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ENVIRONMENTAL SATISFACTION AMONG RESIDENTS IN CHINESE CITIES

Wang Chunhua and Zhang Changdong

EXECUTIVE SUMMARY

In recent years, the deterioration of the environment has become a top concern in China; it will
remain central to the public debate as urban areas continue to expand and household incomes grow
steadily. This paper investigates the factors that influence and shape the satisfaction of urban residents with
the local air and water quality in Chinese cities by using a unique dataset collected through an interview
survey with about 25,000 participants. The study shows that a respondent’s true rating could be
systematically different from his stated choice in the survey; the latter may be affected by various reasons.
Empirical results reveal that respondents have a well-marked tendency to underreport their level of
satisfaction. Although the survey found that about 51% and 44% of the respondents are satisfied with local
air and water quality, respectively, study results show that 57% and 58% of them are actually satisfied. In
addition, a respondent’s true level of satisfaction is more likely to be lower if the individual is male and
younger. Educational attainment is also correlated to a respondent’s level of satisfaction.

1.0 INTRODUCTION

1.1 Background

After more than 30 years of extraordinarily rapid economic growth, China is facing the most severe
environmental degradation in its history. The combustion of fossil fuels and many industrial processes
release large amounts of air, water, and solid pollutants. As do many other countries around the world, China
is trying to improve its environmental quality while promoting economic growth. The governmental
appropriations for environmental protection have doubled since the 1990s. Over the period 1996-2000,
environmental investment expenditure in China averaged only 0.8% of GDP, and reached 1.1% in 2000.
Between 2001 and 2010, it continued to grow; it reached 1.67% of GDP in 2010. It is forecasted that the
investment for environmental protection will amount to about CNY 3,400 billion (about USD 515 billion)
over the five-year period from 2011 to 2015. Air and water quality, industrial solid waste reduction, and
biodiversity protection have improved over the years; however, this is still not in line with the environmental
pressures and challenges facing China (OECD 2007).

Environmental quality and protection efforts are becoming central to the debate of an increasing
number of environmentally conscious Chinese people.’ It will continue to do so as urban areas continue to
expand and household incomes grow steadily. On one hand, Chinese people are exposed to various
environmental risks associated with excessive pollution; on the other, increased access to environmental
information, in the form of both comprehensive environmental statistics by the government and reports
from the media, enables the Chinese to reinforce their demand for environmental goods. Public perception
is a crucial indicator of the effectiveness of relevant environmental protection policies; thus, the satisfaction
level of residents deserves high priority and much more attention for debate and policy making.

This paper contributes to understanding how a resident’s socioeconomic status affects his level of
satisfaction on environmental quality using a unique survey dataset. The database was compiled through an
interview survey conducted in 32 major Chinese cities in 2011. Previous studies have shown that when
participants in a survey are prompted to express their ratings or willingness to pay for a specific
environmental good, a sizeable proportion of responses were biased (Boyle 2003; McConnell and Walls

! Some large-scale collective resistances against environmentally destructive projects in recent years are good example of people’s
rising environmental consciousness. This year (2012) has seen three influential cases of such collective resistance in China, with each of
them involving tens of thousands of local residents participating in demonstrations: Shifang of Sichuan province, Qidong of Jiangsu
province, and Ningbo of Zhejiang province.
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2005). One major reason for this bias could be that the respondent does not actually have to pay for the
good in question, and therefore would more freely understate his ratings. This bias could also have
happened in the survey of this study, in which respondents were asked to rate their levels of satisfaction
with the quality of their local air and water on a scale from 1 to 10 (from the least satisfactory to the most
satisfactory). In this case, respondents could think that an underreported satisfaction level may increase the
chance of its provision in the future. On the other hand, it is also possible that the bias could go to the other
direction. A respondent might report a level that is higher than his actual rating. This happens if he believes
giving a politically correct answer, rather than the intended choice, is important. It is also possible that if he
thinks that the government already provides more environment protection than needed, his exaggerated
response could encourage the reduction in environmental protection. As conventionally used regression
methods cannot deal with response bias, the authors used econometric models (Hsiao and Sun 1999) to
control for it in the later analysis.

The empirical results of this study revealed that respondents have a well-marked tendency to
underreport their level of satisfaction. Whereas the survey found that about 51% and 44% of the
respondents are satisfied with local air and water quality, respectively, the results of this study showed that
57% and 58% of them are actually satisfied. A respondent’s true level of satisfaction is more likely to be lower
if the individual is male and younger. Educational attainment is also correlated to a respondent's level of
satisfaction.

The paper is organized as follows. Section 1.2 describes the data. Section 1.3 briefly reviews related
literature. Section 2 presents the empirical models. Section 3 reports the results of the regression exercises,
discusses the aggregation issue, and provides an analysis of the relationship between residents' attitudes
and their socioeconomic status. Conclusions are drawn in the final section of the paper.

