** 3.419
HB 02-Apr-2014 30-Jun-2017 1 0.021 5.311* 5.175*

Note: InPrice,refers to the logarithmic form of CEA price. ***, ** and * denote significance at 1%, 5% and
10% levels. “BJ” is short for Beijing ETS, “CQ” for Chongqing ETS, “GD” for Guangdong ETS, “HB” for
Hubei ETS, “SH” for Shanghai ETS, “SZ” for Shenzhen ETS, and “T]” for Tianjin ETS. “—” denotes the
statistics are not available due to the characteristics of the original data.
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reports, and at the end of June (around
week 26 of the year), they have to submit
the allowances valid during year T-1 to
comply with their targets of year T-1. So,
the trading of emission allowances is rel-
atively active between April and June of
year T. We ran an auto-regression (AR)
model of logarithmic CEA price data
and used a Wald test to see if there is a
structural break of the coefficients after
the week 26 of each year. The results in
Table 3 show that the AR coefficients of
InPrice, do have structural changes either
after 2014 Week 26, or after 2015 Week
26, or after 2016 Week 26, in all ETS pi-
lots except Chongging. Chongqing ETS
has very low-level trading activities and
its CEA price might be artificially set at
a certain level during weeks when trad-
ing volumes were zero, not reflecting
the market demand and supply. Thus, it
is not surprising that Chongqing CEA
price does not exhibit compliance break
as other piloting ETSs.

2.2. Methods

This study uses time-series analysis
techniques. The Akaike Information
Criterion (AIC) is used for choosing the
number of lags in all tests. Augmented
Dickey-Fuller (ADF) tests are applied

to check the unit roots of variables. This
study performed three forms of ADF
tests: random walk model with drift,
random walk model with a trend, and
pure simple random walk model. The
Philips-Perron (PP) test is performed
with and without trend as a robustness
check.

To investigate the relationships
between energy prices and CEA prices,
this study first uses Johansenss test to see
if there are long-run equilibrium rela-
tions between energy prices and CEA
prices. Second, it performed time-series
regressions using the technique of mul-
tivariate OLS or NW-OLS which works
with stationary data series. If there is a
significant serial correlation problem,
the Newey-West (NW) heteroscedastic-
ity-and-autocorrelation-consistent esti-
mator will be used. If not, the regressions
will be estimated with the robust estima-
tor. Three types of post-estimation tests
were performed: Durbin’s alternative test
for serial correlation, the Breush-God-
frey serial correlation Lagrange Multi-
plier test, and the joint F-test.

Therefore, the role played by
Brent crude oil price and coal price on
CEA price is estimated using the first
specification (Eq.1):

InReturn; s = a; + a;, (LD)InReturn;; + a; ,(LD)InBrent, + a;3(LD)InCoal, + a; ,Break2014 +

a;sBreak2015 + a;sBreak2016 + ;.

M

The second specification (Eq.2) takes account of stock index:

InReturn;, = a;, + a;; (LD)InReturn;, + a; ,(LD)InBrent, + a; 5(LD)InCoal, + a; ,(LD)InStock, +
a;4Break2014 + a; sBreak2015 + a; ¢Break2016 + ;. )

The third specification (Eq.3) adds the price data of LNG, which is only available

since 2014 week 1.

InReturn;, = a; o + a;;(LD)InReturn;, + a; ,(LD)InBrent, + a; 3(LD)InCoal, + a;,(LD)InLNG, +
a;g(LD)InStock, + a; 4Break2014 + a; sBreak2015 + a; (Break2016 + ;. 3)
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In the equation, InReturn, is
the price return of CEA at period ¢ in
the ETS pilot i. Price return series are
used because they are all stationary. L
denotes the lag operator. D denotes the
first difference. p is the error term.
Eq.3 is the main equation we want to
estimate, while Eq.1 and Eq.2 are the
restricted equations. The equations are
adjusted from ADL model. Coefficients
on lagged log differences of a variable
reflect the short-run effects, while the
joint F-test on all values of a variable
tells the Granger causality.

3. Empirical Analysis

3.1. Descriptive Analysis
able 4 displays the descriptive
I statistics of CEA price, price re-
turns and trading volumes. Bei-
jing and Shenzhen ETSs had the high-
est CEA prices on average, which were
7.805and 6.911 $/ton CO e respectively.
Shenzhen CEA price is highly skewed,
with a large right-handed tail, mean-
ing that the majority of the price data
is lower than the average price. The dis-
tribution of Beijing CEA price, on the
other hand, is both positively skewed
and leptokurtic. The largest CEA price
happened at Shenzhen which was
18.360 $/ton CO,e in week 42 of 2013.
Chongqing ETS had the lowest aver-
age CEA price, 3.32 $/ton CO,e. Based
on a two-region dynamic CGE model,
Wang et al. (2015) suggested that the
carbon price should be about 38$ CO,e
for reaching the Copenhagen target
of 40%-50% reduction of CO, emis-
sion intensity toward 2020 in relative
to 2005 level. However, even in Shen-
zhen, its highest carbon price was less
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than 20$/ton CO_e, far from the ideal
price suggested by Wang et al. (2015).
For Chonggqing ETS, its price once de-
creased to 0.163 $/ton CO,e, which pro-
vided very poor incentives for emitters
to make environmental changes.

In most piloting ETSs, CEA pric-
es were at a high level in the initial op-
eration stage and exhibited a general
decrease trend over time, which may
explain the positive skewness in most
cases (see Table 4). Take Shenzhen ET'S
as an example. Its carbon prices were
at a level of more than 10 $/ton CO_e
during June 2013 to June 2014. Then,
the CEA price gradually decreased
to about 5 $/ton CO,e by the end of
2014. From January 2015 to June 2017,
the CEA price reached a relatively sta-
ble status, ranging between 3 and 8 $/
tonCO,e. Hubei CEA prices decreased
from about 4 $/ton CO,e in 2014 to
less than 3$/ton CO,e in 2017, but the
distribution showed a slight negative
skewness. Chongqing CEA price, how-
ever, had a peak in the end of 2016 due
to stricter CEA allocation, but it de-
creased to less than 1$/ton CO_e in the
second quarter of 2017.

We can see the descriptive sta-
tistics of the spot trading volumes from
Table 4 and Figure 1. Volume, denotes
the total trading volume of CEA in each
week. It was quite different across ETS
pilots, ranging from 16422 tons CO e/
week in Chongqing ETS to 242541 tons
CO,e/week in Guangdong ETS. The
two provincial level ETSs, Guangdong,
and Hubei, obviously have the high-
er amount of weekly trading volumes
than the five city-level ETSs. But, the
maximum trading volume happened
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Market City Level ETS Provincial Level ETS
BJ cQ SH Sz ) GD HB
Obs. 187 159 184 210 183 184 170
Mean 7.805  3.133 3.894 6911  3.424 4.150 3326
Price, Std. Dev. 1.091  1.726 2.114 3.048 1156 3.019 0.718
($/ton  Min. 5343 0.163 0.676 3102 1.054 1.295 1.582
COe  Max. 12507 7.152 7814 18360  7.421 12.053 4399
Skewness 0587  0.131 0.032 1199  0.468 1.279 ~0.457
Kurtosis 578  1.793 1.640 3404 3.355 3.091 1.666
Obs. 186 158 183 209 182 183 169
Mean 0.000  -0.020  0.001 0.000  -0.006  -0.008  —0.004
Std. Dev. 0.060  0.198 0.095 0.113  0.100 0.098 0.051
InReturn,  Min. ~0210 -0931  -0355 0346 -0.544  -0314  -0.259
Max. 0225 0814 0.320 0530 0547 0.303 0.225
Skewness 0363  -0.424  0.024 0585 0018  -0.004  —0.701
Kurtosis 6.447 11558  6.398 6.169 13522  4.462 10513
Obs. 187 159 184 210 183 184 170
Mean 37238 31296 55309  88.875 16422  164.625  242.541
Std. Dev. 84351 185.844 137.582  380.085 105.425 336.122  380.081
Min. 0.000  0.000 0.000 0.000  0.000 0.000 0.000
éi jcentﬂe 0.620  0.000 0.053 3.640  0.000 0.770 64.343
X"Olgg‘tzn Median 5000 0000 12447 16904 0360 23540  133.683
COeper 75" 25523 0.144 48594 68291 1380 174190  258.081
week) percentile
Max. 565.091 2166.620 1113.833 4010471 1083.470 2449.509  3217.207
Skewness 3489  9.954 4.797 9.408  8.280 3.630 4773
Kurtosis 16516 111.895  29.626  93.829 74976  19.120  31.790
Number of
zero obser- 3 111 43 9 60 19 2
vations

Note: “Std. Dev.” indicates standard deviation; “Obs” indicates the number of observations. “Min”
and “Max” are short for minimum and maximum respectively. Price, refers to a time-series variable
of weekly CEA prices. Volume, refers to a time-series variable of weekly CEA trading volume. [nRe-
turn, refers to the logarithmic form of CEA price returns. InReturn = In(Price /Price,_,).

at Shenzhen ETS, when 4 million tons
CO,e were traded in 2016 week 12.
Among the city-level ETSs, Shenzhen
has the largest weekly trading volume
on average, followed by Shanghai and
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Beijing. In Chongqing and Tianjin,
however, there are respectively 111
weeks and 60 weeks when zero trans-
actions were made on the ETS markets,
implying very low-level participation of
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the regulated enterprises. It may reflect
deeper problems of the two ETSs: loose

enforcement and over-supply of CEA.

Note: Full sample period started from the first operation dates of the ETS pilots till 30 June 2017.

Figure 1. Average Weekly Trading Volume of CEA in Seven ETS Pilots

In each ETS, the trading activi-
ties are more frequent and involve larger
trading volumes toward the compliance
deadline. In most time of the year, the
trading activities are relatively sporadic
and with smaller trading volumes. Thus,
the trading volume variables all exhibit
the asymmetric and leptokurtic distri-
bution, with high-level positive skew-
ness and pronounced excess kurtosis.

The standard deviation of CEA
price returns (InReturn) can be con-
sidered as a measure of price volatility.
We use it to compare the market risks
between local ETSs. Figure 2 shows the
price volatility over different time pe-
riods, launching dates -June 2014 (1%
Period), July 2014-June 2015 (2" Peri-
od), July 2015-June 2016 (3" Period),
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and July 2016-June 2017 (4™ Period).
We can see that each ETS pilot exhibits
a variation of price volatility in differ-
ent sub-periods. Although Hubei ETS
had low CEA price on average, its price
volatility was the lowest compared to
other piloting ETSs, but it became more
and more volatile over time. Beijing
ETS had a relatively low volatility but
experienced a higher level of volatility
during July 2015-June 2016. Chongg-
ing CEA price had the highest volatility,
and it was the most volatile during July
2016-June 2017.

We can see that different local
ETSs perform so differently that the
operation of the national ETS can be
expected to be more challenging. Over-
all, Beijing and Shenzhen ETSs seem
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Note: price volatility is estimated by the standard deviation of price returns.

Figure 2. Price Volatility of CEA in Seven ETS Pilots

to operate better than other city-level
ETSs, with their high-level CEA prices
and active trading activities. Regard-
ing provincial level ETS, Guangdong
has higher CEA price, while Hubei has
lower volatility and larger weekly trad-
ing volume. Chongqing and Tianjin
ETSs are not so successful considering
their low CEA prices and scarce trad-
ing transactions. Therefore, we do not
include Chongging and Tianjin in the
regression analysis, as their CEA prices
may be artificially set in the weeks with
zero transactions, not really relating to
the market demand and supply.

Table 5 contains the descriptive
statistics of crude oil price, coal price
and Shanghai Shenzhen 300 stock in-
dex during 2013 week 25-2017 week
26, and LNG price data during 2014
week 1-2017 week 26. Shanghai Shen-
zhen 300 stock index has the largest
volatility because of the nature of the

stock index data.
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3.2. Unit Root Tests and
Johansen’s Tests

We took logarithmic forms of all price
variables and tested their unit roots.
Table 6 displays the results. Not all of
the logarithmic forms of the variables is
integrated of order zero, meaning that
the logarithmic forms of some variables
are not stationary. The logarithmic dif-
ferences of all CEA price variables (i.e.
price returns) are stationary, and the
logarithmic differences of energy prices
and the stock index are also stationary.
Thus, we use logarithmic differences of
the price variables throughout the fol-
lowing regression analysis.

We applied Johansen’s tests for
I(1) logarithmic price variables that
are integrated of order one, including
Chongging CEA price, Hubei CEA
price, Shanghai CEA price, Brent oil
price and LNG price. We used the tests
for every two I(1) logarithmic variables
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in order to see whether they have long- is no significant long-run equilibrium
run equilibrium relationships. Howev- relationships between the variables.
er, we can see from Table 7 that there

Table 5. Descriptive Statistics of Energy Prices and Stock Index

Coal Price Brent Oil Price LNG Price Shanghai Shenzhen 300

Var (Coal) (Brent) (LNG) Stock Index (Stock))
Full From 2013 Week 25 2013 Week 25 2014 Week 1 2013 Week 25
sample To 2017 Week 26 2017 Week 26 2017 Week 26 2017 Week 26
Unit $/ton $/barrel $/ton Dimensionless
Obs. 210 210 182 210
Mean 78.123 69.378 586.724 3096.085
Std. Dev. 12.421 28.166 129.759 704.039
Min. 55.840 27.760 428.959 2116.750
Max. 101.840 116.030 804.167 5324.406
Skewness -0.380 0.493 0.215 0.508
Kurtosis 1.791 1.550 1.474 3.111

Table 6. Test for Unit Roots

Price ./.XDF, PP, Simple ADE, with PP, with ADE, .With Intes.
Retunne  Stationary?  Obs. Simple Trend Trend Drift Ordfr
Z(t) Z(t) Z(t) Z(t) Z(t)

BJ: CEA Yes 183 —9.249%%*  —14.191%%*  =9.224%**  —14.151***  -9.249*** 1(0)
CQ: CEA Yes 154 —7.366%** =7.660%  —7.421%%F  -7.677°%%  —7.366** I(1)
GD: CEA Yes 179 =9.554%  —12.2107%*  -9.616%**  —12.218**  -9.554** 1(0)
HB: CEA Yes 165 —10.173***  —-13.940"** —-10.174*** -13.928*** -10.173***  I(1)
SH: CEA Yes 179 —4.577*  -10.568***  —4.680***  —-10.604***  —4.577*** I(1)
SZ: CEA Yes 205 =9.581%  —19.583**F  —9.667**  —19.647** = —9.581*** 1(0)
TJ: CEA Yes 178 —8.455%%* =9.646***  —8.444%**  -9.632%"* 8455+ 1(0)
Coal Yes 205 —4.610%** —7.406%%*  —4.729%**  _7.625%*  —4.610"** 1(0)
Brent Oil Yes 205 =7.4330%  —10.641°*F  —7.436  —10.621**  —7.433%** I(1)
LNG Yes 177 =5.450  —=13.144%F 54320 131207  -5.450*** I(1)
shsz300 Yes 205 —5.682%%*  —11.200***  —5.670%**  —11.184***  —5.682*** 1(0)

Note: “Z(t)” refers to the statistic of ADF or PP unit root test. ***, ** and * denote significance at
1%, 5% and 10% levels. “Integ. Order” refers to order of integration.

Guangdong ETS and Hubei ETS. The
dependent variables are the CEA price
returns ([nReturn) of Guangdong and
Table 8 displays the regression re- Hubei respectively, while the indepen-
sults for the two provincial level ETSs, dent variables are the logarithmic dif-

3.3. Multivariate Regressions
for Provincial ETSs
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Table 7. Johansen’s Test for Co-Integration Ranks

HO: Rank=0 HO: Rank=1

Hypotheses HI: Rank=1 HI1: Rank=2
CQ CEA & Brent Oil 6.687 1.255
HB CEA & Brent Qil 4.380 1.176
Logarithmic price variables SH CEA & Brent Oil 8.859 1.715
CQ CEA & LNG 4.849 0.134
HB CEA & LNG 9.642 1.017
SH CEA & LNG 3.351 1.491
5% critical value 15.410 3.760

Note: ** denote significance at 5% level. Logarithmic prices were used for the Johansen’s co-inte-
gration tests.

Table 8. Multivariate Regressions for Provincial Level ETSs

Guangdong ETS | Hubei ETS

Eq.1 Eq.2 Eq.3 Eq.1 Eq.2 Eq.3
L1. InReturn, 0.089 0.082 0.090 -0.101 -0.102 -0.101
(0.080) (0.079) (0.082) (0.207) (0.210) (0.212)
L2.InReturn, —0.265%** —0.269** —0.267%* -0.106 —-0.098 -0.096
(0.080) (0.081) (0.081) (0.137) (0.139) (0.141)

L1D.InBrent, 0.101 0.096 0.120 0.068 0.078 0.084
(0.158) (0.154) (0.160) (0.095) (0.101) (0.092)
L2D.InBrent, -0.058 -0.061 -0.067 -0.074 -0.075 -0.071
(0.164) (0.165) (0.166) (0.081) (0.082) (0.084)

L1D.InCoal, —1.433* —1.433* —1.545* 0.313 0.311 0.343
(0.786) (0.810) (0.838) (0.337) (0.348) (0.348)
L2D.InCoal, 0.925 0.864 0.939 -0.116 -0.112 -0.143
(0.584) (0.588) (0.613) (0.351) (0.353) (0.348)
L1D.InLNG, 0.548 -0.111
(0.487) (0.199)

L2D.InLNG, -0.031 0.161
(0.302) (0.246)

L1D.InStock, 0.181 0.135 0.050 0.061
(0.253) (0.244) (0.110) (0.116)
L2D.InStock, 0.082 0.092 -0.220 -0.234
(0.199) (0.203) (0.148) (0.146)

Break2014 -0.029 —-0.034* -0.033 0.010 0.012 0.012
(0.020) (0.019) (0.020) (0.008) (0.009) (0.008)
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Break2015 0.018 0.025 0.026 ~0.013 ~0.017* ~0.017*
(0.019) (0.018) (0.018) (0.009) (0.009) (0.009)
Break2016 0.026 0.023 0.020 0.005 0.007 0.007
(0.019) (0.019) (0.019) (0.012) (0.012) (0.012)
Constant ~0.003 ~0.002 ~0.001 -0.008 ~0.007 ~0.007
(0.013) (0.013) (0.015) (0.005) (0.005) (0.006)
Obs. 181 181 179 167 167 167
R-squ. 0.117 0.121 0.132 0.034 0.050 0.055
F-stat. 2.150 1.900 1.660 0.510 0.640 0.870
Prob>F 0.028 0.043 0.074 0.863 0.796 0.588
Durbin's 2.190 1.954 1.676 0.001 0.285 0.523
alternative test
BG LM test 2302 2.081 1.811 0.001 0.309 0.572
Procedure OLS, robust  OLS, robust  OLS, robust OLS, robust OLS, robust OLS, robust
Joint F-stat for 0.240 0.330 0.540 0.580 0.630
D.lnBrentI
Joint F-stat for 2.040 1.850 1.940 0.470 0.440 0.510
D.lnCoalt
Joint F-stat for
DIRLNG, 0.650 0.400
Joint F-stat for
Dnstock 0.370 0.300 1.140 1.350

Note: The dependent variable is the price returns (InReturn ) of CEA in the ETS. Durbin’s alterna-
tive test and Breusch-Godfrey (BG) LM test are the tests for autocorrelation. “Joint F-stat” refers
to the F statistic of the joint significance test on the lags of log differences of energy variables and
the stock index variable. ***, ** and * denote significance at 1%, 5% and 10% levels. Standard errors

are in parentheses.

ferences of energy prices and the stock
index as well as the structural break
dummies. The regressions are all esti-
mated using the robust estimator rather
than Newey-West estimator as there is
no significant serial correlation prob-
lem. The last four rows of Table 8 show
the results of the joint F-tests, which
test the joint significance of coeflicients
on all lag values of a variable.

We can see that the one week
lagged coal price return (D.InCoal ) had

a significantly negative effect on Guang-
dong CEA price returns. It means that
the increase of coal price led to the
decrease of Guangdong CEA price in
short term, which is consistent with the
theory that when coal price is high, the
industrial enterprises substitute coal
with less carbon-intensive fuels, reduc-
ing CEA demand. But, the short-term
effect became insignificant after two
weeks. The joint F-test indicates that the
changes in coal price do not significant-
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D .InStock

Note: The dependent variable is the price returns (lnReturnt) of CEA in the ETS. *, ** and *** denote significance at 1%, 5% and 10% levels.

Standard errors are in parentheses.
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ly granger cause the changes in
CEA price of Guangdong. In Hu-
bei, however, we found no signifi-
cant short-term effects or Granger
causality between energy prices
and CEA prices.

The results also show that
there was a slight decrease of
Guangdong CEA price after June
2014 and a slight decrease of Hu-
bei CEA price after June 2015.
Guangdong ETS started to oper-
ate from the end of 2013, where-
as Hubei ETS was established in
April 2014. So, both ETSs had
higher CEA prices at the initial
operation stage, but the CEA pric-
es decreased after the compliance
period in the second calendar
year.

3.4 Multivariate Regressions
for City-Level ETSs

We ran multivariate regressions for
the three better operated city-level
ETSs, Beijing ETS, Shanghai ETS
and Shenzhen ETS, as shown in
Table 9. The dependent variables
are the CEA price returns (InRe-
turn) of Beijing, Shanghai, and
Shenzhen respectively.

It was found that the one
week lagged Brent oil price return
(D.InBrent,) had a short-term pos-
itive effect on Beijing CEA price at
5% significance level. It indicates
that the increase of oil price led
to the short-run increase of Bei-
jing CEA, as enterprises would
substitute coal for oil to some ex-
tent, resulting in an increase in
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emissions and CEA demand. And, ac-
cording to the joint F test, changes in
oil price granger cause changes in CEA
price of Beijing at 5% significance lev-
el. Additionally, the changes in stock
index displayed a weakly positive effect
in Eq.2 of Beijing ETS. It implies that
the increase in stock returns, as a sign
of future economic growth, drives the
industrial output and the associated
emissions, which raises CEA price.

With respect to Shanghai, the
lag order one of the coal price returns
had a negative effect on CEA price re-
turns, which is similar to Beijing but
more significant. And, the F-test indi-
cates that changes in coal price granger
cause changes in Shanghai CEA price.
In the contrast, the 1 week lagged LNG
price return (D.InLNG,) displayed a sig-
nificantly positive effect on CEA price
returns. The result meets our expecta-
tion based on the substitution theory
that CEA price increases when LNG is
substituted by cheaper and carbon-in-
tensive fuel such as coal. No Grang-
er causality was found between LNG
price and CEA price based on the joint
F-test. Eq.3 shows a slight Granger cau-
sality from stock returns to CEA price
returns.

The regressions for Shenzhen
ETS found no significant relations be-
tween CEA price and energy prices.
However, there was a significant short-
run effect of stock returns on CEA price
return with a two-week lag. The posi-
tive coeflicient implies that CEA price
would increase under good economic
conditions due to more economic out-
put and the associated emissions. The
joint F-test also indicates a significant
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Granger causality from stock returns to
CEA price returns.

Further, we can see from Table
9 that Beijing, Shanghai, and Shenzhen
all experienced a decrease in CEA price
returns after Break2014. This is similar
to the previous finding that the pilot-
ing ETSs had higher level CEA prices
at the beginning of their establishment
in 2013, but displayed significant de-
creases of the prices after the compli-
ance break in the second calendar year
(2014). However, Shanghai CEA price
increased after June 2016 and Shenzhen
CEA price increased after June 2015
which may be caused by the demand
from new entrants.

4. Discussion and

Policy Implications

n general, as newly born markets,
Ithe local ETS markets in China face

thin trading and volatile price. One
reason is the low market liquidity. It
may be difficult for a seller of CO, emis-
sion allowances to quickly find a buyer
that they want to make the transaction
with. And, some entities with allowance
surplus may want to keep the allowanc-
es for their own use in the next com-
pliance year rather than selling them.
In China, the spot trading is allowed,
but derivatives trading is off-limits.
This limited type of commodities in the
market in addition to firms’ lack of un-
derstanding and capacity of playing in
the ETS market can also be the reasons
for a dearth of actual trading.

The local CEA prices are far less
than the ideal prices that can cause sub-
stantial low-carbon actions. The prob-
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lem of low-level pricing happens at other
existing ETSs as well. As a comparison,
the EUA price in EU-ETS during Phase
IT (2008-2012) was about 23.64 $/ton
CO,e on average (Daskalakis 2013).
Nonetheless, it decreases to a low level
in Phase III (2013-2020). For instance,
the EUA price was only about 8$/ton
CO,e in April 2015 and about 6$/ton
CO,e in April 2016 (World Bank 2015;
2016), which were similar to the level of
the CEA price in Shenzhen ETS at that
time. The low-level economic incentive
from ETS was not able to encourage the
regulated enterprises to invest in miti-
gation technologies in China (Yang, Li,
and Zhang 2016). The enterprises rather
considered participation in ETS as an
approach to enhance public image and
the ties with governments (Yang, Li, and
Zhang 2016). However, a market-based
policy instrument like ETS tends to be
more acceptable by enterprises than
the traditional command-and-control
approach (Liu et al. 2013). Also, ETS
mobilized a large number of business
actors (emitters and intermediaries), lo-
cal officials and researchers to work on
low-carbon strategies and activities. The
cooperative governance network con-
structed during the process is likely to
be necessary and more cost efficient for
long-run emission reduction in China.

The price values of CEA and the
level of trading activities vary across the
ETS pilots, which is reasonable consid-
ering the differences in policy design,
local governments’ political will and
local economic context. Among the
city-level ETSs, Chongqing and Tianjin
are not so market-oriented, with lower
CEA prices and less active transactions.
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Loose enforcement, the oversupply of
allowances and emphasis on local eco-
nomic interests can be the reasons. An
implication is that even though China
is keen to develop the national ETS, it
may work better in some regions than
others at the local level.

When investigating into the
Granger causality from energy prices to
CEA prices, the findings varied among
local ETSs, because of local differences
in market dynamics of CEA and ener-
gy resources. We found no significant
Granger causality from energy price
changes to CEA price changes in the
two provincial level ETSs, Hubei, and
Guangdong. Regarding the city-lev-
el ETSs, we found a Granger causality
from oil price changes to CEA price
changes in Beijing. And, there was a
positive effect of oil price changes on
CEA price changes with the one-week
lag. It implied a short-term substitution
of oil with coal which is cheaper and
more carbon-intensive. In Shanghai,
we found a Granger causality from coal
price changes to CEA price changes in
Shanghai. And the coal price changes
had a negative short-run effect on the
CEA price changes, indicating that an
increase in coal price drives a move
away from coal toward less carbon-in-
tensive fuels (e.g. natural gas or oil). It
was also found that there was a positive
short-run effect of LNG price changes
on Shanghai CEA price changes, which
is also consistent with the substitution
theory. The scale of the short-run effect
of LNG price is smaller than that of coal
price. This is because the coal consump-
tion makes up a larger portion of the
energy consumption so that the chang-
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es in coal price lead to greater chang-
es in emissions and the CEA price. No
Granger causality was found between
LNG price and CEA price.

Additionally, we found a Grang-
er causality from stock index changes to
CEA price changes in Beijing, Shanghai,
and Shenzhen. In Shenzhen, the Shang-
hai Shenzhen 300 stock index displayed
a positive short-run effect on CEA
price with a two-week lag. The same
with Beijing. Therefore, the CEA price
would increase at the times of economic
prosperity, because the larger industrial
outputs and the associated emissions
can raise the demand for CEA. Fur-
ther, the coefficients on break dummies
show that all ETSs experienced a high-
er-level CEA price at the initial stage
of operation but a decrease of the price
after the compliance break in the next
calendar year. The decrease in the CEA
price could be because the demand for
CEA decreased over time. So, policy-
makers need to consider strengthening
the CEA allocation to reduce the CEA
supply and increase the CEA demand,
in order to keep a high-level CEA price.

Overall, this study contributes
to our understanding of ETS (or other
tradable permit policies) by adding em-
pirical evidence in the context of China.
The local ETSs set good examples of in-
stitutional innovations when adopting
ETS and their performances show how
ETS works in regions under different
development stages. Our econometric
analyses highlight that energy pric-
es have significant influences on CEA
prices, but the influences are different
across local ETSs. In future, for either

local ETSs or the national ETS, policy-
makers and investors should be aware
of the dynamic relationships between
the energy markets and CEA markets to
reduce the CEA price volatility caused
by the fluctuations of energy prices. A
big problem of the ETSs is that the CEA
price is too low. So, when coal price in-
crease, or when LNG price and oil price
decrease, the regulators can somehow
buy in allowances to prevent CEA price
from dropping, especially if the CEA
price is low. Another implication is that
policies promoting the use of cleaner
energies (e.g. natural gas) or general
energy efficiency programs may reduce
CEA price. Such policies should be fol-
lowed by methods to shorten CEA sup-
ply or increase CEA demand.

