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DETERMINANTSOF EFFECTIVE ENVIRONMENTAL REGULATIONS:
EVIDENCE FROM CHINA

LiguoLin

EXECUTIVE SUMMARY

Using a unique data set collected from three mpalaénvironmental protection
bureaus in China, we investigated the determinawitseffective environmental
regulations. The effective (actual) environmenggjulations were measured by the actual
pollution standard imposed on firms, the frequentynspections done, and the actual
pollution levy rates imposed on them.

The study show that plants located in higher GDP gapita areas and whose
emissions are more likely to induce pollution damafpace stricter effective
environmental regulations, including more frequiespections. Similarly, plants located
in urban areas are subject to higher levy rates.

Our results offer important insights on the reguisit behavior: environmental
agencies do consider the public’s interests whey thetermine their monitoring and
enforcement strategy. Effective environmental ragohs on plants are strongly
influenced by the local costs of and benefits fritw@ plants' pollution. This observation
is consistent with the principle of environmentaloeomics, wherein environmental
regulation is the outcome of balancing economiovéigtand environmental degradation
due to the pollution by taking all benefits andteasto account.

1.0 INTRODUCTION

Environmental regulations in China can be tracezklba 1979 when the national
Environmental Protection Law (EPL) was first adap{en a trial basis). Following the
EPL, a series of environmental regulations desigweteduce industrial pollution and
improve environmental quality have been put in @la&lthough the pollution control
regulation has been amended several times, it alwanly involves a tax on pollution
discharges, generally referred to as the pollugog system.

Environmental management in China is generally okeakzed. Article 16 of
Chapter 3 of the EPL states that "the local pesgievernments at various levels shall be
responsible for the environmental quality of araader their jurisdiction and shall take
measures to improve the quality of the environmenitierefore, local governments have
extensive flexibility in both formulating and enéimg environmental regulations. For
instance, local governments are involved in densiconcerning the pollution
concentration standards for firms that dischargdéotal waterways. Furthermore, the
enforcement of environmental regulations (e.guimss discharging license, making field



inspections, and collecting pollution levies) i€ ttesponsibility of local environmental
protection bureaus (EPBs). Indeed, pollution lewesfirms can be reduced or even
eliminated at the discretion of local regulatoteaéppropriate inspections.

China’s fast economic growth has been accompanje@ highly unbalanced
regional development. A large disparity exists le=w the urban and rural areas and
between the coastal and inland regions. Differenneper capita income and other
socioeconomic parameters such as population detiisitys ownership, etc. may give
rise to heterogeneous preferences concerning emuaotal quality. For example, higher
income areas, which have higher marginal willingnespay for environmental quality,
would typically impose stricter pollution regulat® than those in a low income area. As
explained by a Chinese state Environmental Pratecfigency (EPA) representative,
some counties have very poor economic bases andhase more concerned about
improving their economies than about protectinggheironment (pers. comm.).

Different local incentives in environmental regidas may also arise due to
financial incentives and even conflicting interedtshe local governments hold stakes in
firms (as it often happens in poor areas), they matywant those firms under strict
environmental regulations. Moreover, environmeatahorities may have less incentives
to enforce regulations on firms that are importamployers of local labor. Finally, the
firms' local conditions also matter. For exampiem$ located in high population density
areas may be imposed more strict pollution starsdardl subjected to more rigorous
enforcement. The different local incentives in @eonmental regulations, combined with
local flexibility in formulating and enforcing emainmental regulations, inevitably lead
to regional diversity in the firms' environmentarformance.

Although the regional diversity in the firms' eraiimental performance has been
criticized, recent research (see Wang and Whedl@B)2suggests that its pattern is
consistent with one of the principles of environta¢®conomics: in general, regulation
is stricter in areas where income and educatiorhegker.

The variations in effective environmental regulaian China have been pointed
out by several papers. At the provincial level, \Waand Wheeler (2003) show that
effective water levy rates are responsive to messuof ambient quality and
development. Relatively affluent, heavily indudimed coastal provinces have the
highest effective levy rates, while many pooreeeifittr provinces have the minimum
rates. A few years ago, Wang and Wheeler (2005)yzex financial incentives and
endogenous enforcement of the Chinese pollutiog Exstem using data from 3,000
Chinese factories. They found that, despite cenpedssure for uniformity in
enforcement, firms' compliance with environmenggulations greatly differ .