1.2 Data Description

Data were collected from a public service survey, namely, the 2011 Lien Service-Oriented
Government Index for Chinese Cities, conducted by the Polling Center of Shanghai Jiao Tong University and
funded by the Nanyang Technological University. The survey was conducted from April to June 2011, using a
computer-assisted telephone survey interview system. This was the first large-scale random sampling survey
undertaken to assess the residents’ evaluation of public services in China. In the survey, about 25,000
respondents from 32 major Chinese cities—including 4 municipalities, 22 provincial capital cities,? 5 cities at
semi-provincial level, and Suzhou city’>—were asked to rate their satisfaction of the quality of their local air
and water on a scale from 1 to 10 (from the least satisfactory to the most satisfactory) along with questions
on other types of public services.*

Table 1 provides the summary statistics of the major variables of the survey that were included in
this paper. Specifically, the paper designated as “satisfied” ratings of 7 or higher for the level of satisfaction
with air and water quality in the survey; this means that 50.66% of respondents are satisfied with local air
quality, and 44.43% are satisfied with local water quality. The modal value of the distribution of the scale is
"7" for questions on both air and water quality.

2 Except Nanning of Guangxi, four other autonomous regions’ capital cities and Xining of Qinghai province were excluded from the
sample because of potential communication difficulties due to the use of minority languages.

3 Suzhou is included in the sample because it is highly industrialized and the size of its economy is equal to or even larger than many
provincial capitals.

4 For example, the question on air quality in the city is: “"How do you rate the air quality in the city you live in? Choose one number
between 1 and 10 (from the least satisfactory to the most satisfactory):”

L+ [ 2 [ 3 [ 4 [ s [ e [ 7 | 8 [ 9o [ 10 |
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Table 1. Summary statistics of the full sample

Variable ‘ Categories Percentage
19-29 45.90
30-39 24.03
Age 40-49 14.89
50-59 7.57
60+ 7.60
Gender Male 54.88
Female 4522
Preliminary or lower 3.95
Middle school 14.11
. High school 26.10
Education -
Junior college 23.10
University 28.22
Postgraduate 4.51
Party CCP Member 19.71
1, least satisfactory 2.54 3.12
2 2.53 2.92
3 5.38 5.76
4 6.73 7.67
. ) . ) ) 5 14.38 16.17
Satisfaction with local air/water quality
6 17.78 18.92
7 18.94 19.26
8 18.23 16.52
9 8.61 6.01
10, most satisfactory 4.88 3.66
Number of Respondents 24,543

Note: For the percentages of the different levels of satisfaction toward water quality, the number of observations is 24,044.

For more details about the data sample, Table 2 summarizes the key information for each of the 32
cities in the sample. Based on Table 2, it appears that younger and educated people, and CCP (Communist
Party of China) members were overrepresented in most of the sampled cities. This would have created bias if
one had been aiming to understand the level of satisfaction for a city as a whole or for the entire country.
However, the information from the survey was useful as the paper aimed to estimate the impacts of an
individual's socioeconomic characteristics on one’s level of satisfaction toward local environmental quality.

Table 2 also presents sulfur dioxide (SO,) concentration values and the GDP per capita of the cities.
The values show huge variations in development stage and air quality across the sampled cities. Table 2 also
suggests that the cities with the highest mean level of satisfaction toward air and water quality are Haikou
and Hangzhou, respectively. Both cities are indeed places with better environmental conditions. For
example, the level of ambient SO, concentration in Haikou was the lowest among the 32 cities surveyed.
Cities in relatively poor areas, such as Lanzhou and Taiyuan, have lower levels of satisfaction toward air
quality, which correlate to their very high SO, concentrations.

The paper also analyzed how an individual's ratings about environmental quality could be affected
by his socioeconomic backgrounds. Independent variables for the empirical analyses collected in the
interviews included respondents’ level of educational attainment, age, political status, gender, etc.
Observations with missing values on the independent variables from the sample were not considered in the
data analysis. Furthermore, as in many other surveys, the respondents in the present survey tended to
disregard the question on income; even when they answered, they might not have been honest when
reporting income.

3 Economy and Environment Program for Southeast Asia




euly) Jo Aued 1slunwwod = 41D (S) 'Y ul st ended uad 4o (¢) {( {w/Bbw) 1915w d1gnd Jad swelbijjiw
Ul PaINSESW S| UOI1RIIUDIUOD QS ‘S9|qeLeA [9A3]-AND 104 (€) "F#0'FZ S SUOIIBAISS]O JO Jaquinu |10} 3y} ‘Aljenb 1a1em Jo () “Aljenb Jie Joy sjdwes ay3 uo paseq si A11D ydes ul suolleAlasqo Jo Jaquinu ayj (T) 910N
‘e1ep A9AINS Y} WO PIIINIISUOD DJ. SISYL0 941 (1 L07) SAN :ended 1ad dao ‘(1L L0T) dIW PUe SN UOI1RIIUSIUOI L0 :$924N0S