Chinas National Development
and Reform Commission (NDRC) has
announced its Plan for Building the Na-
tional Carbon Emission Trading Market
for Power Generation Industry on 18
December 2017. It says China will take
about one year to complete the emis-
sion exchange system and take another
one year to try out the allowance alloca-
tion and trading before it officially op-
erates the national ETS. We can expect
that it will be very challenging for Chi-
na to operate ETS at the national level,
considering the performance diversity
of the local ETSs at the piloting stage.
The differences in CEA prices between
local ETSs, to some extent, reflect the
differences in local marginal abatement
costs. It is practical to start with a sin-
gle industry sector and brings in more
sectors when the institutional design is
more mature and the measurement, re-
porting and verification (MRV) system
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is more complete. However, the power
generation sector has faced with many
other policies, such as renewable ener-
gy promotion policies. The coordina-
tion of the policy mix is important.

The integration of the local ETSs
into the national ETS will be challeng-
ing too. For instance, the sectoral cover-
age of the national ETS is different from
the currentlocal ETSs. NDRC’s solution
is that the national ETS will regulate the
power generation sector and gradually
take in other sectors. Meanwhile, the
local ETSs will continue to operate un-
til the national ETS is fully functional.
However, the standards for identifying
the potential participants are different
between the national level and the local
level. For example, Shenzhen includes
industrial enterprises that have annual
emissions larger than 3000 tons CO.e,
but the standard set at the national lev-
el is 26000 tons CO,e annually, which
means that some enterprises regulated
by Shenzhen ETS may not be regulat-
ed by the national ETS. These regula-
tory uncertainties will discourage the
current participants in local ETS from
actively engaging in the market or tak-
ing low-carbon actions. The standards
at the national level should be stricter
than those of the local ETSs and con-
sistent political support is crucial (Bol-
un et al. 2018). The central government
should offer guidelines and methodol-
ogies on design and operations of ETS
regarding coverage and scope, MRYV,
allowance allocation and enforcement,
while the local governments should be
given discretion with implementation
taking into account local contingencies
(Bolun et al. 2018).
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Payment for Ecological Services and River
Transboundary Pollution: Policy Inspirations
from a Contingent Valuation (CV) Study on the
Xijiang River Drainage Basin in South China

Jie He!

ABSTRACT

Based on the contingent valuation study results reported by He,
Huang, and Xu (2015a), we propose a new payment standard-set-
ting framework that could include the total transfer that a city
should pay as a polluter or receive as a victim. This new frame-
work differs from the previous mechanism by explicitly excluding
the willingness to pay (WTP) reduction due to a city’s own pol-
lution discharge and focusing only on the WTP variation caused
by transboundary pollution. This new framework also allows the
calculation of detailed bilateral monetary transfers between cities
depending on their location on a river and their contribution to
the variation of water quality. One advantage of our approach is
the possibility to identify not only polluters and victims but also
“cleaners” who inherit bad water quality from the upstream neigh-
bor and clean it up. The compensation regime proposed by our
approach can thus determine both the compensation for negative
externalities to be paid by the polluters to victims and the com-
pensation from the “victim-to-be” to the cleaners for their efforts,
which creates positive externalities and prevents their downstream
neighbors from suffering from potential welfare loss. Based on our
results, it seems that simply using the total WTP as the compensa-
tion standard for a better ecological service risks mixing the pollu-
tion caused by upstream cities with the pollution from a city’s own
activities, which thus tends to exaggerate the necessary compensa-
tion payment; for the Xijiang River, such exaggeration can range
from 2 to 10 times. We also compared our results with the Xinan
River PES pilot program, whose transfer amount was arbitrarily
fixed at 500 million yuan per year, which is approximately 86% of
the compensation amount that Foshan city needs to pay to Zhong-
shan city. Our results therefore can be considered a supportive ar-

' University of Sherbrooke, Canada; Jie He@USherbrooke.ca

55 doi: 10.18278/cpj.1.1.3


mailto:Jie.He@USherbrooke.ca

China Policy Journal

gument for the general belief that the transfers currently used in
the existing pilot programs are relatively low and may discourage
the motivation of the cities along rivers to give sufficient effort to
ecological service preservation.

Keywords: Payment for Ecological Services, payment standard,
transboundary river pollution, willingness to pay (WTP), China

Pago por servicios ecologicos y contaminacion
fluvial transfronteriza: inspiraciones politicas de
un estudio de valoracion contingente (QA) en la
cuenca de drenaje del rio Xijiang en el sur de China

RESUMEN

Sobre la base de los resultados del estudio de valoracion contingen-
te informados por He, Huang y Xu (2015a), proponemos un nuevo
marco de establecimiento de estandares de pago que podria incluir
la transferencia total que una ciudad debe pagar como contamina-
dor o recibir como victima. Este nuevo marco difiere del mecanis-
mo anterior al excluir explicitamente la reduccion de la disposicion
a pagar (WTP, por sus siglas en inglés) debida a la descarga de con-
taminacion de una ciudad y centrarse solo en la variaciéon de WTP
causada por la contaminacién transfronteriza. Este nuevo marco
también permite el calculo de transferencias monetarias bilaterales
detalladas entre ciudades en funcién de su ubicacién en un rio y su
contribucion a la variacién de la calidad del agua. Una de las ven-
tajas de nuestro enfoque es la posibilidad de identificar no solo a
los contaminadores y las victimas, sino también a los “limpiadores”
que heredan y limpian la mala calidad del agua del vecino que esta
aguas arriba. El régimen de compensacion propuesto por nuestro
enfoque puede determinar tanto la compensacién por las externa-
lidades negativas que deben ser pagadas por los contaminadores
a las victimas como la indemnizacién de la “futura victima” a los
limpiadores por sus esfuerzos, lo que crea externalidades positivas
e impide que sus vecinos aguas abajo sufran de una posible pérdida
de bienestar. Segin nuestros resultados, parece que el simple uso
de la WTP total como el estandar de compensacién para un me-
jor servicio ecolégico corre el riesgo de mezclar la contaminacién
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causada por las ciudades rio arriba con la contaminacién de las
actividades propias de la ciudad, lo que tiende a exagerar el pago
de la compensacion necesaria; para el rio Xijiang, tal exageracion
puede variar de 2 a 10 veces. También comparamos nuestros re-
sultados con el programa piloto Xin'an River PES, cuyo monto de
transferencia se fij6 arbitrariamente en 500 millones de yuanes por
afio, que es aproximadamente el 86% del monto de compensacion
que la ciudad de Foshan debe pagar a la ciudad de Zhongshan. Por
lo tanto, nuestros resultados pueden considerarse un argumento
de apoyo para la creencia general de que las transferencias actual-
mente utilizadas en los programas piloto existentes son relativa-
mente bajas y pueden desalentar la motivacion de las ciudades a lo
largo de los rios para hacer un esfuerzo suficiente para preservar el
servicio ecologico.

Palabras clave: pago por servicios ecoldgicos, pago estandar, con-
taminacion fluvial transfronteriza, disposicién a pagar (WTP),
China
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1. Introduction

iver flows create upstream and
R;lownstream regions. However,
dministrative boundaries be-
tween regions do not prevent pollution
in the water from crossing regional bor-
ders. Such difficulties in clearly defining
the property rights of the river water
flowing through different administra-
tion jurisdictions because of the weak
excludability and strong rivalry of the
water resources (in both terms of quali-
ty and quantity) can lead to the non-sat-
isfaction of the basic Samuelson rules
(1954). Therefore, an upstream region
that is not able to enjoy the full benefits
of its water conservation and pollution
control efforts may exert insufficient
control, which results in the overuse of
water resources and the increased dis-
charge of pollution.

Most large-scale river basins in
China (e.g., the Yangtze River, Yellow
River, and Xining River) span several
regional jurisdictions (provinces, re-
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gions and cities). Although environ-
mental policy is often centrally devel-
oped and local jurisdictions can only
set their own environmental standards
to more stringent levels than those
of the national level, implementation
responsibilities are devolved to the
branch offices of the Ministry of Envi-
ronment Protection (MEP), which op-
erate at the provincial, municipal and
county levels (Hills and Roberts 2001).
Combining these two facts, we believe
that there is the possibility of a problem
of transboundary river water pollution
for China’s rivers.

Further supportive arguments
for such a possibility can be made by
considering the complexities and frag-
mentation in water resource manage-
ment between the different authorities
in China. Yu (2011) has described the
complex relationships between the
Ministry of Water Resource Manage-
ment (MWRM), which addresses wa-
ter quantity and water utilization, and
the MEP, which coordinates and solves
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environmental pollution disputes. Ei-
ther overlaps or gaps that exist between
the competences of the two authorities
may largely compromise the efficiency
of their efforts with respect to trans-
boundary river water pollution control.

In addition to leading to higher
pollution levels in neighbor regions, a
more worrying aspect of transbound-
ary pollution is its potential dynamic
impacts on the motivation for regions
to efficiently control their own resource
usage and pollution discharge. Oates
and Portney (2003) indicated that the
presence of the risks of transbound-
ary negative externalities may lead to a
“race to the bottom” of regional pollu-
tion control policies since the concerns
about the transboundary movements
of pollution from neighbors may com-
promise the determination of a region
to exert effective pollution control mea-
sures.

Since 2000, the payment for eco-
logical services (PES) mechanism has
become one of the most advocated en-
vironmental policy measures in China.
From the beginning, many Chinese
scholars have considered this policy
tool to be one of most efficient measures
to improve the ecological conditions
of different river drainage basins and
to ease the heavy pressure on China’s
relatively poor water resources from
economic activities. Numerous pilot
projects have been carried out in Chi-
na for several years. These include not
only the application of the PES mecha-
nism in wetland protection projects in
many key areas but also some quantity
preservation and quality improvement
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projects in surface waterbodies (e.g.,
the Beijing Miyun Reservoir, Dongji-
ang Source Area, Thousand Island Lake
Basin, Pearl River Drainage basin and
the River Heihe Drainage Basin) (MEP
2013).

Fundamentally, PES is a mech-
anism aiming at remedying market
failures caused by the nature of public
good and the poorly defined property
rights of ecological services. By inten-
tionally establishing an artificial market
mechanism, the logic of the PES is to
motivate and institutionalize a payment
system between upstream and down-
stream jurisdictions along a river, which
can serve as a monetary counterpart to
internalize the negative externalities
along rivers due to transboundary pol-
lution over-discharge.

Although the theoretical foun-
dation of the PES mechanism seems
easy to understand, its application in
the real world has proven to be much
more difficult. PES is a mechanism for
internalizing transboundary negative
externalities; determining whether
and how to apply the PES mechanism
requires a good understanding of the
phenomena of such externalities. Al-
though the existence of transboundary
pollution has already been confirmed
at both the international and province/
state levels, to date, there have been
few studies that directly consider its
existence in China. Additionally, even
if we can provide evidence about the
existence of transboundary pollution
along rivers in China, to build a direct
measurement of such a negative exter-
nality requires explicit identification of
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the source and the impact of the neg-
ative externality. Moreover, to directly
relate such impact measurements to
an efficient payment mechanism also
requires a precise understanding of
how and to what extend such a nega-
tive externality affects the well-being
of people living in the downstream and
upstream jurisdictions. In other words,
only when a reasonable measurement
of the intrinsic value of the environ-
mental/ecological service affected by
the negative externality is obtained can
one have confidence to hope that the
payment mechanism based on such
measurement can function correctly
and be incentive-compatible.

In this paper, based on the relat-
ed literature collected in China and in
the world, and particularly the findings
from the recent contingent valuation
method (CVM) study conducted by
He, Huang, and Xu (2015a), we try to
answer the following questions. First,
what is the current situation of trans-
boundary river water pollution prob-
lem in China? Second, if it exists, how
does the transboundary pollution prob-
lem affect people’s perception about the
efficiency of the existing water quantity
and quality control policies, whose im-
plementation is often closely related to
the local government’s capacity and lo-
cal economic conditions? How can such
concerns affect people’s expected utility
improvement for a targeted better water
condition? Finally, how can we estab-
lish a valid payment standard for eco-
logical services between upstream and
downstream cities, and how will be this
standard compare with those of other

existing studies that have analyzed sim-
ilar measurements?

2. Existence of
Transboundary Pollution

here is already evidence for the

existence of transboundary pol-

lution at the international level
and in foreign countries. However, we
have not yet found studies that direct-
ly revealed transboundary river water
pollution cases based on data from Chi-
na’s rivers.

Based on the data of GEMS/
Water! biochemical oxygen demand
(BOD) measured by 291 river moni-
toring stations in 49 countries during
1979-1990, Sigman (2002) found the
BOD indicator to be significantly high-
er at stations that were located upstream
of borders than comparable stations, at
least among stations located in non-Eu-
ropean Union (EU) countries.

Because most US federal envi-
ronmental policies assign regulation,
implementation and enforcement re-
sponsibilities to state-level authorities,
Sigman (2005) investigated potential
transboundary spillover phenomena
in the US. To do so, a composite water
pollution index based on five major pol-
lutants compiled from 618 monitoring
stations from 1973 to 1995 was used.
Using a difference-in-difference logic,
Sigman (2005) found that, all else being
equal, the water quality indexes were 4%
worse at stations located downstream
from a state authorized and with power
to implement and enforce its own regu-
lations over river water pollution.

1 The UN’s Global Environmental Monitoring System Water Quality Monitoring Project.
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Using GIS water quality pan-
el data from 321 monitoring stations
across Brazil as well as jurisdictional
boundary modification data for 5,500
Brazilian counties, Lipscomb and Mo-
barak (2008) studied whether water
quality across jurisdictional boundar-
ies deteriorates due to the concentra-
tion of polluting activities near a river’s
exit from a jurisdiction. Their results
confirmed that within a 5-kilometer
distance from a boundary, pollution
increased by 2.3% for every kilometer
closer a river was to the exit border.

In addition to the river trans-
boundary pollution cases, transbound-
ary air pollution has been studied. One
interesting example is Helland and
Whitford (2003). Motivated by anec-
dotal evidence suggesting that local
regulators were more lenient in their
treatment of polluters when the inci-
dence of pollution partially fell on those
outside the state, this paper examined
a transboundary air pollution spill-
over incidence that occurred in the US
and revealed significantly higher toxic
chemical levels in border counties.

3. Standards for Payment
of Ecological Services

or the PES mechanism, the most
important question is how to set
reasonable payment standards for
the affected ecological services. By “sell-
ing” the ecological services provided by
environment protectors to the benefi-
ciaries, this mechanism aims to gener-
ate funds to increase the conservation
benefits perceived by the environmen-
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tal protectors and therefore reinforces
their incentives to protect the environ-
ment and resources. Following this log-
ic, we should expect the payment of the
PES mechanism to be higher than or at
least equal to the conversation cost and/
or the opportunity cost of the existing
commercial development projects to
which the environmental protectors
face. The larger the gap is between the
perceived benefit and the cost, the more
room there is for negotiation between
environmental service providers and
beneficiaries and the higher the prob-
ability is to bring welfare increases for
both sides and to realize effective envi-
ronmental protection.

However, the difficulties in as-
signing pertinent monetary values to
affected ecological services are numer-
ous. Although natural environments
represent one of the cornerstones of the
human environment and offer essential
goods and services for human survival
and well-being, their integration into
the economic system has proven to be
very complex. The process to include
the total economic value of nature in a
neoclassical logic requires the encoun-
ter of two fundamental elements: the
physical, biotic and abiotic components
of nature on the one hand and the indi-
vidual's view of these elements on the
other. If it is reasonable to use the well-
being that the individual obtains from
these natural components, two aspects
of the difficulty of putting a dollar val-
ue to such wellbeing remain: First, not
all the wellbeing obtained by an indi-
vidual is exchangeable in a market. The
response of the nature to the multitude
of human needs, whether aesthetic,
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cultural or educational, are very often
non-excludable and non-rival, which
means that their exchange on the mar-
ket is impossible. Second, many aspects
of the wellbeing that an individual re-
ceives from nature are not measurable,
and some elements of the total value of
nature to humans may not even be ob-
servable. A good example is the non-use
value of the environment and resources:
simply knowing the “existence” of good
functions of the ecological system and
the assurance of their provision to fu-
ture generations can create satisfaction
that is not associated with any observ-
able consumption behaviors.

Previous studies have proven
that the non-use value may occupy a
high percentage in the total value of
the environment. Wattage and Mardle
(2008) found that the proportion of ag-
gregated preferences related to the use
value to conserve a wetland ecosystem
was 55.3%, compared with 44.7% for
the non-use value. Sander, Walsh, and
Loomis (1990) concluded that the use
values (e.g., irrigation, swimming, fish-
ing, and tourism) of the 15 rivers in the
state of Colorado in the United States
were only approximately 1/5 of their to-
tal value; the other 4/5 of the value was
principally non-use value.

We can distinguish five catego-
ries of ecological goods and service
(EGS) valuation methods. The first
consists of the methods that are based
on market prices; they only assess the
direct use value of EGS referenced to
their market value. The second cate-
gory consists of the methods based on
costs, which estimate the EGS value by
the cost of avoided damage or the re-

62

placement cost of ecosystem losses. The
third category consists of the revealed
preference methods (e.g., hedonic
price, travel costs), which are based on
consumer preferences that are revealed
by their behavior in an existing market.
An example of this method, the hedon-
ic price, considers the complementarity
between air quality within an area and
house prices (Bateman et al. 2011; De-
saigues and Point 1993; Malér 1974)
and uses the increase of the house value
due to the better air quality as an assess-
ment of the economic value of the bet-
ter air quality, all else being equal. The
fourth category consists of methods
based on stated preference (e.g., con-
tingent valuation, discrete choice ex-
periments), which measure the value of
EGS via simulated markets to identify
survey respondent trade-offs between
the price to pay (or compensation to
accept) and improvement (or degrada-
tion) of the environment. Finally, the
benefit transfer methods involve esti-
mating the value of EGS for a target site
using existing valuation estimates from
primary studies for similar sites that
explicitly use one of the four preceding
method categories (Navrud and Ready
2007).

Each method has its advantag-
es and disadvantages. The measure of
cost/market price is relatively easy to
use but only focuses on marketable
characteristics of the ecosystem. Re-
vealed preference methods depend
on observable consumer behaviors in
markets for complementary goods and
can thus only measure the direct- and
indirect-use values of EGS. Benefit
transfer is a secondary method that ex-
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trapolates the results obtained by one
or many primary studies; it is thus not
suitable for a primary study focusing
on a specific test area. Compared with
the abovementioned methods, the stat-
ed preference methods provide a more
flexible approach and aim at establish-
ing a hypothetical market framework;
therefore, it can include in its assess-
ment both the use value and the non-
use value of EGS. However, stated pref-
erence methods also face criticisms that
are related to their hypothetical nature
(e.g., Carson and Groves (2007); Harri-
son and Rutstrom 2008; List and Gallet
2001; Murphy et al. 2005) and its poten-
tial influence on collected answers from
respondents, which may lead to either
an over- or under-estimation of people’s
WTP.

Our review of the related litera-
ture provided us with a quite interesting
picture about the academic efforts in
evaluating such welfare benefits. Over
the last several decades, many Chinese
scholars conducted interesting case
studies with the aim of stimulating dis-
cussion about how to set PES payment
standards. Some of them employed di-
verse methods based on market prices
or opportunity cost, such as Cai, Lu,
and Song (2008), who calculated the
total engineering cost of the construc-
tion project for the water source pro-
tection area in the eastern route of the
South-to-North Water Transfer Project
and proposed a cost-sharing plan be-
tween regions based on the potential
added-value of the ecological service
improvement that they would receive.
Li et al. (2009) estimated the opportu-
nity cost of the forest protection proj-
ect on the mountainous regions of
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Hainan and proposed to determine the
payment standard based on the land
holdings of different regions. Shen et
al. (2009) estimated the potential loss
of agricultural production due to the
Green Agricultural Demonstration
Project on Chongming Island. We also
found several papers that calculated
the loss of economic development op-
portunities due to water conservation
projects in some river drainage basins,
such as Fu, Ruan, and Zhang (2011) for
the Yongding river, Zhang (2011) for
the Xijiang river and Shi et al. (2012)
for the Dongjiang river. Other authors
chose to evaluate the potential value of
the conserved ecological services; for
example, Xu et al. (2006) calculated the
ecological service value of the Lianhua
Reservoir ecological protection project,
Huang, Luo, and Yang (2008) estimat-
ed the ecological service value of the
Dayao Mountain’s water conservation
project, Jin and Wang (2008) evaluated
the use and non-use value of ecological
services provided by the water conser-
vation forest on Qilian Mountain and
Cai et al. (2010) estimated the ecolog-
ical service value of the wetlands in the
Qilihai natural protection areas.

However, is proposing some
numbers better than having no num-
bers? One common difficulty that those
studies faced was the big divergence
between the numbers they proposed.
Some of these differences can be ex-
plained by the differences in the meth-
odologies used. For example, the meth-
ods based on the opportunity cost may
only include the use value of the ecolog-
ical services in their estimates, whereas
the stated preference methods have the
capacity to include the non-observable
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non-use values, which may represent a
large percentage of the total value of the
interested ecological services. A good
example is the significance coefficients
that He et al. (2015b) reported for the
methodological dummies in their me-
ta-analysis estimation function, which
revealed the very large impact of meth-
odological choices on the reported val-
ue of the ecological services provided
by wetlands.

It is relatively easy to accept the
fact that the different evaluation meth-
ods propose relatively different valu-
ation results for ecological services.
There is another potential reason to
explain the differences that has not yet
gained enough attention in the liter-
ature: the ambiguity among the state
preference valuation studies about
“what” to evaluate.

Consider the example of a typ-
ical payment scenario for ecological
services related to a better water quality
provided by an upstream region. Ideally,
the downstream residents, as the bene-
ficiaries of the improved ecological ser-
vices provided by the better quality of
river water flowing from the upstream
regions, should only pay for the part of
the increase in ecological services di-
rectly related to the better water quality
contributed by the upstream regions.
Such logic is already well reflected in
the mechanism of some pilot PES proj-
ects, such as the trans-provincial proj-
ect on the Xinan River (2012-2014).
This project required that the decision
to transfer a proposed 500 million yuan
between the upstream Anhui province
and the downstream Zhejiang province
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be based on the water quality of the
river section located in the congruent
frontier between the two provinces. If
the water quality meets the required
class II level, the 500 million yuan will
be transferred from Zhejiang to Anhui
to compensate for their water pollution
abatement efforts. Conversely, if the wa-
ter quality does not meet the required
level, the transfer will go from Anhui
to Zhejiang province to compensate for
the additional damage caused by the
worse water quality. Whether to make a
transfer depends on whether the Xinan
River water received by Zhejiang from
Anhui meets the required quality tar-
get. Compared with this specificity, the
welfare changes that many existing stat-
ed preference valuation studies mea-
sured unfortunately were wider; most
of them focused on the potential reduc-
tion of local people’s well-being due to
the changes in the quality of the local
ecological service. For the case of river
water pollution, the local water quality
changes certainly “inherit” the pollu-
tion flows from the upstream regions
but are also directly affected by the in-
jection of pollution from local econom-
ic activities and everyday life.

4. A New Framework for Setting
Payment Standards with the
Stated Preference Methods

onsidering the above discussion,
we use the following Figure 1 to
illustrate the different sources of
pollution in a transboundary river. As-
suming that the river water at the start-
ing point S has a quality equal to or bet-
ter than level I, the river flows from the
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point S (start) to point E (end) and goes
through five regions (A, B, C, D and F).
All five regions discharge pollution into
the river and thus can be considered
polluters. They also suffer from the con-
centration of the pollution in the section
of the river flowing through their juris-
dictions and can thus be considered as
victims. However, it is important to dis-
tinguish between the simple victims of
river water pollution and the victims of
the transboundary pollution; only the
latter can be qualified for the discussion
about payment ecological service com-
pensation. Region A is located at the
starting point of the river and does not
have upstream neighbors. Therefore, al-
though A is the polluter of the river and
victim of the pollution in the river due

to its own pollution discharge, it is not a
transboundary pollution victim. Taking
now the case of region B, since A is its
upstream neighbor, it is possible for B
to be a transboundary pollution victim.
However, to confirm the victim role of
region B, another condition is that the
quality of the river water received by
region B from region A is worse than
Class II, the targeted river water quali-
ty. The same discussion can be applied
to regions C and D. Finally, for region
E since it is located at the end point of
the river, F can only be a transbound-
ary victim but not a transboundary pol-
luter since the river water, after flowing
through the region F, will flow into the
ocean and thus does not affect other
populations living in the drainage basin.

Figure 1. Polluter and Victim in a Transboundary Pollution Case

Once the conditions to iden-
tify transboundary pollution-related
polluters and victims are clear, anoth-
er related question is about when and
how the PES is installed. There are two
possible situations. First, although all
regions discharge pollution into the
river, if the water quality collected at all
transboundary sections of the river be-
tween regions stays at a constant class
IT level, it will not be necessary to ap-
ply a PES mechanism because each re-
gion manages to keep the water quality
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as clean as the water they receive from
their upstream neighbors; therefore, we
can consider the situation as not having
transboundary pollution between re-
gions (Figure 2).

However, the situation can be
much more complicated if the infor-
mation about the water quality in the
transboundary section of the river is
organized as in Figure 3. The identi-
fication of the polluter and victim of
transboundary pollution needs to con-
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Figure 2. No PES Transfer Regime When There Is No Transboundary Pollution

sider the quality of the water that a re-
gion receives from its upstream neigh-
bor and the quality of the water that it
leaves to its downstream neighbor. For
example, if region A, which keeps the
water quality on its border with B at
the required Class II level, should not
be considered a transboundary pol-
luter, then B will not be considered a
transboundary victim. However, if the
water quality between B and C is found
to be at class III after flowing through
region B, this means that B is unable
to guarantee the same water quality as
that received from A. In such a case,
B will be regarded as a transboundary
polluter and should be responsible for
the damage suffered by the population
living in all three downstream regions
(C, D and F; the green arrows illustrate
the direction of the compensation from

B to the three downstream regions). A
possibility for region C illustrated in
the figure is that C manages to keep the
water quality at level III, which is lower
than the required quality but is equal to
the quality of the water it receives from
B; therefore, we should not consider C
a transboundary polluter but simply a
transboundary pollution victim (caused
by B). If region D receives class III wa-
ter quality but leaves its water quality
even worse at class IV, D should be con-
sidered both a transboundary polluter
responsible for the damage caused in
region F (the blue arrow illustrates the
compensation from D to F) and a trans-
boundary pollution victim of region B.

In Figure 4, we present another
possible spatial distribution pattern of
transboundary water pollution. Com-
pared with Figure 3, in this new scen-

Figure 3. PES Transfer Regime with Transboundary Pollution: Scenario 1
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Figure 4. PES Transfer Regime with Transboundary Pollution: Scenario 2

ario, we assume that region C exerts
more than necessary efforts and thus
brings the water quality back to Class
IT level, which means a quality better
than what it received from its upstream
neighbor B. In such a situation, since C
helps D and F avoid the negative exter-
nality from the Class III level polluted
water, C should be eligible to recuperate
the compensation paid by B to D and
F (illustrated by the arrows of the same
color but in opposite directions).

Based on this logic, if we con-
duct a state preference study among
these cities with the aim of providing
a standard for PES, simply questioning

=
Wy = W(QA)

people’s WTP for the water quality im-
provement target to Class I level cannot
give us the correct information about
the necessary amounts of payment
transfers between cities because the wa-
ter quality in the section of river flow
through one particular city depends not
only on the pollution discharged by the
city itself but also on the pollution flows
from the upstream cities.

