1

Air Pollution and Health Damages in China: An
Introduction and Review

Chris P. Nielsen and Mun S. Ho

1.1 Introduction

By some assessments, one of the leading causes of death in the People’s Republic of
China is respiratory diseases caused by air pollution. Although some would debate
this claim, few would question that air pollution is a very serious problem in China.
High-level concentrations of particulates and sulfur dioxide (SO,) are recorded in
many cities, levels that rank a number of them among the worst polluted in the
world. This pollution is produced by a variety of sources, including a burgeoning
transportation sector, residential heating, and light industry. Much of it is generated
by power plants and heavy industry, often located in urban areas by industrial pol-
icies predating the post-1978 reform era.

The authorities have responded to this challenge, and there has been clear prog-
ress in some areas of pollution control. As a result of these actions, and concurrent
changes in economic policies and the structure of the economy, concentrations of
SO; and total suspended particulates (TSP) declined in many places, especially dur-
ing the 1990s. For instance, total SO, emissions fell 10% between 1995 and 1999,
and the averaged ambient concentrations in thirty-two major cities declined from
100 pg/m® (micrograms per cubic meter) in 1991 to 62 pg/m? in 1998 (World
Bank 2001). Another compilation of official data reports that annual average TSP
across 140 Chinese cities fell from a mean of 500 pg/m? in 1986 to 300 pg/m? in
1997 (Florig et al. 2002).

Despite these improvements, the downward trends appear to have largely abated
or reversed, and concentrations remain higher than national standards and interna-
tional guidelines in many localities. The Chinese standard for annual average TSP in
residential areas is 200 pg/m?>, for instance, and the World Health Organization’s
(WHO) guideline was 90 pg/m?. We should note that the WHO has now stopped
setting guidelines for TSP, though it has begun to set guidelines for finer particles,
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the fractions of TSP that are considered most harmful to health (WHO 2002,
p. 186; WHO 2005). Pollutant concentrations are increasing in some major cities.
Estimates of the value of total air and water pollution damages nationwide have
ranged from 3% to 7.7% of gross domestic product, usually dominated by the air
pollution component. Although these estimates are rough and involve subjective
judgments, few would dispute that the damages are large compared to China’s own
past and compared to more developed countries. Furthermore, these damages may
well rise with increasing energy use from China’s vigorous economic expansion.

We need to think beyond the ambient pollution levels to consider what ultimately
concerns us about China’s degraded air quality: the damage it causes. These include
impacts on human health, on materials such as built structures, on natural resources
such as forests, on the productivity of crops, and on ecosystems. All of these, in
turn, affect the economy. The assessment of this volume focuses on refining under-
standing of the damages to human health, which most researchers believe dominate
the total impacts. The other, lesser damages are topics for future extensions of this
work.

With a focus on health risk, we must keep in mind that what concerns us is not
the level of pollution itself, but rather the level that reaches human lungs—a distinc-
tion that fundamentally motivates and shapes this assessment. We must consider
such factors as the rapid urbanization in China and how expanding cities and
rural-to-urban migration locate an increasing proportion of the Chinese citizenry
nearer to pollution sources. In terms of total population risk, this could even out-
weigh whatever gains in pollution control have occurred. The crucial factor of
human exposure is not often considered carefully in pollution damage assessments
in China.

Whereas it is generally accepted that Chinese health and economic performance
have been harmed by its degraded air quality, the power of many existing damage
estimates to influence policy has been undermined by their uncertain and aggregate
nature. More reliable and comprehensive estimates based on detailed energy use and
emissions could help guide environmental policy and law and orient public and offi-
cial opinion to expanded preventive action. Disaggregating the estimates to specific
industries, or geographical areas, can help target policies.

To make such detailed estimates, the prevailing approach in more developed
countries has been (1) to use air-dispersion models to characterize the link between
emissions of all sources and atmospheric concentrations of pollutants in a target re-
gion; (2) to estimate human health impacts on the basis of exposure-response func-
tions; and (3) to monetize these damages by using some valuation method. A large
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body of such research has been developed over the course of many years and at con-
siderable expense in many nations.

Researchers in this field in China, however, face major limitations compared to
those in the West. A key challenge is that basic pollution data are sparse, because
the national emission inventories and monitoring infrastructure are still developing.
Local institutions have only recently begun to use advanced air-dispersion models,
and have applied them comprehensively—that is, to estimate all sources—for a few
localities only. For example, the State Environmental Protection Administration
(SEPA) and the U.S. Environmental Protection Agency (U.S. EPA) have in recent
years commissioned studies using such models and exposure assessments in major
cities such as Shanghai (Shanghai Academy of Environmental Sciences [SAES] et al.
2002) and Beijing (Tsinghua University et al. 2005). For health valuation, such
studies have had to try to translate Western results to Chinese conditions or use
results from one of just a few small unpublished studies completed in China. As we
will describe in section 1.6, a small number of additional international collabora-
tions with Chinese institutes have used these approaches to investigate the impact
of air pollution in other cities and in provinces. Additional studies have investigated
specific economic sectors, such as electric power generation.

All of these assessments provide valuable information and are useful to informing
and improving control strategies. Few of them, however, identify national priorities,
evaluating the best use of the pollution control yuan across the entire economy. To
set national pollution-control priorities, the Chinese government has had to rely on
simplified analyses and rules of thumb rather than comprehensive assessments that
permit systematic benefit-cost analysis.

As we will summarize later, a World Bank report from 1997, Clear Water, Blue
Skies, was a first international collaboration to estimate aggregate damages from air
and water pollution, as high as 7.7% of Chinese gross domestic product (GDP).
This provided decision makers with a useful estimated scale of damages, but its
methods were debated in China and beyond and, in any case, were understood to
provide rough approximations. Furthermore, it was limited for national priority set-
ting because it was not designed to identify sectors that contribute most to this pol-
lution or to specify impacts of alternative control policies systematically on both the
public health and the economy.

The effort of this volume was conceived to build, and improve, on this important
first effort by the World Bank with a more extensive and deeper air pollution dam-
age assessment. We believe it also complements several ongoing collaborations
involving SEPA and its affiliated bureaus and research entities, Tsinghua and other
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universities, and a number of international partners. The latter include the Center
for International Climate and Environmental Research—Oslo (CICERO), the Orga-
nization for Economic Cooperation and Development (OECD), the World Bank,
and the U.S. EPA. It contributes to the body of policy-targeted air pollution research
in a number of ways that are also intended to advance and promote development of
the scholarly literature in this area:

+ by developing more emission data and air-dispersion estimates on the basis of
local meteorological conditions and actual source characteristics;

* by applying a new method to make a best-available assessment, given data limits,
of national human exposure to key ambient air pollutants from major sectors;

* by conducting one of China’s first systematic contingent valuation studies to help
build a Chinese health valuation literature;

* by providing a framework for integrated analyses of economy-wide costs and ben-
efits of air pollution control policies; and

* by conducting such analyses of two control policies: damage-weighted taxes on
fuels and sector outputs.

We do not seek the greatest possible precision in the damage assessment, which
would take far more effort and resources than we could provide. We aim, however,
to make reasonable estimates of the main sources of pollution, to permit inter-
industry comparisons (and not just estimate aggregate damages, as in the above-
mentioned World Bank study), and to create a basis for more detailed evaluation as
data and research capacities improve. Our health damage estimates are directly
linked to economic activity and energy use on a sector basis, allowing us to identify
the sources of damage and allocate responsibility. This can help to prioritize pollu-
tion sources for emphasis in national energy and emission control policies, and to
understand their effects throughout the economy.

Our assessment focuses on particulate matter (PM) and SO, in determining health
effects in China, for two reasons. First, we believe that they likely dominate other
pollutants as the source of air pollution health damages in China. Second, all such
studies are limited by research practicalities, and the data for estimating the effects
of PM and SO, are more readily available in China—though not necessarily simple
to obtain—than for other pollutants. It is nevertheless important to note other pol-
lution types as additional concerns for control and future research. In particular, as
the transportation sector continues its explosive growth, we expect the health risks
associated with nitrogen oxides and ozone to grow swiftly. China has already made
impressive progress against a third mobile-source pollutant, lead, with a national
ban on production and sale of leaded gasoline that became effective in 2000.
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We further note the wide awareness that emissions of local air pollution and
global greenhouse gases (GHGs) are closely related and ideally should be studied
and addressed jointly. Our module for benefit-cost analysis explicitly evaluates
both local pollutants such as PM and SO;, and the primary anthropogenic GHG,
carbon dioxide. This allows us to assess a benefit to the global environment of
reducing China’s local air pollution.

1.2 How to Read This Book

This book is explicitly targeted at a wide range of audiences, from curious lay
readers, to informed nonspecialists and policy makers, and ultimately to researchers
and scholars with either interdisciplinary or more narrowly specialized interests.
The structure of the volume reflects this effort to appeal to many communities.
The authors themselves are environmental health scientists, engineers, and eco-
nomists. The research detail and methodological presentation deepen as the
book progresses, from the introductory (chapters 1 and 2) to the specialized (chap-
ters 5—-10), with two transitional chapters in between (chapters 3 and 4). The
scope of the book also evolves, because it addresses a consummately interdis-
ciplinary topic by building up from a set of more focused studies. It begins with a
broad, summarizing perspective (chapters 1-3), proceeds through more narrow
ones (chapters 4-8), and then returns to the wider, integrated scope at the end
(chapters 9-10).