LV6'6Y €500 S9'g 8L°S 8861 SS' LY 0L%9 €6'8S 69 noyzbuayz
LYE'8E €700 96'S 0€9 €TLT 69'ST z1es 9515 Tv6 ue,1x
LEE'8S L1200 9¢'/ €L/ 6L/ £5'8S 90°£S v6CS 089 uswery
196’85 L¥0'0 65°S 6CS 678l s v€98 2095 056 ueynp
¥66'TL ¥S0°0 ¥9'S 19°G 6.8l 88'6€ 7608 €TLS 769 ulfuer|
STT0S 8900 €€°g v0'S SLLe SULY 60T, ¥168 $69 uenkie]
£v0'€6 €€0°0 08's 999 €611 ST9S SLvL 8€°8S 0L noyzng
SL6'EE ¥S0°0 96°S S6'S 098Gl 0065 1269 £5°SS 00Z buenyzelfliys
088901 1100 €T 99°g 9,0l v86% [T(8 6£°65 L6 uayzuays
£5€°C9 8500 ) 8€'9 9T9¢C sy [9°LY 196V 8701 Buefuays
¥/0'9¢/ 6200 [S°S 18'S SLEL 0€'€E el G/'8S L£6 reybueys
£T8'S9 7500 (89 v9'/ 1661l 6.6V GL'S9 6v'CS €0/ oepbuip
89€'69 L€00 [T9 789 1261 ¥6°05 ST LV S69 ogbuiN
729'st 8200 6.9 8v'/ L6l £o'gh ¥9'8/ T LS €69 BuiuueN
L£0'P9 9£00 509 68'S 89°1T 91'6€ GE£'89 0L'6S 769 BuifueN
69L'sY $50°0 [T9 V9 8L 08'sy or'€9 €6'£S 69 bueyduey
6007 £50°0 V'S 607 9TvC [9°9F €EVS 8¥'TS S0z noyzue
0ss'se 0r0'0 18'S €€/ €5 LY 0L'£9 SOYS 669 Burwuny|
996'LS Sv0'0 129 18°S 6591 19'8€ 6l 88°65 £69 ueulf
96.'%S 0200 79 999 S9°/T 69T SLT9 SLvS 869 19J9H
1S6'9€ <00 909 6L°S 918l v8' LY 0969 5965 69 uigiey
87869 ¥£0°0 989 069 641 9/°T¢ Lz's/ ¥10S z0L noyzbuey
67£0€ £00°0 69 90'8 8LLL GE'LS 188/ 68'65 €0/ noyieH
£50'9¢ £50°0 819 60°L VL6l 89'9G 695 0005 0L bueding
S79'€01 €€0°0 €S 9g'g LLYL 65T Y8 90'8S /88 noyzbuenno
£99'Vv 6000 76'S 199 €707 989 Y19 00°€S 00Z noyzn4
v0L'LL LE00 Lz [ 161 SESy 99°€9 80%S 669 ueljeq
965°/T 800 0€9 ¥S9 So€lL X34 wes v6'€S LT6 buibbuoy>
015’8y L£0'0 vE9 959 €6'LC o€ 95°/S SO'6Y 666 npbuay>d
£Y1'99 0v0'0 SL9 G€9 1T 105 9515 /508 z0L eysbuey>
956’y 000 079 189 6861 SEEY 08'9$ v9'L¥ 669 unydbuey)d
£V6'SL z€00 8¢S 96'S 9TTT 66'St 8oL 16'SS 86 Buifieg

ende) Jad I (%) (%)
dao 191EM d (%) 1aMmoT Jo J9pun Jo (CAEIEN

Rslebb [00Y>S ybiH 6€ paby

sjuspuodsay
J0 'ON

(uespy) sbuney

A1d Aq ‘sonsiiels Alewwns *z ajqeL



Higher education level would not only lead to higher income level, but to higher environmental
awareness as well, especially in a developing country like China. Besides income and education, other
variables related to socioeconomic status (i.e., age and gender) were also used to explain environmental
awareness and satisfaction. Therefore, the study used these variables as controlling variables. Membership in
CCP is also an important socioeconomic status variable in China for two reasons. First, CCP members are
more likely to be elite members and employed in government and government-related units. Second, CCP
members are more likely to give more politically correct answers.

1.3 Related Literature

Previous research on eliciting direct or indirect preference for public goods, especially the
environment, is abundant (Hanemann 1994; Veisten 2006; Mogas, Riera, and Brey 2009; Morey et al. 2008).
With increasing income, people wish to enjoy better environmental welfare (Beckerman 1992; Carson, Jeon,
and McCubbin 1997; McConnell 1997).

Contingent rating has been widely used in studies on health care, transportation, marketing, and
environmental evaluation (Green and Srinivasan1990; Alvarez-Farizo, Hanley, and Barberan 2002; Sayadi,
Gonzalez-Roa, and Calatrava-Requena 2005, 2009). The respondents were asked to indicate their preference
in a numeric (usually on a 1-10 scale) (Mackenzie 1992) or semantic scale (Bergstrom, Rubinfeld, and Shapiro
1982). There are many reasons for the widespread use of the contingent-rating method in the literature;
respondents are quite familiar with the format of questions due to prior experience (such as opinion
surveys), thus making it easier to administer. In addition, it is especially superior in phone surveys; other
approaches (e.g., ranking and choice experiment) are quite difficult to administer (Layton and Lee 2006).
Mackenzie (1992) pointed out that contingent rating can elicit more information than ranks and choices can,
and they can further bear some ordinal significance. However, the method has often been criticized for its
cardinal properties, which lead to the inability to compare ratings across individuals and to inconsistency in
welfare estimates (Hanley, Mourato, and Wright 2001). In response to these criticisms, some techniques of
transforming the rating record to ranking or other ordered data have been applied in the literature
(Mackenzie 1992; Roe, Boyle, and Teisl 1996; Stevens, Barrett, and Willis 1997). For example, Cuccia and
Cellini (2007) transformed 1-10 ratings into dichotomous variables with the critical grade 7 when studying
the importance of cultural heritage for tourists. The validity of the estimation largely relies on the quality of
the data. Other than sampling error, which is presumably unavoidable, response bias is another important
source of inaccuracy in estimation results. This may occur if some respondents misunderstand the wording
of the questions, lack the necessary knowledge to answer the questions, give rapid and ill-considered
answers so as to hasten their questioning, or feel under social pressure not to give mainstream answers.