We can use a WTP function to il-
lustrate this idea for the case of the five
cities A, B, C, D and F over the river.
The WTP for each of the five cities can
be written as

D
4
Wg =w(Qp,Qup — 1) @
I, il -
WC:W(QL":QBC_”>:<QC:(QBC_QAB)+(QAB'_II)> &)
+ - + -
Wy = W<5;:QCD - ”) = W(@:(an — Qgc) + (Qpc — Qup) + (Qus — ”)) Q)
+ - + -
Wp = W(@:QDF _”) = W<a;: (@pr — Qcp) + (Qcp — Qpe) + (Qpc — Qup) + (Qup — ”)) ®)

Here, we assume that the WTP
of the respondent living in a city i, W,
depends not only on the water qual-

ity situation of the section of the river
flowing through the city, Q , but also on
whether the quality of the transbound-
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ary section of the river with its upstream
neighbors is better or worse than the
targeted level Class II. In general, we
believe a worse quality of the water (sig-
nifying a higher Q, motivates a higher
WTP of the population in city i for the
achievement of the water quality im-
provement target; therefore, we expect
a positive relationship between Q, and
W.. This WTP for a better water quality
target is also negatively affected by the
existence of negative externality caused
by transboundary water pollution be-
cause a worse transboundary pollution
level signifies more difficulties in realiz-
ing the targeted water quality improve-
ment. We therefore expect a negative
relationship between W. and the water
quality of the transboundary section of
city i with its upstream neighbori-1, Q.
.» when Q. is found to be worse than
Class II level. Because this reduction
of the WTP of people living in city i is
directly related to the transboundary
pollution caused by upstream city i-1,
we propose to use this part of the WTP
reduction as a valid base to set the pay-
ment standard for the PES mechanism.

To distinguish the related PES
transfers between cities, we further
decompose the transboundary pollu-
tion-related responsibility among the
cities, which corresponds to the last
part of the equations to the right of the
last equal sign. Simple manipulation
provides an interesting responsibility
sharing regime among cities according
to the water quality of the transbound-
ary sections between them. Take the
spatial transboundary pollution allo-
cation pattern given in Figure 4 as an
example:
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City A is not a transboundary
pollution victim since it is located at
the beginning part of the river; this is
also revealed in its WTP determination
function W,=w(Q,), which does not
include a WTP reduction term related
to the transboundary section pollution
level.

For city B, as its upstream city A
maintains Q, =II, the reduction of the
WTP of city B due to transboundary
pollution is equal to zero, which means
a zero transfer from A to B.

For city C, because its trans-
boundary section pollution with B is
at class III, higher than that between A
and B at class II, we have Q, -Q, >0,
and C should receive a compensation
from city B whose amount equals the
reduction of WTP, which is -W _(Q,-
Q,,)- However, city C should not be
compensated by city A since A keeps
the water quality to the targeted Class II
level, therefore W_(Q, ,-1I)=0.

The situation of city D is that its
upstream neighbor city C manages to
restore the water quality in the trans-
boundary section back to class IT (Q_._
y=IDfrom class IIT (Q, =III). Therefore,
city C does not need to compensate city
D. However, this does not mean that
there is no money transfer between city
C and city D, which can be seen from
the decomposition part of the equation,
where Q_,-II is further decomposed
into three parts: (Q,,-Q,)<0, (Q,-
Q,.)<0, (Q,.-Q,,)>0 and (Q,,-I1)=0.
Associating these terms with the nega-
tive correlation factors of w_, we know
that w_(Q.,-Q,.)>0, which signifies
an increase of the welfare of people in



Payment for Ecological Services and River Transboundary Pollution

city D because of the water quality im-
provement efforts of city C. This mo-
tivates a transfer from D to C equal to
w(Q,-Q,)>0. We also have w(Q, -
Q,)<0, which means a transfer to re-
ceive by D from B. Since Q_,=II and
QAB:II’ we have (QCD-QBC):-(QBC-QAB);
therefore, W (Q_-Q,.) =W (Q,.-Q,,)s
which signifies that the transfer from
D to C for welfare increase is equal to
the transfer from B to D as compensa-
tion for welfare decrease. Therefore, the
transfer from B to D is simply used by
D to compensate C for its abatement ef-
forts. An intuitive way to interpret such
double-transfers is that the “polluter”
city B compensates the “cleaner” city C
for its effort that prevents the negative
externality of city B’s transboundary
pollution from affecting city D.

Finally, for city E since Q=1L
which means that city D creates trans-
boundary pollution to E, W (Q_,.-11I)>0
However, thetotal WTP changes canalso
be decomposed into four parts: (Q,.-
QCD)>0’ (QCD'QBC)<0’ (QBC'QAB)>O’
(Quy1D=0 and (Quy-Qu)=-(Qu-Qy):
Therefore, we can distinguish a com-
pensation transfer from D to F as
W(Q,-Q.,)<0, and a compensation
transfer from B to E as W (Q,.-Q, ,)<0.
The latter part is then transferred to the
cleaner part, the city C, as W (Q_-Q,
J=W.(Q,.-Q,,)>0. 5. Application of
the New PES Standard Setting Regime
using He, Huang, and Xu (2015a)
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5. Application of the New PES
Standard Setting Regime using
He, Huang, and Xu (2015a)

I setting regime implies an im-

portant fact: the payments be-

tween upstream and downstream cities
should be based not on the current pol-
lution situation of river sections across
the cities but on that of the transbound-
ary section flowing between the cit-
ies. This requires the stated preference
studies to include both information
types in the estimation of WTP, which
thus makes it possible to isolate the part
of the WTP variation in one city due to

the transboundary pollution coming
from its neighbors.

his new PES payment standard

Among the numerous stated
preference valuation studies that aimed
to provide a payment standard for riv-
er related ecological services, we have
been able to identify only one paper
that directly studied the influence of
the transboundary water pollution on
the WTP of people in China, that of He,
Huang, and Xu (2015a), which is based
on an in-person CVM survey conduct-
ed in 2012 in the 20 cities of four prov-
inces (Guizhou, Yunnan, Guangxi and
Guangdong) of southern China belong-
ing to the Xijiang river basin.

The Xijiang River is the main
channel and longest tributary of the
Pearl River (cf. Figure 5). The Xijiang
River flows for 2,217 kilometers from
the north of Yunnan province eastward
across Guizhou province and Guangxi
province and through the Pearl River
delta in Guangdong province and final-
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Figure 5. Xijiang River Drainage Basin with 20 Surveyed Cities
(the size of the circle signifies the population of the surveyed city)

ly terminates at the southern China Sea
near Macau; it is the largest river system
in southern China. Similar to other re-
gions in China, the Xijiang River Basin
has experienced trends of increasing
inequality with respect to economic
development over the last 35 years. Un-
even development between regions nat-
urally leads to considerably different in-
terpretations by regional governments
about the relationship between the en-
vironment and the economy. Although
a wave of environmental consciousness
has begun to surface in some of the
richest eastern coastal provinces and
cities, several western inland regions
are still willing to endorse environmen-
tal damage in the interest of attracting
investment in productive but polluting
sectors. He, Huang, and Xu (2015a) ex-
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pected the uneven economic growth
levels between regions along the Xijiang
River to exacerbate the transboundary
pollution problem because the poor in-
land provinces, located upstream from
the Xijiang river basin, remain willing
to sacrifice the environment for growth.
These inland provinces are also rich in
nonferrous metal reserves, whose ex-
traction practices highly pollute water
resources.

Before the WTP questions, the
survey first provided the respondents
with a general description of the cur-
rent water quality for the Xijiang River
in which the potential contribution of
transboundary pollution and the real-
location tendency of polluting indus-
trial production toward upstream cities
were explicitly mentioned.
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“The Xijiang River drainage ba-
sin covers four provinces, Yunnan,
Guizhou, Guangxi and Guangdong
provinces. Although the water quality
of Xijiang River is relatively better than
other large rivers in North China, since
several years, major pollution incidents
frequently happened on its tributaries,
affected directly health and safety of
people living along the river. Given the
rapid economic and social development
in cities along the Xijiang River and the
already observed tendency of realloca-
tion of polluting industrial production
toward upstream cities, many research-
ers expected large-scale deterioration of
water quality in Xijiang River drainage
basin in near future.”

Then, the current water quality
of the section of the Xijiang River flow-
ing through the city where a respondent
lived was presented with the help of the
water quality ladder inspired by Mitch-
ell and Carson (1989) and adapted to
the water quality standard used in Chi-
na. The river basin-level uniform water
quality improvement target proposed
by our hypothetical project is fixed at
the swimmable level (C level on the wa-
ter quality ladder illustrated in Figure
6), which corresponds to level II of the
Chinese Ministry of Environment Pro-
tection classification. The respondents
were then asked if they were willing to
pay a monthly payment for the realiza-
tion of this water quality improvement.

Figure 6. Water Quality Ladders
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Stratified random sampling was Table 1). The recruited samples general-
used to ensure an appropriate balance ly show relatively good gender balance
of representativeness across the sur- but a higher concentration of younger
veyed cities. The sample size for each and more educated people in our sam-
city was determined to be roughly pro- ple compared with the general popula-
portional to its total population size (cf. tion (cf. Table 2).

Table 1. Sample Details for Each City

City P?lsllilllﬁgz;lz Sample Size'
Guangzhou 12.7 110
Shenzhen 10.4 90
Dongguan 8.2 71
Fuoshan 7.2 35
Guiling 7 55
Nanning 6.7 31
Kunming 6.4 48
Qujing 5.9 33
Guiyang 4.3 30
Guigang 4.1 11
Zhaoqing 3.9 35
Liuzhou 3.8 35
Baise 3.5 20
Qiannan 3.2 30
Zhongshan 3.1 11
Wuzhou 2.9 18
Qianxinan 2.8 23
Yunfu 2.4 15
Yuxi 2.3 11
Zhuhai 1.6 15
Total 102.4 727

!After the data cleaning. “Data source: Statistics book of sixth national population census of the People’s
Republic of China. The database illustrated here is the sub-sample (about the half of the total sample) of
the survey using the Multiple-Bound Discret Choice format WTP question. The other part of the data
that we did not use in this paper is based on a dichotomous choice format WTP question.
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Table 2. Statistic Descriptives of the Respondents

Variables Definition Mean S.D.

Age Years 34.09 10.94

Years of education Years 14.56 3.13

Income level Income (1,000 Yuan/month) 4.44 4.1
Respondents’ income can meet

Income higher than | the needs of their daily life?

need (1=yes,0=no) 0.25 0.43
Dummy for male

Male (0=female,1=male) 0.51 0.5

The database illustrated here is
the sub-sample (about the half of the
total sample) of the survey using the
Multiple-Bound Discret Choice format
WTP question. The other part of the
data that we did not use in this paper is
based on a dichotomous choice format
WTP question.

In Table 3 we reproduced the part
of the estimation results of He, Huang,
and Xu (2015a) based on the subsample
using the MBDC (Multiple Bound Dis-
crete Choice, Wang and He 2011; Welsh
and Poe 1998) format WTP questions.”
The last two estimation functions (hy-
potheses 2 and 3) illustrated in Table
1 used both individual- and city-level
characteristics to explain the monthly
WTP. The key variables of our interest
are those included in the section called
water quality-related variables, where
both the water quality of the river flow-
ing through the city of a respondent’s
residence (degree) and the water quality
of the section of river flowing through
the direct upstream cities (degree_up-

per) were included in the explanation
of monthly WTP. As can be seen from
the estimation called “hypothesis 27, the
monthly WTP of a respondent was pos-
itively and significantly affected by the
water quality of the river crossing his/
her resident cities but was negatively
related to the water quality of the di-
rect upstream city. The LR test report-
ed at the bottom of Table 1 compared
the model, including the variables of
the water quality of the direct upstream
city, with that excluding such variables.
Including the water quality of the up-
stream cities significantly increased the
explanative power of the estimation
models and thus supported the rele-
vance of including those variables.

However, the results associated
with the variable degree_upper in the
model called “hypothesis 2” do not ex-
actly correspond to the new framework
that we proposed. This is because the
upstream city’s water quality was used
as the determinant of WTP, not the ex-
act information of the water quality at

2 The other half split questionnaires used the double-bound dichotomous choice (DBDC) elicitation
strategies, whose results illustrated obvious bias related to the starting price anchor effect.

73



China Policy Journal

the transboundary section of the river.
We therefore believe that it is better to
use the estimation result of model “hy-
pothesis 3” to establish the payment
standard since the cross-term used in
this model, degree_upperx, can be con-
sidered a proxy for the water quality in
the section of the river flowing through
the boundary between city j and its di-
rect upstream neighbor k, where is the
distance between city k and its direct
upstream neighbor j along the river.
This term implies the notion of “dis-
tance decay” of the river water pollution
concentration because of the auto-puri-
fication capacity of the river; that is, the

further the city j is from its upstream
neighbor k, the more the auto-purifica-
tion function of the river can help to re-
duce the concentration of the pollution
in the section of the river flowing into
the city k. Therefore, the further city k
is from city j, the lower will be the im-
pact of its transboundary pollution on
city j. Our choice was supported by the
LR test, which confirmed that the use of
the cross-term degree_upperx gave sig-
nificantly better estimation results than
the simple term degree_upper and by
the improved statistical significance of
the coeflicients for the upstream water
quality related term.

Table 3. Main Estimation Results of He, Huang, and Xu (2015), MBDC Version Data

Hypothesis 1 Hypothesis 2 Hypothesis 3
Individual characteristics
Bid price —0.011 —0.011 —0.011
(38.13)** (38.13)** (38.13)***
rep_gov —18.436 —18.666 —18.159
(2.19)** (2.22)** (2.17)**
water_problem 7.080 9.700 10.930
(0.95) (1.29) (1.46)
will_service 15.093 13.791 13.203
(3.87)*** (3.51)*** (3.37)***
quality_deg 20.245 20.217 18.151
(2.67)** (2.68)*** (2.41)**
age —0.271 —0.177 —0.178
(0.79) (0.51) (0.52)
—0.554 —0.614 —0.534
education (0.46) (0.51) (0.44)
income_level 4.019 3.825 3.988
(3.96)*** (3.76)*** (3.95)%%+
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Income significant higher 27.176 27.677 27.058
than need (2.96)*** (3.03)*** (2.97)*+*
male —5.829 —5.859 —5.975
(0.81) (0.81) (0.83)
Can see the river —-25.250 —24.755 —24.015
(2.02)** (1.98)** (1.93)*
Far from the river —28.295 —28.315 —27.186
(2.38)** (2.39)** (2.30)**
d_fish 10.770 9.815 9.611
(1.20) (1.10) (1.08)
City level characteristics
share2nd —0.917 —1.383 —1.670
(2.29)** (3.06)*** (3.63)***
pop_density —1.011 —0.580 —0.186
(2.83)*** (1.43) (0.43)
gdp_growth 9.605 10.790 9.831
(4.16)*** (4.57)** (4.29)*
Water quality related variables
degree 5.134 5.264 5.990
(1.65)* (1.69)* (1.93)*
degree_upper —5.574
(2.22)*
—13.564
degree_upperx |} Do (3.24)**
Constant —62.418 —49.903 —28.804
(1.27) (1.01) (0.58)
LR 4.09** 10.45%+*

t statistics are displayed in parentheses, The stars *, ** and *** indicate the significance level at the 15%,
10%, and 1%, respectively.

This is a part of the Table 5 published in He, Huang, and Xu (2015a, P113).

The LR test reported at the bottom of the Table 1 compares the model including the variables of the
water quality of the direct upstream city with that excluding such variables.
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Based on the models “hypothe-
sis 2” and “hypothesis 3” and the new
framework for PES payment standard
setting, we calculated two new PES pay-
ment schemes for the nine cities locat-
ed along the main stream of the Xijiang
Rivers, as shown in Table 4. For a spe-
cific city j, a negative number reported
in the column titled signifies a loss of
the welfare of a representative person of
its population due to the transbound-
ary pollution flowing from its upstream
neighbor j—1. Therefore, we could use
this number to time the population size
of the city j to obtain its total welfare
loss caused by the pollution from its
upstream city j—1. To remedy such wel-
fare loss, the amount that the upstream
city k needs to transfer to city j should
be equal to the absolute value of this
product, as illustrated in the last two
columns of Table 1.

Additionally, in Table 5, we re-
port the detailed bilateral transfers
between cities according to their geo-
graphical location and the water qual-
ity situations in the transboundary
sections between cities. The numbers
proposed in the table were calculated
according to equations (1) to (5). The
upper panel of the table was based on
the model “hypothesis 2”, and the low-
er panel was based on the model “Hy-
pothesis 3”. A positive number signi-
fies a transfer from city k (upstream)
to city j (downstream) to remedy the
negative externality caused by k to j,
whereas a negative number means a
transfer from city j (downstream) to
city k (upstream) for the improvement
of the water quality and, thus, a posi-
tive externality.
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There are several interesting and
logical findings from the comparison
between the results based on models
“hypothesis 2” and “hypothesis 3”. For
example, the “distance decay” nature of
river water pollution can significantly
reduce the compensation burden for
the upstream polluters. Additionally,
for a city located a very small distance
along the river from its very-populous
direct downstream neighbor, even a
small amount of transboundary pollu-
tion signifies a large amount of com-
pensation. In both cases, the distance
plays a very important role in the deter-
mination of the compensation amount.

6. Discussion and Conclusion
he new payment standard set-
ting framework proposed in our
paper directly concentrates mea-

surements on the negative or positive
externality caused by transboundary
water pollution. This is very different
from most of the previously mentioned
preference studies, which focused on
measuring the impacts of isolated and
hypothetical quality changes in eco-
logical services on people’s welfare that
were rarely related to the transbound-
ary pollution context.

Based on the paper of He, Huang,
and Xu (2015a), our new payment
standard setting framework can pro-
pose both the total transfers that a city
should make as a polluter or receive as a
victim. This new framework also allows
the calculation of the detailed bilateral
monetary transfer between cities, de-
pending on their location on the river
and their contribution to the variation
of water quality. One advantage of our
approach is the possibility to not only



Payment for Ecological Services and River Transboundary Pollution

4313 Y91 LS6T— ST01— £9¢ 98¢ 91 Al reqnyz | 6
0 0 0 0 9'¢9 69'1¢ LTl Al noyzguenn | §
80°9¢ Ly'le O T1— 10l €67 33! I'e I weyssuoyz |
0 0 0 0 679 [N 7L Al Ueysoq | 9
4313 L'1T 80°8— LS S— I'SL 6'L9 6'¢ I Sutboeyz | ¢
LT91 LEET 8L9— LS S— §0T 00T ¥'C 111 yung |y
0 0 0 0 0L 19T 6'C 111 noyzng | ¢
10'8C LS8€ LEL— SI'01— I'8L 89¢ 8¢ I Suesmy | ¢
— — — — $19 — () Al suing | 1
s Ioqu3rou (ury)
Aos:\w%v M=dimv | (1-"0)m=dLmv Euoww.% IoquSiou Toqu3iou (o)
210UM *_¢ s1soqlodAT,, a1ym ‘, 7 s1sayjodAy,, 10011 1 weansdn (eS102) weansdn :ozﬁ.: mom (Anpy | I
[9pOW UO pasesy [opow uo paseq | AOS /g iv m Sﬁ%\u_ R ol 0} !
-0 ‘(1 ="0)'M | wurpepodar | @dUeISIQ Kyrenb
=dLMV =dLMV dLM 1918 M\

[0y 1-[ K310 woxy

(uen g worru ‘vonerndodx|J 1M V|) 19§suen [ejo],

(ueng) dLA UBSW [EnpIAIpU]

(uoryrmuu ur uonerndod ‘Ajrenb 19yem) 1o30RIq AY) UL,

(weansumop jsowi=¢ ‘weansdn

Jsow=1 ) Arenqry urew uo [ K319 o3 JO UOILO0|

AyTeuraixy 9AnedaN yong Apauray 03 I9JSuel], [e10], Y} pUe UOTIN[[0 I9Jep| ATepunoqsuel], 03 anp IeJ[IAA JO SSOT YT, ‘¥ d[qeL

77



China Policy Journal

— [ 99°L91— [SL€0T | L196— | ¥8°€€ | TIOIT | 1€201— | c€ocl | 3 Ao jo uonnjjod Arepunogsuen jo Ajiqisuodsar oy o) anp juewed [ejo,
— 4383 €EVI— cevl 8LY— 98°0 6'¢ 07— 10y cele 98¢ 9'1 Al LS'61— reynyz
— — eEESl—  eceSl | VO Iv— [4R] (4533 Y0 €E— y0°€€ 0 69'1¢ LTl Al 0 noyz3uenn
— — — 609¢ | LLOI- S0'C L8 1€8— 1¢'8 60°9¢ €el I'e 11 Yo' 11— ueys3uoyy
— — — — 86'8€— | ZO'I1 | 96'LT | ¥CTT— | yTTT | 0 cris TL Al 0 Ueysoq
— - — — — 6L11 | €61 | LTEI— | LTEl | TSIE 619 6¢ II 80°8— Sutboeyz
— — — — — — LTI91 £6'8— £6'8 LT91 <001 L 11 8L'9— gunx
— — — — — — — Igcl— | 1§21 |0 19¢ 6'C 111 0 nogznm
— — — — — — — — 10'8C 10°8¢ 89¢ 8¢ 11 LY L— Suesmn
— — — — — — — — — — — v'9 Al — 3uihd

Ioqu3ou

reqnyz |noyz3uenn) | ueyssuoyy | ueysoq |Suiboeyyz | mjung | noyznpy | Sue3mn Surng) Sn_ﬁmwm weonsdn

(uwnjod | poaredar weansdn . Q;vawww% \.x

oy} ut A310 03 dur] dyy uo(weansdn) 3y Ao 03 (weansumop) [ A0 Woiy 19§sues) SUBIW SAN[BA SANESIU | 1ojsuen 0 (uoryjru) fipenb Aqv M
‘(weansumop) [ 4110 03 (wreansdn) ¥ £110 woy 1o§suen suedw sanfea danisod) /41 ximew 1oysuen gad [eloL oouESIa uonendog | Ioyemy =dLMV [ K1)
3 sani) «€ s1sayjodLy,, ppow uo pasegq
— vT91 STsyl— [T99L1 | €oLEl—| O TITLT | 60°€vE— | 99'18€ [ 3 Ao jo uonnjjod Arepunogsuen jo Aijiqisuodsar ayy o3 anp juswiked [ejo],
— vTol vT9l— ¥T91 6'8— 0 w68 YTol— yT9l YT9l 98¢ 91 Al SI'ol— reynyz
— — 168C1—  |16'8C1 | PL'OL— 0 YL 0L 168C1— | 16'8TI 0 69°1¢ LTl Al 0 noyzsueno
— — — LY'IE | LTLI- 0 LTLI Ly 1¢— Ly'1¢ LY’ 1€ €el |53 11 SI'ol— ueys3uoyy
— — — — 01'ov— 0 oroy 80°€L— 80°€L 0 18 L Al 0 ueysoq
— - — — — 0 i | 6565— | 656 TLIT | 6'L9 6¢ II LSS— Sutboeyz
— — — — — — LEEL 9EVT— 9e1C LEEL 001 LY 11 LS S~ ygunx
— — — — — — — Yy 6C— vy 6c 0 19C 6C 111 0 noyznm
— — — — — — — — LS8E LS'8¢ 89¢ 8¢ 11 SI01— Suesmn
— — — — — — — — — — v'9 Al — sulmo

reynyz |noyz3uenn) | ueysSuoyyz | ueysoq |Sutboeyyz | njung | noyznpy | SueSmo Surn SQMMMW 1oquSiou

(uum(od | poarsoar | weansdn weansdn joomp

ayy ur A310 03 dur] Yy uo(wreansdn) Iy L3150 03 (Weansumop) [ £J1d WOy ISJSULT) SUBIWI SAN[BA SAESU |  1gjsuen 0} | (uorpqrur) Aipenb [ ‘(11 — v@v.x\s
‘(weansumop) [ £110 03 (weansdn) ¥ £110 woiy 1o5sues) sueaw sanjea danisod) ¥4 xuyew topsuen g4 [ejol | oouesiq |uonendog | Iorep =dIlMV [ K1)

3 son)

7 S1sayyodAy,, [ppowr uo paseg

SANID U2aM]ag IdJSURL], [RIAIR[I oY) JO s[Te1a(d YT, °S d[qel,

78



Payment for Ecological Services and River Transboundary Pollution

identify polluters and victims but also
“cleaners” who inherit bad water qual-
ity from the upstream neighbor and
clean it up. The compensation regime
proposed in our approach can accord-
ingly determine not only the compen-
sation for negative externalities to be
paid by the polluters to victims but also
a compensation from the “victim-to-
be” to the up-stream cleaners for their
efforts that create positive externalities
and avoid potential welfare loss. We be-
lieve such two-direction compensation
systems can more efficiently discourage
the creation of negative externality and
encourage that of positive externality,
both of which contribute to better river
water quality.

It is difficult to directly compare
the numbers proposed in our approach
with those from previous studies. One
reasonable comparison that we can
make is between the compensation that
we proposed in this paper and the ag-
gregate WTP reported in He, Huang,
and Xu (2015a) for the achievement of
the targeted Class II level river water in
corresponding cities. The latter can be
regarded as an example similar to most
of the previous valuation studies that
have used the WTP as the compensa-
tion standard for a better ecological
service quality. Referring to the three
columns under the individual WTP in
Table 2, we can make the general ob-
servation that using the total WTP for
a better ecological service quality risks
mixing up the pollution caused by the
upstream cities and the pollution from
a city’s own activities and thus tends to
exaggerate the necessary compensation
payments. According to Table 5, such
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exaggeration ranged from 2 to 10 times
for the Xijiang River. Another possible
comparison is with the pilot PES project
at the Xin'an River, in which the trans-
fer between two provinces is arbitrarily
fixed at 500 million Yuan per year. Tak-
ing the potential necessary transfer be-
tween Foshan and Zhongshan cities as
an example, the total yearly transfer is
already equal to 86% (36.09*12 months)
of the total transfer between Zhejiang
and Anhui provinces. Shen et al. (2015)
advocated the necessity to increase the
transfer amount for the Xinan River
PES pilot to reinforce the water protec-
tion motivation of both provinces; our
paper can be considered as a supportive
argument for their policy recommen-
dation, although we admit the poten-
tially big difference between the Xin'an
and Xijiang Rivers.

Another advantage of the new
approach for payment standard setting
is to directly associate the compensa-
tion amount that a city needs to pay
(for negative externality) or to receive
(for positive externality) with the size
of the victims/beneficiaries of the relat-
ed externality. From the point of view of
efficiency, for a specific city, the further
it is located toward the upstream end of
the river, the larger will be the size of its
potential victims/beneficiaries and thus
the higher will be the amount of com-
pensation to pay or to receive if it cre-
ates negative or positive externalities.
Such logic, acting with more emphasis
on the more upstream cities, can largely
contribute to efficiency of the control of
transboundary pollution and thus facil-
itates the realization of the water quality
improvement targets of an entire river.
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From equity point of view, as most of
upstream cities located in the inland
China are also at the same time less
developed cities, the further is the city
located in the upstream end, further its
river cleanup effort will be recognized
and well compensated.

The numbers proposed in our
study for the PES standard are certainly
specific to the case of the Xijiang Riv-
er. Although it is technically feasible to
use the estimated coefficients from the
models reported in Table 1 to extrapo-
late the impact of transboundary pollu-
tion on the variation of peoples WTP
in specific cities, such extrapolation still
produces biases. These biases can come
from the fact that different rivers pres-
ent different bio-physical character-
istics or that the cities located along a
river may have particular geographical
patterns and specific mutual econom-
ic relationships. Admitting that not all
these specificities can be considered
with the coefficients obtained from cit-
ies belonging to another river drainage
basin, we welcome more high-quality
stated preference studies to be conduct-
ed and used as bases for the proposal
of PES payment standards. Such mea-
sures will make it possible to compare
the results from different regions and
river basins and thus facilitates a more
practical discussion about whether it is
reasonable to extrapolate the results for
one drainage basin to another.
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Subjective and Objective Air Quality
in Urban China: The Moderating Effect
of Environmental Transparency

Liang Ma" and Wenxuan Yu?

ABSTRACT

Due to fast industrialization and sweeping urbanization in China,
environmental pollutions have been jeopardizing China’s econom-
ic and biological sustainability. Environmental pollutions have ig-
nited public outcry and social unrest, which may undermine the
ruling party’s regime support and legitimacy. Citizen’s political ac-
tions related to environmental degradation are largely determined
by their perceptions of environmental pollutions, which are subjec-
tive and socially constructed. In this study, we use data from vari-
ous sources (nationwide citizen survey, government statistics, and
external assessments) and employ a multilevel modeling strategy
to empirically explore the antecedents of citizens’ perceptions of
air quality. We examine to what extent objective air quality and en-
vironmental information availability (transparency) jointly affect
citizens’ perceptions of air quality. After controlling for a variety
of confounding variables, we find that subjective air quality is pos-
itively related to objective air quality and environmental transpar-
ency negatively moderates this relationship. The findings generate
significant theoretical and practical implications for environmental
policy, government performance measurement, and transparency.