Readers should approach the book accordingly. Nonspecialists should focus first
on part L, including the introduction and background presented here in chapter 1
and a summary of the research project and its conclusions for policy purposes in
chapter 2. If their interest is piqued, they can gain a much deeper understanding
of the assessment by at least beginning part II, which presents the research itself.
Chapter 3 is specifically written for nonexpert readers as well as expert ones, and
as a transition between parts I and II. It repeats the scope of chapter 2, summarizing
the project and its conclusions, but much expanded to its full methodological and
research context. (In fact, chapter 2, as a summary for policy, is mainly just an
abbreviation of chapter 3.) We hope that many lay readers will want to read this
far, to learn about the nature of these types of studies and how they produce their
conclusions. (Environmental assessments, after all, are often used in public and
political debates about environment and can become the basis for lasting govern-
ment policies. They are sometimes reported in popular media—imagine a headline:
“Study Says Air Pollution Kills 1,500 Per Year; Costs Estimated in Billions”—and
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it is useful to know how to think critically about them.) At the conclusion of chapter
3, readers will have a sense of the remaining chapters that might most interest them.

Specialist readers and scholars may be more interested in the academic studies at
the core of the assessment and may quickly choose to focus their attention on part
II. They can treat chapter 3 as their introduction to the integrated aims of the proj-
ect, chapter 4 as an introduction to central human exposure and epidemiological
issues in the book, and then proceed through the original research of chapters 5—
10 as their interests dictate. These chapters are written in detail so that our methods
and results, including their limitations, are clear and can inform future research.
They are still meant, however, for engaged readers of diverse expertise, with limited
disciplinary jargon and introductory sections. The most specific technical and meth-
odological details are placed in appendices. This is not to suggest that part I and this
chapter offer specialists nothing, especially if they are unfamiliar with China’s
energy and air-quality conditions or with the existing literature on the topic.
Researchers may want to skip chapter 2 altogether, however, because they will find
chapter 3 a much more informative version of the same material.

The remainder of this chapter provides background on the topic, introduces our
analytical approach, and summarizes related analyses by others to date. Specifically,
sections 1.3 and 1.4 describe recent energy use and air pollution conditions for those
who may be unfamiliar with China. In section 1.5, we outline how our research
investigates health damages of air pollution and analyzes policies to reduce them.
In section 1.6 we briefly mention other studies that have been conducted in this field,
from which we have gained important insights for our own program.

1.3 Energy Use in China

Two prominent features of China’s energy structure warrant a brief overview. One
is China’s very high, and continuing, dependence on coal. The second is a swift de-
cline in energy intensity since economic reforms began in 1978.1

Economic growth has far exceeded growth of energy consumption in the reform
period since the late-1970s, as shown in figure 1.1. In the ten years prior to 1997,
the primary energy consumption per yuan of GDP fell by 37%. If one accepts the
somewhat questionable official figures for the late 1990s and early 2000s, showing
a sudden decline in coal use in that period (discussed below), it fell another 26% by
2000, before leveling and then rising (Sinton et al. 2004, table 4B.2). (Many statis-
tics reported in this section are from this source, which compiles energy-related data
from official sources and reports them in English. Table and figure numbers are
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Figure 1.1
Energy consumption per unit GDP. Total primary energy is the sum of coal, oil, gas, and hy-

droelectric power, all converted to kilograms of standard coal equivalent (SCE) units. Yuan95
is yuan in constant 1995 value. Source: Sinton et al. 2004, table 4B.2.

included so it can be consulted for citations of the original data sources of the Chi-
nese government.)

Despite this remarkable overall transformation, China remains one of the most
highly energy-intensive major economies in the world, defined by the amount of en-
ergy needed per dollar of output. That noted, China’s energy use on a per capita ba-
sis remains exceedingly low compared to more developed countries. In 2000 energy
use per capita in China was about one-twelfth that of the United States, and about
one-sixth that of Japan (U.S. EIA 2003).

Total energy consumption by source is represented over time in figure 1.2a. China
is the world’s largest producer of coal, generally the worst fossil fuel for both local
and global pollutant emissions. Coal supplied 70-76% of its commercial energy
consumption from 1980 until 1997, after which the disputed data suggest a share
decline to 61-64%. The main users of coal are power generation and industry
(mostly manufacturing), accounting for about 48% and 35%, respectively, in
20022 (Sinton et al. 2004, tables 4A.1.4 and 4A.17.2). According to official data,
annual consumption of coal exceeded 1300 million tons during 1995-1997, fell
sharply to 982 million tons in 2000, and rose again to 1579 million tons by 2003
(NBS 2005).
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1.2

Primary energy consumption in China. Consumed energy is converted to million tons of stan-
dard coal equivalent (Mtce) units. Primary electricity is power generated from sources other
than combustion of fossil fuels. It is chiefly hydroelectricity and a small amount of nuclear
power. (a) Consumption calculated from production data. (Source: Sinton et al. 2004, table
4A.1.2.) (b) Comparison to direct consumption estimates. (Source: NBS 2006, table 7-2.)
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Concerning the data in the late-1990s into 2001, the dramatic dip in coal con-
sumption shown in figure 1.2a came at the same time that official statistics show
the economy growing at more than 7% per year. If this is accurate, it is an historic
event in decoupling economic growth from energy demands.

Sinton and Fridley (2000) reviewed a number of reasons that might explain such
a decline, including closure of small factories and changes in economic structure,
gains in end-use efficiency, fuel-switching, a rise in coal quality, and a policy of the
central government to close small mines. In light of a high-profile, international
spotlight on the inferred environmental benefits of this sudden downward dip in
coal use, including for greenhouse gases—e.g., articles in Science (Streets et al.
2001) and the New York Times (Eckholm 2001)—we note that a wide debate about
the accuracy of China’s official data for the late-1990s promptly followed. A variety
of doubts about the energy and economic statistics have been described (Rawski
2001; Sinton 2001; U.S. Embassy 2001). Others have continued to propose eco-
nomic and other explanations for this remarkable trajectory of energy consumption,
such as transformations occurring in anticipation of China’s accession to the World
Trade Organization (Fridley et al. 2003; Fisher-Vanden et al. 2004).

We will not belabor this debate here but will note that the National Bureau of
Statistics (NBS) includes a balance term in its official coal tables that represents the
difference between direct estimates of consumption and those based on production
data. In principle, these will be equal; the latter are more often reported because
they are generally considered more accurate. The size of this residual term grows
somewhat in 1996—1998 compared to earlier years in the decade and then rises dra-
matically for the years 1999-2001 (three-fold and more, to hundreds of millions of
tons), falling back to the previous scale in 2002.3 Thus the direct consumption esti-
mates (NBS 2006) show a shallower dip in 1999-2001 compared to the production-
based data of figure 1.2a, as shown in figure 1.2b. Nevertheless, even this alternative
measure shows an unusual decline in coal consumption at a time of strong overall
growth in the economy.

The reporting of the ballooning balance term indicates that the NBS is not un-
aware of growing inconsistencies in its coal data for those years but, rather,
acknowledges and indeed quantifies them. The cause of these data problems is cer-
tainly of pertinent interest to the government; a contributor may be disruptions
from reform of systems to compile and report statistics under the broader govern-
ment reorganization in 1998 and as the objectives of data provision continue a shift
from support for a planned economy to informing a market one. It would be unsur-
prising if this process encountered difficulties in implementation in view of the size
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and inertia of this system, and we assume that efforts to improve the statistical
infrastructure continue today. Regardless of possible explanations, for purposes of
research we take the NBS at its word about the existence of large statistical incon-
sistencies for this period. For this reason we are cautious about using national data
from the years in which this residual term is anomalously large—1999-2001—to
indicate trends in coal use and related emissions over time.

Another important trend in China’s energy structure is the growth in petroleum
consumption and imports, driven by a rapidly motorizing transport sector. From
1990 to 2002, the national stock of passenger vehicles increased more than 18% an-
nually, to 12 million units, and motorcycles increased an average of 21% annually,
to 43 million units. This contributed to a growth in petroleum consumption of
6.7% annually over these years and an increase in petroleum share of total primary
energy from 16.9% to 24.6%. China is a significant petroleum producer but became
a net importer in 1996, and by 2003 net imports of crude oil had reached 83 million
tons (Sinton et al. 2004, tables 5B.3, 4A.1.4, and 7A.1.1).

China is usually described as geologically limited in natural gas resources, though
this energy resource was also historically underexplored and underdeveloped. Driven
in part by air-quality concerns, the government in recent years has promoted the
extraction and distribution of this cleanest of fossil fuels, particularly for domestic
heating in major cities. A major pipeline from gas fields in western China to central
and eastern demand centers is partially completed. Even with the recent government
efforts, however, gas comprised only 3% of total primary energy consumption in
2002 (Sinton et al. 2004, table 4A.1.4).

Other sources of commercial energy in China include substantial hydropower,
which provided 17.6% of gross electricity generation in 2002, and nuclear, which
provided 2.3%. These two constituted 9.1% of total primary energy production in
2002. Biomass—chiefly crop wastes and firewood—is a major fuel in rural China
and a source of indoor air pollution, but it is not generally a commercial fuel and
is left out of most energy tables. When counting all sources of energy, not just com-
mercial forms, biomass constitutes 15% of total energy, compared to 56% by coal
and 20% by petroleum in 2002 (Sinton et al. 2004, tables 2A.4.2, 2A.1.3, and
4B.1).

Although they are somewhat imposing, we offer two more figures on energy, be-
cause they allow the reader to appreciate the relative scales of both the sources of
energy and its end uses. Figure 1.3 represents the entire energy system of China,
with flows translated into equivalent units across energy types and scaled accord-
ingly. We also include a similar diagram for the United States (figure 1.4) to contrast
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China’s energy structure with that of the largest developed country. The end-use
categories are not precisely the same, reflecting different conventions in economic
and energy data in the two countries. We also caution that construction of such
diagrams requires many assumptions, especially in estimates of the efficiency of con-
version into “lost” versus ‘“useful” energy. One should view these diagrams as
representations of the big picture of energy flows in the two countries rather than
sources of detailed information.