The present paper takes advantage of a very large sample from the phone survey undertaken in
2011. Being different from previous studies, this paper makes two major contributions to the existing
literature. First, the authors analyzed detailed data at the household level to understand how an individual’s
level of satisfaction with local environmental quality is affected by his socioeconomic status. Individual
behaviors were also aggregated to obtain a national level of satisfaction. This complements several previous
studies on the attitude of stakeholders toward the environment in China using regional data (Guo and Fan
2007; Zhai and Suzuki 2008). Second, the response bias in the survey data arising from the respondents’
tendency to underreport their levels of satisfaction toward local air and water quality was determined.
The respondents’ actual levels of satisfaction could thus be estimated.

2.0 EMPIRICAL MODELS

This section starts with a discussion of a conventional random utility model (McFadden 1974).
The set{0, 1, ... , M} were used to denote the set of mutually exclusive and collectively exhaustive choice
alternatives faced by individuals participating in the survey. During the phone interview, each person was
asked to report his or her level of satisfaction with local air and water quality over the interval 1-10 (from the
least satisfactory to the most satisfactory). By some measures, the research team grouped these ratings into
three different preference levels: “dissatisfied,” “neither satisfied nor dissatisfied,” or “satisfied.”
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Let nindex respondents and y; denote a respondent’s intended response, taking on values {1, 2, 3}
andy’ = 1as “dissatisfied”, y = 2 “neither satisfied nor dissatisfied” and y = 3 “satisfied". * The ordered
logit model for the intended response can be described by each response probability:

prob (y'=1) = = Fip

1+ e(ne-ar)

prob (y;:Z) = ! — ! = F, Equation (1)

1+ e(xn“'“Z) 1+ e(xn“_””)

and prob(y'=3) =1 — F1,— Fy = Fy,

where:
x, = vectorofindependent variables® measuring socioeconomic characteristics of
respondent n and city dummies.

Given the possible bias in the respondents’ answers, a distinction needs to be made between the
stated and intended choice of each respondent. The intended choice was generated from the true
motivations and preferences of the respondent.

Note that in this study’s data sample, a respondent’s intended choice can be systematically different
from his stated choice; the latter may be affected by various reasons. As such, let y, denote the respondent'’s
actual choice as stated during the survey interview. If the respondents state their intended choice in the
survey, then the conventional random utility model is used since

prob (yn= j) = prob (y;=i), j=1,2,3. Equation (2)

One reason for the differences between stated choice and intended choice could be that
respondents tend to distort their true evaluation of the environment. As stated in the introduction section, a
respondent might underreport or overreport her ratings about environmental quality.

To describe how the response bias is modeled in the analysis, this paper assumed that a one-sided
negative response bias existed in the data collected from the survey. The following procedures are similar to
that proposed by Hsiao and Sun (1999), who modeled positive response bias in a product marketing
research.

Those respondents whose intended rating was a specific satisfaction level of environmental quality
tended to declare a lower satisfaction level, and thus presented a negative response bias. It might have
happened because the respondent believed that his underreported satisfaction level may increase the
chance of its provision in the future. To model such bias, the study introduced an indicator w;, with
probability ;, € [0,1] that wj, = 1 and probability 1 - m;, that wj, = 0. The alternatives are indexed so that a
larger j denotes a higher level of environmental satisfaction. Because of the tendency to underreport his
evaluation of environmental quality, a respondent would choose the level j only in the following two cases:

1. First, his intended choice is level j and he does not report a lower level in the phone interview
(i.e., y;fn = 1land wy, =0 forall j'< j).

2. Second, his intended choice is a rating higher than j, but he reports j in the interview
(i.e, wj,=1and y;n:j forall j'>j). Formally, the probability of each response in this study can
be written as

prOb (,V,,= 3) = [1 - M — n2n]F3nr

prob (y =2) = [1 = m,] Fyp + 113 F Equation (3)

3n’

prob(y, =1) = 1=X2, prob (y =j).

5 Itis not difficult to model more than three alternatives.
¢ There are no choice-specific independent variables in the data sample used in this study. The discrete choice models presented in
this paper can be extended to consider such variables.
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In this model, only the respondents whose intended choice is alternative j' could have positive
chances to choose alternative j for j’<jin the interview. There is no chance that a respondent with intended
choice j will choose any higher level /” ("> j). It follows from Equation (3) that prob (y =3) < prob (y =3),
which implies the downside bias in the highest rating exercise. This suggests that the probability of
observing that a respondent reports “satisfied” is not higher than the probability that his intended choice is
“satisfied.” The model setup also indicates that prob (yn:1) > prob (y;:1) . However, the sign of the
difference between prob (y, = 2) and prob (y*, = 2) is indecisive.

It is possible that a positive bias might have existed in the survey. This response bias can be
modeled and estimated in a similar way as in Equation (3). A slight modification of the econometric model
used in this study (i.e., reversing the order of the options of satisfaction level in the estimation process)
allowed the authors to easily test if there was such overreporting in the data sample.

The second reason for the possible differences between stated choice and intended choice is that a
respondent may not remember or know about the questions and choices. He may have given his rating just
by guessing. To model such randomized responses, the study assumed that there is a probability p;, € [0,1]
that that respondent j will choose alternative j, regardless of his intended choice. Then, the probability of
each response in this study can be written as

prOb (yn= 3) = Pzn +[1 — Pin— P — p3n]F3nr
prob (y.=2) = py, +[1 = pin = pan — PanlFan. Equation (4)

prob (yn= 1) =1- Z/3=2 prob (yn: ).