Unlike Wang and Wheeler (2003, 2005), in this répge focus on analyzing the
process that motivates regulators to undertake toramg activities and how effective
environmental regulations are influenced by loaalditions. Monitoring activities refer
to the number of inspections conducted on firmdedEive environmental regulations
refer to the pollutant emission standards and tieeta/e levy rates.

Dasgupta et al. (2001) reckon that, at the plavnellevariation in frequency of
inspections is a better determinant of the Chimskiters' environmental performance
than variation in pollution levies because inspewi make firms perform better



environmentally. The impact of increasing firmsllpiion concentration standards on
their environmental performance is unambiguous: emermissive standards lead to
more pollution, and higher effective levy ratesdem firms’ better environmental
performance.

Besides focusing on how the local conditions maitdren environmental
regulatory agencies determine their pollutant cotre¢éion standards/effective levy rates
and the number of firm inspections, we also studied firms’ characteristics matter
when environmental regulatory agencies set thé&ceée environmental regulations and
enforce them. For instance, we examined if firmghworeign direct investments are
subjected to higher levy rates and stricter pallutstandards and if they are inspected
more frequently than state-owned firms, as welif dsese have a bearing on pollution
standards. Some studies (e.g., Wang and Jin 2Qfid) put that state-owned firms in
China have a large bargaining power on effectivg fates.

We empirically studied the effect of local conditsoon the number of inspections
conducted on firms, their pollution concentratidganslards, and the effective levy rates
imposed on them. Results indicate that firms lat#@teareas with higher gross domestic
product (GDP) per capita are more likely to be isgmbstricter pollution concentration
standards and higher levy rates and subjected te mepections. Similar observations
were obtained for plants located in urban areasnamck populated counties. Moreover,
firms with foreign direct investments are more hk®® be regulated by stricter standards.

A number of papers have analyzed how firms' locahdd@ions influence
enforcement activities in North America. For ingt@nDeily and Gray (1991) analyzed
the effect of local labor market conditions on eoément of pollution standards. In
particular, they analyzed whether the US EPA's reefoent actions depend on the
probability of plant closure as a result of thestioms. Deily and Gray (1996) in an
earlier study introduced the economic theory ofulagon to model the regulator's
decision. Dion et al. (1998) studied the issue gislata from Canadian pulp and paper
industrial firms: they show thateteris paribus, greater inspection effort is allocated to
plants whose emissions are likely to cause moreadamAlso, variables pertaining to
local labor market conditions have a significantpaot on the monitoring strategy
adopted by regulators.

The rest of the report is organized as follows:tieac2 discusses China’s
pollution control policy, sections 3 and 4 prestrg empirical analysis, and section 5
gives the conclusion and implication.

20POLLUTION CONTROL POLICY IN CHINA

Before 2003, the pollution levy system formally wegd that any plant should
pay a fee only based on the quantity of effluersicllarge that exceeded the legal
standard. Moreover, the pollution levy was actugbid only on the pollutant that
exceeded its standard by the greatest amount,dbudmall the pollutants that exceeded
their standards. If all pollutants do not exceedirtlstandards, lower levy rates were
imposed on air and water discharges. Since 20@88tphave been required to pay levies



on the pollutants with the three largest estimatees,' and the levy rates have
substantially increased. The new regulation aimgive plants stronger incentives for
pollution control.

Given that our data set is based on plants' pohliutiom wastewater for the year
2002, we mainly discuss the pollution levy system2002 for wastewater. China's
pollution levy system is a two-tier charge systamiform rates for within-standard
pollution and higher and escalating rates for akstaedard pollution. If every pollutant
emitted by a plant is below the corresponding saashdhe plant pays the within-standard
levy for wastewater dischargéstherwise, plants pay the above-standard levy.

