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Acid Deposition and Integrated Zoning Control in China*
Wei Li', Jixi Gao®

(State Key Joint Laboraiory of Environmental Simulation & Pollution Control Institute of
Environmental Sciences Beijing Normal University Beijing 100875, China Institute of

Ecological Environment China Academy for Environmental Sciences Beijing 100012, China)

Abstract; China’s rapidly growing economy is coupled with the consumption of large amounts of coal. An
energy mix dominated by coal and inefficient energy utilization processes have led to increasingly serious
problems of acid rain and sulfur dioxide pollution. Moreover, trends in the emissions of acidifying air pollu-
tants lead to predictions of a very serious acid deposition problem in the future. In the absence of mitigating
actions, these trends foretell a future of increasingly detrimental impacts 1o ecosystems in China and, po-
tentially, 10 ecosystems in neighboring countries. China has implemented a two control zone (TCZ) poli-
cy, resulting in the establishment of acid rain and sulfur dioxide conirol zones, in an attempt to implement
a cost-effective approach to mitigaling acid deposition problems. While some short-term successes have re-
sulted from management aclions associated with the TCZ policy, it is clear addilional measures and new
policy directions are needed to reverse worsening acid deposition problems in the long term. To this end the
following recommendations are presented: adjusting the primary energy mix, placing a greater emphasis on
abating the effects of acid deposition, concentrating pollution control on large point sources, implementing
an emission permil system for coal-fired power plants, ulilizing an integrated approach in designing and e-
valuating control measures, and developing a greater research capacity. Research strategies must be devel-
oped that will lead to: (1) an improved scientific understanding of the sources of acidifying pollutants,
their associated migration patterns, and their impacts; and (2) an identification of cost-effective mitigating
strategies for the entire country.

Key words: China; Acid deposition; Zoning control; Abatement policy; Sulfur emission

Acid rain has become an environmental issue of widespread concern in Asia and, more spe-
cifically, in China, where acid rain was first recognized as a potential environmental problem in
the late 1970s and early 1980s. Now, along with Europe and eastern North America, China
contains one of the three largest regions in the world polluted by acid deposition ( Wang and
Wang 1995) . In Europe and North America, environmental protocols and agreements and pro-
gressively tougher pollution rules have led to declining SO, (a primary precursor of acid rain)
emissions ( Downing and others 1997, Bhatti and others 1992) . By the year 2000, sulfur emis-
sions in Europe had fallen about 37% from 1990 levels ( Kuylenstierna and others 2001 ) and in
the United States by about 40% from its 1973 peak ( Krajick 2001) . Despite recent studies in-
dicating that the drastic reductions in SO, emissions in the United States have contributed to a
slow recovery of some ecosystems there, long-term data show lingering effects from acid rain

( Krajick 2001) . China, however, has witnessed a 30% increase in sulfur emissions in the last

# This article is ciled from Environmental Manapement, 2002, 30 (2). 169 - 182.
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decade, but has only recently begun to implement SO, abatement measures and, as a result, it
is not yet known how effective these measures will be in combating a very serious acid deposition
problem. Concerns about acid deposition problems and SO, emissions arising from sources within
China’s borders are not limited to her own citizens; several neighboring countries have also ex-
pressed concerns about the transboundary ettects of these problems on their lands ( Ichikawa and
Fujita 1995, Streets and others 1999) .

Zhao and Sun (1986) were among the first to suggest that high emission levels in China
may be causing damage to crops, trees, and buildings. In the early to mid-1990s, researchers
(Bhatti and others 1992, Shrestha and others 1996 ) began to analyze energy consumption in
China and to use this information to project 30, emissions and estimate acid deposition locations
and amounts. Later, downing and others (1997) applied an assessment model for acid deposi-
tion, called Regional Air Pollution, Information and Simulation model for Asia (RAINS-ASIA),
to develop an understanding of the acid rain problem in Asia and to help identify strategies to
mitigate the problem. While the project included much of Asia, China was an integral part of the
study. Stireets and others (1999) used RAINS-ASIA and a longrange transport model ( ATMOS)
to study the transport and deposition of sulfur arising from northeast China, the main emitting
region within northeast Asia. Like researchers in earlier studies, those utilizing the RAINSASIA
model forecast increasingly serious acid deposition problems in China and other parts of Asia, if
control measures are not implemented.

Chinese authorities have also been deeply concerned about damage caused by acid rain. Af-
ter the first National Survey of Acid Rain, initiated in 1982, a series of research projects on the
acid rain problem had been organized by the government during the period covered by the three
consecutive national five-year plans starting from 1985. In the seventh five-year plan, the first in
this series, region-specific studies on acid rain were executed in four provinces—Guangdong,
Guangxi, Sichuan, and Guizhou—where heavily polluted rainfall was found in a previous sur-
vey. In the eighth five-year plan, the research emphasized the acid deposition and its environ-
mental impacts on a national scale. After acquiring a basic understanding of the nationwide acid
pollution problem, in the ninth five-year plan the focus was shifted to the studies dealing with
systematic monitoring, atmospheric processes, ecological sensitivity, and countermeasures to
acid deposition.

As a result of Chinese and international research efforts, a great number of studies have
been conducted on China’s acid rain problem. These studies had differing emphases, including
energy use and sulfur emission, precipitation pH and base cation deposition, acid deposition
and critical loads, acidification, and sensitivity of ecosystems on national or regional scales. In
these studies, diversified methods or models have been employed with both Chinese and foreign
scholars striving to achieve accurate analyses in an attempt to obtain significant and useful
results. However, because of the complexity of acid pollution and the vast size of China, devia-
tions and inconsistencies have been detected among the results derived from those studies ( Tao

and Feng 2000) . Large uncertainties have been associated with the assumptions or estimations