This model is labeled as randomized response model.

Equations (2)-(4) can be estimated by maximizing the following log-likelihood function
logL= YN, 3%, log[prob (y = /)], Equation (5)

where prob (y, =) is defined by Equation (2) in the random utility model, by Equation (3) in the one-sided
response bias model, and by Equation (4) in the randomized response model.

The models are also referred to as Model 1, Model 2, and Model 3, respectively. Sun (1995) showed
that the maximum likelihood estimate for Models 2 and 3 is consistent and asymptotically normally
distributed with the asymptotic covariance matrix equal to the inverse of the negative of the information
matrix. The study used estimated results and statistics to determine the presence of response bias in the
data and to select the appropriate model.

To get a more flexible version of the response bias model, one can further let & = G; (7x»), where
G((.) is a probability function in Model 2. For more information on this setup, see Hsiao and Sun (1999). This
extended setup may allow one to link the characteristics of a respondent with his chance of underreporting.
The links are described by the coefficients 7's. To estimate, a format for distribution function G;(.) should be
assumed. Given that survey respondents are very likely to underreport their level of satisfaction with the
environmental quality, the authors estimated the response bias model with the assumption that n;, = w; for
any nandj=2, 3. The same was assumed to hold true for g, in Model 3.

3.0 EMPIRICAL RESULTS

This section reports the empirical results of applying the above-mentioned models to the survey
data on the respondents' levels of satisfaction toward the quality of local air and water. All models were
assumed to take ordered logit specifications. The results on response bias are reported first, followed by
those on the socioeconomic factors that affect respondents’ satisfaction level for air quality. Individual
behaviors were also aggregated to obtain a “national” level of environmental satisfaction.
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3.1 Estimation and Model Selection

In the first set of regressions, the satisfaction level was labeled as “dissatisfied” if a respondent chose
numbers between 1-3 when asked his level of satisfaction with local air quality, scales from 4-6 as “neither
dissatisfied nor satisfied,” and the numbers from 7-10 as “satisfied.” The authors used the data to estimate
the three econometric models discussed in the previous section. The Akaike Information Criterion (Akaike
1973) was used to determine the appropriate model to be used for examining the air quality satisfaction
level. It was found that Model 2 (i.e., one-sided response bias model) was the best fit for the survey data on
air quality.

Table 3 reports the estimation results of the respondents’ level of satisfaction toward air quality.
Column 1 details the city-level variables such as GDP per capita and SO, concentration in 2010 used in this
study.” Column 2 uses 31 dummy variables for the cities in order to control variations in environmental
quality, socioeconomic characteristics, and natural conditions across cities. These factors may have affected
aresident's ratings.

Table 3. Estimates of one-sided response bias model: Air quality

Re-categorize Scales into Three

Re-categorize Scales into Three

Variable Description Groups: “1-3”, “4-6" , “7-10" Groups: “1-4", “5-7" , “8-10"
(1) )] (€)) (4)
Interceptl -11.0290*** -2.906*** —11.419%** -2.796***
(0.042) (0.037) (0.032) (0.033)
Intercept2 —-8.946%** —-0.634%** —9.147%** —0.241%**
(0.058) (0.038) (0.071) (0.039)
HH income log(.)/10 —0.632*** —0.706***
(0.163) (0.154)
Age 30-39 0.177%** 0.127%** 0.147%** 0.138***
(0.032) (0.032) (0.030) (0.031)
40-49 0.377%** 0.409%** 0.347%** 0.428***
(0.038) (0.039) (0.036) (0.039)
50-59 0.780%** 0.785%** 0.745%** 0.947***
(0.059) (0.059) (0.051) (0.058)
60+ 1.236%** 1.243%** 1.132%** 1.373%**
(0.074) (0.072) (0.062) (0.068)
Gender Male —-0.132%** —-0.123%*** -0.065*** -0.056***
(0.027) (0.026) (0.025) (0.025)
Education Middle school 0.088 0.051 0.079 -0.049
(0.079) (0.065) (0.073) (0.064)
High school 0.064 -0.001 -0.048 —-0.237%**
(0.075) (0.060) (0.069) (0.059)
Junior college -0.042 -0.132** -0.174** -0.370%**
(0.076) (0.060) (0.070) (0.060)
University -0.113 -0.137** -0.248%*** —-0.373%**
(0.075) (0.059) (0.070) (0.059)
Graduate -0.065 -0.036 -0.170* —-0.240%**
(0.095) (0.080) (0.088) (0.079)
Political CCP Member 0.160%** 0.120%** 0.144%** 0.103***
(0.034) (0.034) (0.032) (0.034)

7 Air quality is determined by SO, and many other types of pollutants. However, the authors do not have data on ambient levels of

other pollutants except SO..
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Table 3 continued

Re-categorize Scales into Three

Re-categorize Scales into Three

Variable Description Groups: “1-3", “4-6", “7-10" Groups: “1-4",“5-7",“8-10"
(1) (2) (€)) (4)
. . SO,
City variables . —28.300%** —27.850%**
concentration
(mg/m3, log(.)) (0.974) (0.887)
GDP per capita -6.610%** —7.358%*¥
(log(.)/10) (0.130) (0.121)
City Dummies No Yes No Yes
probability of respondents 0.017%** 0.022%** 0.030%** 0.048***
choosing “dissatisfied” (0.003) (0.002) (0.004) (0.003)
probability of respondents 0.103%** 0.138*** 0.180%** 0.259%**
choosing "neither (0.018) (0.009) (0.029) (0.010)
satisfied nor dissatisfied”
N 19,811 24,543 19,811 24,543
-logL 18,131.01 21,372.91 19,404.99 22,553.66
correct prediction (%) 51.93 57.87 51.06 56.86

Notes: (1) Standard errors are reported in (); (2) ***, ** and * indicate significance levels at 1%, 5%, and 10%, respectively.