Keywords: environmental pollution, air quality, China, subjective
performance measurement, government transparency

Calidad del aire subjetiva y objetiva en
la China urbana: el efecto moderador
de la transparencia ambiental

RESUMEN

Debido a la rapida industrializacién y urbanizacion radical en Chi-
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na, la contaminacién ambiental ha estado poniendo en peligro la
sostenibilidad econdmica y bioldgica de China. La contaminacion
ambiental ha provocado indignaciéon publica y malestar social, lo
que puede socavar el apoyo y la legitimidad del régimen del partido
gobernante. Las acciones politicas de los ciudadanos relacionadas
con la degradacion ambiental estdn en gran medida determinadas
por sus percepciones de las contaminaciones ambientales, que son
subjetivas y socialmente construidas. En este estudio, utilizamos
datos de varias fuentes (encuesta nacional de ciudadanos, estadis-
ticas gubernamentales y evaluaciones externas) y empleamos una
estrategia de modelado multinivel para explorar empiricamente los
antecedentes de las percepciones de los ciudadanos sobre la calidad
del aire. Examinamos hasta qué punto la calidad del aire objeti-
vo y la disponibilidad de informacién ambiental (transparencia)
afectan conjuntamente las percepciones de los ciudadanos sobre
la calidad del aire. Después de controlar una variedad de variables
de confusién, encontramos que la calidad subjetiva del aire se re-
laciona positivamente con la calidad objetiva del aire y la transpa-
rencia ambiental modera negativamente esta relacion. Los hallaz-
gos generan importantes implicaciones tedricas y practicas para la
politica ambiental, la medicion del desempenio del gobierno y la
transparencia.

Palabras clave: contaminacién ambiental, calidad del aire, China,
medicién del desempefio subjetivo, transparencia gubernamental
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Introduction Citizens' perceptions of air
quality are a social and psychological
ue to fast industrialization

Dand sweeping urbanization in
China, environmental pollu-
tions have been jeopardizing China’s
economic and biological sustainability.
Environmental pollutions have ignited
public outcry and social unrest, which
may undermine the ruling party’s re-
gime support and legitimacy. Citizen’s
political actions related to environmen-
tal degradation are largely determined
by their perceptions of environmental
pollutions, which are subjective and so-
cially constructed. Existing studies on
air pollution in China in social sciences,
however, are mainly conducted by ecol-
ogists and economists, considering air
pollution as independent variables and
using objective air quality indicators
from government archives to examine
its impacts on public health, happiness,
life satisfaction, and political actions
such as social protest and emigration
(e.g., Qin and Zhu 2018; Smyth, Mishra,
and Qian 2008; Wang and Cheng 2017).
With few exceptions (Li and Xue 2016;
Shi 2015), studies on perceived environ-
mental pollution in China are lacking.
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construct, jointly influenced by envi-
ronmental pollution and information
availability. The objective measurement
and subjective perception of air pollu-
tion are conceptually different and em-
pirically discernable, and it is of theo-
retical relevance and policy importance
to examine the discrepancies between
subjective and objective environmental
quality. A recent study reveals that per-
ceived government’s efforts in address-
ing environment issues significantly
influence residents” environmental per-
ceptions in a coal-mining region in
northern China. Controlling for gov-
ernment efforts, however, objective en-
vironmental indicators do not signifi-
cantly impact subjective environmental
perceptions (Shi 2015).

In this study, we focus on one of
the government efforts in addressing
environmental pollution, information
transparency. Environment transpar-
ency is considered as an essential part
of global environmental governance
(Gupta 2010). It is believed that envi-
ronmental transparency can protect
individuals from environmental harms,
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enhance environmental enforcement,
and facilitate social learning (Li and
Li 2012). Environmental transparen-
cy is one of the most important policy
tools the central government is using to
monitor and evaluate the performance
of local governments in environmental
protection so as to enforce environment
laws and regulations.

Given the importance of sub-
jective measures of public services and
government performance in public ad-
ministration research (Schachter 2010;
Shingler, Van Loon, and Alter 2008), we
aim to examine two research questions
with significant theoretical and practi-
cal implications:

(1) To what extent do people’s percep-
tions of air quality reflect the authen-
tic air quality measured by govern-
ment hard data in China?

(2) What policy instruments govern-
ment can take to influence people’s
perceptions of air pollution?

In this study, we use data from
various sources (nationwide citizen sur-
vey, government statistics, and external
assessments) and employ a multilevel
modeling (MLM) strategy to empiri-
cally explore the antecedents of citizens’
perceptions of air quality. Specifically,
we examine to what extent objective air
quality and environmental information
availability (transparency) jointly affect
citizens’ perceptions of air quality. After
controlling for a variety of confound-
ing variables, we find that subjective air
quality is positively related to objective
air quality and environmental transpar-
ency negatively moderates this relation-
ship. The findings generate significant
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theoretical and practical implications
for environmental policy, government
performance measurement, and trans-
parency.

The remainder of this article is
structured as follows. First, we discuss
the relationship between objective air
pollution and subjective perceptions
of air quality. Second, we review the
environmental transparency literature,
discussing how environmental trans-
parency in China would influence sub-
jective air pollution. Third, we report
our data collection and research meth-
ods. Fourth, we present and discuss our
findings. Lastly, we conclude with theo-
retical and policy implications, limita-
tions, and future research avenues.

Context
Air Pollution in China

ince China’s “Reform and Open-

up” policy in the late 1970s, China

has achieved stunning economic
achievement. In 2010, China overtakes
Japan as World’s No. 2 economy. Chi-
na is also experiencing unprecedented
urbanization. In 2015, more than 55.6
percent of Chinese lived in urban area
(CIA World Factbook 2017). It is no
doubt that economic development and
urbanization have drastically improved
Chinese people’s economic income and
quality of life. However, similar to oth-
er developing countries such as India,
China is also experiencing devastating
environmental pollutions (Albert and
Xu 2016). China has 16 of the world’s 20
most polluted cities (World Bank 2007),
and environmental pollutions have al-
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ready become one of the most pressing
threats to China’s economic sustainabil-
ity and social harmony.

According to an estimate of Chi-
nas Ministry of Environmental Pro-
tection (MEP) in 2010, environmental
pollution costs China around 1.5 tril-
lion RMB (227 billion U.S. dollars), or
roughly 3.5 percent of its gross domes-
tic product. Not only does environmen-
tal pollution thwart economic devel-
opment, environmental pollution also
produces detrimental effects on public
health. Studies estimate that around 11
percent of digestive-system cancers in
China may stem from unsafe drinking
water (He, Fan, and Zhou 2016). A re-
cent study shows that air pollution has
caused significant health consequences,
including respiratory, cardiovascular,
and cerebrovascular diseases, in north-
ern China since the 1980s (Chen et al.
2017).

Among various types of pollu-
tion, air pollution has produced most
visible negative economic, social, and
political impacts. Air pollution has led
to social unrest and collective actions,
threating political trust, and undermin-
ing legitimacy (Albert and Xu 2016).
Air pollution has pushed people to mi-
grate or emigrate (Qin and Zhu 2018).
Therefore, fighting again air pollution
has become one of the top priorities
of the central government. Local gov-
ernments have also been mobilized to
fight against haze. After a lasting peri-
od of “airpocalypse” in Beijing in 2013,
for instance, a senior Beijing municipal
government official vowed on his own
head to control the choking haze.
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However, Chinese government
is facing tremendous challenges in ad-
dressing air pollution issues due to
various reasons. First, air pollution in
China is a “wicked problem” (Rittel and
Webber 1973). The components and the
causes of air pollution are very complex
due to China’s large territory and vast
differences in demographic, geograph-
ic, economic, and industrial character-
istics among regions.

In the past four decades, China
has experienced unprecedented fast in-
dustrialization and urbanization. How-
ever, China’s economic growth heavily
relies on the consumption of natural
resources, energy, and cheap human la-
bor. Due to the scarcity of other natural
resources and technology deficiency,
coal is still the dominant source of en-
ergy (Zhang and Crooks 2012). China
is the largest coal producer in the world
and produces around half of global
consumption (Bawa et al. 2010). Al-
though China’s National Energy Agency
claimed that coal use had been declin-
ing, international observers doubted
the claim because of the increased coal
power plant capacity in 2015 (Albert
and Xu 2016). In the past 20 years, car
ownership has skyrocketed with the
fast urbanization. In 2016, China has
172 million cars (Xinhua 2016). Rapid
urbanization and car ownership sig-
nificantly increase energy consumption
and emissions, which in turn jeopardize
air pollution (Liu and Diamond 2005).

Second, air pollution is the most
visible pollution, and its threat to eco-
nomic sustainability and public health is
equivalent to (if not higher than) other
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type of pollutions (e.g., water and soil).
Due to its visibility, however, public
complaints and outcry distract govern-
ment attention from addressing other
more serious environmental challeng-
es. Also, government takes fragmented,
campaign-style, and short-term super-
ficial measures instead of holistic and
fundamental strategies to address air
pollution (Dasgupta and Wheeler 1997;
Dong et al. 2011).

Last but not the least, curbing air
pollution is a double-edged sword. Air
pollution is the consequence of China’s
fast industrialization and economic de-
velopment. On the one hand, Chinese
people are the victim of air pollution; on
the other hand, they are also the bene-
ficiaries of fast economic development.
Studies found that Chinese believe eco-
nomic development is more important
than environmental protection and
such attitudes are rooted in the nation’s
long history of poverty, resulting in
strong desire for material wealth (Har-
ris 2006). Chinas environmental pol-
lution is deeply intertwined with other
problems related to industrial structure,
energy consumption structure, and the
model of economic development. Chi-
na still has a long way to go in curbing
environmental pollution.

In addition, how Chinese peo-
ple perceives air pollution is further
complicated by the fact that the causal
mechanisms between air pollution and
health consequences are ambiguous,
and the negative effects of air pollution
on public health are often long term
and chronical (Holdaway 2013). More-
over, previous environmental studies
suggest that demographic characteris-
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tics such as age, gender, education, res-
idence, and social economic status may
also influence people’s environmental
perceptions (Daneshvary, Daneshvary,
and Schwer 1998; Ebreo, Hershey, and
Vining 1999; Howell and Laska 1992;
Xiao and Hong 2010). Therefore, it is
more meaningful to study how Chinese
people’s perceptions of air pollution af-
fect their political attitudes and actions
than studying the static and “objective”
air quality indicators.

Environmental Transparency

The central government has considered
environmental pollution as its top pol-
icy priority due to the devastating and
detrimental effects of environmental
pollution on environmental sustainabil-
ity, public health, and political trust and
legitimacy (Economy 2010). However,
the implementation of environmental
protection policy is largely thwarted by
China’s unique political system char-
acterized by fragmented and decen-
tralized authoritarianism (Lieberthal
1997). Local functional departments
and environmental departments need
to report to and under the control of
both central and local governments.
The fragmented and decentralized
power of environment protection chal-
lenges the efforts of the central govern-
ment in striking a balance between eco-
nomic development and environmental
protection (Tan 2014).

Given the importance of people’s
perceptions of air pollution and the
difficulties of addressing the “wicked
problem” in the short run, it is crucial
to manage subjective air quality apart
from actually improving air quality.
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As a policy tool to break the deadlock,
Chinese central government has given
high hope to environmental transpar-
ency. The Regulations on Open Gov-
ernment Information was enacted by
the State Council in 2007 and took ef-
fective in 2008. According to the Reg-
ulations, governments are required to
disclose public information and citi-
zens are entitled to request government
information. Almost at the same time,
The National Bureau of Environmental
Protection (the predecessor of Minis-
try of Environmental Projection, MEP)
promulgated the Measures on Open
Environmental Information (OEI) in
2008 to mandate local environmental
protection bureaus (EPBs) to disclose
environmental information.

For individual citizens, envi-
ronmental transparency can educate
citizens to realize the importance of
environmental sustainability and pro-
actively take measures to protect them-
selves from pollution. Pollution is more
than a pure objective fact. It is actual-
ly social constructed. The definition of
pollution changes with people’s under-
standing of the causes and consequenc-
es of environmental changes. With
more environmental information, the
public is informed and educated to un-
derstand the consequences of economic
growth and development so as to make
an informed decision to adjust their
expectations toward pollution. Their
attitudes or behaviors would change
accordingly. In China’s unique histori-
cal and cultural context characterized
by government secrecy, disclosing en-
vironmental information to the public
exhibits government’s genuine wiliness
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and commitment in constraining cor-
ruption and abuse of power and con-
trolling pollution (Yu 2011).

In China, due to the lack of a
vibrant civil society, government mo-
nopolies environmental information
provision. However, citizens themselves
can also acquire information from oth-
er channels (Fung, Graham, and Weil
2007). When government informa-
tion is absent, information from other
sources would significantly influence
their perceptions on government per-
formance in a way government may not
like. In 2009, the U.S. Embassy in Bei-
jing began to provide air quality infor-
mation to its employees and American
expatriate due to the frequent appear-
ance of choking haze. The publicity of
air quality assessment went viral in so-
cial media. After accusing the Embassy
for intervening China’s internal affairs,
the MEP was forced to release air qual-
ity information. However, the contin-
uous inconsistence between the two
data sources further jeopardized public
confidence and trust in the MEP (Ma
and Zhang 2015). What is even worse
is that the information released by gov-
ernment and other sources (including
citizens themselves) is inconsistent or
mutual conflicting, which may result in
citizens’ discontent and distrust toward
government.

Theoretical Hypotheses
Objective and Subjective Air Quality

n public administration literature,
since 1970s, a stream of literature
has examined the congruence be-
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tween objective and subjective perfor-
mance indicators (Miller and Miller
1991). Due to the differences in concep-
tualization, measurement, and model
specification, the debate has contin-
ued and research findings are mixed.
A stream of studies tries to empirically
show that subjective government per-
formance are influenced by individual
demographic characteristics such as
gender, age, education and race, and
individual use experience and expecta-
tion (Brown and Coulter 1983; Stipak,
1979, 1980; Swindell and Kelly 2000;
Van Ryzin and Immerwahr 2008).

Stipak (1979) argued that many
public services are rarely used by citi-
zens. The relationship between subjec-
tive indicators and objective indicators
is confounded by many statistical prob-
lems. Brown and Coulter (1983) empir-
ically explored the relationship between
residents’ perceived police performance
(e.g., policy response time, police treat-
ment of people, and police service
quality) and corresponding objective
indicators, finding that subjective in-
dicators are not significantly related to
objective indicators. However, other
scholars disagreed that previous studies
have various methodological problems.
At least in public service areas such as
park maintenance and street cleaning,
if outcome-oriented objective indica-
tors and a more scientific research de-
sign are adopted, subjective and objec-
tive indicators are significantly related,
which means that citizen’s perception
of government performance can reflect
government genuine performance (An-
drews et al. 2011). Using New York pub-
lic school data, Charbonneau and Van
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Ryzin (2011) found that parents’ sub-
jective assessment of education quality
corresponds fairly well with objective
school performance measures.

Proving public goods and ser-
vice, and regulating market are two
essential functions of government. Air
is a pure public good. Without gov-
ernment regulation, due to air pollu-
tion’s externality and spillover effects,
“the tragedy of commons” takes place
(Burger and Gochfeld 1998). Air quali-
ty is considered as a sign of government
regulatory capacity and an essential
indicator of government performance
(Holzer and Yang 2004). Different from
other public services such as park and
library; nobody can escape from enjoy-
ing the “service.” Air pollution is highly
sensible and visible. However, it does
not necessarily mean subjective percep-
tional measures are reliable in measur-
ing air quality.

Perception of air pollution is
socially constructed by individuals
and societal characteristics, as well as
their interactions (Li and Li 2012). Hu-
man body is an adaptive system, and
long-time exposure to pollution could
change the psychological and biolog-
ical formula for evaluating air quality.
Objective measures of air pollution are
based on a universal set of scientific
measures according to a set of univer-
sal scientific “truth” of public health.
In contrast, regular people do not have
professional equipment and knowledge
to detect air quality. In addition to their
personal experience, their perception
of air quality is highly influenced by
information provided by mass media
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and social media (Liu, Dong, and Wang
2011). Therefore, visible and sensible
experience of residents is based on but
not equivalent to the objective level of
air quality.

Hadrich and Wolf (2011) studied
the environmental pollution by Mich-
igans livestock operations and citizen
complains. They found that compared
with surface water pollution, odor pol-
lution was more difficult to be veri-
fied. In China, although after the 2013
pandemic air pollution in Beijing, the
municipal government had promised
to clean the air, in the summer of 2016
local dwellers’ complaints on the hover-
ing haze raged the social media, blam-
ing government’s incompetence and in-
action. However, according to objective
scientific data, air quality in Beijing has
significantly improved over years. In
order to establish the significant rela-
tionship between objective and subjec-
tive air quality, we need empirical stud-
ies based on solid data, representative
sample, and rigorous research design.
Although there are no empirical stud-
ies specifically testing the relationship,
some research on citizen environmen-
tal complaints and environmental pol-
lution found that citizens’ complaints
are significantly related to air pollution
(Dasgupta and Wheeler 1997; Dong et
al. 2011). Therefore, we develop the first
hypothesis as below.

Hypothesis 1: Subjective air quality sig-
nificantly correlates with objective air
quality.
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The Moderating Effect of
Environmental Transparency

In addition to the influence of objec-
tive air pollution, subjective air pol-
lution could also be affected by their
expectation, knowledge, information
availability, and political attitudes,
which are influenced by environmen-
tal transparency. Transparency refers
to the availability and usability of gov-
ernment information to the public, and
it is subtly different from openness and
information disclosure (Wu, Ma, and
Yu 2017). Openness means the disclo-
sure of government information, which
might not be equivalent to transpar-
ency. For instance, government may
discretionarily and selectively disclose
some information while keep others
(e.g., politically sensitive data) opaque.
Government may also purposely dis-
tort and manipulate the information
disclosed to the public. Transparency,
in contrast, means government infor-
mation is not only disclosed and avail-
able to the public, but also citizens can
access, understand, interpret, and use
the information for private or public
purposes (Fung, Graham, and Weil
2007).

Transparency is not only about
the disclosure and use of government
information, but also reflects the mo-
tivations and capacities of the gov-
ernment in addressing air pollution.
Given the professionalism of air qual-
ity monitoring, the information on air
quality is to some extent controlled by
the government. Whether citizens can
get access to and utilize this informa-
tion partially depends on government
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interventions, and local governments
who are willing to disclose and share
environmental information are favor-
ably supported by citizens. If local gov-
ernments can honestly disclose envi-
ronmental information and proactively
adopt policies to address environmen-
tal pollution, then citizens are more
likely to support their policies. Despite
environmental pollution might not be
substantially reduced, citizens will tol-
erate their sluggish improvement and
perceive environmental quality in a
more lenient way.

We argue that citizens’ percep-
tion of air quality is positively related
to objective reading of air quality, and
environmental transparency moderates
this relationship. Specifically, we expect
that the objective-subjective air quality
relationship will be attenuated when the
level of environmental transparency is
higher. Recent studies have consistently
found that transparency moderates the
relationship between people’s percep-
tions of government performance and
other social phenomena such as corrup-
tion (Park and Blenkinsopp 2011) and
social equity (Wu, Ma, and Yu 2017).
Given these considerations, we develop
our second hypothesis as follows.

Hypothesis 2: Environment transparency
negatively moderates the relationship be-
tween subjective and objective air quali-
ty, and the relationship is weaker when
environmental transparency is higher.
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Methods
Sample and Data

e use recent large-scale citi-

zen survey data and external

assessments in over 30 Chi-
nese largest cities to empirically exam-
ine the interaction effects of objective
air quality and environmental transpar-
ency on citizens” subjective air quality.
We test the two hypotheses by using
multisource data from 32 largest cities
in China. The sample covers four mu-
nicipalities (Beijing, Tianjin, Shanghai,
and Chongqing), 22 provincial capital
cities (e.g., Guangzhou and Hangzhou),
five subprovincial cities (Dalian, Qing-
dao, Ningbo, Xiamen, and Shenzhen),
and one prefecture-level city (Suzhou).
The administrative structure in Chi-
na consists of five layers, and cities
are at the first three layers (provinces,
prefectures, and counties). There are
15 prefecture-level cities granted with
subprovincial authorities by the cen-
tral government, and 10 of them are
provincial capital cities (e.g., Harbin
and Xi‘an). The sample of cities is com-
parable in administrative ranks while
heterogeneous in geography and socio-
economic development. The 32 largest
cities are frequent research subject for
urban management scholar in studying
China (Smyth, Mishra, and Qian 2008).

Data on citizens' perceived air
quality are from the 2011 Lien Chinese
Cities Service-Oriented Government
Survey, which telephone interviewed
over 25,000 residents in 32 largest cities
by Computer Assisted Telephone Inter-
viewing (CATI) method according to a
stratified sampling framework. In each
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city, 700 residents were interviewed,
except for megacities like Beijing and
Shanghai, in which 1,000 residents were
surveyed. Data on the government in-
formation disclosure of air quality (en-
vironmental transparency) are from
IPE’s independent assessment (Lorent-
zen, Landry, and Yasuda 2014). As IPE
did not cover Haikou, our final number
of observation is 31 cities. In addition,
we collect archival data from the statis-
tics of MEP to measure air quality and
other city-level variables.

Dependent Variable

One 10-point Likert scale item is used
to gauge the respondents’ subjective
perceptions of air quality. The respon-
dents were asked to rate their percep-
tions of air quality in the cities where
they live. In the survey, 1 refers to the
worst while 10 means the best. Al-
though single-item measure is one of
the limitations of this studys it is appro-
priate to capture respondents’ overall
assessment of air quality. Roughly 50.5
percent of the respondents scored high-
er than 6, which is in congruence with
the 2010 MEP citizen survey.

Independent Variables

Prior studies on the effect of air quality
on life satisfaction usually use annual
mean concentration levels or amount
of emission per capita of air pollutants
(e.g., sulfur dioxide, SO,) as the key
measures of air pollution (Luechinger
2009; Smyth, Mishra, and Qian 2008).
We measure urban air quality by yearly

averaged pollutant concentration indi-
cators reported by the MEP. The key air
pollution indicators include SO., nitro-
gen dioxide (NO,), and particulate mat-
ters (PM, ), all measured by milligram
per cubic meter (mg/m?®). As of 2011,
the data on PM,, were unavailable in
most cities and we cannot assess wheth-
er it correlates with public satisfaction
with air quality.

To take all air pollutants into ac-
count, we also use an umbrella measure
to gauge air quality. We use the propor-
tion of monitored days of air quality
equal to or above national secondary
standard (grade II) in the whole year
(percent). The MEP classifies cities into
three grades according to the national
air quality standards (air quality index,
AQI), with higher grades (e.g., grade I)
denoting better air quality. The variable
is coded as a dummy;, since all sampled
cities are either in the status of grade II
(0) or grade III (1). Air quality fluctu-
ates seasonally and it is appropriate to
concentrate on the period when we col-
lect our survey data. We use the average
air pollution measures in the first half
of the year,' since the survey was con-
ducted from April to August 2011.

IPE developed the Urban Air
Quality Information Transparency In-
dex (AQTI) to rate cities’ performance
in air quality information disclosure
(IPE 2012). The initial version of AQTI
released in 2010 assessed 20 Chinese
cities (e.g., Beijing, Shanghai, Guang-
zhou) and compared their performance

1  MEP, Air quality of key environmental protection cities in the first half year of 2011, July 22, 2011,
http://www.mep.gov.cn/gkml/hbb/bgg/201107/t20110730_215576.htm  (accessed January 18,
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with those of 10 international cities
(e.g., New York, Paris). The 2012 ver-
sion of AQTT ranked 113 Chinese cities
monitored by the MEP as National Key
Environmental Protection Cities. The
MEP monitors 10 air pollutants (e.g.,
PM , PM, ., SO,, NO,, and so forth),
and their availability, completeness,
promptness, and user-friendliness on
urban EPBs’ websites were assessed. The
air pollutants were weighted by poten-
tial health impacts and environmental
management practices. The total score
of AQTI ranges from 0 to 100 points,
and higher scores refer to higher levels
of environmental transparency.

IPE also developed the Pollution
Information Transparency Index (PITI)
to assess environmental transparency
of urban EPBs (IPE and NRDC 2009).
PITI evaluated the performance of
EPBs’ online disclosure of pollution-in-
tensive enterprises, clean production,
environmental impact assessment, and
other pollution-related information. In
this article, we use AQTI and PITI to
measure municipal governments’ envi-
ronmental transparency.

Control Variables

Individual-level variables such as gen-
der, age, education, and income that
may affect people’s subjective air qual-
ity are included in the model. Gender
as a dummy is coded as 1 for male and
0 female. Age is measured by an ordi-
nal variable ranging from 2 (18-29) to
6 (above 60). Education is denoted by
an ordinal variable with four catego-
ries, ranging from 1 (primary school or

2013)
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below) to 6 (master’s degree or above).
Monthly income is gauged similarly by
an ordinal variable ranging from 0 (no
fixed income) to 14 (above 30,000 RMB
Yuan).

The demographics of the respon-
dents are similar with the latest census
data and our sample is largely repre-
sentative of the population of the sam-
pled cities. In the sample, 45.19 percent
of respondents were female, and 55.89
percent had college and above degrees.
The majority of the respondents (45.89
percent) aged between 18 and 29, and
those older than 60 accounted for 7.59
percent. In the sample, 62.84 percent of
the respondents earned monthly income
below 3,000 RMB Yuan, whereas rich
residents with income above 6,000 RMB
Yuan only accounted for 8.30 percent.

Analytical Methods

As our data structure is nested or mul-
tilevel (individual citizens nested in
cities), we adopt MLM to test our hy-
potheses. MLM is preferable to estimate
variances at multiple levels. In the mod-
el, individuals are at Level 1 while cities
are at Level 2. MLM can simultaneously
estimate the variances at both Levels
1 and 2 (Raudenbush and Bryk 2002).
We center Level 1 predictors with-
in the cluster (group mean centering)
and center Level 2 predictors by grand
mean centering, which is appropriate to
estimate the same-level and cross-lev-
el moderating effects in MLM (Enders
and Tofighi 2007).

In order to test our two hypothe-
ses, we need to estimate the moderating
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effects of Level 2 variables (environ-
ment transparency) on the relationship
between Level 2 independent variable
(objective air pollution) and Level 1 de-
pendent variable (subjective air quali-
ty). The first case is referred to the mod-
erating effects at the same level (means
as outcomes model) while the other case
is cross-level (slopes as outcomes mod-
el). We follow standard procedures to
detect moderating effects in MLMs and
probe graphically, which enables us to
intuitively interpret the results (Preach-
er, Curran, and Bauer 2006). Vary-
ing-intercept model is used to estimate

the direct effects while varying-inter-
cept, varying-coefficient model is used
to estimate the moderating effects.

Results
Descriptive Statistics

able 1 reports the descriptive
statistics of our key variables. It
reveals that the sampled cities
vary substantially in objective air pol-
lution indicators. Air grade in 14 sam-
pled cities (or 43.75 percent) was rated
as I1I, with the other 18 cities graded as
II. Environmental transparency varies
drastically across sampled cities with

Table 1. Descriptive Statistics and Correlation Matrices

Variable Observations Mean  Std. Dev. Min Max  Correlation
Air quality satisfaction 25,139 6.328  2.075 1 10 1

802 32 0.039 0.014 0.007 0.062 -0.0989*
NO, 32 0.044 0.012 0.015 0.064 -0.0815*
PMIO 32 0.094 0.022 0.044 0.145 -0.182*
Air grade (ITI=1) 32 0.438 0.504 0 1 —0.153%
AQTI 31 32.355 19.607 9 76 -0.096*
PITI 31 50.555 17.216 23.2 83.7 —0.0051
Gender (male=1) 25,222 0.548 0.498 0 1 -0.0119
Age 24,939 3.069 1.260 2 6 0.117*
Education 24,988 3.712 1.250 1 6 —0.0438*
Income 23,595 3.348 2.780 0 14 —-0.0464*

Note: The last column denotes the correlation coefficients between air quality satisfaction (the
dependent variable) and all independent varijables. *p<0.05.

AQTI scores ranging from 9 to 76 and
PITI scores between 23.2 and 83.7.