The tremendous coal dependence in China compared to the United States, and the
minimal role of natural gas, is clear in these figures. Petroleum has grown to a siz-
able share of total energy use in China, though still lower than richer countries such
as the United States. Notable for China on the consumption side is the huge share of
energy consumed by industry, via direct combustion of petroleum and especially
coal, along with electric power. China’s transportation sector consumes a relatively
small share of total energy, despite its enormous recent growth, whereas it is the
largest end-use in the United States. Hydroelectricity provides a larger share of en-
ergy consumed in China than in the United States, whereas the reverse is true for
nuclear power. We must spotlight the role of biomass in the form of crop wastes
and fuel wood as a sizable energy source in rural China, repeating the caveat that
this flow is noncommercial and left out of most energy tables for China, so one
should not assume that these data are comparably collected.

Finally, we should note that, if the scaling were consistent across the two dia-
grams, the U.S. flows would collectively be roughly one and a half times the size of
China’s, to fuel an economy that was eight times the size (unadjusted for purchasing
power) and to support a population less than one-fourth as large.

1.4 Air Pollution Emissions and Ambient Concentrations

As mentioned above, China’s air quality is generally poor, with two-thirds of 338
monitored cities out of compliance with at least one of the nation’s air-quality stan-
dards for residential areas in 1999 (World Bank 2001). We limit this section to a
brief summary of key characteristics and trends in the emissions and ambient condi-
tions for the pollutants that are the subject of the current study.* A more detailed
discussion of China’s air pollution is PRCEE et al. 2001, a background study for
World Bank 2001.

We note an important distinction about these data: the emission data are for the
entire country, whereas the ambient concentration data are only for major cities. In
any case, the link between emissions and concentrations are more complex than
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many realize. Investigating this is one of the primary motivations of the research of
this volume, as there are many factors that can influence atmospheric dispersion, re-
moval, and transformation of pollutants after they are emitted.

1.4.1 Particulates
The SEPA data on particulate matter have, until recently, only systematically cov-
ered TSP. There has been less information on finer particulates such as PMyy or
PM, s (particles less than 10 or 2.5 microns in diameter, respectively), though
reporting of PMy( ambient concentrations has increased in recent years. These are
the forms most closely associated with adverse health effects and that most current
particulate epidemiology investigates. For health studies in China the long reliance
on the TSP measure has necessitated an estimation of the fraction that is PMyg
and/or PM; 5.> TSP is classified as combustion emissions (“soot” in official publica-
tions) or process emissions (“dust”).® The coverage of this TSP data is being im-
proved, with an effect that historical data are not comparable over long periods.
Earlier data included just medium and large enterprise sources, and only in the last
decade were the environmentally significant township and village enterprises (TVEs)
gradually added.

National particle emissions from combustion sources are given in figure 1.5
(SEPA 1992-2004), where the break in 1995 reflects the inclusion of data from the
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Figure 1.5
Combustion emissions of total suspended particulates in China. Data coverage extended in
1995 to include township and village enterprises. Source: SEPA 1992-2004.
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TVEs. The data show stability in the early 1990s and a considerable reduction since
1995. When noncombustion emissions are included, the initial level is doubled, but
the downward trend is sharper because of the more rapid reduction in process emis-
sions. We are not aware of a systematic study of these trends, but it appears clear
that improved pollution control played a role in the decline in emissions over the
1990s, on top of the effects of the slowing of total energy consumption shown in
figure 1.2.

Particulate emissions by sector are reported later in chapter 9, table 9.1. The com-
bustion emissions are mostly from electricity generation (32% of the total in 1997)
and cement and related products (21%). The primary fuel source is coal. Process
emissions are largely from cement production and iron smelting, at roughly 70%
and 15% of the total, respectively.

Urban ambient concentrations of TSP result from the above emissions and second-
ary transformation of other pollutants, such as sulfur and nitrogen oxides (NOx)
described below. SEPA compiles data for cities, contrasting northern and southern
ones, and they are reproduced in figure 1.6. On the basis of these cities, the national
average TSP concentrations for urban areas declined about 30% from 1990 to
1999.

Although this trend was encouraging, it has leveled since 1999, with the average
concentration in 2003 reaching 256 pug/m?>. As important, the national TSP standard
for residential areas (termed “class II’) is 200 pg/m?, and the WHO guideline was 90
pg/m? until it was suspended for this particulate form. About 60% of the surveyed
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Figure 1.6

Average ambient concentrations of total suspended particulates in cities of China. Source:
Sinton et al. 2004, SEPA 2004.
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Table 1.1
Annual average measured PMy concentrations in major cities for 2003

Annual Average

Number of Cities Concentrations (pg/m?)
Northern cities 52 140
Southern cities 54 102
Total cities 106 121

Source: SEPA 2004.

cities in 1999 exceeded the Chinese class II standard. Indeed, 36% exceeded the
class III standard, designed for industrial areas (PRCEE et al. 2001). The figure
also illustrates a marked difference in ambient TSP conditions between southern
and northern cities, the southern ones, on average, meeting the class II standard in
recent years with northern ones still far from compliance. It is difficult to explain the
higher TSP levels in the north. It may be obvious that the colder north requires heat-
ing, but one also has to consider the effect of higher background concentrations and
wind-blown dust in addition to human emissions.

As noted above, there was for a long time little information available on the
smaller particulate matter that is known to be most harmful to health. Since 1999,
ambient PM1o has been subject to an official class II (residential) air-quality stan-
dard of 100 pg/m3, and hourly monitoring of it is now carried out in many cities,
with annual averages now reported in official sources in addition to TSP. The
recently announced WHO annual average guideline is 20 pg/m?® (WHO 2005). In
table 1.1 we summarize annual average PMjy concentrations for major cities in
2003, again classified as either northern or southern (SEPA 2004). Seventy-eight
percent of northern cities and 52% of southern ones showed annual averages above
the class II standard.

1.4.2 Sulfur Dioxide

The officially reported national SO, emissions are plotted in figure 1.7, again a
break in 1995 reflecting the addition of TVEs to the estimates. Emissions rose from
13.2 million tons (Mt) in 1985 to a peak of 19.5 Mt in 1995, equivalent to 23.7 Mt
under the new definitions. It then fell and leveled off around 2000, before shooting
up again to 21.59 Mt in 2003 (SEPA 1986-2004). This trend follows that of coal
consumption in figure 1.2 reasonably closely—more than 90% of SO, emissions
are from coal combustion—with only a small reduction in emissions per ton of
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Figure 1.7
Emissions of sulfur dioxide in China. Data coverage extended in 1995 to include township
and village enterprises. Source: SEPA 1986-2004.

coal. Official emission estimates are based on energy data, and such “bottom-up”
inventories may thus be subject to some of the same uncertainties and errors dis-
cussed in section 1.3 on energy use.

Streets et al. 2000 conducted an independent assessment of SO, emissions
through 1997 that was based on extrapolation of a detailed emission inventory
developed for the RAINS-Asia project (Regional Air Pollution INformation and
Simulation-Asia), which used energy-use data from the International Energy
Agency. A follow-up inventory, adjusting official Chinese figures with omitted emis-
sion sources, estimated a total for 2000 (Streets et al. 2003). These figures are con-
sistently higher than official data but show a comparable trend: from 17.90 Mt in
1985 to a peak of 26.21 Mt in 1996 (Streets et al. 2000), followed by a decline
to 20.38 Mt in 2000 (Streets et al. 2003). An improved and updated inventory cov-
ering the more recent increases in SO, emissions may be forthcoming from this re-
search group.

Nevertheless, conducting inventories of pollutant emissions in China is challeng-
ing work and uncertainties, while narrowing, remain large. Zhang (20035) included a
review of the Chinese and international literature and plotted widely varying esti-
mates of total annual SO, (and NOx) emissions in China, from 1984-2004. It is
noteworthy that for each year, the official estimates of SO, emissions are lower
than all estimates by independent research teams. The emission uncertainties may
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Average ambient sulfur dioxide concentration in cities of China. Source: Sinton et al. 2004,
SEPA 2004.

soon be reduced further by new lines of evidence derived from satellite-based obser-
vations of SO, levels over China (Richter, Wittrock, and Burrows 2006).

Figure 1.8 gives average annual concentrations of ambient SO, reported for
Chinese cities, similarly differentiated by SEPA into southern and northern cities.
The concentrations steadily decreased from 1992 to 2000, leveling at a national av-
erage of 51 pg/m? in 2002 before shooting up to 66 pg/m?> in 2003. Through much
of the 1990s there was less geographical variance compared to TSP concentrations,
with a steady pace of decline that is similar across regions. In recent years, how-
ever, SO, concentrations rose, an increase that preceded the rise in TSP concentra-
tions, and the rise was greater in the north than the south. More than TSP,
furthermore, the earlier progress in SO, concentrations in many major Chinese cities
has now clearly and sharply reversed. Forty-two percent of cities did not attain the
class II standard of 60 pg/m? in 2003, compared to 29% in 1999 (SEPA 2004;
PRCEE 2001). The annual average guideline of WHO is 50 pg/m? (WHO 2002,
p. 196).

The decline in SO, concentrations through the 1990s is attributed chiefly to
the changing fuel structure of household energy use, in particular switching from
coal combustion to natural gas, washed coal, liquid petroleum gas, and electricity
(PRCEE et al. 2001). This took place despite the rise in aggregate emissions of the
early 1990s shown in figure 1.7. These sources tend to be at ground level, directly
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Emissions of nitrogen oxides in China. Source: Hao et al. 2002 for data through 1998; 1999—
2003 data from personal communication with Hao research group at Tsinghua University.

affecting concentration measurements. Successful pollution control in urban areas
may have been offset by growing emissions in nonurban sources and by higher
stacks for urban sources allowing greater dispersion away from the cities. More
recently, however, the trends of emissions and urban concentrations appear to have
recoupled, the rise in SO, concentrations following rising emissions from higher

coal use.