The above-standard levy is calculated with resprepbllutants emitted by plants
above their corresponding standards. Consider plmttting M water pollutants that are
above the corresponding standards. Namely, for gaalfutant i (i=1,...M), the
concentration of pollutant i discharged by plan{npted G) is greater than the
corresponding legal standardi<)C The total above-standard levy paid by plant;) {&
calculated as follows:

Li=max{Lj, Ljz,...Ljm}
where:
Li=RuP; if P; < T, (or equal to J;
=Loi + RyiPyi if P > T
where lgi=[R1i — Rj] Ti

where l; is the estimated levy to be paid by plant j onlygaht i; R is the
discharge factor of pollutant i calculated ag(@i-Ci-)/Ci<), where Wis the total amount
of wastewater discharged by plant ;i3 the threshold factor that determines the levy
rate adopted; Ris the levy rate applied when the discharge fa&pois below the
threshold while the levy rate;Rwith R;i<Ry;, is applied for above-threshold pollution;
and Lyi=[R2-Ry]T; is a fixed payment. The formula is calculated ananthly basis (the
calculation is illustrated in Annex 1).

The levy function takes into account both the cotregion of the hazardous
pollutant and the volume of discharged wastewaterce it calculates the discharge
factor (Pji) based on both total wastewater disghand the degree to which pollutant
concentration (Cji) exceeds the standard (Ci*). Stendard (Ci*) is jointly set by the
central and local governments, and it is diffedf@pindustry sector and waterway where
the wastewater is discharged. In particular, thrgraégovernment sets three levels (high,
middle, low) of pollutant concentration standarahdathen the local environmental

! Suppose that a firm discharges five pollutants/atibe standards. Then, the firm would estimatdehe
to be paid for each of the five pollutants, as Vfiére to pay the fee for each of these. Before3 18 firm
would pay only the highest of the estimated palttifees (and not the sum of all the fees). Siff32the
total levy paid by the firm is the sum of the highive pollutant fees.

2 Since 1993, the standard fee for within-standarsteveater discharges has been RMB 0.05 per ton.

Within-standard charges have also been assesse@.@missions since 1996. USB<RMB 7
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authority picks a pollutant concentration standaxe! for a specific firm. Both levy rates
(R1i, R2i) and threshold factor (Ti) are set by tentral government and vary by
pollutant, but not by industry or region. The lédeymula for air pollution is simpler. The
within-standard levy is exactly the same as theteveaster levy. As for the above-
standard air pollution levy, unlike the water letlye air levy is assessed on the absolute,
rather than percentage, deviation from the cona#atr standard. For firm j and pollutant
i, the potencial levy is Lji=RiVj(Cji-Ci*), where Rs the levy rate; Vj is the total volume
of air emission; Cji is the pollutant concentratiamd Ci* is the concentration standard.
Again, a firm is assessed only on the highestsopdtential levies.

This is the levy calculation formula in theory;pnactice the local environmental
authority can decide whether or not to decreaseldhies to be paid by firms. For
instance, state-owned firms may have a bigger bangapower and therefore could pay
lesser levies. Firms belonging to sectors thanhaten the priority of the local economic
development plan may have less bargaining powehenpayment of pollution levies.
Moreover, because of the bureaucracy, local goventsnin developing counties could
protect local firms from enforcement policy. Fostance, local authorities in China are
given considerable flexibility in adopting specifigrocedures when implementing
national environmental policy mandates. City-leselironmental protection bureaus are
legally responsible for implementing nationally rdated policies, but they are primarily
a department of the city government. Heads of thelureaus are appointed by and
report to the city mayor. Financial resources far bureaus are also provided at the local
level. In China, the environmental impact assess$ifieA) system is dominated entirely
by government agencies, without any forum and giowi for public participation or
consultation. All decisions in the process are madkly by bureau officials; no
institutional channels exist for the general publ those who are affected by proposed
projects to express their opinions, especiallyaiea objections.

3.0 EMPIRICAL ANALYSIS OF VARIATIONS IN POLLUTION STANDARDS
AND FREQUENCY OF FIRM INSPECTIONS

This section presents how the firms' local condgioaffect the pollution
concentration standards and the number of inspectionducted on firms. We tested
also some of the empirical implications derivedrirthe theoretical model introduced in
the previous section. We first describe the charatics of the data involved in our
study, and then we set up an empirical model.

3.1 DATA DESCRIPTION

Data were collected from three municipal environtakprotection agencies. The
agencies’ databases contain rich information #itlatvs us to study this topic, such as
firms’ age, number of employees, ownership, locgtemd economic and environmental
performance.