The last column in Table 1 shows
the correlations between our indepen-
dent variables and the dependent vari-
able. The results suggest all air pollut-
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ants are negatively associated with air
quality satisfaction and statistically
significant at the 0.05 level. The mea-
sures of environmental transparency
are both negatively correlated with sub-
jective air quality measures, albeit only
the correlation coefficient of AQTT is
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statistically significant. In addition, we
find that age, education, and income of
respondents are significant antecedents
of subjective correlation, while gender
is not significant.

We graphically plot the relation-
ship between subjective and objective
air quality measures in Figure 1. The
distribution of sampled cities in the
plot implies that objective air pollu-
tion is negatively related to subjective
air quality. For instance, Haikou emit-
ted least SO, among 32 sampled cit-
ies (0.007 mg/m?®), and its subjective
perception was also highest (8.06 out
of 10). In contrast, the midyear emis-
sion of SO, in Taiyuan was among the
highest group (0.062 mg/m?®) and its

subjective air quality was relatively
low (5.02). There are also some out-
liers, however, owing to idiosyncrat-
ic geographical and socioeconomic
characteristics. Coastal Qingdao had
a slightly higher concentration of SO,
(0.059) than inland Lanzhou (0.052),
but Qingdao was top in subjective air
quality (7.644) while Lanzhou is at
the bottom (4.103), mostly because of
Qingdao’ coastal advantage to quickly
disperse air pollutants. Another po-
tential explanation is that subjective
air quality measures are influenced by
multiple sources of air pollutants. Al-
though Qingdao and Lanzhou were
similar in the concentration of SO, and
NO,, Qingdao’ PM,  emission (0.092
mg/m?’) was much lower than Lanzhou

Figure 1. The relationship between objective and subjective air quality measures
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(0.145 mg/m’). PM, is one of the most
visible air pollutants that often lead to
citizen complaints.

Multilevel Model Estimations
e report MLM regression
results for both direct and

Winteraction effects of our
independent variables (see Table 2). In
the first column, the null model with no
predictors suggests that 16.39 percent
(interclass correlation (ICC) = 0.712/
(0.712 + 3.633)) of total variances in air
quality satisfaction could be attributable
to Level 2 predictors. The explanatory
power of Level 2 predictors is remark-
ably strong, particularly if we consider
the small sample size (N=32) at Level 2
compared with large sample size at Lev-
el 1 (N=25,139) (Raudenbush and Bryk
2002). Actually, the impressive ICC,
0.1639, implies that residents nested
in each sampled city have very similar
perception on the air quality in the city.
This finding implies that subjective air
quality may significantly correlate with
objective air quality. But, whether sub-
jective and objective air quality are cor-
related need further investigated while
controlling other variables. Although
the variance at Level 2 (0.712) is statisti-
cally insignificant, it is substantially dif-
ferent from the standard error (0.179),

suggesting it is essential to use MLM to
estimate our models.

In the rest columns of Table 2,
we sequentially enter our key inde-
pendent variables and moderating
variables. The results show that Lev-
el 2 air pollutants do have statistical-
ly significant effects on subjective air
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quality. When SO, is used as air pollu-
tion measure in Model 2, its regression
coefficient is negative and significant
(p=-18.37, p<0.10) and statistically
significant at the 0.10 level. In Model 5,
NO, is used to gauge air pollution, and
we find that its effect is negative albeit
insignificant (f=-12.14, p>0.10). Both
PM,  in Model 8 and air grade in Mod-
el 11 have significantly negative effects
on subjective air quality (f=-19.98,
p<0.01; f=-0.73, p<0.01). In a nutshell,
our results suggest that Hypothesis 1 is
partially supported and objective air
quality is one of the key antecedents of
subjective air quality.

We report the results on the
moderating effects test in Table 2. Most
of our interaction terms are statistical-
ly significant and consistent with our
hypotheses, and therefore, Hypothesis
2 is partially supported. In Model 3,
AQTT has insignificant effect on sub-
jective air quality and its interaction
term with objective air pollution (here-
in SO,) also has little effect of substance
(B=0.10, p>0.10). The insignificant ef-
fect of AQTTI can be attributable to its
substantial change over the short term
after MEP mandated EPBs to release
air quality information, which shrank
cities’ disparities in transparency (IPE
2012). When we turn to Model 4 with
PITI as our moderator, we find its inter-
action term with air pollution have sig-
nificantly positive effect on subjective
air quality (p=1.51, p<0.05).

The moderating effect of envi-
ronmental transparency on the rela-
tionship between NO, and subjective
air quality was not supported by using
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Note: Standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1.

either AQTT or PITI as the mod-
erator (see Models 6 and?7). In
terms of PM , the moderating
effects of both AQTI (p=0.80,
p<0.01) and PITI (p=0.83,
p<0.05) are supported (see Mod-
els 9 and 10). In the case of AQI,
only the moderating effect of
AQTI is significant and positive
(p=0.03, p<0.05) (see Models 12
and 13). In sum, the substantially
similar results among the four air
pollutants corroborate Hypothe-
sis 2.

To visually illustrate the
moderating effect of environ-
mental transparency on the re-
lationship between objective and
subjective air quality measures,
we draw the marginal changes
of simple slopes of air pollution
as the function of the two mod-
erators in Figure 2. In Panel A
of Figure 2, we reveal that air
pollution (measured by SO,) is
negatively associated with sub-
jective air quality when PITT is at
the —1 standard deviation (SD)
condition, but its sign turns to
be slightly positive at the +1 SD
condition. The result suggests the
negative effect of air pollution
(herein SO,) on subjective air
quality is attenuated with the in-
crement of environmental trans-
parency (PITI). When the value
of centered PITI (ranging from
—27.355 to 33.145) is larger than
the lower confidence bound of
region at the 0.05 level (-2.2323),
the slopes of air pollution turn to
be statistically insignificant. Pan-
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Figure 2. The moderating effects of transparency on the
objective-subjective air quality relationship

el B-D in Figure 2 reveals similar pat-
terns by using different measures of air
pollution and transparency.

With regard to individual-level
control variables, we find that gender
has insignificant effect, albeit females
have slightly better air quality percep-
tion than males. Age has significantly
positive effect on subjective air quality,
suggesting that elder residents are more
tolerant of air pollution. Education and
income are both significantly and pos-
itively associated with subjective air
quality, which implies that high-educat-
ed and high-earned residents have rel-
atively higher expectations toward air
quality and they are consequently more
discontent.

Discussions

ow to strike a balance between
economic development and
environmental sustainability

has been one of the top policy priorities
in contemporary urban governance,
particularly for developing countries
such as China (Economy 2010). In Chi-
na, economic slowdown and pandem-
ic environmental pollution have led to
social protest and unrest (Albert and
Xu 2016). It is imperative for govern-
ment to respond in a more transparent
manner. In China, failures in managing
environmental pollution and citizen’s
perceptions are threatening the ruling
party’s political trust and legitimacy.

In this study, we use the data
from a recent national citizen survey
and a third-party assessment in over 30
Chinese major cities to empirically ex-
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amine the congruence of subjective air
quality and objective air quality mea-
sured by government archive data and
the moderating effects of environmen-
tal transparency on the relationship.
Independent and interaction effects of
air pollution and environmental trans-
parency on public satisfaction with air
quality are quantitatively analyzed by
MLM technique. We find that given
the same level of environmental pollu-
tion, citizens actually would perceive a
better level of air quality with a higher
level of environmental transparency.
Our quantitative analysis reveals the in-
dependent and interaction effects of air
pollution and environmental transpar-
ency on subjective air quality.

Contributing to the literature on
transparency, which has been debating
whether transparency is good for pub-
lic administration, this study suggests
that environmental transparency is of
crucial importance in addressing envi-
ronment challenges. Other than other
benefits such as better decision mak-
ing for government, private business-
es, and individual citizens, one of the
most important benefits for democracy
is environmental information provided
by environmental transparency regime
can of help in constructing citizens’
perceived reality, air quality in this case.
So far, most transparency studies were
conducted in the western democratic
context (Cucciniello, Porumbescu, and
Grimmelikhuijsen 2017). This study
focuses on transparency in the context
of authoritarian China and examine its
effects in a specific policy area, environ-
mental protection. Our findings imply
that government and nonprofit organi-

zations can leverage various informa-
tion-based policy instruments such as
information disclosure, openness, and
policy campaign to inform, educate,
and empower the public to curb air pol-
lution collectively (Li 2012).

In the literature of public per-
formance measurement, the debate on
whether and to what extent subjective
performance measures echoes objective
ones centers on the conceptualization
issues of subjective and objective mea-
surements and methodological com-
plications (Kelly 2003). In this study,
we explore the relationship in a new
policy area, environmental protection,
which has not been examined by public
administration scholars. We compare
subjective and objective air pollution
measures to avoid the notorious inputs
versus outcome comparison problems
(Parks 1984). We also adopt a more so-
phisticated and advanced research de-
sign and data analytic technique to ad-
dress potential statistical complications
such as common method biases. Our
findings suggest that public administra-
tors should realize that citizens do have
sufficient capacity to detect government
performance and their perception of
government performance is not only
normatively important but also techni-
cally essential (Swindell and Kelly 2000;
Van Ryzin, Immerwahr, and Altman
2008). Furthermore, our study empha-
sizes the role government can play in
influencing citizen’s perceptions, high-
lighting the potential of environmental
transparency for global environmental
governance (Li 2012; Tan 2014).

Given the escalating air pollu-
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tion in urban China, central and local
governments have been endeavoring in
spending more resources in environ-
mental regulations. Despite the gov-
ernment proclaims that air quality has
been steadily improving, citizens do
not resonate and buy, generating an en-
larging gap between government rhet-
oric and citizen perceptions. Given the
lingering air pollution, citizens may be
hopeless of and habituate themselves to
air pollution (Menz 2011), because it
has been an essential part of their lives
(Johnson et al. 2017). How to mitigate
citizens’ discontent with air pollution?
Our findings suggest that government
should be more transparent in disclos-
ing information and engaging the pub-
lic, which helps to retain social legiti-
macy and support.

Information-based policy in-
strument is among lots of policy in-
struments available to policy-makers,
and incentive-based and mandatory
instruments are equivalently and even
more powerful in improving environ-
mental performance. Despite informa-
tion-based instrument is not the most
powerful policy instrument, it is a
promising and cost-efficient one. Lots
of recent developments in environ-
mental governance use information
disclosure and transparency to nudge
residents and industrial enterprises to
reduce environmental pollution. It is
thus important to highlight the value of
information-based policy instruments
in improving air quality, both objective-
ly and subjectively.

Environmental transparency
may be undermined by giant industri-

al enterprises due to interest entrench-
ment (Lorentzen, Landry, and Yasuda
2014), and government should leverage
the power of social accountability and
citizen participation. The ubiquitous
data manipulation must be addressed
by introducing third-party engage-
ment, since it is common to find inter-
rupted points or discontinuities of air
quality monitoring, especially when air
pollution is heavy. It is also relevant to
expand the comprehensiveness of cov-
erage and the density of monitoring sta-
tions, particularly in rural areas, which
help citizens more precisely perceive
and respond to air pollution.

The limitations of the study are
threefold, and we hope future studies
can replicate and extend our findings.
First, the measurements of our key
variables could be improved in future
research. The measurement of sub-
jective air quality is based on a single
item from a national citizen survey,
and we will address the issue in our
future study. Although air quality is
highly sensible and easier to be detect-
ed and felt, a subjective AQI consisting
of multiple questions would be better.
Citizens’ perceptions and satisfaction
are conceptually different, and we can-
not distinguish their fine-grained dif-
ferences due to data limitations. Our
measurement of objective air quality
could also be improved by using more
recent data, since the Chinese govern-
ment revised the national Ambient Air
Quality Standards and included the
concentration level of PM,_ in 2013.
It should be noted that information
disclosure is different from informa-
tion availability or access, and we use
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the former as a proxy of the latter. In
the survey, we asked the respondents
about their access to government in-
formation, but it is not specifically
about environmental information. We
encourage future studies to collect
more fine-tuned data to measure envi-
ronmental transparency.

Second, our data are cross-sec-
tional and we cannot infer causal
mechanisms through which objective
air quality measures affect subjective
perceptions. It would be promising to
use experimental design (e.g., natural
and quasi-experiments) to examine the
interaction effects of air pollution and
transparency on citizens’ perceptions.
Third, we only surveyed residents in
large cities in China, and our findings
reported here should not be overgen-
eralized to small and medium-sized
cities. Given China’s large geographical
disparity in economic development,
energy structure, and environmental
pollution, we call for future research to
replicate and extend our investigation
in other contexts (e.g., small and medi-
um-size cities) and employ more solid
measures and data analysis technique
to answer the research questions.
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Environmental Performance Rating and Disclosure:
An Empirical Investigation in Jiangsu, China
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ABSTRACT

Environmental performance rating and disclosure (PRD) has
emerged as an alternative or complementary approach to con-
ventional pollution regulation, especially in developing countries.
However, little systematic research has been conducted on the ef-
fectiveness of this emerging environmental policy instrument. This
paper investigates the impact of a PRD program, Green Watch in
Jiangsu, China, which has been operating for more than 10 years.
This study assesses the impact of Green Watch by using panel data
on pollution emissions from rated and unrated firms, before and
after implementation of the program. Controlling for the charac-
teristics of firms and locations, time trend, and the initial level of
environmental performance, we draw two main findings: (1) firms
covered by Green Watch improved their environmental perfor-
mance more than non-covered firms and (2) the program effects
varied by the initial level of environmental performance: bad per-
formers improved more than good performers and moderately
non-compliant firms improve more than firms that are significantly
out of compliance. The reasons for these different responses seem
to be that the strengths of incentives that the disclosure program
provides to the polluters at different levels of compliance are differ-
ent and the abatement costs of achieving desired levels of ratings
are different for different firms. Further investigation is merited for
a large scale or even a national level in most recent years.
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Calificacion de desempeno ambiental
y divulgacion: una investigacion
empirica en Jiangsu, China

RESUMEN

La calificacion y divulgacion del desempefio ambiental (PRD) ha
surgido como un enfoque alternativo o complementario a la reg-
ulacién de la contaminacién convencional, especialmente en los
paises en desarrollo. Sin embargo, se ha realizado poca investi-
gacion sistematica sobre la efectividad de este instrumento emer-
gente de politica ambiental. Este documento investiga el impacto
de un programa de PRD, Green Watch en Jiangsu, China, que ha
estado operando durante mas de 10 afios. Este estudio evalua el im-
pacto de Green Watch mediante el uso de datos de panel sobre emi-
siones de contaminacién de empresas calificadas y no calificadas,
antes y después de la implementacion del programa. Al controlar
las caracteristicas de las empresas y las ubicaciones, la tendencia
temporal y el nivel inicial de desempeno ambiental, extraemos dos
conclusiones principales: (1) las firmas cubiertas por Green Watch
mejoraron su desempefio ambiental mas que las firmas no cubi-
ertas y (2) los efectos del programa variaron segun el nivel inicial
de desempefio ambiental: los de bajo desempenio mejoraron mas
que los de buen desempenio y las firmas que no cumplen con las
normas mejoran mas que las firmas que estan significativamente
fuera de cumplimiento. Las razones de estas respuestas diferentes
parecen ser que las fortalezas de los incentivos que el programa de
divulgacion proporciona a los contaminadores en diferentes nive-
les de cumplimiento son diferentes y los costos de reduccién de
alcanzar los niveles deseados de calificaciones son diferentes para
diferentes empresas. Se merece una investigacion adicional a gran
escala o incluso a nivel nacional en los tltimos afos.

Palabras clave: Calificacion de desempefo ambiental; Revelacion
publica; Instrumento de politica ambiental; Pais en desarrollo;
China; Reloj verde; Evaluacion de politicas
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1. Introduction

nvironmental performance rat-
Eing and disclosure (PRD) has

emerged as a substitute or com-
plement for traditional pollution regu-
lation, especially in developing coun-
tries (Bennett, James, and Klinkers
2017; Dasgupta, Wang, and Wheeler
2006; Kurniawan 2017; Meng et al.
2014; Portney 2000; Tietenberg 1998).
Indonesia’s PROPER (Program for Pol-
lution Control, Evaluation and Rating),
initiated in June 1995, was the first PRD
program in developing countries. Be-

cause of its perceived overall success,
as measured by reduced emissions at a
lower regulatory cost, many countries
have established similar programs for a
variety of industry sectors and pollut-
ants in diverse economic, institutional,
and cultural settings. These programs
include the Philippines’ EcoWatch,
India’s Green Rating Project, China’s
Green Watch, Vietnam’s Green Bam-
boo, Ghanas EPRD, and Ukraines
PRIDE. PRD programs are particularly
attractive for developing countries be-
cause institutional weaknesses hinder
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conventional monitoring and enforce-
ment of environmental laws, regula-
tions, and standards (Foulon, Lanoie,
and Laplante 2002), and because PRD
programs have lower regulatory costs
(Dasgupta, Wang, and Wheeler 2006).

The literature on the effective-
ness of PRD programs is very limit-
ed and falls into two groups. The first
group compares the environmental
performance ratings of firms before and
after a program is implemented and as-
cribes any ratings improvements to the
program (Afsah, Laplante, and Wheel-
er 1997). However, this approach may
be confounded by time-varying factors
such as technology improvements. The
second group compares polluting emis-
sions from rated and unrated firms and
credit performance improvements by
rated firms to the program. However,
this approach may be confounded by
selection bias (e.g., firms with better en-
vironmental performance may be more
likely to be rated).

It is rare to have pollution data
for both rated and unrated firms before
and after implementation of a PRD pro-
gram. Garcia, Sterner, and Afsah (2007)
and Garcia, Afsah, and Sterner (2009)
assessed the effectiveness of Indone-
sia's PROPER using measured pollution
from rated and unrated firms, both ex
ante and ex post. Their 2007 study sug-
gested that PROPER reduced emissions
intensity, with a particularly rapid and
strong impact on firms that had poor
initial compliance records. Their 2009
study found a strong reactive response
during the first six months of disclo-
sure, followed by a more moderate, but

still significant, longer-run response as
management adjusts to the new regime.

This study extends PRD assess-
ment to China, using panel data on
pollution from rated and unrated firms,
before and after implementation of the
Green Watch program in Jiangsu prov-
ince. It offers the following two main
contributions to the literature. First, we
exploit the panel structure of the data to
control for confounding factors such as
time-variant technology improvement
and selection bias between rated and
unrated firms. Second, we go beyond a
single measure of environmental per-
formance by considering the impact of
ratings disclosure on several measures,
including emissions intensity and efflu-
ent concentrations for a variety of air
and water pollutants.

The remainder of the paper is
organized as follows. Section 2 reviews
the relevant literature, focusing on the
role of PRD programs in developing
countries. Section 3 describes China’s
Green Watch program, while Section
4 describes the survey instruments and
provides descriptive statistics for major
variables. Section 5 presents the esti-
mation model and results, and Section
6 summarizes and concludes the paper.

2. Previous Research

he literature on pollution con-
trol policies consists of extensive
work on command-and-con-
trol, and market-based and informa-
tion-based instruments (Dasgupta,
Wang, and Wheeler 2006; Keohane and
Olmstead 2016). Command-and-con-
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trol instruments are often inefficient
and ineffective in developing countries,
because firms may fail to report ade-
quately, regulators may lack the tech-
nical and administrative capacity for
effective monitoring and enforcement,
and judicial systems may be weak and/
or corrupt. These weaknesses limit reg-
ulators’ ability to employ market-based
instruments, which also work less ef-
fectively in countries where market
failures are common and legal and in-
stitutional supports for formal market
activities are weak.

Information-based instruments
can be effective in developing countries
where strong regulatory institutions
and/or well-developed markets are ab-
sent, but where enough information can
be reliably obtained to provide credible
performance ratings. In practice, diverse
information programs have served as
complements to command-and-con-
trol and market-based instruments
(Kleindorfer and Orts 1998). Informa-
tion programs reduce the information
asymmetry between polluters and en-
vironmental stakeholders (consumers,
communities, NGOs, and investors),
empowering these stakeholders to
pressure polluters for improved envi-
ronmental performance (Bui and May-
er 2003; Chaklader and Gulati 2015;
Kennedy, Laplante, and Maxwell 1994;
Meng et al. 2014; Oberholzer-Gee and
Mitsunari 2006).When implemented
appropriately, information instruments
promote better interaction and dialogue
among firms, stakeholders, and regula-
tors (Cormier and Magnan 2015; Gar-
cia, Sterner, and Afsah 2007).

Information instruments also
leverage markets in significant ways.
An extensive empirical literature sug-
gests that disclosure of firms’ bad envi-
ronmental performance reduces their
stock prices both in developed coun-
tries (Foulon, Lanoie, and Laplante
2002; Hamilton 1995; Kiel 1995; Konar
and Cohen 1997; Lonoie and Roy 1998;
Lyon and Shimshack 2015) and develop-
ing countries such as Argentina, Chile,
Mexico, and the Philippines (Dasgupta,
Laplante, and Mamingi 2001). Jackson
(2001) and Boyle and Kiel (2001) review
the impacts of disclosure on U.S. hous-
ing prices, which are found to be low-
er near Superfund sites (Kohlase 1991;
Reichert 1997), hazardous waste sites
(Thayer, Albers, and Rahmatian 1992),
non-hazardous landfills (Michaels and
Smith 1990), nuclear radiation sources
(Gamble and Downing 1982), and pol-
luting manufacturing plants (Garcia,
Afsah, and Sterner 2009). Housing pric-
es also negatively respond to publicized
environmental contamination incidents
(Kiel 1995; Kiel and McClain 1995).

Information instruments have
diverse forms, including reports of
measured pollution, environmental ac-
cident reports, and environmental per-
formance ratings. In the United States,
for example, the Toxics Release Inven-
tory (TRI) discloses toxic chemical re-
leases and waste management activities
by significant toxic polluters and federal
facilities. However, regulatory institu-
tions in developing countries face sig-
nificant challenges to implement such
emission inventories due to the weak
monitoring and enforcing power. In ad-
dition, despite an emerging literature on
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stakeholders’ role in improving firms’
environmental performance (Arora
and Cason 1998; Blackman and Bann-
iseter 1998; Pargal and Wheeler 1996;
Wheeler et al. 1997), concerns about the
public’s ability to understand and utilize
complex emissions reports remain. For
example, Bui and Mayer (2003) find that
the release of TRI’s highly detailed in-
formation on facilities’ toxic emissions
has virtually no effect on housing prices
in neighboring areas, even when the re-
lease of such information is unexpected.
The dual problems of emission invento-
ries in developing countries—technical
feasibility and public understanding—
have led to a preference for programs
that condense complex information into
environmental performance ratings that
are disclosed to the public.

The literature finds a significant,
positive impact of PRD programs on
regulatory compliance (Afsah, Laplan-
te, and Wheeler 1997; Dasgupta, Wang,
and Wheeler 2006; Garcia, Sterner, and
Afsah 2007; Garcia, Afsah, and Stern-
er 2009; Wang et al. 2004). Dasgupta,
Wang, and Wheeler (2006) summarize
the changes in compliance rates for sev-
eral PRD programs in Asia. During the
first and second years after inception,
compliance rates among covered firms
increased from 37% to 61% in Indone-
sia, 8% to 58% in the Philippines, 10% to
24% in Vietnam, 75% to 85% in Zhenji-
ang, China, and 23% to 62% in Hohhot,
China. Several empirical studies also
find that PRD programs have improved
firms’ environmental performance in
Indonesia (Afsah, Laplante, and Wheel-
er 1997; Garcia, Sterner, and Afsah
2007; Garcia, Afsah, and Sterner 2009)
and China (Wang et al. 2004). Howev-

er, data constraints generally limit these
studies to comparisons of environmen-
tal ratings before and after program im-
plementation, or comparisons of com-
pliance status between rated and unrat-
ed firms. Unfortunately, intertemporal
rating comparisons are subject to con-
founding effects from time-varying fac-
tors such as technology change, while
cross-sectional comparisons can be sub-
ject to significant selection bias.

3. China’s Green
Watch Program

espite long-standing efforts to
D control pollution with tradi-

tional regulatory instruments,
China continues to have severe pollu-
tion problems. This has led China’s State
Environmental Protection Administra-
tion (SEPA) to test the effectiveness of
environmental PRD program support-
ed by the World Bank. In 1999, SEPA
launched its Green Watch program in
Zhenjiang City, Jiangsu Province, and
Hohhot City, Inner Mongolia Autono-
mous District. Zhenjiang implemented
a relatively complex rating system, as
shown in Figure 1, while Hohhot used a
simpler rating system that was suited to
its lower level of economic and institu-
tional development (Wang et al. 2004).
As shown in Figure 1, Green Watch in
Jiangsu rated firms’ environmental per-
formance from best to worst in five col-
ors—green for superior performance;
blue for full compliance; yellow for
meeting major compliance standards
but violating some minor requirements;
red for violating important standards;
and black for more extreme non-com-
pliance.
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Figure 1. Rating Criteria of the Green Watch Program in Jiangsu

Source: Revised based on Figure 1 in Wang et al. (2004).

Green Watch ratings provided
incentives for firms to improve their
environmental performance in a com-
prehensive way. The primary bench-
marks for ratings were China’s emission
and discharge standards that specify
effluent concentration limits. Firms
violating any of these standards were
rated red, and firms violating standards
in more than 60% of inspections were
rated black. The secondary benchmarks
were China’s load-based emission and
discharge standards. Firms that satis-
fied the primary benchmarks but vi-

olated the secondary standards were
rated yellow. The ratings system also
incorporated other performance indi-
cators, including hazardous waste dis-
posal practices, solid waste recycling,
pollution accidents, public complaints,
internal management requirements,
China cleaner production certificates,
ISO 14000 certificates, administrative
penalties, and other citations for illegal
activity. For each indicator, the system
specified a link to ratings that was clear,
unambiguous, and publicly available.
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The first Green Watch ratings
were disclosed through the media in
1999. The program was extended from
Zhenjiang to all of Jiangsu Province
in 2001, and to eight other provinces
during 2003-2005. Nationwide imple-
mentation of the Green Watch rating
has been promoted since 2005. Over-
all, the evidence suggests a positive
impact for the program, at least in the
beginning years. Table 1-1 shows that in
Zhenjiang, the percentage of firms with
positive ratings (green, blue, and yel-
low) increased from 75% in 1999 to 85%
in 2000. The most significant changes
were in the extremely noncompliant
black group, whose percentage dropped

from 11% in 1999 to 2% in 2000, and a
major shift from the partially compliant
yellow group (44%-22%) to the fully
compliant blue group (27%-61%).

Evidence for the Green Watch
program in Jiangsu Province indicated
both increasing participation by firms
and improvement in their compliance
rates. As shown in Table 1-1, the num-
ber of rated firms increased more than
10-fold, from 1,059 in 2001 to 11,215
in 2006; and the percentage of firms
with positive ratings (green, blue, and
yellow) increased from 83% in 2001 to
90% in 2006. Furthermore, Table 1-1
suggests that Green Watch ratings pro-

Table 1-1. Firms’ Environmental Performance Ratings by the First Green Watch Program
in Jiangsu Province in the First Eight Years (% Representation in Parentheses)

Year Green Blue Yellow Red Black Total
Pilot program in 1999 3 25 40 13 10 91
Zhenjiang City (3.30)  (27.47) (43.96) (1429)  (10.99)
2000 2 58 21 12 2 95
(210)  (61.05) (22.11) (12.63)  (2.10)
Province-wide 2001 77 512 288 141 41 1,059
program (7.27)  (4835) (27.20) (1331)  (3.87)
2002 182 1,196 655 398 77 2,508
(7.26) (47.69) (26.12) (15.87) (3.07)
2003 267 1,545 789 367 106 3,074
(8.69)  (50.26) (25.67) (11.94)  (3.44)
2004 329 2,659 1,467 525 114 5,094
(6.46) (52.20) (28.80) (10.31) (2.24)
2005 530 4,016 2,614 702 143 8,005
(6.62) (50.17) (32.65) (8.77) (1.79)
2006 702 5,414 3,944 1,000 155 11,215
(6.26) (48.27) (35.17) (8.92) (1.38)

Sources: Pilot program in Zhenjiang: Wang et al. (2004). Province-wide program: the Legislative
Affairs Office of the China State Council (2007) (http://www.chinalaw.gov.cn/article/dfxx/dffzxx/
j$/200706/20070600021431.shtml; last accessed on May 19, 2009).
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vided a strong improvement incentive
for noncompliant (red and black) firms,
with stronger effects on firms with red
ratings (moderate noncompliance)
than those with black ratings (extreme
noncompliance). However, more rig-
orous analyses are needed to further
identify the effect of the Green Watch
ratings to controlling for potential con-
founding factors.