1.4.3 Nitrogen Oxides

NOx emissions are associated with health damages, but they likely pose more health
risk in their contribution to secondary chemical formation of ozone and fine par-
ticles. This volume considers NOx only briefly, in chapter 5. There is no systematic
accounting reported by the government of NOx emissions, and we do not describe it
in much detail here. Hao et al. (2002) estimated total anthropogenic emissions over
two decades until 1998 on the basis of commercial energy consumption, NOx emis-
sion factors, and fuel types, and the Hao research group has continued to calculate
emissions in subsequent years. They estimate that total emissions increased from 4.76
Mt in 1980 to a peak of 12.03 in 19935, fell to 11.18 Mt in 1998, and rose again
to 16.14 Mt by 2003, which reflects the coal and total energy trends described above
(and which are the basis for the inventory). These trends are depicted in figure 1.9.
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Figure 1.10

Average ambient concentrations of nitrogen oxides in cities of China. The measurements were
switched from all nitrogen oxides (NOx) to just nitrogen dioxide (NO,) in 2001. Source:
Sinton et al. 2004; SEPA 2004.

Hao et al. also analyzed source contributions of NOx, in 1998, with industry
estimated to have contributed 41% (4.59 Mt) of emissions, electric power 38%
(4.23 Mt), and transportation 13% (1.45 Mit). Streets et al. 2003 provided an esti-
mate for 2000 of 11.34 Mt, including emissions from biofuel and biomass combus-
tion not included in the Hao et al. 2002 inventory.

Measured ambient concentrations reported by the government suggest that, when
taken alone as a primary pollutant, NOx has not been a serious risk in most Chi-
nese cities. The average annual urban concentrations compiled by SEPA for all
major cities did not exceed S0 pg/m? in any year from 1990 to 1999, as shown in
figure 1.10. The break in the graph in 2001 was when measurements were switched
from NOx to its major constituent species, NO,. These have been within the WHO
guidelines for annual average NO,, of 40 pug/m? (WHO 2002, p. 179). Until 2002
the official data showed offsetting trends of NOx or NO; nationally, a steady down-
ward path of concentrations in northern cities and an upward one in southern cities.
PRCEE et al. 2001 noted that the trend also was better for smaller than larger cities
and attributed this to rising emissions from the rapidly expanding vehicle popula-
tions in larger, southern cities with the swiftest economic growth.

This suggests that viewing the NOx trends from a national perspective masks
what is likely a swiftly worsening problem in a number of major urban areas with
growing vehicle stocks and congested road networks. Recent official data shown in
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figure 1.10 indicate that the long decline of NOx in northern cities has reversed,
whereas gradual growth of concentrations in southern ones continues. A new line
of independent evidence gained a high profile in 2005 when satellite measurements
by the European Space Agency reported in Nature indicated that, by 2004, an urban
and industrial region of China stretching from Beijing to Shanghai had the worst
tropospheric NO, levels in the world (Richter et al. 2005).” Annual average levels
in this region had risen around 50% since 1996, driven by especially large and
accelerating increases in winter months. The Richter et al. estimates are of NO; in
the lower atmosphere, not just at the surface, but they reflect the same emission
sources and provide independent, scientific evidence of worrisome trends that offi-
cial emission inventories and government-sited and -operated monitoring stations
may not be picking up.

In summary, the emissions and urban concentrations of our target pollutants
show, on balance, considerable progress in control through the 1990s but leveling
or negative trends more recently. TSP emissions and ambient urban concentrations
declined steadily and substantially before stabilizing in the current decade. SO,
emissions rose and fell through the 1990s but have been rising again, whereas ambi-
ent urban concentrations steadily declined, leveled, and then by 2003 were sharply
rising again. In many cities concentrations of these two pollutants exceed air-quality
standards, especially TSP. NOx emissions are not officially reported but, after some
decline in the late-1990s, are likely rising again, and, after a long period of stability,
ambient urban concentrations are also increasing, possibly dramatically.

1.5 Health Damages of Air Pollution in China and Research Framework

We are concerned about China’s degraded air quality because it causes damages.
The research of this volume focuses on health effects, the type of damage that most
researchers believe dominate total pollution impacts, and the implications for the
economy of policies to protect health. (Other studies of China have incorporated
some non-health damages of pollution, including Hirschberg et al. 2003, O’Connor
et al. 2003, and Wang and Smith 1999. We aim to consider nonhealth damages in
future research.)

The burning of fossil fuels that cause much of this local air pollution also emits
greenhouse gases, and these are widely expected to produce varied and pervasive
global damages (IPCC 2001). Quantifying these effects is very difficult at this stage,
and we do not attempt such estimates in this book. We do, however, discuss the ef-
fect of pollution control policies on the quantity of greenhouse gas emissions.
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We now introduce our assessment framework, the details of each part given in

separate chapters. Our research strategy follows what is commonly referred to as a

pollution causal chain:

Component

Description

Chapter

NN W

From economic activity and energy use to emissions

From emissions to concentrations (atmospheric

transport)

From concentrations to human exposure

From exposures to health impact (dose-response)
Economic valuation of health impacts
National damage assessment by sector

Benefit-cost analysis of policies to reduce emissions

1,9
4-7

-7

= 0 BN

0

Our research (represented graphically in figure 1.11), makes primary contributions

to components 1-3 and 5-7. Although we could not contribute here to component

4—air pollution epidemiology, which requires costly and time-consuming field
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survey work—we do introduce the issues of defining and estimating functions that
describe the human health response to pollution exposures. These are drawn from
studies that have already been published. Components 1, 6, and 7 are implemented
by using an economic model of China that identifies thirty-three distinct production
sectors and one nonproduction sector (households), and traces the evolution of the
economy over time. Earlier versions of this model have been used in previous studies
of the effects of controlling carbon emissions and of the local health effects of con-
trolling global pollutants (Garbaccio, Ho, and Jorgenson 1999a, 2000). This model
generates the output of each sector for each period and with it the use of fossil fuels.
The combustion of fuels and the production of goods generate emissions of PM,
SO;, and CO;, and these are estimated using time-varying emission factors. This is
a fairly well known procedure, as we describe in detail as part of the national anal-
yses of chapter 9.

Components 2 and 3 are the focus of chapters 4-7. The requirement here is to
translate emissions from a range of economic sectors into human exposures. Past
assessments of this sort have typically adopted a damage function framework. In
this approach, the emissions of the relevant pollutants from all sources are first
estimated, along with characteristics of the source (e.g., stack height and diameter,
pollutant exit temperature, or velocity). Researchers use atmospheric models to esti-
mate how these emissions influence ambient concentrations or pollutant deposition
at a number of locations. These typically incorporate detailed meteorological char-
acteristics, sometimes allowing for chemical interactions among pollutants. Popula-
tion distributions and locations are then used to determine at-risk populations.
Finally, in a step summarized by component 4, concentration-response functions
from epidemiological studies are combined with the exposure assessment to estimate
population health risk.

Although this methodology is well established (ORNL and RFF 1994; EC 1995;
Rowe et al. 1995; U.S. EPA 1999; Levy et al. 1999), it requires a large amount of
very detailed information that is currently unavailable for a national-scale analysis
in China.

Our aim therefore is to develop a framework to estimate health impacts on the
basis of fundamental physicochemical properties but without all of the detailed
input data that are now lacking. We wish to make a reasonable approximation of
nationwide health impacts with a substantial, but not overwhelming, data-collection
effort. By adopting a modular approach, we can identify methodological im-
provements to be tackled in turn. Additional refinements can be added as more
data become available and more advanced atmospheric models are developed in
China.
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To make this approximation, we apply the concept of “intake fraction,” as devel-
oped by researchers at the Harvard School of Public Health and a number of
colleagues at other universities and organizations. Intake fraction will be formally
defined and explained in the chapter 4, but its basic meaning is the amount of mate-
rial released from a source that is eventually ingested or inhaled. The concept has
been developed for precisely the problem at hand: to conduct reasonable, if not pre-
cise, risk assessments with limited input information, as is often the only option in
developing countries. Once the intake fraction of a source type has been estimated,
population health risk can be simply quantified as the product of intake fraction,
emission rate, and the unit health risk of the pollutant. The key research challenge
is to determine reasonable intake fractions for different pollutants and source types.

Chapter 5 estimates intake fractions for four highly polluting sectors: iron and
steel, chemicals, cement, and transportation. National inventories were not avail-
able, so our team collected detailed data from five cities across China. These data
are supplemented by sample information for sources in the entire country. In assess-
ing exposure for these sectors, we employed an air-dispersion model of relatively
simple (Gaussian) form, ISCLT (Industrial Source Complex Long Term), which
could be applied to the many sources of our database without overwhelming time
and effort.

Chapter 6 estimates intake fractions from the electric power industry, which is
by far the biggest user of coal. This uses a very large national emission inventory
compiled by our team, chiefly from environmental impact assessment reports. This
chapter also made use of the air-dispersion model ISCLT.

Chapter 7, like chapter 6, considers intake fraction and health risk in the power
sector. This research was initiated to test the feasibility of applying a more advanced
air-dispersion model, CALPUFF, that could cover a larger spatial domain and in-
clude secondary chemistry. The time and computational requirements to apply this
model to our entire power plant database proved imposing, so we relied chiefly on
the ISCLT results for the national power sector exposure assessment. The CALPUFF
analysis, however, provides other information for the purposes of this volume (and
stands also as a valuable independent study). It allows us to incorporate approxima-
tion of the health risks due to long-range air transport and secondary particles that
the model of chapters 5 and 6 does not estimate. It also allows comparison to simi-
larly conducted analyses in the United States, showing how higher population den-
sities and more urban plant sites in China raise health risks for the same quantity of
emissions.

With estimates of human exposure to air pollution for the five sectors, the next
step is component 4, to apply dose-response functions from epidemiological studies
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to estimate health effects. As mentioned above, we do not offer new air pollution
epidemiology, which requires expansive and costly field research. It instead relies
on results in the published literature. A number of such studies were conducted by
colleagues of our team with support of earlier stages of our program (Xu 1998;
Wang et al. 1999; Xu et al. 2000; Venners et al. 2001, 2003).