Our dataset was supplied by City A’s Environmelftadtection Bureau (AEPB),
City B’s Environmental Protection Bureau (BEPB),daity C’s Environmental



Protection Bureau (CEPB) City A's industries are mainly composed of thedo
medicine, chemical, automobile, textile, and elsuirs sectors. State-owned enterprises
do not dominate the industry as private and forgant ventures have considerably
increased in the past decade. City B is an impbitetustrial center in China, being the
transportation and commercial center of China'sheastern region. It focuses on heavy
industry (particularly aerospace), machine toolsavy equipment, defense, and, more
recently, software, automotive, and electronicstfebent from City A, state-owned
enterprises constitute a large proportion of City &onomy. City C, on the other hand,
is the commercial and financial center of mainla@tiina. It experienced rapid
development beginning in the 1990s. It became at @ifea for integrated economic
reforms. It has recorded double-digit growth for ddnsecutive years since 1992, thus
becoming the center of finance and trade in the @é&wma. In 2009, City C's total GDP
grew to RMB 1.49 trillion (USD 218.26 billion); GDper capita was RMB 77,564 (USD
11,361). The manufacturing and agricultural secemcounted for 39.9 percent of the
total output.

Since the data collected from CEPB did not incltidenumber of inspections and
the pollutant concentration standards, we exclutiedCEPB plants in the analysis of
number of inspections and pollutant concentratiol@ndards vis-a-vis firms’
characteristics and local conditions.

The data from AEPB and BEPB provided pollution @nalduction information of

290 plants for the year 2002. Besides the plargtidata, local county level data on local
economic development indicators were included. dlaats in the sample are mainly the
large chemical oxygen demand (COD) polluters betangp the food, paper, medicine,
and chemical sectors. They are located in 11 distdounties of the two municipal cities
(4 from City A, 7 from City B). Data on plant-leveariables include the plants' output
value, number of employees, age of plant, COD earnissectors they belonged to, and
ownership. The dataset included information onatiffe environmental regulations, such
as COD pollutant concentration standards and nurob@rspections conducted on the
plants. Moreover, local development indicators.,(i&DP, population) capture the firms'
local conditions.

Before presenting the model, some descriptivessitedi of the sample are given in
Table 1. First, we note that the plants in the damjere inspected quite frequently (8.58
times on the average in 2002), which indicates i main purpose of the inspections
by the environmental authorities is to verify tHams' pollution level (see Lin 2007 for
this analysis). Second, the plants in the samplialynbelong to the food and chemical
sectors, although the paper and medicine sectersalap represented by some large
plants. Third, the three types of ownership (stat&ed, collective, and joint venture) are
almost equally represented. Fourth, one quartethef plants were located in one
particular county and the rest were evenly disteduacross the other counties. The
average county population is 1.2355 million andrage county GDP per capita is
3.3768 thousand yuan.

® Although there are nothing confidential, the ERBE us not to put their names in publication.
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Table 1: Descriptive statistics (annual data of geiits in City A and B)

Variable Mean Standard Variable Mean Standard
Deviation Deviation
Output value (10 |10.36 | 19.73 County (% thé
yuan) number of
firms located in
the county ovel
total)
Number of 393.98 | 271.20 County 7%
employees
COD discharge 8.86 18.28 County 7%
(tons)
Age of plant 2.4 1.31 County 25%
(decades)
Inspection 8.58 5.05 County 9%
(frequency)
Sector (%) County 6%
Food 37 County 5%
Paper 9 County 10%
Chemical 45 Coungy 9%
Medicine 9 County 4%
Ownership (%) County 12%
State owned 30 County 6%
Collective 40 Basic statistics for Counties
Joint Venture 30 Population 1.2355 0.3809
(million)
Urban (%) 66 GDP per capita3.3768 1.2054

(ten thousand,

yuan)




32 MODELSAND RESULTS

Our objective is to analyze the process that imitgethe regulator to undertake
effective environmental regulations. As discused tle previous section, we are
interested in knowing how the frequency of plangépiection and pollution standards
varied with the plants' characteristics and locahditions. Therefore, we tested the
impact of the plants' characteristics and localdaoons on two variables: pollution
concentration standards and number of inspectidfes.ran two regressions, with the
aforementioned two variables as dependent variabidsthe plants' characteristics and
local conditions as independent variables.

