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ABSTRACT

This thesis is a preliminary evaluation of the cleanup efforts of the heavily polluted and
eutrophicated body of water Lake Dianchi in Kunming, China. Fragmentation between the
central and local governments in China has on many occasions resulted in the degradation of the
environment as a consequence of the pursuit of economic growth. The case of Dianchi Lake
fortunately has had the combined backing of the central and local governments for a cleanup
effort that has lasted about a decade and a half; however, the programs enacted have been
ineffectual and in some cases may have produced an overall harmful effect on the lake. This
study presents the general conditions for environmental production in China throughout its
history, the history of Dianchi Lake‘s pollution and cleanup efforts, the current cleanup effort and
its effectiveness, and what changes must be made to avoid past and potential future mistakes.
The findings of this study show that the greatest historical mistake in attempting to clean Dianchi
Lake has been the neglect of main non-point sources of phosphorus pollution, namely the use of
phosphorus-rich fertilizer. Current cleanup programs continue to be ineffective in curbing the use
of these key pollutants. Other issues include water treatment and infrastructure inadequacies,
land-use policies, and public education. The most recent cleanup policies deal with these issues
to differential effect. The future success of the current push to cleanse Lake Dianchi remains to
be seen, and the amount of peer-reviewed literature on the most recent cleanup effort must
increase before any definitive evaluation can be made. Cases such as that of Dianchi Lake should
be used as a model for understanding what should be done in the cleanup of other eutrophicated
lakes worldwide.
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Chapter 1

Introduction
China currently suffers from numerous forms of environmental degradation, ranging from
waterways full of chemicals unfit for human contact to desertification as a result of large-scale
deforestation. This study specifically deals with water pollution, and the statistics for water
pollution in China are staggering:
One third of China‘s waterways are categorized as Grade V [or below] –
unsuitable for industry, much less agriculture or drinking [actually, Grade V water
is commonly used in agriculture out of necessity] […] More than 300 million
rural Chinese – about a quarter of the country‘s population – lack access to clean
drinking water, thanks to untreated industrial, municipal, and agricultural waste
that flows directly into waterways (OECD 2007). Each year, water-related
illnesses affect 190 million Chinese, mainly in rural areas. (Hildebrandt and
Turner 91)
Environmental negligence and outright abuse were encouraged at first by the central government
and embraced by local government officials and businesses for economic gain, but today the
central government has in large part become very active in recognizing and attempting to solve
environmental issues. However, incentives for obeying central regulations are often too
insignificant for local state officials and enterprises to actually follow through with them. It is an
overriding theme in Chinese environmental literature that local governments do not implement
environmental edicts from the central government in order to preserve a high GDP for their
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jurisdiction. Despite the severity of this bureaucratic obstacle to effective implementation of
environmental law, there are a steadily increasing number of provincial, city, and township
governments that are committed to attacking the sources of pollution and ameliorating the
damage that has already been done.
In the case of Dianchi Lake (滇池), the past thirty years of development have
transformed what was once considered the ‗pearl on the plateau‘ (gaoyuan mingzhu; 高原明珠)
into a body of water not considered safe for human contact. This massive lake is the main source
of industrial and agricultural water for the capital of Yunnan province, Kunming, and is China‘s
sixth largest freshwater lake. This pollution cannot be attributed to any one source; as the
policies in Kunming, the capital of Yunnan province and the city that contains Dianchi Lake,
have changed, the lake has been exposed to a variety of different chemical pollutants from
industrial, agricultural, and residential sources. The government at all levels has been fully
backing an expensive, comprehensive cleanup effort to save the lake, which has not been the
historical norm in Chinese cases of environmental pollution. The support of environmental
cleanup by the local and central government has been not produced the desired pollution
reduction despite multiple attempts. This paper focuses on analyzing how this paradoxical
situation could exist and evaluating the successes and failures of the Dianchi Lake cleanup
program. The history of Dianchi Lake‘s cleanup programs is a series of large campaigns that did
not effectively reduce the most harmful non-point source pollution. The research points to the
need of the local government to increase education and economic incentives for the use of
organic fertilizers, reform the poor sewage systems, and improve the wastewater treatment
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technology. The mistakes and advances made in treating Dianchi Lake provide a template
through which one can understand how to effectively deal not only with other waterways that
suffer from similar chemical pollution, but also in a broader sense how to attack problems of
local non-point source pollution.
Dianchi Lake is a vital water source to Yunnan province in China‘s Southwest. The lake
originated around 3.2 million years ago as a result of tectonic plate movements creating a land
depression. It is the eighth largest lake in China as well as the largest lake in Yunnan Province,
and has been vital to the livelihoods of people in the Kunming area for fishing, drinking, water,
recreation, rice farming, and other uses throughout history. The lake is divided by an artificial
causeway into two sections, the northern, inner lake known as Caohai (草海) and the southern,
outer lake known as Waihai (外海). Caohai is much smaller with an average depth of 2.5 m and a
surface area of 7.5 km2. Waihai accounts for 99% of Dianchi Lake‘s total volume with a volume
of 1.56 billion m3, an average depth of 4.4 m, and a surface area of 292 km2 (Jin, Wang, and He
159). The lake drainage basin includes a number of rivers that feed into Dianchi Lake, the
longest of which is the 106 km long Panlong River (panlonghe, 盘龙河), and one river, the
Tanglang River (tanglangchuan, 螳螂川), that joins other rivers up north before heading east to
empty out into the Pacific Ocean (Jin, Wang, and He 161):
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Figure 1: The Dianchi Lake basin (Jin, Wang, and He 159)