Attributing the incremental morbidities and mortalities (e.g., the cases of
actual respiratory disease and related death) to pollution emissions from particular
industries provide a powerful quantified case for pollution control. Many policy
makers, including those in China, also like to see such health impacts translated
into economic terms, to help compare costs and benefits of different policy inter-
ventions.

The monetization of health damages—component 5—is acknowledged even by
its advocates as an imprecise science. Recognizing the uncertainties, we nevertheless
devote considerable effort to it here because it offers useful information to help com-
municate and prioritize environmental risk in real-world policy processes.

A number of estimation methods, with associated terminologies, have been devel-
oped to value damages to health. These include assessments of “willingness to pay”
(WTP), determined by “‘revealed preference” observed from actual market transac-
tions, or by interview-based surveys (“contingent valuation,” or CV). They also
include a more conservative approach favored by many Chinese researchers, the
“human capital” method that values health outcomes chiefly by their effect on
expected earnings. The assessment includes a new contribution to this field in chap-
ter 8, a CV study, and a brief overview of valuation methods and underlying theory
is included in that chapter for interested readers.

To bring all of the foregoing together and assess national health and economic
damages on a sector basis—component 6—chapter 9 begins with estimates of na-
tional emissions of TSP and SO, for each sector. This is done in our environmental-
health submodel, as described in that chapter. It then brings the intake fractions of
chapters 5-7 and the dose-response coefficients recommended in chapter 4 together
to estimate the health effects. Our methodology draws on World Bank (1997) and
examines the impact of pollution on eleven health effects, the two most important
being premature mortality and chronic bronchitis.

Because of uncertainties in methodological approaches to valuation, chapter 9
applies a range of estimates from the literature, including those of chapter 8 and
values derived in studies from other countries and scaled to Chinese incomes. The
result is valuation of the health damage from air pollution in each sector. This
allows us to derive the marginal damage per unit output for each sector as well as
the marginal damage per unit fuel combusted. The estimated total damages for each
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sector and their distinct marginal damages help us rank sector priorities in pollution
reduction.

The estimated marginal damages indicate the relative importance of each unit of
output and fuel use to the total air pollution problem. We use these measures to
analyze policies that tax output and fuels in proportion to the damage caused

)

(a “green tax,” or, in economic jargon, a Pigovian tax). This policy analysis is
reported in chapter 10 and is accomplished by use of the economic model combined
with the environment-health submodel. With the integrated model, we are able to
analyze both the benefits and costs of control policies of component 7. The benefits
have the form of reduced health damage, and the costs are in terms of lower con-
sumption and GDP.

We emphasize again that this research is an incremental advance, not a definitive
one, in the development of a framework to assess health damages of air pollution
and associated policies in China. Its design is such that future refinements in any
component may be immediately used in subsequent applications to improve the pol-
icy analysis. As such, we note now that it suffers a number of gaps. The first caveat
is that our analysis has a limited treatment of secondary pollutants, using a simple
approximation method based on results of chapter 7 to estimate exposures to sec-
ondary particulates, and leaving ozone to future research.

Second, we carefully investigate exposures in five major sector sources of ambient
air pollution but use simpler approximations for the others. Because of several fac-
tors, including the scale of energy consumption in these other sectors, they are likely
to have substantially lesser effects on air pollution than the ones modeled, save one:
the residential sector. Unlike industrial and transportation sources, households have
complex emission and exposure characteristics and thus pose an analytical challenge
meriting a separate assessment that could easily be as large and challenging as the
one reported here. It is essential to spotlight indoor air pollution, particularly in
the rural residential sector, which could be one of largest sources of health damages
of air pollution in China.? Very different sorts of policies, however, are generally
needed to target pollution control in the residential versus industrial and transport
sectors.

This is one of several reasons we do not believe it is accurate or even especially
useful in a policy sense to reduce estimates of health damage from air pollution to
a single number, the percentage loss to GDP, as is often reported and emphasized
in the literature. Rather than estimating aggregate national cost, we are more inter-
ested in—and such models are better suited for—differentiating the relative health
and economic impacts of emissions from the many sectors and examining the
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impacts of prospective policy interventions on emissions, public health, and growth
of the economy at large.

1.6 Review of Other Assessments of Health Damages of Air Pollution in China

A substantial literature estimating the costs of environmental degradation in China
has developed in the past fifteen years, varying widely in ambition. In light of the
focus of the current study on advancing methods of estimating the health damages
of air pollution—which typically dominate costs of environmental degradation
more generally—we spotlight studies of these damages, especially international col-
laborations with Chinese research institutes employing methods from the worldwide
literature. The brief descriptions of the different contributions here are intended as
a reference for interested readers and permit us to credit prior efforts and contrast
several with our assessment. We do not provide a comprehensive discussion or cri-
tique of the methods and results of each.

Table 1.2 summarizes key features of these studies. We list a number of represen-
tative characteristics across the different analyses but caution against direct com-
parisons, because each study differs in objectives, methods, scope, base year, and
assumptions. In addition, many key elements are not included in the table (e.g.,
health damages from SO, and morbidity). These are each complex research efforts,
and the reader is directed to the original sources for a fair understanding.

We emphasize a key modeling limitation inherent in the following summary. To
some degree, researchers in this field, as in many others, must trade off two interests:
high resolution in analysis of the energy-to-exposure pathway versus broader
approaches that include regional air dispersion and take into account economic
feedbacks, so-called general equilibrium effects.

The high resolution of a “bottom-up” assessment allows a detailed analysis, for
example, of specific power-generation technologies or of all emission sources in a
city. Environmental health scientists increasingly emphasize that the health impacts
of pollution exposure depend critically on not just small spatial scales, but also
small temporal ones, such as the timing of daily activities. Such assessments require
data resolved at fine grids, such as emissions at the plant level and population by
small districts.

To date, a number of researchers have conducted bottom-up assessments to assess
exposure and health in China on subnational geographical scales. The studies listed
below include several conducted for municipalities or provinces from the bottom up.
Although there are also large approximations in these models, and no research team



Chris P. Nielsen and Mun S. Ho

30

uory[u S[eLIalewW
1 13d syaeap 7 ‘sdoxo
S/000°LLS 01 Jud[eamba uo 3U0ZO pue elep
BIEp 01 1 :(sonex HU AR R urel pioe os[e 01 11 £]dde 10U
Ajdde 1ou saop UI9ISA A\ cw/3 1od An ‘(11 T00pUI S90p 1N [opow
nq [ppouws & UO paseq)  -[EIIOW JSBIIOUI pue jusiquie) e sdojaaap
sdooasp Apnas dao endeo Juao1d Apiqrowr  qJ ‘€O ‘COS Apmis £9[q (0007)
*djqeondde JoN 1d %001 (9°00°0) 0 pue Lpeaioy 10 OlNg  -eordde JoN Luttie} NOOd
poyew
dLA\ Suisn
S0661 AJ1ed
ur Jao jo (ueqam) o5
%1°L 03I [0L6%6 “(JenT)
-eAInbs fs[oa9] /8T LYS SuI21s£5009
Ite roopur ‘poyrawr ‘sTerraleur
[ea1 woyy  yended uewny ‘sdoro uo
000°TTT ‘sprep {(ueqan) a1y urer pioe os[e
-uels Jualquie /00009 ‘(JeIni) {(are zoopur
Su1pasdxa woiy N[T9LTES O [einx pue SUONBIIUIIUO0D
sy3eap aan} :oner Jo 4q jo (w3 1ad  jusIqure ueqin) judIquIe (L661)
-ewaid ueqin  euIyD) 031 pI[eIS s[doad uoru Arpiqiowr qd painseaw Jueq
[enuue 000°8L1 dLA SN [ sod syredp 9 pue Qeaoly  COS “OMAd o paseq Iy BUD PIHOMA
SOIpNIS [BUONEN
$199H 1507 9JI7T JO JUSIOLJI0)) sodewe(] syueIn[og $10309§ urewo(y (1eay)
e32133y Jea) J0 9] asuodsay-asoq uonnjoJ ny [eorydead JweN
Jo arewnsy [eonsnelg A AreiIoN Iy jo sad£ 1, -095)
[eua) Jo an[eA
[enua) pue
(s)potpaIN

eUIyp ut EOCB:OQ e Jo owmgwﬁ {3i[eay Uo SuOneIOqE[[Od [euonjeutalu]

[ CLAS



31

O11eUds uo Jur
-pundap ‘010

J11/000°€TTS

Air Pollution and Health in China

ur Nyg woij ‘ddd 4q
paploae syiesp  paisnipe ‘(oner O jo .w/3n (are J00pUT 0D
amjewaid g UO paseq) 1ad Aeriow pue jusiquie) “(z-YOS sp[oyasnoy (666T)
[enuue )0G‘7gl  oSem AJrep o8e  9searour Juadiad Aypiqiowr Surpnpour) ‘ramod g
—00¥°SL  -1AB X000°bT (€0 ‘¥0°0) T'0  pue Ajeiio TN SLI29 eulyy - pue Suey
SIIpNIS 103098
dNO %.-9
031 JudjeAnba
:xeaf 12d TTIOX TIOX arewpd
uorIu °¢ ‘uon JOTLSTS ‘sdoxd uo
-nfiod are e 9511/000°0€¥$ ONd JO  Uurer pioe os|y
woiy A[enuue IND ddd 49 cw/3rl-uosiad *(41e JudIquuE) Suopueyg (€007)
SYIBOp 2InjeW  BUIYD) O3 PI[eIS -1eaf 10d Apiqiowr YHN ‘XON  Jamod o1nogpo uo paseq HLEE)
iduonu o I\ WIS TIOA #-dLS'T  pue Lifeniony ‘“OS ‘Wd  uo paseq Iy ‘eury)  812qudsIry
*(AJuo uop
-3ueny) 10§)
M/€L6°89% syuejur
uonodnpar - ‘(eury) [[e 10§) 105 /70 OMANd sdoxo
uoqied 9,01 M/SLT S jo cw/3n 1ad uo £Q os|y [opow
e 03 onp ndino :oner J@o 4q synpe uor[rur (e juarquie) QD ‘SDOA oSrwouods  Suopdueny) (€007)
30 %S0°0  BUIYD 03 pajeds 1 1od syzeap Aypiqrow ‘€0 XON 490 uo paseq e
3O $1gaURq PN dLA\ uemie], (T'v ‘0) T pue Aensoy COS ‘Nd~ 10393s-79 IV ‘euly)  JOuu0).Q