When the responses from the interviewees with regard to their satisfaction level for air quality were
grouped into three categories, it became apparent that statistically significant response bias existed in the
data sample. The authors found that respondents tended to underreport their opinions of air quality.

For example, column 2 indicates that the respondents who actually are “neither satisfied nor dissatisfied” or
"satisfied" with local air quality have a 1.7% chance of saying that they are not satisfied with it during the
phone interview. They would have a 10.3% chance of saying that they are “neither satisfied nor dissatisfied”
when their intended choice is really “satisfied.”

While the above-mentioned estimated chances of response bias (or “protest” votes) come from a
specific econometric model on the data analyzed, some ideas about the plausibility of these estimated
results can be obtained by looking at the body of empirical evidence reported in the literature concerning
the percentage of protest votes in contingent valuation studies on environmental goods. Dziegielewska and
Mendelsohn (2007) identified 27% of an air pollution data sample from Poland as protesters. In a case study
involving endangered species, Kotchen and Reiling (2000) found that 19% of the data sample collected in
Maine had been protest responses. Hence, the analysis conducted in this study is in line with other studies of
protest votes in the valuation of environmental goods. When comparing the estimated chances of protest
votes in this paper with the results from previous studies, note that a much wider range of chances has been
reported in the literature.

It is also possible that respondents might have overreported their satisfaction level for air quality.
The authors therefore estimated the modified models for the same data. The results suggest that the
chances that a respondent who is actually “dissatisfied” would choose “satisfied” or “neither satisfied nor
dissatisfied” are zero.

Respondents may have their own interpretations of the scales, which could possibly make the
discrimination between the three choice alternatives inappropriate. In order to evaluate this possibility, the
authors subsequently recoded the response variable. Qualitatively, the same results are found in the last two
columns of Table 3 for the air quality satisfaction regression. In a third regression exercise, only two
categories of the level of satisfaction were defined—*“satisfied” and “dissatisfied” with grade 7 as the cut-off.
The patterns of the estimated coefficients are similar to those from the models with three categories.
Response bias was also found in the data.®

8 Results are available from the authors upon request.
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The authors also performed similar regression exercises on the data regarding the respondents’
level of satisfaction with water quality. Akaike Information Criterion also indicated that Model 2 (i.e., one-
sided response bias model) was the best fit for the survey data on local water quality when categorizing the
three levels of satisfaction, with scales of 1-4, 5-7, and 8-10. Table 4 reports the results from the regression
of water quality ratings using the one-sided response bias model. Similar patterns of the estimates as those
from the air quality regressions were observed. For example, this study found a sizeable proportion of
response bias in the data on satisfaction with water quality.

Table 4. Estimates of one-sided response bias model: Water quality

Re-categorize Scales into Three

Re-categorize Scales into Three

Variable Description Groups: “1-3", “4-6", “7-10" Groups: “1-4", “5-7",“8-10"
(1) (2) (3) (4)
Intercept1 —-9.714%** —2.282%** -6.078%** -1.601%**
(0.060) (0.034) (0.035) (0.025)
Intercept2 -8.164*** —-0.313*** -3.820%** 0.708***
(0.077) (0.047) (0.126) (0.081)
HH income log(.)/10 -0.483** -0.417%*
(0.241) (0.167)
Age 30-39 0.207%** 0.105%** 0.176%** 0.126%**
(0.046) (0.030) (0.032) (0.026)
40-49 0.510%** 0.325%** 0.362%** 0.335%**
(0.062) (0.037) (0.040) (0.032)
50-59 1.145%** 0.533%** 0.657*** 0.547%**
(0.111) (0.052) (0.057) (0.043)
60+ 6.595%** 0.907%** 0.959%** 0.815%**
(1.813) (0.063) (0.073) (0.049)
Gender Male —-0.2771*** -0.093*** -0.033 -0.049**
(0.042) (0.025) (0.028) (0.021)
Education Middle school -0.019 0.123** 0.050 0.095*
(0.147) (0.059) (0.083) (0.050)
High school -0.265%* -0.085 -0.167** -0.128%**
(0.133) (0.054) (0.079) (0.046)
Junior college -0.335%** -0.139** -0.361*** -0.273%***
(0.133) (0.054) (0.079) (0.046)
University -0.438%** -0.165%** -0.420%** -0.256%**
(0.133) (0.053) (0.079) (0.046)
Graduate —-0.5571%** -0.161** —-0.429%** -0.250%**
(0.154) (0.074) (0.097) (0.064)
Political CCP Member 0.409%** 0.175%** 0.187%** 0.136%**
(0.059) (0.033) (0.035) (0.028)
City variables GDP per capita —-5.917*** —-3.503***
(log(.)/10) (0.198) (0.130)