In 2013, the central government
modified the Green Watch program de-
sign, in response to the call for building
a credit society by the Party. In 2013,
the Ministry of Environmental Protec-
tion issued a policy document “Trial
Procedure for Firm’s Environmental
Credit Rating,” jointly with the Nation-
al Development and Reform Commis-
sion, People’s Bank of China, and the
Commission of Bank Monitoring and
Supervision. The new program, or the

Second Green Watch program, keeps
the nature of color-coding environ-
mental performance, but focus more on
compliance with government regula-
tions. Indicators and scores are recom-
mended by the central government, but
provinces can modify them and have
their own design. Up to now, most of
the provinces have started their second
generation of Green Watch programs.

Jiangsu Province started its
new Green Watch program in the
year of 2012, with the firms marked as
state-controlled pollution sources at the
beginning. Table 1-2 provides informa-
tion about the new Green Watch ratings
in Jiangsu in the first five years of the
program from 2012 to 2016. The cov-
erage was stable, with the green ratings
increasing along the years. However,
there has been no serious research con-
ducted to evaluate the new program.

Table 1-2. Firms’ Environmental Performance Ratings by the New Green Watch Program
in Jiangsu Province in the First Five Years (% for State Controlled Firms)

Years 2012 2013 2014 2015 2016
Green 15.60% 20.40% 31.90% 32.00% 38.90%
Blue 60.60% 53.30% 47.30% 49.80% 46.80%
Yellow 17.20% 17.70% 13.40% 11.00% 8.80%
Red 5.40% 6.80% 4.90% 4.80% 3.70%
Black 1.20% 1.90% 2.50% 2.40% 1.70%
Total % 100% 100% 100% 100% 100%
Total 921 961 878 944 1,064
number of
firms

Source: Website of Jiangsu Environmental Protection Department.
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4. Data

dataset for both rated and un-
rated firms in four cities of Ji-
angsu province (Huaian, Wuxi,

Yangzhou, and Zhenjiang) for the years
before and after the start of the Green
Watch programs (during the period of

1996-2001) was collected from the mu-
nicipal governments and could be uti-
lized to evaluate the effectiveness of the
Green Watch program in the years of
beginning. The dataset consisted of de-
tailed information on the firms’ charac-
teristics, pollution, and environmental
performance ratings.

Table 2. City Comparisons for Industrial Pollution and Socioeconomic and Environmental

Conditions, 2001

Huaian Wuxi Yangzhou Zhenjiang
Socioeconomic conditions
GDP per capita (Yuan) 14,359 37,700 21,311 18,852
Economic growth rate (%) 11.05 12.20 7.30 11.10
Unemployment rate (%) 3.84 3.62 3.60 230
Population (1,000) 558 2,131 1,097 628
Environmental conditions
TSS: total suspend solids (mg/m?) 0.158 0.144 0.237 0.105
SO,: sulfur dioxide (mg/m®) 0.037 0.056 0.023 0.024
NO,: nitrogen dioxide (mg/m,) 0.027 0.034 0.035 0.038
% of drinking water meeting standards 93.00 97.96 98.80 96.43
% of surface water meeting standards 83.00 91.67 62.00 88.89
Noise (dB(A)) 55.80 56.90 53.20 55.50
Total industrial pollution emissions
Waste water (10,000 tons) 1,674 14,010 3,774 4,544
COD: chemical oxygen demand (tons) 1,708 N.A. 6,787 25,200
Waste gas (100 million m?) 129 471 461 1,895
Smoke (tons) 11,063 8,611 5,385 47,421
SO, (tons) 8,863 21,492 35,765 96,377
Solid waste (10,000 tons) 1 8 N.A. 265

Sources: Municipal governments of the four cities.

Following the success of the pilot
program in Zhenjiang in 1999, Huaian,
Wauxi, and Yangzhou adopted the same
program in 2001. Table 2 provides in-
formation on socioeconomic and en-
vironmental conditions in the four

cities, as well as polluting emissions in
2001. Wuxi had the largest population
as well as the highest GDP per capita,
while Huaian was the poorest. Wuxi
and Yangzhou had the lowest readings
for air quality, measured by SO, (sulfur
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Table 3. Distributions of Sample Firms During 1997-2001

Total Number of Rated (R) and Nonrated (NR) Firms by City and Year

Year Status Huaian Wuxi Yangzhou  Zhenjiang Total
1997° Unrated 42 33 64 89 228
1998 Unrated 46 26 71 81 224
1999 Unrated 46 32 76 12 166
Rated 57 57
2000 Unrated 54 43 68 13 178
Rated 78 78
2001 Unrated 16 1 13 131 161
Rated 39 69 59 91 258
1997-2001 Unrated 204 135 292 326 957
Rated 39 69 59 226 393
Total 243 204 351 552 1,350

Distribution of Rated Firms by Rating Colors*

Green Blue Yellow Red Black Rated

ZhenJiang 1 34 17 4 1 57
(1999) (1.75) (59.65) (29.82) (7.02) (1.75)

Zhenjiang 2 48 19 8 1 78
(2000) (2.56) (61.54) (24.36) (10.26) (1.28)

Huaian 2 29 4 3 1 39
(2001) (5.13) (74.36) (10.26) (7.69) (2.56)

Wuxi 15 20 20 8 6 69
(2001) (21.74) (28.99) (28.99) (10.59) (8.70)

Yangzhou 2 52 5 0 0 59
(2001) (3.39) (88.14) (8.47) (0.00) (0.00)

Zhenjiang 2 60 20 7 2 91
(2001) (2.20) (65.93) (21.98) (7.69) (2.20)

All cities 24 243 85 30 11 393
(1998-2001) (6.11) (61.83) (21.63) (7.63) (2.80)

*Figures in parentheses represent the percent of firms by rating colors.

*Green Watch began in Zhenjiang in 1999 and in the other three cities in 2001. Thus, no firms were
rated in 1997 and 1998, and only some firms in Zhenjiang were rated in 1999 and 2000.
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dioxide) and NO, (nitrogen dioxide),
and water quality measured by TSS (to-
tal suspended solids) and regulatory
compliance percentage. Their pollution
monitoring, inspection, and environ-
mental information systems were well
developed and well managed, primar-
ily because of their long-standing ex-
perience with pollution registration
requirements and Chinas pollution
charge system.!

Table 3 shows that 36.7% of the
firms in the sample were rated by the
Green Watch program. The majority of
the firms were assigned blue (60.38%)
and yellow (22.37%); only a few earned
the best (green) rating (2.96 %) or the
worst (black—2.96%). The rating distri-
butions were similar across cities, with
the majority of firms rated blue and yel-
low, and very few green and black.

5. Multivariate Analysis

he pollution data collected for

this study were sufficiently de-

tailed to permit assessment of
Green Watch for both water and air
pollution, measured by intensity and ef-
fluent concentration. Pollution intensi-
ty was calculated as the total emissions
divided by the gross value of output.
We use TSS, chemical oxygen demand
(COD), and generated waste water to
measure water pollution, and sulfur di-
oxide (SO,), waste gas, dust, and smoke
to measure air pollution.

The dependent variables in our
multivariate analyses are changes in
pollution intensity and concentration

for different pollutants. Let pollution
intensity be specified as Y, for firm i in
year t. The dependent variable for the
intensity equation is the first difference,
Y., — Y . The reduced- form fixed ef-
fects model forY, -V,

ttl

(1) Yit_Yit—l = [30 T, Fit ta, Cit ta, R
+P, t+ute,

it

where F, and C_ are vectors of charac-
teristics of the firm and the city; R, is
a vector that incorporates both rating
status (rated or unrated) and color-cat-
egory assignments for rated firms; t is
a time trend; y. represents unobserved
firm effects and ¢ _is a random error
term. Spec1ﬁcally, ﬁrm characteristics
in F, include the number of establish-
ment years, firm size (e.g., large, me-
dium, and small), ownership structure
(e.g., state-owned enterprise, collective-
ly owned enterprise, private companies,
foreign companies, and companies with
limited shares), and industry sectors
(e.g., chemicals, fiber/rubber/plastic,
food and beverage, machinery manu-
facture, medical, mining, pulp and pa-
per, smelting, textile and leather, trans-
portation, and utilities). City dummies
are incorporated in C, to reflect differ-
ences between cities. Endogeneity is not
a serious problem in this case, because
ratings released in year t were based on
multi-dimensional performance obser-
vations during year f - 1.

If sample firms were randomly assigned
to rated and unrated groups, we would
not expect a statistical difference in in-
tergroup pollution at ¢t —1, before the
first Green Watch disclosure in period t.

1 For discussion of firm-level pollution data in China, see Wang and Wheeler (2006).
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Assessing prior randomness is compli-
cated in this case by the distributions of
pollution intensity and effluent concen-
tration. Both are highly skewed, with
skewness coeflicients ranging from 3 to
9. In this case, the traditional student
t test for equality of pre-rating group
means is not appropriate. We employ
the nonparametric Wilcoxon-Mann-
Whitney test for equal means and the
K-sample test for equal medians. Our
results, reported in Table 4, show that
significant differences in means and
medians were common in the sample.
In Zhenjiang, where Green Watch be-
gan in 1999, we find significant differ-
ences in mean and/or median pollution
intensities for waste water, COD, and
dust and smoke as well as significant
differences in mean and/or median ef-
fluent concentrations for TSS, COD,
and dust and smoke. Table 4 reports
similar findings for the other three
sample cities (Huaian, Wuxi, and Yang-
zhou), where the first public disclosure
of ratings occurred in early 2001.> In
light of these results, it is appropriate
to introduce controls for pre-program
pollution in our estimating equation:

(2) Yit_Yit-l = BO + al Fit + a2 Cit + a3 Rit +
Bl t+ BZ Yit-l + Hit+ sit

To determine the appropriate es-
timator, we employ Breusch and Pagan
Lagrangian multiplier (BPLM) tests for
random effects. We reject the null hy-
pothesis in favor of the random effects
model for air pollution intensities, and
for air and water effluent concentra-

tions. We assume that g, was correlated
across firms within a city but uncor-
related across firms in different cities.

Tables 5/6 and 7/8 present esti-
mation results for changes in pollution
intensity and effluent concentration,
respectively. In Tables 5 and 7, we test
whether a firm reduces pollution sim-
ply because it was rated. A priori, it was
possible that self-scrutiny by a rated
firm resulted in better environmental
management and reduced pollution,
even if the firm had a good rating. Our
results for the regression variable PRD
were consistent with this hypothesis:
PRD rating had a negative impact on
pollution for all equations in Tables 5
and 7, and a statistically significant im-
pact on TSS and SO, for pollution in-
tensity, and dust and smoke for effluent
concentration.

Tables 6 and 8 provide more in-
sights, by identifying specific color rat-
ings for firms. We find strong results
for water pollution intensity (TSS and
COD) and dust-and-smoke intensity
in Table 6, with highly significant re-
ductions for the poorly rated firms that
were much larger than reductions for
the firms with better ratings. Intensities
generally declined more among the rat-
ed firms for the other pollutants as well,
but without the striking differential for
the poorly rated firms. The same general
pattern holds in Table 8, with generally
declining effluent concentrations across
all rated firms and the largest impacts
among the poorly rated firms. Although
some concentration results were highly

2 We also conducted the equal mean and median tests for each of the three cities. The results are

qualitatively similar.
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significant, the overall significance lev- red-rated firms exhibited stronger re-
el was somewhat lower than for pollu- sponses than the black-rated firms.

tion intensities. Across both tables, the

Table 5. Estimation Results for Pollution Intensity Increases: Rated Versus Unrated Firms

Water Pollution Air Pollution
Waste Waste  Dust and
Water TSS COD SO, Gas Smoke
PRD ——41.62 —15.47** -18.23 -0.05 -11.06 -0.02
(29.35) (7.82) (21.85) (0.06) (12.96) (0.03)
Lagged pollution -0.56% —-0.94°*  —1.01*"*  —1.00"**  -0.75%%*  —-0.80%**
intensity (0.31) (0.15) (0.17) 0.00 (0.27) (0.16)
City dummies (base = Wuxi)
Huanan —277.03%** —11.29%** -25.94 -0.02 —6.27* 0.03%**
(26.99) (3.79) (23.11) (0.01) (3.24) (0.01)
Yangzhou —259.84*** -6.37 -24.28 —0.09+** -14.56*  —0.02***
(24.50) (8.66) (42.11) (0.02) (7.48) (0.01)
Zhengjiang —287.32%% 0.07 -6.66  —0.07°*  —11.41* 0.00
(36.43) (5.31) (37.96) (0.01) (6.51) (0.01)
Firm size (base = small)
Large 16.31** -14.18 -29.13 —0.07*  —6.53** -0.02
(7.20) (10.29) (37.82) (0.02) (1.50) (0.02)
Medium 30.02 —14.73** -22.42 -0.02 -0.01 -0.01
(30.30) (6.01) (25.97) (0.03) (6.48) (0.02)
Ownership structure (base = private)
State-owned -114.86** 14.66* 23.14 (0.03) (9.15) (0.02)
(52.68) (8.27) (19.18) (0.09) (6.44) (0.05)
Collectively —-113.49* 12,91 1.66 -0.06 -16.09** -0.02
owned (61.29) (3.53) (19.67) (0.08) (6.73) (0.05)
HK, Macao, and -169.5 46.817%* -10.71 -0.04 —-13.75% -0.04
Taiwan investor (158.32) (17.24) (19.96) (0.08) (7.60) (0.04)
Foreign investor -17.23 9.4 -2.85 -0.06 —21.77%¢ 0.01
(46.86) (12.93) (5.59) (0.07) (8.24) (0.05)
Companies with —-113.59* 23.82*% 51.00 (0.06) —17.30** (0.03)
limited shares (62.37) (13.86) (45.32) (0.07) (6.11) (0.04)
Others —110.31*** 7.27 2.67 (0.08) -19.37** (0.04)
(33.46) (7.43) (7.98) (0.07) (9.22) (0.04)
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Firm age (years) 0.36% -0.21*%* —0.12*%* 0.00 (0.08) 0.00
(0.21) (0.10) (0.05) 0.00 (0.13) 0.00
Industry (base = mining)
Food and
beverages 41.43 18.64 17.37 -0.26%** 4.98 —0.32%%*
(84.23) (16.99) (10.80) (0.03) (7.14) (0.07)
Textiles and
leather -57.54 11.97 25.70* -0.19** 3.85 —0.30%**
(48.65) (9.28) (14.86) (0.08) (3.96) (0.06)
Pulp and paper -39.94 47.03** 95.62 -0.26%** 3.27 —0.33%**
(69.45) (19.59) (72.80) (0.04) (3.70) (0.07)
Chemicals —-18.07 27.17 86.95%* —-0.15%* 8.61* —0.26%**
(55.47) (18.02) (43.88) (0.07) (4.93) (0.07)
Medical -28.76 7.18 46.21** —0.28%** 2.59 —0.33%**
Fiber, rubber (50.67) (8.67) (18.42) (0.02) (3.73) (0.06)
and -33.66 19.83 9.34 -0.26%** 20 —0.33%**
plastic (65.93) (26.68) (15.45) (0.04) (12.85) (0.07)
Smelting (52.41) 4.56 11.52 —0.29%** 0.81 —0.33%**
(66.49) (12.51) (14.89) (0.03) (5.51) (0.07)
Machinery (100.65) 11.87 12.53** —0.28*** 0.50 —0.33%**
manufacture (89.26) (11.87) (6.02) (0.02) (1.63) (0.06)
Utilities 145.69% 5.53 13.66 —0.12%** 33.50 —0.27%**
(74.49) (16.52) (39.68) (0.03) (35.80) (0.08)
Transportation (58.63) 20.67* (2.78) —0.30*** (1.72) —0.32%%%
(67.32) (11.46) (8.49) (0.06) (3.95) (0.08)
Others -24.54 9.74 12.69 —0.24%* 1.12 —0.31%*
(25.03) (16.18) (8.75) (0.04) (3.19) (0.06)
Time trend 13.04 1.67 2.46 0.00 3.28 0.00
(8.84) (2.50) (6.27) (0.02) (4.18) (0.01)
Constant 377.03%+* (0.18) 2.11 0.43*+* 18.97*** 0.36%**
-107.85 -20.45 -34.02 -0.08 -6.75 -0.07
No. of obs 1,320 1,128 1,296 1,158 1,229 1,104
within R? 0.15 0.61 0.73 0.99 0.49 0.82
between R? 0.16 0.52 0.84 0.97 0.33 0.61
overall R 0.14 0.39 0.77 0.99 0.33 0.62

Breusch and Pagan Lagrangian Multiplier test for random effects

Test statistics: x*(1) 0.04 0.19 0.05 75.130¢* 5.27** 21.68*

Numbers in parentheses are standard errors of the estimated coeficients. ***, **, and * represent signif-
icance at the 1%, 5%, and 10% levels, respectively.
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Table 6. Estimation Results for Pollution Intensity Increases: Five-Color Ratings

Water Air
Waste Dust/
Waste Water TSS COD SO, Gas Smoke
Rating dummies (base = not rated)
Green ——46.24 -4.37 -0.51 —-0.05** —-6.06** 0.01
(53.17) (6.63) (4.01) (0.02) (2.45) (0.01)
Blue -12.35 —9.18%** -5.1 —-0.03** -4.26 0.00
(8.56) (2.39) (4.58) (0.02) (6.20) (0.01)
Yellow -16.32 -13.69% -30.51 —-0.04* -5.84 —-0.03**
(18.19) (7.32) (23.78) (0.02) (3.88) (0.01)
Red 24.03 —35.14%%  —44.40*** —-0.05** —5.48* -0.03*
(30.88) (5.76) (10.95) (0.02) (2.87) (0.01)
Black -11.4 —19.72%*  -25.06*** -0.15 =53 -0.16*
(32.89) (2.67) (8.34) (0.12) (5.81) (0.09)
Lagged
pollution —-0.56* —0.94*** —1.00*** —1.00*** —0.75%** —0.80***
intensity (0.31) (0.15) (0.16) 0.00 (0.27) (0.16)
City dummies (base = Wuxi)
Huanan —270.10%** —11.20%** -27.55 —-0.02* —5.79** 0.02**
(23.91) (3.13) (22.27) (0.01) (2.32) (0.01)
Yangzhou —251.97*** -6.64 -26.67 —0.10%** —14.27%* —0.03***
(23.46) (7.87) (40.37) (0.02) (6.37) (0.01)
Zhengjiang —275.58%** -0.24 -6.82 —0.07*** —12.54* 0.00
(30.74) (4.41) (33.79) (0.01) (7.21) (0.00)
Firm size (base = small)
Large 13.66** -15.44 -30.23 —0.07*** —8.09*** —-0.02*
(6.36) (11.08) (39.11) (0.02) (2.57) (0.01)
Medium 24.35 -16.17** -23.81 -0.03 -2.02 -0.01
(30.51) (7.55) (29.53) (0.02) (4.53) (0.01)
Ownership structure (base = private)
State-
owned -113.99** 15.31* 23.5 -0.03 -8.77 -0.02
(47.38) (9.17) (20.86) (0.09) (7.29) (0.05)
Collectively
owned -106.28** 14.33%** 2.7 -0.06 —15.24** -0.02
(47.70) (3.97) (17.08) (0.09) (6.85) (0.05)
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HK, Macao

and -146.61 48.76*** -8.14 —-0.04 -10.38* -0.04

Taiwan

investor (178.46) (17.67) (27.85) (0.07) (5.78) (0.04)

Foreign

investor 19.3 11.12 -0.84 -0.06 —19.02*%** 0.01
(56.03) (11.37) (7.19) (0.07) (6.22) (0.05)

Companies

with -99.66** 25.36% 52.34 -0.05 -16.26** -0.03

limited

shares (48.54) (14.97) (50.35) (0.07) (6.31) (0.04)

Others —92.33%** 11.51% 10.45 -0.07 —17.10** -0.03
(29.16) (6.84) (16.47) (0.06) (7.77) (0.04)

Firm age

(years) 0.32%%* —-0.21** -0.07 0 -0.1 0
(0.11) (0.10) (0.06) 0.00 (0.14) 0.00

Industry (base = mining)

Food and

beverages 50.26 19.02 16.87* —0.26** 3.8 —0.31%%*
(89.18) (16.31) (9.34) (0.03) (5.06) (0.08)

Textiles and

leather —-64 13.86% 27.70%* -0.19** 3.33 —0.29%+*
(49.92) (7.39) (14.67) (0.09) (2.74) (0.07)

Pulp and

paper —45.68 47.79*%* 94.92 —0.27%%* 2.27 —0.33%¢*
(77.88) (20.04) (69.00) (0.04) (2.70) (0.07)

Chemicals -25.34 27.33 85.24* —0.15%* 7.33% —0.26%*%*
(62.05) (18.48) (46.95) (0.07) (4.23) (0.07)

Medical —-32.38 8.39 47.90%%* —0.28*** -0.05 —0.33%+*
(49.98) (8.36) (17.31) (0.02) (2.53) (0.07)

Fiber,

rubber and -38.3 19.67 5.93 —0.264** 18.71 —0.32%¢*

plastic (65.87) (26.08) (20.49) (0.04) 13.91) (0.07)

Smelting -49.93 4.12 10.07 —0.29%%* 0.03 —0.33%%*
(62.06) (11.75) (14.23) (0.03) (4.38) (0.07)

Machinery -102.24 11.2 9.34%%* —0.29%** -0.87 —0.32%¢*

manufac-

ture (87.87) (12.63) (3.44) (0.02) (1.05) (0.06)

Utilities 154.48* 4.44 10.57 —0.12%%* 31.06 —0.27%**
(90.40) (16.83) (36.76) (0.04) 32.86) (0.08)
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Transporta-
tion —42.63 23,170 -0.19 —0.290* 3.27 —0.327%*
(60.82) (6.49) (10.26) (0.04) (2.84) (0.07)
Others —-22.62 10.17 13.15* —0.240¢* 0.85 —-0.30*
(32.06) (15.22) (7.11) (0.03) (2.27) (0.06)
Time trend 12.82 1.67 2.52 0.00 3.28 0.00
(8.56) (2.52) (6.32) (0.02) (4.22) (0.01)
Constant 404.84** 4.3 10.24 0.45%¢* 30.09* 0.370¢*
(114.78) (25.46) (48.67) (0.09) (9.50) (0.09)
No. of obs 1,320 (4) 1,128 (4) 1,296(4) 1,158 (4) 1,229 (4) 1,104 (4)
within R? 0.15 0.61 0.73 0.99 0.49 0.82
between R 0.16 0.52 0.84 0.97 0.33 0.61
overall R? 0.14 0.39 0.77 0.99 0.33 0.62
Breusch and Pagan Lagrangian Multiplier test for random effects
Test statistics: x(1) 0.06 0.14 0.05 71.64%%* 5.17%% 2377+

Numbers in parentheses are standard errors of the estimated coefficients. ***, **, and * represent

significance at the 1%, 5%, and 10% levels, respectively.

Table 7. Estimation Results for Pollution Concentration Increase: Rated Versus Unrated

Firms
Water Air
TSS COD 5 Dust/Smoke
PRD -21.76 -31.45 —32.72%* —29.94**
(17.67) (28.59) (14.69) (14.63)
Lagged pollution
intensity —-0.50* —0.57%* —1.02%** —1.00%**
(0.28) (0.03) (0.00) (0.00)
City dummies (base = Wuxi)
Huanan —44.52 —32.72%%* -136.48* -133.30*
(37.69) (8.98) (78.80) (72.49)
Yangzhou 10.99 —85.95%* -29.81
(29.41) (36.22) (21.63) (29.67)
Zhengjiang 9.11 -50.03* —-40.24 —-44.08
(37.23) (25.89) (32.61) (28.44)
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Firm size (base = small)

Large 46.17 -11.1 91.68 89.42
(30.65) (25.74) (115.56) (105.23)
Medium 31.62** 38.21 68.88** 74.29%*
(16.11) (36.70) (33.95) (23.99)
Ownership structure (base = private)
State-owned -7.97 —48.77** 2.79 -10.12
(31.43) (22.30) (81.34) (99.86)
Collectively owned -24.28 -81.77 —75.84** -78.17
(31.73) (50.92) (29.33) (51.18)
HK, Macao and Taiwan
investor -71.65** —123.66%** -150.52 -146.23
(35.61) (40.66) (95.66) (90.76)
Foreign investor —-23.82 —78.31** -70.96 —-74.38
(41.25) (35.54) (48.88) (52.14)
Companies with limited
shares -30.64 -68.33 —104.19*** -87.09**
(23.55) (48.15) (40.15) (43.20)
Others —46.89** —-103.96** -33.63 -31.56
(18.73) (47.75) (55.95) (69.48)
Firm age (years) 0.17 0.7 0.43 0.38
(0.42) (0.87) (0.64) (0.68)
Industry (base = mining)
Food and beverages 31.87 -100.11* 70.79 3.7
(27.39) (51.64) (47.65) (26.30)
Textiles and leather 14.72* -71.75 18.11 -25.07
(8.15) (60.39) (22.11) (23.43)
Pulp, paper and print 41.38* —-48.51 53.41* 6.48
(23.19) (30.64) (31.95) (43.91)
Chemicals 68.33** —24.58 155.20** 96.44+**
(22.19) (60.20) (37.76) (35.55)
Medical 272.51 79.85 681.55* 571.31*
(190.54) (108.69) (364.86) (345.14)
Fiber, rubber and
plastic 28.79 —54.47% 41.76 -18.84
(28.23) (28.32) (73.15) (17.63)
Smelting 15.55 —28.35* 41.75 -21.98
(21.69) (15.67) (32.05) (30.01)
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Machinery manufacture 6.16 —54.18 -26.72 —-59.85
(12.24) (47.44) (21.91) (41.71)
Utilities 20.87** 2.2 0.62 —46.04
(10.09) (63.66) (48.36) (70.90)
Transportation 144.51* 95.16%** 439.38** 379.11°¢*
(84.83) (10.56) (94.84) (58.23)
Others 40.96*** -10.94 29.16 -20.65
(15.68) (44.81) (70.07) (38.23)
Time 3.84 6.78 3.14 1.20
(8.03) (7.90) (18.50) (17.48)
Constant -3.13 129.43** 70.99 130.67
(73.45) (51.03) (124.84) (103.53)
No. of obs 967 914 659 664
within R? 0.53 0.01 0.14 0.96
between R* 0.11 0.76 0.98 0.95
overall R 0.24 0.57 0.96 0.96
Breusch and Pagan Lagrangian Multiplier test for random effects
Test statistics: x*(1) 9.05%** 8.91%*% 8.61** 8.52%%%

Numbers in parentheses are standard errors of the estimated coefficients. ***, **, and * represent
significance at the 1%, 5%, and 10% levels, respectively.