Chris P. Nielsen and Mun S. Ho

32

suondo MM/000°€9$  Syuegul I0f (L]
A3ojouyda1 XIs ((soner  ‘g°0) 7T OMAJ
Jo s3uiaes pue UI2ISA M\ jo w3 xod sp[oyasnoy
SYIEap paproae  UO paseq) JAO sjnpe uorj[rw (1re Jusrquie) ‘unjoo (+0027)
sajewINsSa Apnis [e20] ea1ded 1 1ad syreap Apiqiowr 0D  “1amod oo AR
‘djqeardde 0N 1ad %001 (I'¥0) T pue lyesoly  “COS “OMAd “Ansnpug IXueyS ueuny
Apnis [eouIA0I]
eI
“Aaiqrsia
‘s[errolewr
sode ‘SWaIS£s009
JUIJIP 10] ¢s15910J sdo1o
juerd 1omod pue ‘Ajeriow uo syuenfjod O™ ‘YHD
[eonapodAy e J1/0056€€S amde pue  dpduwosie 0D ‘0D
woiy sadewep IND ddd 49 d1uoIYd Yloq ‘(arejudrquie)  ‘_fON‘;ON uedef
$ojeWINSY ApNIs  BUIYD) O PI[BdS  I0J ‘SIUIIILFI0D Anpigrowr  “._tQS ‘TOS ‘BaIOY| (666T)
djqeandde 0N dLA ‘SN odopy  pue Lrfeaoly  SYNJ ‘qSL Tomod odafy ‘euryD) Suaq
S99 1077 9JI7T JO JUSDYJI0D) sadewe(q syueIn[og $10109§ urewo(J (1)
1eda133y Iea) 10 o) asuodsay-asoq uonnyog iy [eoryderd wreN
Jo arewnsy [eonsnelg Nd AnperroN Iy Jo sad£7, -090)
[enua) Jo anjep
[enud) pue
(s)pogay
(panunuod)
[ASICLAN



33

Air Pollution and Health in China

das

[830] %0°T

01 Jug[eambs
fuonnyjod e
wolj A[[enuue
Syeap ain]
-ewaxd 08/

0o ut
0ETT1-69T1
OLIBUIIS
A310U9

uo Surpuadap
OToC U

SyIeap paploae
ULV S—LY9

awoout
[B30] %S°S

03 JusjeAInbs
fuonnyjod e
woij A[[enuue
SYIBIP 2IMI
-ewaxd g/ 6°C
A[[enuue syeap
JUBJUI dINJBW
-1d o171 ‘uon
-njjod 1re e
woly Ajenu

-ue syIeap
Jnpe a1
-ewaxd 07T

41/005°801$
SN reysueys
03 passnipe
swoour
‘urb8uoy) 103

AD 49 4 LM

41/005°801$
SN reysueyg
031 passnlpe
awoout
‘urb8uoy) 10§

AD 49 LA

i

/658°TL$ onel
awoour £q
NEMJU 0] _uw—_wUm

dLA SN

A

foenk 887079
:oner Jo 4q
'UIYD) 03 Pa[eds
d LA\ UeMmIe],

O] JO w3
Jad Aeriowr
aseaoul
1uad1ad (1970
97°0) €+°0
(wid3-110ys)
1uao12d (940°0
‘10°0) 820°0
{(wr21-3u0])
OTINd JO mE\wi
1ad Lyperiow
aseaIour
uaoiad (1970

‘97°0) €+°0

OTINJ JO (/S
Jad Aperiowr
asearour

1ua01d $67°0

syuejul 10§ (670
v0) £°0 *O'INd
jo w3 xod
Synpe uorru
1 1d syzeap
(Tv0 e

(are JUdIqUUE)
Lyprqrow
pue AI[elIoN

(are JUdIqUUE)
Apigiowr
pue A[elIonN
a1BWID

pue ‘s[errolewr
“3urjios
“Aiqrsia
paonpai os[e
f(are Judrquue)
Anprqiow
pue AI[elIoN

S[ELIgIEW UO
urel pioe os[e
‘(are Judrquue)

Lyprqrow
pue AI[elIoN

o:\/ﬂm

20D ‘XON
TS OMAd

20D XON
COS ‘NN

20D XON
208 ‘OMAd

SUOI}BIIUIDUOD
judIquie
painseawr uo
paseq ‘urewop
ueqan

ur $32IN0s [y

urewop ueqin
ur $32IN0S [y

uoneyrodsuen
ueqin
‘spjoyasnoy
‘ramod o1ndspp
‘“Ansnpur
[ews ‘41
-snpur 931e]

UTeWop UeqIn
Ul S90IN0S [[Y

(+007)
uoy)

rey3ueys pue uey|

(2007
._w 19

rey3ueyg SAVS

(0002)
‘Te 9

rey3ueys Aysaoa]

(0007)

‘Te 39

noyz3uenx) NODI

sarpnis L1




Chris P. Nielsen and Mun S. Ho

34

"9PIXO0 SNOMIU ‘OIN
pue fQueyIawW ‘YH OPIXOIp uoqied ‘¢ ‘spunodwod d1uedIo J[ne[oA ‘SHOA ‘PrI ‘qd pIXouowr uoqied ‘Q) uozo ‘€ {(suioj
snotrea jo) sspnred ajeniu ‘_£QN $9pIxo usgoniu ‘XN {(SuIIoj [ednuayd snotrea jo) sapnred aeyns ©,_rQg OpIXoIp myns ‘THg
fronew aenonted papuadsns [B103 ‘IS, ‘SUOIIIW ¢*7 PUE ()] JO SIOIQWEIP JIWERUAPOIIE J9pUn JA[J JO SIL1081ed ‘ST pue OLAJ pue
fromew agenoned ‘A J :SUOIBIAIIQQE JUBIN[O ‘[BNSN SB ssauIsnq ‘N yq pue ‘uonenfea juadunuod ‘A0 Aed-o1-ssouduiim ‘q1m 20|
1] Jo 1ef “TTOX ‘1e3ow d1qnd 1ad swerdororu ‘ w3 (Lyred romod Burseyoind ‘qq “3onpoid [euoneu ssors ‘GNO ‘1onpord dusaw
-0op ss018 ‘@D {([opow drwouo3) wnuqimba [e1uad sjqeInduwod “FH7) :SUONLIAIIQJE [BIUIL) "9INIBIANI] [BUISLIO 9] I[NSUOD P[Noys
SI9YdIeasal pue A101onponul A[p1aw st 9[qed siyl 1eyd dziseydwaar oy ‘surodar paysiqnd ur [[e 1 10 A[1B3[> PaqLIdSIP JOU 21k A3
asNed9q IBI[OUN 91B SISED AUBW Ul PUB (UOIEN[BA "SA SUOISSIWD *3°9) Jusuodwod Apnis Aq JOJIp Us3jO $I1BIL 3SB(q Y], "SIAIPNIS SSOIOE
suostredwod [njased 0] paImnbal ‘S1udwISsasse asayl Jo sIeak 3seq Yl JO [[B IS 01 d[qeun A[9IBUNIIOJUN JTB I\ :SIBIK ISBY :SIION

ddo [ea01 Jo
Y% €'y 01 IU9]
-eamnboa fsprep
-uels JudIquIe

0T JO /3l
1ad Aneriowr
asearour Juadiad

Suipasoxa 80°0 OMAd
woIj syIeap jo (w3 1od (1re JusIqUIE) (-*OS (z007?)
arnyewraxd S11/000°091$ s[doad uoru Apigiowr Suipnpur)  urewop ueqin AR
[enuue 167 AD AQ dLM 1 Id syiesp 9 pue L[elIoN OINd w1 saounos [y Suenyzeiliyg Suog
STNd J0 (W SOOA
dao /3r-uosiad-1ea4 ‘‘HN ‘0D
[€20] JO %01 12d TIOA XON ‘70s (orus3od
03 Jud[eAImbd M/SETHES ALY * N ‘(-*ON -oaiue
‘uonnyjod e SN :paisnlpe jo cw/3n ‘-Y0S 03 uonIppe
wolj A[enuue uonepur Jad Aeriown (1re JusIquue) Surpnpour) u1 o1uadolq) (9007)
syreop axm3  ‘Guib8uoyn) 10y aseasour yuddtad Apigiowr OI]Nd  urewop ueqin uoIdor pue  [[eIOZNEBN
-ewa1d 0009 AD A9 d1M (01 ‘T°0) 8S°0 pue A[elIonN STINg  ursounos [y ‘Suenyzoeyz  pue Suep
$199H 1507 9JI7T JO JUBIOLJ0)) sadewe( syueIn[og $10199§ urewo(J (1891
2e32133y Jea) J0 9] asuodsay-ssoq uonnjod ny [eoryderd JweN
Jo JrewnSsy [eonsnelg A ArelIoN Iy Jo sad£7, -09D)
[eUa) JO an[eA
[enua) pue
(s)PooIN
(ponunuod)

(A CLAS



Air Pollution and Health in China 35

has modeled literally every single source of pollution in a jurisdiction, such studies
can provide valuable guidance for local decision making.