City Dummies No Yes No Yes
probability of respondents 0.063*** 0.019*** 0.067*** 0.016***
choosing “dissatisfied” (0.003) (0.003) (0.004) (0.004)
probability of respondents 0.347%*** 0.205%*** 0.295%*** 0.226***
choosing "neither (0.009) (0.013) (0.044) (0.037)
satisfied nor dissatisfied”

N 19,499 24,044 19,499 24,044
-logL 18,766.77 22,573.45 19,317.57 23,152.11
correct prediction (%) 47.40 51.88 53.88 53.93

Notes: (1) Standard errors are reported in ( ); (2) ***, ** and * indicate significance levels at 1%, 5%, and 10%, respectively.
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3.2 Socioeconomic Influences on Individual’s Satisfaction Level

The previous section explained how an individual's socioeconomic characteristics influence his true
opinion concerning the air/water quality in the city. Although the empirical models presented varying
estimated coefficients in Tables 3 and 4, some general observations about the coefficients can be made.
Column 2 in both tables is the preferred specification for the air quality regressions, as it contains many more
observations and controls for 31 dummy variables for the cities.

Tables 3 and 4 suggest that male respondents are more likely to be dissatisfied with local air and
water quality than female respondents. It may result from the fact that in China, men are more involved in
public affairs than are women. The latter tend to focus more on their own families and are quite kept away
from the public arena. Xiao and Hong (2012) analyzed the gender gap in environmental concern among the
Chinese public using the 2003 China General Social Survey data and obtained a similar conclusion. However,
other studies found the opposite effect (Van Liere and Dunlap 1980).

Older individuals have higher levels of satisfaction than younger ones. In both cases reported in
Tables 3 and 4, larger and positive coefficients are more associated with older people. This observation
supports a large number of previous studies, which also found that the young are more concerned with
environmental quality (Van Liere and Dunlap 1980). One possible explanation is that the younger ones are
more motivated to care about the environment, for they have longer yet to live than the elderly.
Additionally, younger people are less integrated into the dominant social order, and are thus more likely to
advocate reforms in traditional thought, where environmental control is often regarded as threatening
(Malkis and Grasmick 1977). It is also possible that, compared with the old, the young have more access to
information regarding the environment (Shen and Saijo 2008).

The estimated coefficients for some of the education variables were also found to be statistically
significant in Tables 3 and 4. Respondents with higher levels of educational attainment, especially those who
have attended junior college and university, are more likely to be dissatisfied with local air quality than
respondents with fewer years of schooling. However, the estimated coefficient for interviewees with
master’s degrees was not statistically significant (see columns 1 and 2 of Table 3); this may reflect a
preference for maintaining the status quo by the highly educated people and/or the correlation between
income (which is correlated positively to education) and the demand for environmental quality. The two
possible sources cannot be quantified well with the available data. Note that although not all of them were
statistically significant, the magnitude of the coefficients for environmental concern did not manifest a
simple linear relationship with the level of educational attainment; a result different from some previous
studies, which implied the existence of a positive correlation between the two. Finally, a respondent with a
bachelor’s degree is less likely to be satisfied with air quality as compared to those with either lower or
higher levels of educational attainment.

How CCP membership affects the environmental concern is rarely, if ever, discussed in existing
studies. If the CCP membership could be approximated as a high social status, then the estimated
coefficients in Tables 3 and 4 imply that people with high social status are less concerned with the
environment. However, most studies show positive correlation between the efficacy of environmental
citizenship and social status, an indicator of capability as well as education and income (Stern 2000). These
seemingly counterintuitive results can be attributed to the fact that being government supporters, CCP
members experience a high level of satisfaction in the socialist society than do nonmembers.

From specifications 1 and 3 of Table 3, the respondents in cities with higher ambient SO,
concentration and higher income level are less likely to be satisfied with local air quality. Also, respondents
from wealthier families are less likely to be satisfied with local air quality.

Table 5 presents two series of data. Column 1 lists the cities in descending order by the estimated
coefficients for the city dummies from specification 2 of Table 3—the higher the coefficient, the larger the
possibility that a resident in the city would be satisfied with the local air quality. Column 2 shows the order of
the cities based on its number of days with air quality better than Class Il as defined by the Chinese National
Ambient Air Quality Standards in the first half of 2011.° This table shows that, except for a few cities, positive

° The information comes from http://www.zhb.gov.cn/gkml/hbb/bgg/201107/W020110730434018324100.pdf
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correlation between the two orderings existed. Generally, residents in cities with better air quality are more
likely to choose higher ratings in the interview.

The location of a household and the variation of air quality across locations within a city may have
also had effects on respondents' attitudes. Due to data limitation, the authors controlled for city dummies
only in the regressions reported in Tables 3 and 4. Future research would focus on smaller areas in cities
when data at finer geographic scales, especially variables measuring local air and water quality, are available.