Table 8. Estimation Results for Pollution Concentration Increase: Five-Color Ratings

Water Pollution Air Pollution
TSS COD SO, Dust/Smoke
Rating dummies (base = not rated)
Green -38.95 —55.95%** -46.42 —-40.46
(25.97) (9.49) (70.40) (75.08)
Blue -7.09 -3.83 -12.14 -7.70
(18.04) (19.48) (23.17) (23.33)
Yellow -41.46 -63.43 —54.54%** —53.79%**
(26.54) (39.15) (12.15) (10.35)
Red —68.47** -77.8 -101.34* —-100.56
(34.07) (59.15) (59.88) (62.64)
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Black 9.02 -109.21** 33.02 23.29
(11.58) (48.53) (28.47) (19.68)
Lagged pollution intensity -0.50* —0.57%%* —-1.01%%* —-1.00%**
(0.28) (0.03) (0.00) (0.00)
City dummies (base = Wuxi)
Huanan —47.82 —40.70* -137.09* —134.01*
(38.77) (8.29) (79.30) (73.40)
Yangzhou 8.14 —93.54%** -4.91 -31.37
(30.45) (35.12) (24.20) (31.73)
Zhengjiang 8.39 —54.57** -39.73 —43.68
(37.45) (24.41) (33.35) (29.12)
Firm size (base = small)
Large 47.88 -9.47 92.21 90.07
(29.90) (24.87) (116.47) (105.35)
Medium 31.91** 37.46 69.04** 74.09%%*
(15.63) (37.44) (34.67) (24.31)
Ownership structure (base = private)
State-owned -7.00 —45.87** 4.27 -7.18
(32.37) (19.54) (84.70) (102.78)
Collectively owned -21.71 -77.1 —73.43*%* -74.79
(31.05) (47.51) (32.93) (52.46)
HK, Macao and Taiwan investor —65.87* -116.33*** —140.2 -135.37
(35.41) (37.48) (96.19) (90.21)
Foreign investor -17.34 —67.09** —-59.55 -59.53
(38.43) (32.29) (46.26) (51.74)
Companies with limited shares -28.13 —-62.52 -101.31** -83.70%
(23.66) (48.72) (41.87) (45.07)
Others —42.68** —88.13** -30.49 -26.83
(21.08) (43.05) (65.66) (79.01)
Firm age (years) 0.2 0.71 0.46 0.42
(0.46) (0.95) (0.67) (0.70)
Industry (base = mining)
Food and beverages 33.51 —-100.96% 70.56 1.46
(30.03) (55.52) (49.40) (26.47)
Textiles and leather 18.65** -67.9 22.38 -22.09
(8.78) (61.76) (18.45) (17.09)
Pulp and paper 50.24* —44.35 69.28% 20.58
(27.29) (31.55) (36.85) (49.40)
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Chemicals 72.18%** —27.88 160.67*** 100.26***
(24.02) (60.28) (36.49) (31.95)
Medical 279.24 79.76 686.83* 573.04*
(194.64) (111.22) (366.71) (346.37)
Fiber, rubber and plastic 29.2 -59.85% 40.74 -22.71
(28.77) (32.48) (74.32) (17.33)
Smelting 18.62 -30.11* 46.8 -20.37
(23.73) (17.80) (34.14) (29.70)
Machinery manufacture 7.39 -60.81 -24.94 -61.55
(12.60) (50.83) (19.93) (41.75)
Utility 21.58** —4.32 0.34 —-49.59
(9.66) (68.11) (47.24) (71.06)
Transportation 147.44* 93.82%¢* 442.96*** 380.16***
(86.75) (11.30) (95.04) (57.75)
Others 46.08*** -11.19 36.24 -16.45
(17.25) (47.13) (71.49) (39.33)
Time trend 3.5 5.87 2.79 0.95
(8.26) (7.28) (18.68) (17.70)
Constant —-6.66 134.60*** 65.27 126.36
(70.41) (46.86) (122.78) (99.61)
No. of obs (clusters) 967 (3) 914 (4) 659 (4) 664 (4)
within R? 0.53 0.01 0.14 0.96
between R 0.12 0.77 0.98 0.95
overall R? 0.24 0.57 0.96 0.96
Breusch and Pagan Lagrangian Multiplier test for random effects
Test statistics: x*(1) 9.05%%* 8.91+* 8.61** 8.52%%*

Numbers in parentheses are standard errors of the estimated coeflicients. ***, **, and * represent
significance at the 1%, 5%, and 10% levels, respectively.

6. Conclusions

his study has employed a new
panel data set to test the impact
of environmental PRD on pol-
luting firms in Jiangsu province, Chi-
na. The data consist of ex ante and ex
post pollution measures for both rated

and unrated firms, enabling us to con-
trol for confounding factors such as
time-variant technology improvement
and selection bias. Our results strongly
suggest that Green Watch had signifi-
cantly reduced pollution for the rated
firms, with particularly strong impacts
on firms with poor ratings. Among the
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poorly rated red and black firms, the
impact was generally greater on the
red-rated firms that were closer to com-
pliance with regulations. The reasons
for these responses could be that the in-
centive for improvement that the Green
Watch generates was stronger for firms
with poor ratings than those with good
ratings, and that the abatement costs for
the red-rated firms to achieve compli-
ance were lower than those black-rat-
ed firms, even though the pressure for
improvement could be stronger with
the black-rated firms than the red-rated
firms.

This research also adds some in-
sights to the growing comparative liter-
ature on PRDs. After studying PRD ex-
periences in Indonesia (PROPER) and
the Philippines (EcoWatch), Dasgup-
ta, Wang and Wheeler (2006) argue
that PRD programs are most effective
in moving moderately noncompliant
firms into compliance with regulations,
but may provide insufficient incentives
to induce significant improvements
by the worst performers or firms with
good ratings. However, our results for
Green Watch indicate significant im-
pacts for firms with good (green and
blue) ratings. The stronger result for
the four cities in Jiangsu Province may
stem from two additional benefits for
the green-rated firms: (a) enterpris-
es awarded green in a particular year
could be given priority consideration
in the selection of enterprises with the
best economic and social performance
records and (b) an enterprise rated
green for three consecutive years was
given preferential status by provincial
environmental regulators. The Jiang-

su experience suggests that PRD pro-
grams could effectively improve envi-
ronmental performance even for good
performers if the programs could target
highly rated firms for additional bene-
fits beyond reputational improvement.

We envision several directions
for future research. First, this study fo-
cuses on the Green Watch programs
adopted in four cities in Jiangsu prov-
ince. A large scale or even national level
study is merited for the generation of
the findings. Secondly, the whole Green
Watch program had been revised in
2013. The question how the effective-
ness has been changed along with the
program revision naturally arises.
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ABSTRACT

Industrial pollution is the most important cause of China’s cur-
rent environmental crisis. This article concentrates on those firms
that continue to seriously deviate from compliance even though
they have been repeatedly caught and punished for breaching en-
vironmental regulations. This chronic noncompliance is explained
through examining formal and informal enforcement activities
by the state and by civil society, respectively. Guangzhou, a me-
tropolis located in the heart of the Pearl River Delta, has been se-
lected for this study because of data availability, its relatively more
mature civil society, and its political status as a provincial capital.
We employ both publicly available government law enforcement
data and fieldwork-based first-hand data from individual firms.
Special attention is given to the period 2007-2015, during which
market fluctuations after the 2008 global financial crisis could have
affected the firms’ compliance decisions. Formal monitoring and
enforcement by the local environmental agencies are found to have
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improved compliance, but the regulatory effectiveness was still
constrained by the low probability of catching noncompliance and/
or insufficient penalty upon conviction. Enforcement activities by
civil society played an increasingly visible, yet still complementary,
role. Overall, the existing enforcement activities are still inadequate
to fundamentally reverse this pattern of chronic noncompliance.

Keywords: Enforcement and compliance; Environmental pollu-
tion; Governance; Crime and punishment; China

Incumplimiento crénico y cumplimiento
ineficaz en Guangzhou

RESUMEN

La contaminacion industrial es la causa mas importante de la actu-
al crisis ambiental de China. Este articulo se concentra en aquellas
empresas que continuan desviandose seriamente del cumplimiento
a pesar de que han sido atrapadas y castigadas repetidamente por
infringir las regulaciones ambientales. Este incumplimiento créni-
co se explica a través del examen de las actividades de cumplimien-
to formales e informales del estado y la sociedad civil, respectiva-
mente. Guangzhou, una metrdpolis ubicada en el corazén del delta
del rio Perla, ha sido seleccionada para este estudio debido a la dis-
ponibilidad de datos, su sociedad civil relativamente mas madura y
su estatus politico como capital provincial. Empleamos tanto datos
publicos de aplicacion de la ley del gobierno como datos de primera
mano basados en el trabajo de campo de empresas individuales. Se
presta especial atencion al periodo 2007-2015, durante el cual las
fluctuaciones del mercado después de la crisis financiera mundial
de 2008 podrian haber afectado las decisiones de cumplimiento de
las empresas. Se encuentra que el monitoreo formal y la aplicacién
por parte de las agencias ambientales locales han mejorado el cum-
plimiento, pero la efectividad regulatoria atin se vio limitada por
la baja probabilidad de que no se detecte el cumplimiento y / o la
sancion insuficiente de la condena. Las actividades de cumplimien-
to por parte de la sociedad civil desempefiaron un papel cada vez
mas visible, pero aun asi complementario. En general, las activi-
dades de cumplimiento existentes ain son inadecuadas para re-
vertir fundamentalmente este patron de incumplimiento crénico.
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1. Introduction

( :hina is facing environmental
crises on several fronts (Wu
and Edmonds 2017). Numerous

countermeasures have been actively im-

plemented, including increasingly more

stringent standards and laws, shutting
down more polluting plants, and initi-
ating more ambitious pollution-control
programs. However, the overall impacts
on the behavior of polluting firms may

be less positive than what the regula-
tions intend. Despite increasingly so-
phisticated and rigorous environmen-
tal standards and regulations, illegal
pollution and other forms of violation
remain rampant. The rapid growth of
citizen complaints and even of protests
triggered by pollution in recent years
also show the ineffectiveness of China’s
overall environmental law enforcement
(Steinhardt and Wu 2016).
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The existing literature on pollut-
ing behavior at plant level mainly fo-
cuses on the economic and institutional
aspects of the firms, assuming polluting
firms are rational agents and they make
decisions by calculating the expected
costs of compliance and the expect-
ed penalties for noncompliance. If the
former exceeds the latter, an individual
firm will be more likely to choose non-
compliance. Weak laws and/or law en-
forcement could result in low expected
penalties and, therefore, a high proba-
bility of noncompliance by firms.

Many studies on environmental
compliance and enforcement, including
those concentrating on China, adopt
this approach and they tend to focus on
the formal rules and the mechanisms
for implementing them. On the gov-
ernment’s part, considerable academic
attention has been given to explaining
the “enforcement gaps”; these are main-
ly caused by high costs, limited budgets,
shortages of personnel and necessary
expertise, and a variety of institutional
problems (Arguedas 2008; Blackman
and Harrington 2000; McAllister et al.
2010; Pan, Wang, and Wang 2005; Rus-
sell and Vaughan 2003). On the regu-
latees’ part, existing literature suggests
that polluting firms’ behavior is mainly
shaped by environmental laws and poli-
cies and, more importantly, by their en-
forcement, as polluting firms are driven
by utility maximization rationales and
their managers make decisions based
on comparing various costs and bene-
fits (Xu 2011).

Another strand of scholarship
has proved that neither formal nor in-

formal enforcement mechanisms can
alone ensure consistent compliance.
Empirical evidence from both indus-
trialized and developing countries sug-
gests that effective government regula-
tion and law enforcement and public
participation are mutually supportive
(Gunningham 2009; Thornton, Gun-
ningham, and Kagan 2005).

A third strand of literature sug-
gests that noncompliance with envi-
ronmental regulations is a consequence
of comprehensive factors that include
not only the incentives and sanctions
created by the formal regulations, but
also by a variety of determinants such
as the design of policy instruments, the
political consensus on law enforcement
intensity, the degree of heterogeneity
and the capacity of regulatees, and the
pressures from private intervention
(Pargal et al. 1997; Weaver 2014). Spe-
cialized literature on environmental
regulation and compliance in China
also suggests that corporate compli-
ance behavior can be affected by infor-
mal mechanisms such as the political
connections (of the polluting firms),
features of ownership, general devel-
opmental modes, and public monitor-
ing and participation (Van Rooij 2010;
Wang et al. 2003, 2008; Xie, Yuan, and
Huang 2017).

Building upon the above litera-
ture, this study will explore how the for-
mal and informal factors work together
to affect the rational polluting behav-
iors of different firms and how various
factors determine the effectiveness and
efficiency of China’s environmental reg-
ulatory activities. Formal factors main-
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ly include the official regulatory system,
the monitoring instruments, the ad-
ministrative structures, and the alterna-
tive regulatory mechanisms voluntarily
adopted by polluting firms. Informal
factors refer to the political and social
construction of the seriousness of com-
pliance or noncompliance, the attitudes
and beliefs of the regulatees, and the so-
cial pressures on the polluting firms to
comply with the regulatory standards.

In this research, we chose to fo-
cus on one of the least environmentally
friendly behaviors of polluting firms,
namely, chronic noncompliance. These
firms have been caught and punished
numerous times for noncompliance
with the environmental rules, but they
still proceed without any significant
changes to their polluting behavior.
Guangzhou, the capital city of Guang-
dong province and a major site of pol-
lution in the Pearl River Delta (PRD), is
selected for an intensive case study be-
cause of data availability and represen-
tativeness in terms of pollution regula-
tions and the polluting behavior of local
firms. This paper is organized as fol-
lows. Section 2 introduces and explains
the data and the analytical framework.
Section 3 explains the features of chron-
ic noncompliance with environmental
regulation in Guangzhou. Section 4 ex-
amines the nature and effectiveness of
the formal regulations related to pollu-
tion in Guangzhou. Section 5 examines
the emerging informal approaches to
monitor corporate pollution behavior
in the case. Section 6 discusses the find-
ings and concludes.

2. Data and Analytical
Framework

2.1 Data

or this research, we have com-
Fpiled a comprehensive dataset

on the chronic offenses of corpo-
rate polluters in Guangzhou based on
official environmental, provincial, and
municipal enforcement data covering
the period 2007-2015 (Table 1). The
official data on inspections, penalties,
and citizen reporting were acquired
from the Annual Report on the State
of Environment in Guangzhou (RSE)
and other open-source documents
available on the Guangzhou Environ-
mental Protection Bureau (EPB) web-
site. We also used the websites of the
Institute of Public and Environmental
Affairs (IPE) and the Guangdong Pro-
vincial EPB for supplementary sources
of data. IPE is a Beijing-based nongov-
ernment organization (NGO) special-
ized in creating interactive maps/data
of industrial pollution to facilitate pub-
lic participation in pollution control.
The IPE data focuses on large polluting
sources monitored by the Ministry of
Environmental Protection (MEP) and
is a useful source for researchers to find
information about sanctions related to
the state-monitored sources (SMSs).
In addition, the first author of the pa-
per conducted six interviews with dis-
trict-level EPB officers and staff of en-
vironmental NGOs (ENGOs), which
provides contextual data for our inter-
pretation and analysis.

To identity cases of chron-
ical polluting firms, we created a set
of criteria that can be easily applied
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with open-source data: (1) the firms
that have committed three or more
violations, or received three or more
specific penalties (i.e., fines, suspen-
sion, or shutdown); (2) the firms that
are subjected to one-year interagen-
cy supervisions jointly conducted by
the EPBs and Bureaus of Discipline
Inspection (BODI) at the municipal
or provincial level (gua pai du ban);
and (3) the firms are included in the
Environmental Noncompliance Black-
list (ENCB) disclosed by the Guang-
zhou EPB. The ENCB is an important
supplement to the formal regulatory
system focusing on large pollution
sources, as it strengthens law enforce-
ment on the small-sized polluters in
scattered locations on the periphery of
cities and the areas where the reach of
state regulation is scarce. (More details
of the ENCB and its implementation
in Guangzhou will be provided in Sec-
tion 4.)

Applying the criteria to our
dataset, we have identified 65 out of
the 250 polluting firms as chronic of-
fenders. Among them, 37 were SMSs,
mostly large state-owned enterpris-
es (SOEs), monitored directly by the
MEP. The remaining 28 cases were
mainly small-sized plants subjected to
prioritized monitoring by local EPBs
and included in the ENCB for en-
hanced law enforcement. There are at
least 18 blacklisted factories included
in our dataset and, by the time of writ-
ing this paper, none of these polluting
firms have been removed from the pri-
oritization lists.

2.2. Analytical Framework

o analyze the formal and infor-
Tmal enforcement activities and

how they might reverse chronic
noncompliance, we adopt the frame-
work based on the economic calcula-
tion of costs and benefits responding to
enforcement activities, as explained in
the introduction section. The benefits
of noncompliance are mainly the saved
costs to comply with certain environ-
mental laws and policies, such as those
for mitigating emissions. The costs of
noncompliance are the expected penal-
ty, resulting of two factors namely, the
probability of catching noncompliance
and the penalty for noncompliance. A
key research question is how to effec-
tively deter environmental noncom-
pliance. With different data and meth-
odology, other studies have concluded
that detection probability is more im-
portant (Grogger 1991), or that punish-
ment severity is more important (Frie-
sen 2009), or that both are important
(Earnhart and Friesen 2012).

Environmental noncompliance
is one of the most important causes of
Chinas current environmental crises
(Xu 2011, 2013). Noncompliance can-
not be deterred without a high-enough
proportion of cases being caught and
punished (Guo et al. 2014; Xu 2011).
Catching noncompliance by firms is
predominantly reliant on effective tech-
niques of monitoring, reporting, and
verification (MRV) designed, deployed,
and executed by government regulato-
ry agencies at various levels. However,
the positive correlation between the
deployment of MRV techniques and
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Table 1. Data Sources

(2007-2015)

Types of Data Sources of Data
Annual Report on the State of Environment in Guangzhou (2008-2015)
Regular (Guangzhou EPB 2008-2016)
dministrati
;enm;ﬁl i1essra tve The Guangzhou Yearbook (2008-2015) (Editing Committee 2008-2016)

The Institute of Public & Environmental Affairs, Database on the
environmental performance of enterprises (IPE 2018)

Enforcement
campaigns
(2007-2015)

Report on the Implementation of the Listed Supervision of the Prioritized

Environmental Pollution Problems (Guangzhou EPB and Guangzhou
Bureau of Discipline and Inspection 2008-2016)

The Guangzhou Yearbook (2008-2015) (Editing Committee 2008 2016)

Information
about citizen
reporting

(2007-2015)

Annual Report on the State of Environment in Guangzhou (2008-2015)

(Guangzhou EPB 2008-2016)

The Guangzhou Yearbook (2008-2015) (Editing Committee 2008-2016)

First-hand
information
from fieldwork

1 officer from a district-level
EPB in Guangzhou

Interview conducted by Lin Peng on
August 14, 2015

1 staff from an ENGO,
Guangzhou Environmental
Protection (GEP)

Interviews conducted by Lin Peng on
April 13,2016, May 3, 2016, and May 8,
2018

2 staffs from an ENGO, Liu
Xi He Ecological Protection
Center (LAUKAI)

Interviews conducted by Lin Peng on
April 13, 2016, May 7, 2016, and April 5,
2017

A public hearing hosted by
the Guangzhou Municipal
People’s Congress

Participatory observation conducted by
Lin Peng on April 12,2018

A project evaluation session
hosted by a district-level
water bureau in Guangzhou

Participatory observation conducted by
Lin Peng on May 9, 2018

the effective deterring and sanctioning
of environmental violations might be
hindered by inadequate regulatory ca-
pacity and other institutional factors
(Lo et al. 2012; McAllister et al. 2010).
The “enforcement gap” caused by weak

bureaucratic capacity is particularly
significant in industrializing countries
like China. For instance, continuous
emission monitoring systems (CEMSs)
have been widely used in the United
States to provide accurate data on SO,
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emissions and to monitor compliance
(Stranlund and Chavez 2000), while the
poorer quality of CEMSs in China often
fails to achieve such accuracy and they
are mainly used to provide guidance for
occasional site inspections (Pan, Wang,
and Wang 2005; Xu 2011).

Weaver (2014) has criticized the
conventional scholarship on compli-
ance and enforcement gaps that pre-
dominantly focused on the motivations
of the regulatees. He then proposed a
comprehensive framework to analyze
noncompliance with public policies by
adding factors related to the willingness
and capacity of the regulatees. He also
suggests that the technical and social
aspects of policy instrument designs,
such as the heterogeneity of regula-
tion targets and the political constructs
of seriousness of noncompliance, can
have important effects on the compli-
ant behavior of regulatees. Weaver’s
conceptualization of “compliance and
enforcement regimes” provides a use-
ful framework for this paper, although
it falls short by focusing narrowly on
formal rules made and implemented by
governments and by failing to capture
the widespread informal enforcement
initiated by nongovernmental actors
against noncompliant behavior.

This article intends to evaluate
the instruments of formal and informal
compliance regimes and their impact
on chronic noncompliance behavior.
As shown in Figure 1, the Y-axis shows
compliance regimes measured in terms
of formality. The most formal compli-
ance regime mainly includes institu-
tional and policy instruments set by

the formal regulatory bodies. The less
formal regime includes the instruments
of voluntary regulation established by
enterprises and professional civil soci-
ety organizations. The least formal one
refers to more spontaneous and sporad-
ic efforts made by local communities.
The X-axis measures the instruments
compliance regime by the degree of en-
forcement coerciveness. A combination
of both formal compliance regime and
coercive enforcement instrument lead
to highest level of compliance.

3. Chronic Offenders
in Guangzhou

ocated in the heartland of the

prosperous PRD, Guangzhou is

a main growth engine of China’s
manufacturing industries and con-
sequently, yet it suffers from serious
industrial pollution. Textile manufac-
turing, paper making, electronics, and
metal processing are the main sources
of pollution. In addition, Guangzhou
has a high concentration of power sta-
tions and industrial waste treatment fa-
cilities, and these can produce high lev-
els of pollution if their emissions are not
properly treated. Chronic environmen-
tal infringers discussed in below are all
from the abovementioned sectors.

Chronic environmental infring-
ers can be further divided into two
broad categories based on the varia-
tion in types and frequencies of pen-
alties imposed by the environmental
regulators (Figure 1). The first group
of chronic environmental offenders are
often termed “nail polluters” (wuran
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High

Formality of
compliance regime

Low (Nail polluters)

Highest level of compliance
(Good performers)

Medium level of compliance
(Fluctuant chronic offenders)

Lowest level of compliance

Low

High

Degree of enforcement coerciveness

Figure 1. The analytical framework on the relationship between formality of
compliance regime, degree of enforcement coerciveness, and compliance rates

dingzi hu). These polluting firms have
received the highest frequency (once
or more than once per year between
2007 and 2015) and the highest inten-
sity (measured by the amount of fines
and the number of coercive sanctions
such as suspension, shutdown, and re-
location) of penalties and yet have con-
tinued with new pollution emissions.
The second type of chronic violators’
noncompliant behavior is more fluctu-
ating, with obvious ups and downs over
time. In good years, polluting firms fall-
ing into this category would avoid any
records of noncompliance in one year
and then receive multiple warnings and
penalties in the next because of their il-
legal emissions.

It is noteworthy that the enter-
prises with governmental and foreign
ownerships can all be serious violators
of environmental standards. Neither do
SOEs and private companies demon-

strate any distinctive patterns in terms
of their chronic noncompliant behav-
ior. The diversity of ownership of pol-
luting firms not only challenges the
conventional proposition that foreign
companies have better environmental
performance or that private companies
tend to do a better job in environmen-
tal compliance than SOEs, but it also
shows a high degree of heterogeneity of
targets of environmental enforcement
(Wang and Jin 2007).

Another important feature of
chronic corporate noncompliance in
Guangzhou is that a large number of the
violators are small plants. Many of these
small polluters are scattered through-
out the city outskirts or in “urban vil-
lages”—this is a peculiar phenomenon
in the PRD due to the rapid uneven ur-
ban expansion into the rural areas, and
this has left patches of formerly rural
villages and their land enclaved in the
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cities. These polluters often operate in
the absence of governmental regulation
and they can easily evade government
inspections and sanctions by operating
at night, secretly shutting oft treatment
facilities, concealing outlets, or simply
abandoning the old factories and mov-
ing into new sites.

4. Formal Compliance Regime
and Coercive Enforcement

hina’s environmental regulators

mainly rely on formal admin-

istrative and legal enforcement
instruments to deter and sanction those
firms which breach the pollution limits.
Most of the regulatory responsibilities,
including daily monitoring, inspec-
tions, and administrative penalties, are
decentralized downwards to the EPBs—
these take charge mainly at municipal-
ity and county levels. The Guangzhou
EPB is responsible for the regulation of
the SMSs administered by the MEP and
prioritized polluting sources at the mu-
nicipal level. As grassroots level regula-
tors, the district-level EPBs focus their
law enforcement mainly on small pol-
luters and they also assist the municipal
EPB to regulate the prioritized sources.

4.1. Formal Monitoring and
Inspection to Catch Noncompliance

Most administrative and financial re-
sources for monitoring pollution in
China in general or in Guangzhou in
particular are devoted to prioritized
areas identified by governments at all
administrative levels, i.e. centrally, pro-
vincially, and municipally prioritized
sources. The centrally prioritized pol-

luting sources, or the SMSs, are usually
large polluters directly managed by the
MEP under the Automatic Monitor-
ing Management Program (AMMP).
The Guangzhou EPB then generates
a more inclusive monitoring lists by
adding polluting sources prioritized at
the provincial and municipal levels to
the MEP SMS catalog. In practice, the
local EPBs do not always differentiate
between the locally prioritized sources
and the SMSs. All the SMSs under the
AMMP are required by the MEP to in-
stall automatic monitoring and report-
ing systems that can submit real-time
pollution data and serve as the primary
source of compliance-monitoring in-
formation for the environmental reg-
ulators. In Guangzhou, the automatic
monitoring systems installed at the
SMSs became fully operational in 2009,
and similar devices were gradually de-
ployed to the locally prioritized sources
in the following years.

Besides formal monitoring, in-
spection is another important admin-
istrative enforcement instrument for
China’s environmental regulators. Be-
fore the deployment of the automatic
monitoring systems, inspection was ac-
tually the most important method used
by local EPB officers to collect informa-
tion on pollution and execute sanctions.
Even after the diffusion of the automat-
ic monitoring systems, inspection is
still an important instrument by which
the local environmental regulators can
detect and catch the small polluting
firms insufficiently covered by the for-
mal monitoring system.

Inspection mainly takes two
forms, namely regular monitoring in-
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spections and surprise field inspections
or inspection sweeps. Regular inspec-
tions are conducted by the EPBs at mu-
nicipal and district levels to confirm
real-time monitoring information, lo-
cate key pollution sources, and spot en-
vironmental violations. The municipal
EPB has been responsible for inspect-
ing the centrally supervised SMSs and
the prioritized pollution sources at the
municipal level. The EPBs in various
districts mainly inspect small factories
within their jurisdictions.

Surprise field inspections are
randomly conducted and often prompt-
ed by enforcement campaigns, environ-
mental disasters, and citizen reporting.
Inspections associated with enforce-
ment campaigns are more likely to
lead to tougher punishments such as
suspension of production, temporary
or even permanent closure, relocation,
or detention of the owners of the pol-
luting firms. For instance, in 2012, the
municipal EPB coordinated several in-
teragency field inspections targeting in-
dustrial pollution along the Liuxi River,
an important drinking water source of
the city suffering from serious environ-
mental deterioration. Official statistics
show that in 2012, 905 factories were
penalized after these inspection opera-
tions, including 14 cases of permanent
closures and six cases of forced relo-
cation (Guangzhou EPB; Guangzhou
BODI 2008-2016).

However, there are deep-rooted
problems that have affected the effec-
tiveness of the inspections such as weak
regulatory capacity of the enforcement
authorities, and political pressures from

the pro-development sectors of local
governments. Inspection requires sub-
stantial inputs of financial resources
and manpower to ensure the effective
detection of noncompliant behavior.
Even in the relatively more affluent re-
gions, like the PRD, local EPBs are still
handicapped by persistent shortage
of funding and personnel to carry out
necessary inspections. According to the
information we collected from the in-
terviews, a typical district-level EPB in
Guangzhou (with no more than 70 full-
time staff) is responsible for monitoring
more than 10,000 plants, most of which
are small private firms. Because many
small factories exhibit polluting activ-
ities irregularly or evade inspections,
it is extremely challenging for the un-
dermanned law enforcers to detect and
catch these small offenders.

The second persistent challenge
for effective inspections stems from the
pressures from the local governments
that prioritize economic development
over environmental protection. Ac-
cording to the interviews we conduct-
ed with district-level environmental
protection officers on August 14, 2015,
too frequent and too strict inspections
might be considered as “interfering”
with the enterprises’ operation and
not conducive for “building business
friendly environment.”

4.2. Administrative Penalties on
Noncomplying Polluting Firms

We have identified two major types of
penalties on noncompliance. The first
type utilizes administrative laws and
mainly targets the corporate interests of
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the polluting firms which would make
noncompliance costly and therefore
compel them toward compliance in the
tuture. The second type activates civil
criminal laws and addresses the per-
sonal interests of the decision makers or
managers of the polluting firms. Crimi-
nal prosecution could possibly result in
the imprisonment of the managers, and
such a consequence could deter their
intentions of noncompliance.

In China, environmental regula-
tors have traditionally been more reli-
ant on administrative penalties to deter
and punish violations of environmental
standards committed by the polluting
firms. The forms of administrative pen-
alties, which have degrees of coercive-
ness from low to high, mainly include
orders requiring correction within a
time limit, fines, suspension of opera-
tion, closure, relocation, and detention.