There is also a pressing need, however, to understand effects at the regional or na-
tional level, especially for a full economic analysis. Some pollutants such as SO,
travel hundreds of kilometers, and a comprehensive accounting of health damages
requires a regional scope. More important, a consideration of only the direct local
or industry-specific effects of damages and policies may miss out a larger total effect
on the rest of the economy. For example, a policy that affects the electric power in-
dustry will change the price of electricity. This may affect the cost of making steel
and cement needed to construct power plants, which in turn may lead to further
changes in the demand for electric power. In general such policies would have ram-
ifications across the entire economy today and, by influencing the rate of investment,
would affect the economy in the future. A comprehensive benefit-cost assessment of
national pollution control policy needs to consider not just the impact of policies on
directly affected enterprises and sectors, but also the potentially large indirect effects
such interventions may have throughout the economy both now and in the future.

We must recognize that localities in some circumstances can set their own
pollution-control policies, but the Chinese government must also make environmen-
tal policy choices on a national basis. Without a truly massive data-gathering and
research effort, it is impossible to conduct a bottom-up modeling assessment for the
entirety of China, even if one were to accept the assumptions made by the teams be-
low in studies of more limited domains. In practice, the setting of national environ-
mental policies can be analyzed only using more abstract “top-down” models that
take the national damages and economic interactions into account. It is to advance
the very limited body of this type of analysis in China that this volume, structured
around a national economic model with general equilibrium features, was conceived
and conducted.

1.6.1 National Studies

China Research Academy of Environmental Sciences (CRAES 1999) The estima-
tion of environmental losses in China can be traced to the end of the 1980s. Most
of the first studies were modest in scale and scope, usually conducted for a geo-
graphical region or city. A report by CRAES (1999) lists a large number of these
studies, some quite informal and all in Chinese. For instance, Guo and Zhang
(1990) conducted one of the first national assessments of the losses of environmental
and ecological damages. By use of human capital valuation methods and other
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approaches, they estimated an average annual loss of 38 billion yuan from 1981 to
1985, about 6.75% of GDP in 1983 (CRAES 1999). Air pollution was estimated at
an average of 12.4 billion yuan, or 2.19% of GDP.

World Bank (1997) The first large-scale collaboration to apply methods common
in international research to assess health damages of air (and water) pollution was
led by the World Bank (1997). Clear Water, Blue Skies was a valuable initial effort
to estimate impacts on a nationwide basis. Faced with data constraints but unable to
conduct major field efforts, the team employed approximation methods that
included borrowing key relationships in the emission-to-exposure pathway from
analogous studies in Eastern Europe. It is impossible to quickly summarize the
study’s results, but for example it estimated 178,000 premature deaths per year
from exceeding China’s urban air-quality standards.

The World Bank (1997) employed two approaches to valuation of health effects.
The first was based on “revealed preference” studies in the United States, transferred
to China by linearly scaling to the ratio of GDP per capita. This yielded an estimated
unit value of mortality in urban China of US$60,000, one factor in a subsequent
estimate that air pollution costs China nearly US$50 billion per year, or 7.1% of
GDP.? This result was controversial in China, where, among other reservations,
experts generally preferred a second, more conservative, “human capital” form of
health valuation. This alternative approach reduced the loss estimate to $20 billion
per year, or 2.9% of GDP.

The World Bank study was an important first assessment and was updated in pre-
vious work of members of the current project (Ho, Jorgenson, and Di 2002, see be-
low). As mentioned earlier, the effort of this volume was initiated in part to improve
more extensively on World Bank 1997, with a more detailed analytical approach
that is also rooted in more data gathered from fieldwork in China. To enhance
the applicability of results, the assessment here is also designed to attribute damages
differentially to emissions and concentrations modeled from key economic sectors.
This allows a national-level damage attribution and sector prioritization that the
World Bank approach cannot provide. We based our decision to focus initially on
health impacts of PM and SO, in part on the overwhelming dominance of these
damages over those of other environmental pathways (e.g., agricultural impacts
and acid rain) in World Bank 1997.

ECON Centre for Economic Analysis (ECON 2000) The World Bank and SEPA
subsequently initiated a program to test and revise the methods and estimates of
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World Bank 1997, and eventually develop a common framework for annual dam-
age assessment in China, on national and even provincial scales. Titled the “China
Environmental Cost Model,” it intends to assess a wide range of both air- and
water-pollution costs. This encompassing initiative was nearing completion at the
time of writing, and it cannot be cited or detailed here. One of the initial undertak-
ings, however, was to commission consultants to develop a modeling framework
that includes impacts on human health, materials, and agricultural production.
This is described in the ECON 2000 report.

The ECON 2000 model framework focuses on PM;y and SO,, taking into
account their interrelationships, and also adds independent impacts of ozone and
lead. For valuation, it reviews the worldwide literature and suggests a convenient
formula that values a statistical life at 100 times the per capita annual GDP. The
purpose of the study was to develop the model, not to apply it, and thus it did not
yet attempt to generate national damage estimates in its report. Its comparison to
World Bank 1997 is limited to constituent elements of the assessments, such as the
number of morbidity cases per 1 million people per 1 pg/m? increase in ambient
PMyp.

By applying directly the ratio of GDP per capita between China and the United
States, the ECON model converted the unit economic loss from respiratory illness
in the United States to the unit economic loss from the same illness in China. How-
ever, the calculated annual medical cost is three times higher than the actual costs in
Beijing. Thus, a study of Tsinghua University et al. (2002) modified the model by
taking one third of the unit economic loss from morbidity or death in the model as
the unit economic loss from respiratory illness in Beijing.

A primary strength of the pending China Environmental Cost Model, based on
ECON 2000, should be its breadth, assessing water quality in addition to air qual-
ity, and including lesser damages from additional pollutants and nonhealth path-
ways. It is also designed for relatively easy and routine application. The assessment
of this volume differs in its underlying economic structure, distinguishing health
damages by sector and integrating them directly into a model with general equilib-
rium features. This allows it to consider full impacts throughout the economy in
assessing the costs and benefits of given policies. An additional difference is its
more extensive consideration of population exposures.

Ho, Jorgenson, and Di 2002 This earlier analysis of health damages from local air
pollution used information and estimates in World Bank 1997 and calculated na-
tional health damages caused by each industry. It examined the costs and benefits
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of national green tax policies, the effects on both emissions and the economy. This
study noted the very high damages estimated for the transportation sector, some-
thing that had not been greatly emphasized previously.

O’Connor et al. 2003 This is a co-benefits study using a two-region economic
model (in the jargon, a computable general equilibrium model, or CGE; ‘“co-
benefits” refers to the association of both global and local environmental benefits
of emission control). It considers air-dispersion characteristics in Guangdong prov-
ince in relative detail and then extrapolates them to the rest of China. O’Connor
et al. employed two dispersion models, both a simple “stack-height-differentiated”
one as in Ho, Jorgenson, and Di 2002 for primary pollutants and health impacts
and another for estimating formation of ozone, a secondary pollutant that damages
crop productivity. It asked how much the welfare costs of an energy tax for 5-30%
carbon reductions in 2010 from a baseline might be offset by benefits to health and
agriculture.

One result of this study that is especially noteworthy for its divergence from
conventional wisdom is its conclusion that pollution damages to agriculture (from
ozone in particular) may outweigh pollution effects on health (from particulates
and SO,) in economic terms. It thus asserts that damage avoidance in agriculture
provides a larger proportion of the ancillary benefits of emission reductions.

O’Connor et al.’s incorporation of the damage estimations in a CGE model to
consider the economywide effects of emission-control policies makes it closest of all
the studies to the integrated analysis in our program reported in chapter 10. It has
an advantage in its consideration of agricultural impacts, whereas chapter 10 uses
our team’s more elaborate estimate of pollution dispersion and exposure.

Hirschberg et al. 2003 A study by a Swiss-Chinese-American team conducted a
detailed cost assessment of ambient air pollution from the power sector in Shandong
province, extended in unspecified manner to the economy of China. Capturing local
features that the high resolution of its provincial scope would allow, this “full scope,
bottom-up” effort applied the EcoSense model to Shandong power sector sources
and scenarios into the future. This model packages atmospheric transport and
chemical conversion, population-based exposures, dose-response relationships, and
valuation models, the latter two adapted from industrialized countries.

Among Hirshchberg et al.’s conclusions are that, extrapolated to all of China,
roughly one million Chinese die prematurely each year of ambient air pollution from
all sources, with costs corresponding to 6-7% of GDP. Health costs, particularly
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mortality, dominate other damages, such as to crops. A unique contribution of this
study is noting a strong influence of agriculturally produced ammonia on health
damages, because of its central role in chemical transformation of SO, into sulfate
particles. They conclude that the major part of damage to health is caused by these
secondary pollutants. The ultimate focus of this study was estimating external costs
of electric power for use in analyzing power-sector technology scenarios in the
future.

1.6.2 Sector Studies

Wang and Smith 1999 These researchers conducted a national health damage
analysis for two sectors, electric power and households. This was a co-benefits
study, the aim of which was analysis of four energy scenarios for China to achieve
10% and 15% reductions of greenhouse gases by 2010 and 2020, respectively.
They compared technology pathways to reach least-cost reductions in both global
warming potential and unit dosages of SO, and particulates, which were then trans-
lated into changes in health risk. Finally, the team estimated marginal net economic
costs of achieving GHG targets by alternative coal use in these sectors, calculated
from valuation of health benefits and incremental costs of energy changes. Health
valuation was adapted from U.S. figures, which were adjusted by relative wage lev-
els and purchasing power in China.

The results spotlighted enormous averted health damages as a co-benefit of achiev-
ing a GHG target, particularly through fuel substitution in the household sector. For
instance, central estimates of avoided premature deaths in 2020 of the three scenar-
ios over business as usual ranged from 154,400 to 185,200, against a projected total
mortality in that year of 14 million. The study was designed to compare health
co-benefit levels of different ways to achieve GHG reduction, not to calculate aggre-
gated health damages of air pollution.