Table 5. Ranks of the cities: Air quality and estimates

Probability of a Representative

Saparey il Rating 6-10 toward Air Quality
Haikou 1 1 98.49
Xiamen 2 3 95.47
Qingdao 3 13 92.50
Nanning 4 8 87.47
Kunming 5 2 86.27
Dalian 6 11 82.63
Hangzhou 7 20 76.42
Guiyang 8 12 75.18
Ningbo 9 24 72.92
Suzhou 10 19 67.35
Changchun 11 16 65.41
Hefei 12 29 65.36
Chongging 13 14 65.13
Fuzhou 14 6 64.90
Chengdu 15 28 61.31
Xi'an 16 30 60.08
Nanchang 17 7 59.34
Changshan 18 9 55.53
Shenyang 19 10 52.16
Shijiazhuang 20 15 48.28
Beijing 21 31 46.46
Jinan 22 26 45.34
Nanjing 23 25 44.74
Shanghai 24 18 43,94
Harbin 25 17 42.15
Shenzhen 26 5 41.64
Tianjin 27 21 40.20
Zhengzhou 28 22 39.83
Wuhan 29 27 34.14
Guangzhou 30 4 33.30
Taiyuan 31 23 26.35
Lanzhou 32 32 11.28

Note: The representative has the following characteristics: male, aged between 30-39, and high school.

3.3 True Level of Satisfaction

The discrete choice models described above mainly focus on the individual behavior of the
respondents, while policy makers are more interested in aggregate behavior. Using the sample from the 32
major cities, the authors calculated a "national" true level of satisfaction by aggregating the disaggregated
model. The aggregate proportion of choosing the j option can be calculated by

P() = [ prob (y*= j/)f(x)dx, Equation (6)
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where f(x) is the population density of x. The sample being randomly drawn, P(j) can be approximated by

P()= 1 N prob (y'= /%, ). Equation (7)
Table 6 presents the estimated results of the satisfaction level for air quality at the national level.

For comparison purposes, the reported level of satisfaction is also presented. Among the interviewees in the

sample, 50.66% of them reported that their ratings of local air quality are 7 or higher. However, the

calculation using the model results indicates that the actual percentage would be 56.72%. The significant

differences between reported and actual levels were also found when scales of 8 and higher were treated as

"satisfied."

Table 6. "National" level of true satisfaction: Air quality

Description True Level (%) Reported Level (%)
Cut-off Dissatisfied (1-3) 8.51 10.46
Values: Nor dissatisfied or satisfied (4-6) 34.76 38.88
3,6 Satisfied(7-10) 56.72 50.66
Cut-off Dissatisfied (1-4) 13.03 17.19
Values: Nor dissatisfied or satisfied (5-7) 48.95 51.10
4,7 Satisfied (8-10) 38.02 31.72

Noting that the data is not well representative of the population of the 32 cities, the authors had to
be very cautious in interpreting the estimated levels. For example, young people are overrepresented in the
sample. Male and persons with higher level of educational attainment are also overrepresented. Considering
these, the estimated coefficients in Table 3 suggest that the national level of satisfaction would be higher.
The authors tried to weight the data sample to calculate the national level of satisfaction, but the relevant
data is not available.

Table 7 shows the true levels of satisfaction from aggregating the estimated model for the
individuals and the reported levels observed directly from the survey. It also suggests that the true level of
being "satisfied" with local water quality is higher than the reported level in the survey. Comparing Tables 5
and 6, the average true level of satisfaction with water quality is much lower than for air quality.

In both cases, the true level of being "neither dissatisfied nor satisfied" is lower than the reported
level.

Table 7. "National" level of true satisfaction: Water quality

Description True Level (%) Reported Level (%)
Cut-off Dissatisfied (1-3) 10.13 11.80
Values: Nor dissatisfied or satisfied (4-6) 32.36 42.76
3,6 Satisfied(7-10) 57.50 4445
Cut-off Dissatisfied (1-4) 18.16 19.47
Values: Nor dissatisfied or satisfied (5-7) 49.02 54.35
4,7 Satisfied (8-10) 32.82 26.19
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4.0 CONCLUSIONS AND DISCUSSIONS

This paper provides an empirical investigation of the factors that influence and shape urban
residents’ satisfaction level with the local air and water quality in China. The authors controlled and
estimated the potential response bias in the data sample obtained in 2011 from a survey conducted in 32
major Chinese cities. Individual decisions were also aggregated across the cities to obtain a measure of the
national level of satisfaction for air and water quality; similar results were obtained for both cases.

Empirical results showed that an individual’s attitude toward local air and water quality is affected
by the individual’s age, gender, political attitudes, and the level of educational attainment. The older and
female respondents are more likely to be satisfied with local air and water quality. It was also found that
respondents tended to underreport their ratings of local air and water quality. The respondents exhibited a
positive tendency to report dissatisfaction in the survey, although they were actually satisfied with the
current condition. This study established that the true level of satisfaction with air and water quality in urban
areas is actually higher than the raw survey results from the phone interviews suggested.

In September 2013, the research team conducted face-to-face interviews with 200 participants each
in Beijing and Hangzhou, and asked similar core interview questions on environmental quality as in the
phone interviews. From this supplementary survey, it was found that participants reported a much lower
level of satisfaction toward local air quality in the two cities. The decrease may have been due to the timing
of the survey because Beijing and many other cities in China have suffered particularly severe smog episodes
since early 2013. The survey results suggest that it is important for the government to anticipate the
increasing demand for environmental goods before worse scenarios occur.

The findings from this research point to potential policy implications. In the past decade, China's
environmental regulation efforts mainly focused on limiting emissions of SO, in the air and reducing
chemical oxygen demand in receiving water bodies. Now, it is transitioning into more comprehensive plans
with more policy instruments and to the control of many other pollutants such as particular matter and
nitrogen oxides. As socioeconomic characteristics of the population changes over time, environmental
regulations should be more stringent to better meet the demands of the residents.
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