As previously described, pollution standards vaithwype of pollutant and the
industrial sector to which the plant belongs. Toidwcomplications, the study focused on
the standards for COD pollution. The other difftguencountered has to do with the
varying standards used. The data set involves pfamtn four different sectors; therefore
we cannot directly compare the implementation ef tégulations because the standards
differed according to sector. For each sector, diwetral authority sets three levels of
standards for COD pollutant (labeled as first, secoand third class from strict to
moderate). However, the local environmental agenitieCity A and City B, where the
sample plants were located, only used either tisé dlass or the second class standards
for pollution emitted in the local waterway. Theyed, we considered a binary choice for
the standard for COD pollutant in our sample. Weigmed the value 1 for plants
subjected to the stricter COD standard (first ckiasdard) and O to the rest of the plants.
A Probit model is used for the standard equatisriphows:

Probabilty(STA=1| X; Yi)= P(C+A*X +B*Y ) 1)

where STA is the standard dummy; contains the plant i's basic characteristics:
age of plant, number of employees, sector, and shiE Y, contains variables
describing plants' local conditions: local populatiGDP per capita, urban dummy, City
A dummy, as well as the ratio of the plant's outjoutocal GDP (to capture the relative
importance of the plant to the local economy); A &nare coefficient matrices, and c is a

regular constant tern®.is the cumulative distribution function of the reard normal
distribution function, namely, with mean 0 and stamd deviation 1. The Probit model
estimates how the independent variableand Y affect the probability of imposition of
the stricter pollution standard (probability S¥A). The coefficient estimates are
reported in Table 2.

The coefficients of the model are estimated usingximum likelihood
techniques. That is, if the data set contains remasions, corresponding to the model
above, the joint log-likelihood function is then:

InL(c, A,B) = X%, (STAIne(c+ A = Xi + B = Yi) + (1 — STA,)Inp(c+ A = Xi + B * Yi))



The coefficient estimates (c, A, B) maximize thadton. With the coefficients
we then are able to estimate the marginal effecthefindependent variables on the
probability of imposition of the stricter standaFebr instance, we can calculate the value
c+A*Xi+B*Yi only count on the coefficients that arestimated to be significant. If the
coefficient of urban dummy is significant, we caalctilate the values c+A*Xi+B*Yi
when the urban dummy takes the value zero and Wieenrban dummy takes the value

one by holding others fixed. Since we assiiigthe cumulative distribution function of
the standard normal distribution function, we thesm estimate the probability of
imposition of the stricter standard when the urdammy takes the value zero and when
the urban dummy takes the value one. The differétige marginal impact of the urban
dummy on the imposition of the stricter standard.

We expect age to be a key variable determiningdstiah in the sense that a less
strict standard is expected to be imposed for plath older technology and machines.
The number of employees may capture the scaletefBaeen the observation that the
more polluting firms (i.e., more COD emissions) ao¢ necessarily subjected to a stricter
standard, we did not put plants' COD pollution bea tight hand side of equation. Local
population and urban dummies are used to measwvethm local regulatory agencies
care about the damage caused by the plants' pollati public health.

The inspection equation is estimated by a muliiplear regression model of the
form:

INSi=c+A*X+B*Y +d*STA+*COD;+¢ (2)

where INS stands for number of inspections on plaad X and Y contain the
same variables as the standard equation; we atialed the standard dummy and COD
pollution as regressors because we expect thdighavior of the enforcement agencies
may be a function of the strictness of the standard the level of pollution. The
estimated results of the inspection equation grerted in Table 2.

We note that the plants' age has very significergaict on both the pollution
standard and the number of inspections. Firmsatet decade older are approximately
13.84 percent less likely to be imposed the stristandard but are subject to two times
more inspections. This result confirms our expémtatMoreover, the state-owned and
collective plants are less likely (approximately. 826 and 19.53%, respectively) to be
imposed the strict standards compared with joimtwe plants. This result may be due
to the fact that the latter have more advancedaolyy than state-owned and collective
plants. Further, stated-owned and collective pldr#ge more bargaining power than
joint-venture plants in environmental regulationgig 2002). Also, plants with stricter
pollution standards were inspected more frequd0tl7 times more).