Feng 1999 This study, a published Ph.D. dissertation, assessed a hypothetical,
characteristic power plant, at two possible locations in China. It merits inclusion
here for its ambitiously comprehensive scope. The study modeled emissions and
concentrations of a wide range of primary and secondary pollutants, both chronic
and acute mortality and morbidity effects, and additional impacts on crops, forests,
ecosystems, materials and visibility and included some damages in neighboring
countries. It also considered emission of several GHGs, and attributed costs of cli-
mate change based on estimates from global studies. For valuing health effects, it
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translated results of WTP studies from other countries and adjusted them for popu-
lation age groups. Feng calculated the total environmental damages of the plant
without pollution control and then evaluated the cost-effectiveness of current and
prospective policies.

1.6.3 Provincial Study

Aunan et al. 2004 This project had a similar co-benefits objective and approach as
Wang and Smith 1999 but applied to the single province of Shanxi and not to China
as a whole. They posed a number of options to abate emissions of SO, particulates,
and CO; in industry, power generation, and rural households. These included pre-
combustion options of coal washing and coal briquetting, and combustion options
of improved management, boiler replacements, cogeneration, and modified boiler
designs.

Aunan et al. 2004 made conservative estimates of health impacts of these prospec-
tive interventions by focusing on eighteen cities in Shanxi for which data were avail-
able. Valuation of premature deaths avoided by adoption of each alternative used a
rule of thumb of 100 times per capita local annual GDP, drawn from the analogous
ratios resulting in Western studies. The study concluded that all six options are prof-
itable in a socioeconomic sense. The least-cost avoidance of health damages, how-
ever, happened to be the most costly form of carbon abatement, which indicates a
divergence of priorities depending on local or global environmental objectives.

1.6.4 City Studies

ECON et al. 2000 The aforementioned research by ECON 2000 was incorporated
into “Guangzhou Air Quality Action Plan 2001,” which was conducted by Norwe-
gian and Guangzhou researchers to advise a package of least-cost pollution control
options that would meet SO,, NOx, and TSP targets already set by municipal offi-
cials. Assessment of a number of technology and policy options yielded cost curves
for SO, and NOx control that demonstrated the relative ease of meeting the former
(along with TSP, which is assessed somewhat differently) versus the latter.

The study developed its own comprehensive emission inventory on the basis of
a large survey and estimated gridded pollutant concentrations with a dispersion
modeling package. It found encouraging correspondence with measured levels.
Combined with population data, the resolution of the model allowed the team to
distinguish exposure characteristics of different pollutants and sources. Modeling
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health effects of given control options was then methodologically straightforward in
such a comprehensive, “bottom-up” model. The study employed WTP valuation
from research in Taiwan, scaled to China by per capita GDP.

Lvovsky et al. 2000 In this study, a World Bank—based team developed a “rapid
assessment model” to estimate environmental damages and attribute them to vari-
ous sources. It investigated six cities around the world, including Shanghai. The
damages it assessed included health, reduction in visibility, soiling, material dam-
ages, and climate change.

The spreadsheet-based methodology of this study was purposely simple. Using a
dispersion model that aggregated large sources in the center of a city and dispersed
pollutants equally in all directions, for instance, the model was designed for quick
use to generate a rough characterization of damages in data-limited contexts. Valu-
ation of a statistical life was based on U.S. WTP scaled to China by income ratio. By
use of these methods, health damages from air pollution in Shanghai totaled $730
million in 1993 dollars, 5.5% of Shanghai’s income. Chiefly because of exposure
characteristics, health damages were deemed greatest from small stoves and boilers
in households and industry in Shanghai.

Shanghai Academy of Environmental Science (SAES) et al. 2002  Another study of
Shanghai was supported by the China Council for International Cooperation on En-
vironment and Development, SEPA, the Shanghai Environmental Protection Bureau,
U.S. EPA, and others. It estimated health impacts of air pollution in 2010 and 2020,
under a number of energy scenarios diverging from a base case. The study employed
an atmospheric model originally designed to investigate acid rain that was adjusted
to an urban scale. It estimated health effects of PMjy exposures, including acute and
chronic mortality, chronic bronchitis, and several others, by use of a mix of Chinese
and Western epidemiology. SAES et al. monetized premature mortality using a
simple CV study by Wang et al. (2001, from an early study of Chongging by our
Harvard University China Project, with multiple collaborators). For morbidity end-
points, the study applied income-adjusted values from the West or “cost-of-illness”
estimates. The project then reported the total economic damage of its scenarios, but
not as percentage of GDP. An associated study of Beijing has now taken place, but a
full report was unavailable at the time of writing (Tsinghua University et al. 20035).

Kan and Chen 2004 Health scientists from Fudan University who participated in
SAES et al. 2002 above followed with another assessment of Shanghai. Rather than
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model emissions and air dispersion, they evaluated the effect of measured annual av-
erage daily PMy for 2001 from concentrations observed at a background station.
Applying the same concentration-response coefficients and valuations as the prior
study, they attributed nearly 11% of annual adult deaths to the incremental PMyj.
Premature mortality comprised nearly 83% of the estimated aggregate economic
damage, 1% of Shanghai local GDP. This brief study concluded with a valuable dis-
cussion of uncertainties for consideration in future research.

Wang and Mauzerall 2006 This study examined impacts on health of particulate
matter from sources in the city of Zaozhuang, Shandong. One of its primary
strengths was its comparatively sophisticated treatment of atmospheric transport,
chemical transformation, and deposition. After constructing an inventory of both
anthropogenic and biogenic emissions, the study used the Community Multiscale
Air-Quality Modeling System (CMAQ) to simulate ambient concentrations of pri-
mary and secondary particulates (PM; 5) across a multiprovince domain. It investi-
gated the regional health damages from Zaozhuang emissions both in 2000 and
in 2020 under business-as-usual and two alternative technology scenarios. Unlike
many studies that focus on acute mortality, this one included chronic effects. It cal-
culated premature mortality by using two methods and then applied the Wang et al.
2001 CV results to value the damages. The result was an estimate of damages equiv-
alent to 10% of Zaozhuang’s GDP in 2000, a proportion growing to 16% by 2020
absent interventions like the modeled technology options.

Peng et al. 2002 This study examined health damages of sulfate particulates in the
city of Shijiazhuang, by using an urban-scale, high-resolution, atmospheric puff
model that featured secondary chemistry and took account of background con-
centrations. For valuation, it employed results of an unpublished CV study by Li,
Schwartz, and Xu (1998). Peng et al. concluded that mortality and morbidity costs
of sulfate amount to more than 4% of urban GDP in the year 2000, and their as-
sessment of control options spotlighted the cost-effectiveness of adopting low-sulfur
coal.

1.7 Conclusion
Two observations are in order to conclude this introduction and review. It is clear

that China’s growing economy and dependence on fossil fuels, especially coal, have
engendered a number of serious air-quality problems and that these have substantial
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impacts on human health. China has made considerable strides in addressing some
of the most critical types of air pollution, as evidenced by declining measured con-
centrations of SO, and particulates in urban areas through the 1990s. Few living in
China’s cities through this decade would dispute this. This advance has undoubtedly
benefited public health. It is partly testimony, however, to how severe air quality
was to begin with, and conditions remain worse than official standards in many
places. Moreover, despite the progress, the positive trends have recently leveled off
(TSP) or reversed (SO, and NOx), possibly sharply, as the economy continues to
boom. Newer forms of pollution, such as photochemical smog, are also now becom-
ing serious problems in a number of cities and their downwind regions.

What is also clear is that there is no shortage of interest in China’s air pollution.
Aside from public and official concern, a body of research is developing to better un-
derstand both the nature of the hazard itself and the damages that it can cause, to
human health, to the local economy, and to the global environment. The research
reported in this volume is one extensive effort to assess the costs of pollution and
to incorporate the results in tools to inform policy, but it is one of many studies to
date on this set of issues. The next chapter provides a brief summary of the results of
our research collaborations for such policy inferences and sets the stage for the full
reporting of our assessment in the second part of the book.
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Notes

1. Intensity measures include both narrow concepts like tons of coal per ton of steel and
broader ones like total primary energy per yuan of GDP.

2. Coal transformed to coke is counted as industrial consumption.

3. Specifically, the balance terms—*“coal available for consumption” minus “coal consump-
tion”—have magnitudes of tens of millions of tons over 1990-1998 (33—42 Mt in 1990-
1995, 61-75 Mt in 1996-1998; NBS 2001, table 4.5) and rise suddenly to hundreds of
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millions of tons for 1999-2001 before dropping back to the previous scale in 2002-2003
(228 Mt, 264 Mt, 278 Mt, 70 Mt, and 58 Mt, respectively; NBS 2005, table 4.5). We note
another indication of data problems for this period that our team happened upon. Adding
up 1999 coal consumption listed by province in table 5.16 of NBS 2001 yields a total that
exceeds by 165 million tons the oft-cited national coal consumption listed in table 4.5 of the
same source. Such inconsistencies also occur in prior years, but on a much smaller scale.

4. As we will explain later, we do not consider severe indoor air pollution problems in rural
China, which pose a major additional threat to public health. Considerable air pollution in-
formation is now conveniently available in the online version of the State of the Environment
in China, published by SEPA, at www.zhb.cn.

5. We do this in chapter 4.

6. The term used for combustion emissions in the official books, yanchen, literally means
“smoke dust,” whereas fenchen is the dust from production processes.

7. The Nature article was overinterpreted in some international media coverage, for instance
suggesting it indicated that Beijing had become the “air pollution capital of the world” (Watts
2005). These largely ignored that the data covered the full lower atmosphere over a region
containing many large cities, including Shanghai, Tianjin, and Jinan and that they concerned
only NO; and not other air pollutant forms believed to play a larger role in total population
health risk.

8. Our program has conducted some research on indoor air pollution in earlier phases, both
in rural and urban settings. These included a multidisciplinary social survey on the human
dimensions of air quality and environmental policy implementation in rural Anhui (Alford
et al. 2001), coupled with support for epidemiological research on indoor air pollution in
the same area (Venners et al. 2001).

9. This does not include the valuation of damages from water pollution, which together with
the air pollution categories add up to the 7.7% of GDP noted in the report (World Bank
1997).
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