The most frequent form of ad-
ministrative penalties against envi-
ronmental violations is pollution fine.
But, scholars have long criticized this
form of penalty for being too weak to
inflict sufficient financial hardship on
the polluting firms and to thereby de-
ter noncompliance with environmental
regulations. China used to adopt a “per
event” fine system, under which the fi-
nancial penalties had a maximum limit
and, according to China’s Administra-
tive Penalty Law, polluting firms were
fined only once even if they violated the
same environmental standards over an
extended period. For both large pol-
luters (such as SOEs) and smaller pri-
vate companies, the monetary penalties
caused by the traditional pollution fines
were so small that it made economic

sense for the polluters to continue their
illegal discharges rather than to invest
in pollution abatement.

Alarmed by the unacceptable en-
vironmental pollution and widespread
ecological deterioration, the Chinese
government began to strengthen its
environmental law enforcement in the
11" Five-Year-Plan (2006-2010) by
adopting more stringent standards and
applying more intrusive policy instru-
ments, which did lead to tougher sanc-
tions. The official statistics of Guang-
zhou show that the value of pollution
fines has increased significantly since
2007 (Figure 2).

More progress in China’s envi-
ronmental law enforcement has taken
place since 2014, when the National
People’s Congress (NPC) introduced
important amendments to the Environ-
mental Protection Law and significant-
ly increased the financial penalties for
environmental infringements. The up-
dated legislation, coming into force in
January 2015, canceled the cap on pol-
lution fines and allowed the environ-
mental regulators to fine infringers on a
daily basis. The modified EPL also gave
enforcement officers more coercive
power by allowing them to seize and
confiscate production equipment and
even detain the owners of the polluting
firms. Although it is still too early to
make any judgment about the impacts
of the new environmental legislation
on pollution control, the new legal
measures have begun to inflict greater
hardship on the polluting firms which
breach the environmental standards.
In 2015, the first year of the implemen-
tation of the new EPL, the Guangzhou
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Figure 2. Annual total value of pollution fines (2007-2015)
(Guangzhou EPB 2008-2016)

EPB levied continuing fines on four pol-
luting firms. In 2016, the Yuehua power
station, an SOE and a major electricity
generator in the city, became the first
large polluting firm to have continued
fines imposed upon it; these fines for il-
legal air pollution had record-breaking
value totaling 5.4 million yuan, which is
the largest ever in China.

In recent years, the Chinese en-
vironmental authorities have also estab-
lished a set of innovative policy instru-
ments, such as interagency supervisions,
to supplement the formal environmen-
tal laws and regulations by adding ex-
tra costs on the chronic noncompliant
behavior of polluting firms. The PEPA
is essentially an environmental infor-
mation disclosure and rating system
promoted in the early 2000s by the then
Department of Science and Technology
(DoST) and the State Environmental
Protection Agency (SEPA) with direct
assistance from an expert team from the

World Bank. After several years pivot-
al experiments in two cities in Zhejiang
and Inner Mongolia, the project began to
be implemented nationwide by the end
of the 11" Five-Year-Plan (2006-2010)
(Li 2012; Wang et al. 2003). In this in-
centive-based pollution control project,
the environmental performance of firms
is rated by local EPBs from best to worst
by using five colors—green, blue, yel-
low, red, and black—and the rating re-
sults would be disclosed via mass media
and the Internet. Guangzhou adopted
the PEPA system in 2007 and adopted
a four-color rating system (green, blue,
yellow, and red). Polluting firms coded
in red would be subjected to more in-
tense supervisions and sanctions jointly
conducted by the local EPBs and BO-
DIs and barred from deposit-refunds,
performance bonds, and various green
loans. As a complement to the PEPA
system mainly covering the big pollut-
ing sources, the Guangzhou EPB also
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established a municipal environmental
performance disclosure system called
the ENCB. Initiated in 2014, the ENCB
specifically targets polluting firms which
commit continued violations, and it fo-
cuses more on the small polluters which
are difficult to detect and monitor by the
formal regulatory system.

The interagency environmental
supervision, conducted by the EPBs in
conjunction with the BODIs, was ini-
tiated in 2006 as an instrument of po-
litical implementation aimed at adding
political and economic costs on chronic
noncompliance. The Rules for the List-
ed Supervision of the Cases of Environ-
mental Infringements enacted by the
MEP in 2009 specifically stated that the
polluting firms listed on supervision by
the environmental protection agencies
and departments of discipline include
polluters “failed to stop offences despite
repeated investigations and penalties.”
The involvement of the BODIs in envi-
ronmental law enforcement is a meth-
od for not only enhancing the enforce-
ment of environmental standards and
rules, but it also enables the authorities
to punish the owners of the polluting
firms who serve in public office or who
are members of the local People’s Con-
gress or Political Consultative Confer-
ence, specifically addressing the barrier
for effective environmental regulation
created by political connections and
protectionism. The implementation of
interagency environmental supervi-
sions has been associated with public
reporting, severe and continued in-
fringements disclosed by the PEPA,
and pollution control priorities set by
local EPBs. Supervised polluting firms

would usually be given six months to
reverse their noncompliant behaviors
by, for instance, reducing emissions to
the levels required by the pollution con-
trol laws or investing sufficient money
in improving their abatement facilities.
If the supervised polluters failed to re-
duce illegal emissions within the given
time limit and initiate new offenses,
they could be forced to shut down or
relocate.

These additional policy instru-
ments have led to the growing number
and severity of penalties against envi-
ronmental violations in Guangzhou.
For instance, the interagency environ-
mental supervisions have resulted in
a greater number of permanent shut-
downs and relocations of polluting
plants in Guangzhou (Figure 3). How-
ever, most of the harsh penalties were
imposed on small factories without sig-
nificant economic and social impacts.
Large polluters, such as the SOEs and
big foreign companies, targeted by the
supplementary enforcement mecha-
nisms, have rarely been forced to shut
down or relocate even when their in-
fringements have been more serious
than those of the small polluters.

4.3. Criminal Prosecutions Against
Decision Makers in Polluting Firms

Effective legal measures are largely ab-
sent in China to criminalize individu-
als who are found to be responsible for
serious harm both to personal interests
and to public resources. Prior to 1997,
China’s pollution victims could initiate
legal actions against polluters only for
personal economic compensation and
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Figure 3. Cases of closure and relocation associated with interagency environmental
enforcement in Guangzhou (Guangzhou EPB 2008-2016)

they can be easily frustrated by legal
processes which are not only time-con-
suming and expensive but also techni-
cally challenging in the presentation of
evidence. The 1997 Criminal Law for
the first time included articles of “crime
of major environmental pollution ac-
cidents,” but it has not become an en-
forceable instrument by which to pun-
ish the decision makers of the polluting
firms mainly due to the lack of accurate
definition of crimes, limited coverage of
behaviors, and a high burden of proof
for the plaintiffs. Even when the envi-
ronmental offenders were sued, China’s
legal authorities, such as the courts and
procuratorates, did not have sufficient
professionally trained personnel and
the will to deal with environmental cas-
es. The absence of enforceable laws and
the weak capacity and will of the legal
authorities have led to a very low num-
ber of criminal prosecutions against the
owners of polluting firms. In Guang-

zhou, there was (before 2013) only one
criminal prosecution relating to the se-
rious illegal emission of pollutants; the
person responsible for the infringement
was sentenced to three years in prison.

Major breakthroughs in China’s
environmental criminal enforcement
came from a special judicial interpre-
tation made by the Supreme Peoples
Court (SPC) in 2013 that specified 14
circumstances that should considered
as “serious environment pollution” and
five criteria for conviction without re-
quiring evidences of specific harm or
injuries caused by the violation, respec-
tively. These new legal measures have
granted new powers to environmental
law enforcers to deter and sanction en-
vironmental infringements by specif-
ically targeting the decision makers of
the polluting firms.

In Guangzhou, the first convic-
tion for environmental pollution crime
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was made about four months after the
SPC’s new decision. By the end of 2013,
11 cases of environmental violations
had been subject to criminal prosecu-
tion. In 2014, the cases handed over by

the environmental authorities to the
local police departments had doubled.
However, the number of criminal sen-
tences had not increased substantially
(Table 2).

Table 2. Cases of Criminal Prosecution in Guangzhou (Editing Committee 2008-2016;

Guangzhou EPB 2008-2016)

2013 2014 2015
Cases handed over to police 11 26 9
Number of convictions 3 2 2

So far, most of the prosecutions
and sentences were associated with vi-
olations committed by small private
enterprises and no SOEs and their
managers were sued for serious illegal
pollution. But, it deserves particular
notice that two staff members, includ-
ing a Korean citizen, from a Korean
company, were jailed in 2015 because of
the illegal discharge of a large amount
of contaminants into a local river. This
was not only the first criminal penalty
against a foreign corporation, but it was
also first criminal prosecution against
foreign infringers in Guangzhou. Giv-
en the fact that enterprises with foreign
ownerships have been enjoying favors
from the local governments, the crim-
inal penalties on the Korean company
signaled the strength of the new legis-
lation and the increasing determination
of the local enforcement agencies.

However, the improvement of
environmental legislation and the im-
plementation of the newly established
legal measures do not mean the disap-

pearance of the “enforcement gap”™—
this is characterized by the disparity
between the increased law enforcement
tasks and the insufficient regulatory
resources and capacity. Although the
new laws enable the authorities to sue
and criminalize individuals responsible
for illegal pollution emissions, the en-
vironmental authorities’ unwillingness
to transfer cases to the legal authorities,
the weak coordination between the en-
vironmental and legal authorities, and
the lack of professional training and
qualified staffs are important barriers
to the effective enforcement of the new
legislation.

To overcome such barriers for
criminal prosecution against environ-
mental offenders, in January 2014, the
MEP and Ministry of Public Security
issued a specific circular calling for the
enhanced coordination between the en-
vironmental authorities and the public
security forces in environmental law
enforcement. Soon after the statement
made by the central government, the
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Guangzhou EPB established a specific
coordinative mechanism with the local
public security departments. The mu-
nicipal Public Security Bureau also es-
tablished a special division specializing
in investigating environmental crimes.
Despite all these efforts made by the
local authorities, it still takes time to
effectively implement these new mech-
anisms for environmental criminal en-
forcement. Our fieldwork found that the
police forces were still poorly trained in
the investigation of environmental cas-
es and they were therefore unwilling to
receive cases transferred from the envi-
ronmental protection agencies.

5. Informal Compliance
Regime and Noncoercive
Citizen Enforcement

he informal compliance regime

is characterized by active inter-

vention in unregulated polluting
behavior and enforcement of environ-
mental standards by private citizens.
Informal regulation takes many forms.
In the context with well-established
regulatory environment, citizen en-
forcement mainly takes the forms of cit-
izen-initiated law suits and reporting.
In developing countries, where envi-
ronmental regulation is generally weak,
typical citizen environmental enforce-
ment usually happens outside of the
institutional framework, such as public
campaigns, resistance and boycotts led
by NGOs and community leaders.

In China, citizen enforcement is
profoundly structured and influenced
by the authoritarian state, and public

participation in environmental law en-
forcement mainly takes on cooperative
instead of confrontational approach-
es. The past decade has witnessed the
growing impact of citizen enforcement
on corporate environmental noncom-
pliance (Johnson et al. 2018). As a re-
sponse to increasing environmental
pollution and inadequate regulatory
resources, the Chinese government has,
over the past decade, been trying to en-
courage public participation in report-
ing environmental offences and mon-
itoring polluting plants. A variety of
laws, institutions, and polices have been
established by governments at various
levels to enable and encourage ordinary
citizens to monitor and report illegal
discharges from polluting firms. On the
other hand, the growth of the public’s
environmental awareness and the con-
tinued development of ENGOs during
the past decade have also given rise
to more vigorous citizen enforcement
activities and they have also provided
supplementary instruments to the for-
mal environmental regulatory system.

5.1. Informal Reporting and
Monitoring by Citizens

The major forms of informal enforce-
ment of environmental regulation in
China include citizen reporting and
monitoring. Ordinary Chinese citizens
can report illegal discharges to local
EPBs through a variety of channels,
such as telephone hotlines, official web-
sites and the microblogs of EPBs, and
conventional letter-and-visit systems.
More importantly, the formal law en-
forcement activities conducted by the
environmental regulators have become
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increasingly interconnected with public
reporting. To be more specific, citizen
reporting has become an important
cause for environmental inspections
and sanctions. For instance, an import-
ant criterion for the environmental per-
formance rating under the PEPA system
is the frequency of public complaints.
Only those firms receiving fewer than
three public complaints can be cod-
ed “green,” the best score in the rating
system. Many chronic polluters target-
ed by the interagency supervisions and
ENCBs were also those polluters who
were frequently reported by the local
residents.

However, the effectiveness of
citizen monitoring and reporting in
China has been constrained by the gen-
eral weakness of bureaucratic capacity
of the local environmental authorities.
The official statistics show that more
than 90% of public complaints have
been “properly handled” (tuo shan chu
li) over the past five years (Figure 4).
However, according to our interview
on April 13, 2016, less than 70% of cit-
izen reports of environmental offenses
could be processed by the EPBs at the
district level, these bodies being seri-
ously undermanned and also preoccu-
pied with other regulatory priorities.
Furthermore, the official management
of citizen reporting lacks transparency,
and this makes it difficult for the com-
plainants to verify the law enforcement
activities and their real impacts on the
reported polluting firms.

In the dataset compiled for this
research, we find only a few chronic
polluters with clear records of citizen

reporting and thereafter connect these
reports of offenses with specific en-
vironmental sanctions. For instance,
Meiye Textile, a Hong Kong-based tex-
tile company and an important suppli-
er to many brand-name multinational
corporations, was reported by an anon-
ymous citizen on the website of the
Guangzhou EPB for polluting the air of
the local community in January 2013
(Guangzhou EPB 2013). Two months
later, the Guangzhou EPB publicized
a very specific response to the netizen
who earlier complained through the
same platform on its website. In this
online statement, the Guangzhou EPB
declared that the inspectors dispatched
to the scene had not detected illegal
emissions carried out by the reported
enterprise. However, the enforcement
agency also stated that the reported
plant would be relocated as planned
in June 2013 by the municipal govern-
ment in a massive industrial relocation
project (Guangzhou EPB 2013).

Another rare case that shows di-
rect linkage between citizen reporting
and specific law enforcement actions
against illegal polluting behavior was
a bloc prosecution of polluting firms
surrounding several high and elemen-
tary schools in the District of Baiyun,
in Guangzhou, a suburban area with a
high density of small enterprises that
was particularly weak in environmental
legal enforcement. At least eight pollut-
ing factories were stormed and clamped
down by the local EPB in an enforce-
ment campaign as a result of four years
of petitioning by teachers and con-
cerned parents in that area, who might
have been affected by the pollution
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proportion of resolved cases (2007-2015) (Guangzhou EPB 2008-2016)
(Data for 2014 and 2015 are not completely available)

(Wang 2014). Actually, the local EPB
involved in the case did respond to the
citizens reports of air pollution by fin-
ing and suspending production of some
of the polluters. However, these sanc-
tions were too weak to deter the envi-
ronmental offenses and the continuing
illegal air pollution was causing numer-
ous respiratory symptoms among the
students and teachers near these pollut-
ing plants. It was not until the frustrat-
ed petitioners brought the cases directly
to the Ministry Education (and not the
MEP) and attracted media attention in
2014, that tougher enforcement actions
were implemented.

Compared with citizen report-
ing, which is usually individual-based,
post facto and lack of systemic data,
the monitoring of industrial pollution
conducted by NGOs is relatively more
organized and preemptive and has

more impacts on EPB actions and poli-
cy change. A representative example of
such social initiatives in environmental
enforcement is a nationwide pollution
monitoring campaign led by IPE, a Bei-
jing-based ENGO focusing on produc-
tion chain environmental performance
supervision. IPE uses the monitoring
data of the SMSs disclosed by the EPBs
at various levels to create Green Audit
reports of the suppliers of multinational
corporations in China and it has devel-
oped interactive web maps to encourage
ordinary citizens to monitor pollution
sources and report illegal discharges.
Due to its success in facilitating public
participation in environmental law en-
forcement by applying information and
communication technologies (ICTs),
IPE was in 2015 invited by the envi-
ronmental authorities to participate in
mobilizing citizen monitoring over wa-
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ter pollution in urban areas (Wu 2017).
IPE coordinated dozens of grassroots
ENGOs across the country to join this
campaign and form a network to facil-
itate the exchange of information and
collaborative action.

In Guangzhou, some local NGOs
also joined this network and became
active participants in pollution control
campaigns and private enforcement ac-
tivities focusing on local environmental
violations. One of the active Guang-
zhou-based ENGOs participating in
the private monitoring of industrial
pollution is Guangzhou Environmen-
tal Protection (GEP). Stemming from
a volunteer group organized by sever-
al ordinary citizens concerned about
the environmental deterioration in
their home city, GEP has turned into
a professional Green NGO specifically
focusing on detecting and reporting il-
legal water pollution over the past few
years. Besides carrying out independent
investigations itself and also reporting
on illegal pollutant emissions, GEP also
relies on mobilizing local communities
to detect and report illegal polluting
sources. GEP’s independent monitoring
and mobilization of community partici-
pation have led to a growing number of
detections of illegal emissions made by
small polluting sources that are poorly
covered by the formal regulatory sys-
tem. To further enhance its capacity to
deter environmental violations, GEP
has been consciously trying to nurture
and maintain cooperative relationships
with the local environmental author-
ities and it has established regular co-
ordinative mechanisms with the mu-
nicipal and provincial EPBs and Water

Service Bureaus (WSBs). The GEP’s
proactive engagement with the govern-
ment has been rewarded because the
environmental authorities are becom-
ing more responsive to citizen reporting
and supportive of public participation
in environmental law enforcement. For
instance, in 2016, GEP and its commu-
nity partners reported 37 cases of illegal
emissions to the local environmental
authorities and most of them were in-
vestigated. In the same year, GEP, along
with several other grassroots and offi-
cial social organizations, was invited
by the municipal government to train
citizens who had volunteered to serve
as “citizen river chiefs,” an innovative
strategy designed to mobilize public
participation in a top-down enforce-
ment campaign aiming to curb urban
water pollution. The rise of grassroots
NGOs like GEP improved the capacity
of mobilizing public participation and
establishing partnership among poten-
tial pollution victims, NGOs and gov-
ernmental regulators.

5.2. Civil Lawsuits Led by NGOs

NGO-led environmental public in-
terest litigations have proven to be ef-
fective instruments to deter corporate
environmental offenses and to enforce
environmental standards in the indus-
trialized countries. In China, however,
“citizen suits” against environmental
violations had been lacking because the
laws did not provide articles for public
participation in environmental litiga-
tion and for prosecution for infringing
the public interests associated with the
illegal polluting behavior of firms.
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The newly-modified Environ-
mental Protection Law passed in 2014
marked a watershed moment for Chi-
na’s private environmental enforcement
by allowing NGOs to bring public inter-
est environmental lawsuits. Although
the new legislation still sets strict le-
gal and even political limitations on
the participation of nongovernmental
prosecutors, such as registration at mu-
nicipal administration and no records
of any administrative and legal viola-
tions in three years, some professional
ENGOs that had been advocating for
public interest litigation immediately
seized the newly-acquired opportunity
to file lawsuits against the enterprises
responsible for pollution incidents that
severely harmed the local environment
and communities. In 2015, among the
48 public interest cases in China, 41 of
them were initiated by ENGOs and the
government-sponsored Environmen-
tal Protection Federations (EPFs) (Li
2016). In Guangzhou, the first public
interest case took place soon after the
implementation of the updated EPL
and the litigant was the All-China Fed-
eration of Environmental Protection
(ACFEP).

Although the revised EPL did
enable the NGOs to enforce environ-
mental laws and deter noncompliant
behavior of polluting firms with public
interest litigation, effective implemen-
tation of the new legislation still needs
to address numerous barriers such as,
to name a few, the lack of professional
knowledge and resources on the part of
nongovernmental litigants and the weak
capacity and will of the legal authorities
to catch the infringers. The limitation

of the newly-empowered litigation was
clearly shown in the first public interest
case in Guangzhou. Although the in-
fringers and illegal emissions were lo-
cal, the plaintift was the ACFEP, based
in Beijing, and therefore, neither the
local public procurator nor the munici-
pal FEP were technically and politically
prepared to file the environmental pub-
lic interest litigation. More importantly,
as an actor from the political capital of
China, the involvement of ACFEP in
this case showed the MEP’s determina-
tion to set a precedent in the regulation
of illegal industrial waste dumping and
strengthen the law enforcement in this
field. But as with enforcing the law on
those small polluters operating on the
periphery of the formal regulatory sys-
tem, the local courts found it difficult to
enforce the verdicts because the pollut-
ers responsible for the illegal dumping
simply disappeared.

6. Conclusion and Discussion

hronic noncompliance by pol-

luting firms is one of the most

serious challenges for China’s
policymakers and law enforcement
agencies in the face of environmental
degradation and widespread pollution
in China. With rich empirical firm-level
data derived from Guangzhou, we have
examined both formal and informal en-
vironmental enforcement actions and
their effects on corporate environmen-
tal behavior.

We found that combined efforts
by both state agencies and civil society
actors, represented by environmental
NGOs, have not been able to funda-
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mentally discourage or reverse some
firms’ repeated decisions to illegally
pollute the environment. For large pol-
luting firms (mostly SOEs, as well as
some privately owned ones), although
they are more visible and thus receive
more monitoring and inspections by the
formal law enforcement agencies, insig-
nificant penalties, relative to their com-
pliance costs or economic scale, makes
it more attractive for them to evade
the regulations. As for small polluting
firms, although the penalties for them
are significantly heavy relative to their
sizes, the probability of being caught in
their noncompliance remains low, giv-
en the inadequate bureaucratic capacity
of the frontline environmental author-
ities for effective enforcement. Thus,
many small firms would simply take
risks in conducting polluting activities
because, even when they are caught, it
is not difficult or financially devastating
to simply abandon and close down the
business to evade punishment. New ad-
ministrative and economic instruments
have been introduced such as the re-
peated fine system and criminal pros-
ecution against firm managers, but the
impacts of these measures are yet to be
clearly seen and be visible to all.

However, the general weakness
of compliance and enforcement regimes
in Chinas pollution control does not
disguise the complexity of compliant
behavior of firms (or lack of it) and the
practices of environmental regulation
in China. The experience of Guangzhou
shows that barriers to the effective per-
formance of compliance and enforce-
ment regimes are complicated and that
they vary across different types of firms

and violations.

For large polluters, like the SOEs
and some high-profile privately-owned
companies, the main barriers for envi-
ronmental compliance include not only
weak sanctions due to the problematic
environmental legislation and policies,
but also factors such as the political
connections of the polluting firms or
their owners and the local government’s
fear of increasing unemployment and
the loss of revenue caused by the shut-
down or relocation of big companies.

For small polluters, a persistent
barrier to ensuring long-term com-
pliance has been the passiveness of
the frontline enforcement agencies. In
practice, the catching and sanctioning
of small polluters are not cost-efficient
for the frontline law enforcers because
of their continuing shortage of staff and
lack of financial resources and the ab-
sence of reliable monitoring informa-
tion about these small polluting sources.
However, recent development and com-
bination of both citizen and official en-
forcement mechanisms have improved
the probability and efficiency of catch-
ing and punishing the small polluters.
Statistics from both official and NGOs’
sources have shown a growing number
of detections and shutdowns of small
factories which have repeatedly not
complied with the environmental laws.

The effectiveness of compli-
ance and enforcement regimes also
varies with the types of contaminants
discharged by the polluting firms. As
shown by the experience of Guangzhou,
illegal water pollution and the discharge
of untreated industrial solid waste were
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more easily caught and harsh penalties
thereafter imposed. The reporting of il-
legal air pollution, on the other hand,
was relatively more difficult to penalize.
The main reason for such differences
might be explained by the low visibility
of air pollution and the difficulty of de-
tecting and verifying it.

Our findings have confirmed the
arguments in the regulatory literature
derived from the experiences of both
industrialized and industrializing coun-
tries, namely, that the sole reliance on
either the formal government enforce-
ment or the civilian enforcement cannot
effectively ensure corporate compliance
with the environmental regulations.
Only with an effective combination
of formal and informal enforcement
mechanisms can any environmental
compliance regime ensure the compli-
ant behavior of firms. As shown by the
case of Guangzhou, the central govern-
ment’s increased emphasis on pollution
control and the continued strengthen-
ing of environmental legislation have
led to enhanced law enforcement and
tougher penalties against illegal pollut-
ers at the local level. From 2010, more
polluting firms were subjected to polit-
ical implementation of environmental
rules jointly conducted by the EPBs and
BODIs and forced to permanently shut
down. The past few years have also wit-
nessed the development of public par-
ticipation in environmental regulation
and this has led to the increased detec-
tion of environmental violations and
more intrusive law enforcement activ-
ities launched by the government.

However, the positive correla-
tion between enhanced law enforce-

ment and the decrease in chronic non-
compliance with environmental rules
was more likely to be observed among
small polluters. The sheer scale and
the elusive nature of the environmen-
tal violations by these polluters used to
create major obstacles for effective law
enforcement. Illegal emissions commit-
ted by small factories were extremely
difficult to catch and punish by gov-
ernment enforcement agencies which
were seriously undermanned and more
preoccupied by the regulation of the
larger pollution sources. For large pol-
luting firms (mostly SOEs, as well as
some privately owned ones), although
they are more visible and thus subject-
ed to more frequent and intense mon-
itoring and inspections conducted by
the government law enforcement agen-
cies, insignificant penalties, relative to
their compliance costs or economic
scale, make it more attractive for them
to evade the various laws. As for small
polluting firms, although the penalties
for them are significant relative to their
size and scale, the probability of being
caught in noncompliance remains low
mainly due to the shortage of manpow-
er and resources of the grassroots reg-
ulatory forces, and many would simply
choose to take the risk; and, even when
they are caught, it is also neither difh-
cult nor economically devastating to
simply abandon the business and evade
the punishment.

The opening-up and expansion
of political space for more involvement
by public monitoring and NGO-led lit-
igation is expected to make noncom-
pliance by polluting firms more costly.
Through the experience of Guangzhou,
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where civil society has developed to a
higher degree than in the rest of the
country, it has been shown that there
remain several obstacles preventing so-
cial pressure becoming effective in re-
versing the polluting firms’ behaviors.
The number of institutions and agen-
cies involved in public monitoring and
reporting are increasing, and they are
mostly handled by the relevant EPBs.
However, this rarely results in serious
penalties. Environmental litigation led
by NGOs has also just emerged and, if
successfully carried out, can lead to sig-
nificant penalties and consequences for
the polluting firms. Nevertheless, the
experiences of NGO-led public inter-
est litigation against environmental vi-
olators in a Guangzhou lawsuit against
illegal industrial pollution suggest that
only a handful of experienced and
well-funded NGOs are capable of en-
vironment litigation. Complex political
relations can also impede the normal
functioning of the legal process in an
environmental pollution case.

Another important political fac-
tor for an increasing number of reloca-
tions of penalized polluting firms is the
grand industrial restructuring being
promoted by the local government. This
project is aiming to attract high-end ser-
vice industries and push out the pollut-
ing industries and it reflects a long-term
policy being pursued by the Guangzhou
municipal government. This project has
been backed by sustained and strong
political will from the municipal gov-
ernment and it serves as an important
driving force behind many environ-
mental law enforcement campaigns that
have led to permanent shutdowns and

relocations of polluting factories.

Other than policy design,
firm-specific, and other political rea-
sons, there are other factors which are
not directly related to environmental
law enforcement but indirectly sus-
tain the chronic noncompliance deci-
sions at the firm level, such as market
fluctuation and competition as well
as the changing costs of compliance.
For polluting firms, the resources for
compliance consist nearly entirely of
economic costs without generating re-
venues and profits. In the economic
hardship that emerged after the finan-
cial crisis, those firms that are fighting
for survival may especially give pollu-
tion mitigation a lower priority. Fierce
market competition could also dilute
their profit margin. Firms that can suc-
cessfully evade compliance could get
favorable standings which are large-
ly dependent on pricing. In addition,
compliance costs are also evolving, but
generally in a decreasing trend due to
learning and innovation.

As the Chinese central govern-
ment is increasingly keen and vocal
about reducing industrial pollution,
and Chinese society is more aware of
the health impacts of pollution, pol-
icy and institutional design for effec-
tive environmental law enforcement
are the common pursuit and goal for
all stakeholders. However, establishing
such effective enforcement institutions
and procedures will take time due to
the diverse nature of firms, the uneven
development of local EPB capacity, and
the still-nascent stage of environmental
NGOs and public participation in envi-
ronmental governance in China.
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