Table 2. Standard equation and inspection equatsults (290 plants)

Independent STA INS
variable
Age of plant - 0.6585**
0.7307*** | (0.2875)
(0.094)
Number of -0.0004 0.0004
employees (0.0006) | (0.0015)
Food 0.1547 -2.2917**
(0.3728) | (1.1506)
Paper 0.8901* 0.4842
(0.4638) | (1.3757)
Chemical 0.1514 -0.2058
(0.3736) | (1.1243)
State-owned - -0.5673
1.0546*** | (0.851)
Collective (0.2891) |-1.2388*
-0.4771* | (0.7154)
STA (0.2551) | 0.6746*
(0.3519)
COD 0.0037
(0.3519)
Urban 1.0439*
0.3588* | (0.574)
Population (0.2022) | 1.2133*
0.3816 (0.7007)
Output ratio (0.2796) | 0.2516**
0.0008 (0.1117)
GDP per capita (0.0361) | 0.5167*
0.1744** | (0.2282)
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(0.0821)

City A -0.1485 -0.6292
(0.2124) (0.5524)
Constant 0.8401 3.4599*

(0.637) (1.8714)
Puesto R-squared | 0.4112

R-squared 0.3165
Log likelihood -758.96
F test 4.74

*** at 99 level, ** at 95% level, ***at 90% level

The plants' local conditions are key factors inlaxpng the decision on standards
and inspection activities by regulatory agencidanf8 located in urban areas are more
likely (20.3%) to be subjected to stricter standaahd more frequent inspections
(approximately one more inspection) than those theo areas. Likewise, more
inspections are allocated to plants whose emissaaomdikely to cause a higher level of
damage (e.g., plants located in populated areasjedwer, plants in counties with high
GDP per capita are more likely to be subjectedttmter effective regulations (i.e.,
stricter pollution standard, 12.3% higher prob#&pitit 10% increase in GDP per capita)
and more frequent inspections (approximately orkihspection more at 10% increase
in GDP per capita).

40 EMPIRICAL ANALYSISOF VARIATIONSIN LEVY RATES

In this section, we discuss how the effective leates differ according to the
firms’ local conditions (e.g., local population,ask of output in the local GDP, and local
GDP per capita) and characteristics (e.g., ownpgrshimber of employees, and output).
Since the data collected from AEPB and BEPB didaoattain total paid levies, the firms
in these cities were excluded from this particiardy; only the data from CEPB were
analyzed.

41  DATA DESCRIPTION

The CEPB database contained information on theachexistics of 385 firms,
such as output value, number of employees, locaaod sectors to which the firms
belonged in the year 2007. The total and abovedar@nCOD discharges of the firms and
their investments on water pollution abatement iacduded in the dataset. Table 3
provides the descriptive statistics.
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Table 3. Descriptive statistics (annual data of B&fits in City C)

Variable and Definition Mean Standard
Deviation

Output value (10yuan) 217.60 161.78
Total COD discharge (tons) 39.64 257.48
Above the permitted COD discharge (kg) 1.33 5.81
Average levy rate (yuan/kg) 0.0065 0.0417
Water pollution abatement investment {$0an) 0.16 0.85
Firms located in urban area (%) 26.75
Ownership

State-owned (%) 9.87

Collective (%) 34.8

Joint venture (%) 55.33
Sector

Food and beverage (%) 6.5

Textile (%) 9.4

Furniture (%) 2.9

Paper (%) 55

Chemical (%) 18.2

Rubber (%) 3.3

Metal (%) 9.9

Machinery (%) 41.6

Concrete and ceramic (%) 2.9
Number of firms 385

The firms had an average output value of 2.2 millyjwan (about USD 320
million) and employed an average of 942 people.évtban one quarter of the firms in
the sample are located in urban areas. Of particui@rest to the study, the average COD
levy rate was 0.5907 yuan per kg. More than hat38%) of the sample were Sino-
foreign joint venture firms; collective firms acaded for about one-third (34.8%); and
state-owned firms, 9.87 percent . In terms of aatdistribution, firms belonging to the
machinery sector (41.6%) were the most numerollsyfed by chemical (18.2%), metal

(9.9%), and textile (9.4%).
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42 MODELSAND RESULTS

To determine how the effective levy rates were ciéfé by the firms’ local
conditions and characteristics, we set up an ecapimodel where we put average levy
rate on the left hand side of the equation andgfilotal condition and characteristics on

the right hand side. That is,

Levyi=Cc+A*X+B*Yi+e;

©)

where Levyrefers to the levy rate of firm i, which is calatéd by all the levies
charged by EPB divided by the total COD dischaygain, X, and Y, contain the
local civods, respectively. The regression

variables of firms’ characteristics and
results are presented in Table 4.

Table 4. Effective levy equation results (385 pant

Independent variable

log(average

levy rate)

Output value

Number of employeesg

Urban

Food and beverage

Textile

Furniture

Paper

Chemical

Rubber

13

-0.0007
(0.0029)
0.0028
(0.0027)
0.0109**
(0.0047)
-0.0587***
(0.0151)
-0.0787***
(0.0149)
-0.0784***
(0.0179)
-0.0678***
(0.0155)
-0.0727***
(0.0133)
-0.0795%**
(0.0173)



Metal -0.0760***
(0.0141)
Machinery -0.0779***
(0.0131)
State-owned -0.0066
(0.0077)
Collective -0.0006
(0.0047)
Constant 1.0668***
(0.0209)
R-squared 0.1207
F test 3.67

*** at 99 level, ** at 95% level, ***at 90% level

The result shows that the effective levy rate dussvary according to the firms’
output level and number of employees. Moreover, ldwy rates of state-owned and
collective firms are not significantly differentoim those of joint venture firms. The
coefficient estimates on firms’ location (i.e., ant) is positive and significant, which
implies that firms in urban areas are subjectdudber levy rates.

5.0 CONCLUSION AND POLICY IMPLICATION

In this report, we presented the results of an sogpistudy on factors that have
significant impacts on the effective environmemé&gulations (i.e., the level of strictness
of pollution standards, the number of inspectiaarg] the effective levy rates) imposed
on firms. The results show that environmental ageEntake into account the firms' age
and ownership when they impose pollution standami$ undertake inspections. The
firms’ characteristics and local conditions likeavimatter in determining their effective
environmental regulations. For instance, plantated in urban and dense population
areas and having higher GDP per capita face stectective environmental regulations;
higher effective levy rates are also imposed omdirlocated in urban areas. These
empirical results are consistent with our expeactati

Our results offer important insights on the reguisit behavior: environmental
agencies do consider the public’s interests whey ttletermine regulations on the
pollution produced by the plants. Effective envirmntal regulation is strongly
influenced by the local costs of and benefits fibwa plants' pollution. This is consistent
with the principle of environmental economics, wharenvironmental regulation is the
outcome of balancing the economic activity and emmental degradation due to the
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pollution by taking all benefits and costs into @aat. In this sense, this report
complements similar studies that had been conductedorth America (Dion et al.

1998). As with its counterparts in the USA and G@kndhe environmental regulators in
China make regulatory decisions reflecting the tsfalocal conditions. Although the
environmental regulations are set uniformly, thieafve environmental burden of the
firms’ pollution varies according to their demodnagal characteristics and local
conditions.
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Annex 1:

To illustrate, we compute the COD and TSS leviesafplant whose discharged
water concentrations are 140g/l for COD (local dead=100g/l) and 140g/I for TSS
(local standard=70g/l). The relevant ratios (Cji)Zi* are 0.4 for COD and 1 for TSS.
The plant's discharge of wastewater W is 100,0Qts.tdrherefore, PCOD=W*0.4
=40,000; and PTSS=W*1 =100,000. The tax rates foe two pollutants are
R1COD=RMB 0.05/ton.time; R2ZCOD=RMB 0.18/ton.timel FSS=RMB 0.01/ton.time;
and R2TSS=RMB 0.03/ton.time. The regulatory thr&bhparameters for the two
pollutants are TCOD=20,000 and TTSS=800,000 giwegenously by the regulation;
the fixed payment factors are LOCOD=USD 2,600 aft¥3$S=RMB 16,000. Since
PCOD>TCOD and PTSS<TTSS, applying the formula, thetential levies are
LCOD=LOCOD+R1CODPCOD=RMB 4,600, and LTSS=R2TSSPTS&B 3,000.
Since the levy rate for COD is higher, the plantaser levy charge is RMB 4,600.The
potential levy Lji is calculated for each pollutanthe actual levy Lj is the greatest of the
potential levies.
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