This lake basin is part of the larger Jinsha River basin, which is an upper stream of the vital
Yangzi River, the longest river in China, which empties out into the Pacific by the major city of
Shanghai. As of 1995, much of the surface runoff of the Dianchi Lake drainage area flowed into
the Tanglang River, and agriculture consumed the most water in comparison with other human
areas of consumption:
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Figure 2: 1995 average annual water balance of Dianchi Lake (expressed as 108 m3) (Jin, Wang, and He 162)

Since 1995, the drinking and domestic consumption out of the lake itself has dropped to nothing,
and most water is extracted from the upstream reservoirs seen in Figure 1. Agricultural
consumption has also increased as a result of higher percentages of land in the lake basin being
used for irrigated and non-irrigated fields (Jin, Wang, and He 162).
The lake was previously known for its beauty, and it attracted considerable attention for
sightseeing features such as the temple known as Dragon Gate. Prior to the 1950s, the lake was
larger and the water quality was very high:
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Figure 3: A photograph of Dianchi Lake from atop a hill taken by an American soldier stationed in Kunming from April
1944- October 1945 (Vierling)

The rice paddies seen above were filled in by the land reclamation projects of the early 1950s,
and the water quality has since degraded significantly. Blue-green algae blooms coat much of the
lake‘s surface, and there is significant heavy metal pollution, which has caused the lake quality to
be described as below level 5, unsuitable for human contact, drinking water, industrial use, or
agricultural use without treatment:

Figure 4: A recent photograph of a pump station being used to remove algae from Dianchi Lake (Ganter)
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As one can see from the disparity between the photographs, Dianchi Lake has experienced a
radical degradation of water quality over the past half century that is fairly common among
Chinese bodies of water.
The political significance of Kunming figures in to how cleanup methods are chosen. As
the capital of Yunnan, the city is a diplomatic gateway to other countries such as Laos, Myanmar,
Bangladesh, and Vietnam. Kunming frequently hosts dialogues between the nations of the Great
Mekong Sub-region as well as ASEAN (The Association of Southeast Asian Nations) meetings.
The Kunming International Commodities Fair also attracts political and corporate representatives
from a number of nearby nations (Jin, Wang, and He 163). Having such a polluted lake so close
to the city causes city and provincial government officials to lose some face. Despite the political
significance of the city, many officials consider Yunnan a underdeveloped backwater. Yunnan has
the most cultural diversity in terms of minority populations, which is beneficial to increase
cultural tourism; however, this leads to the majority Han Chinese officials to consider the
province to be less valuable. Yunnan is more of a stepping stone for rising officials that can go on
to govern more affluent areas to the east. This attitude has likely played some role in the method
of Dianchi Lake‘s cleanup efforts.
Despite the massive investment from all levels of government in a variety of programs to
clean the lake, the water quality has still worsened. To situate this case within the context of
Chinese environmental management, more common cases of local governments not supporting
environmental initiatives will be outlined. This background will also discuss norms of local
government support of environmental reform and the conditions necessary for this to exist. This
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investigation will then attempt to determine how the cleanup programs contributed to increased
eutrophication in Dianchi Lake, first through examining the previous government-supported
attempts at cleaning the lake and why they were unsuccessful1. The actual pollution situation as
well as the significant causes will then be outlined to illustrate what must be changed.
Suggestions for implementing the proposed changes will then be discussed, along with
evaluations of current government plans. Finally connections will be drawn with other cases of
similar lake degradation to emphasize the importance of understanding the failures in Dianchi
Lake.
Information for the current environmental and political situation of Dianchi Lake was
obtained in part from interviews with professors that have local NGO experience, both of whom
chose to remain anonymous. The first professor has experience teaching at a prominent
university in Kunming, working with a high-profile international environmental NGO, and
working with the local government on forest protection issues in Yunnan; he will be referred to
as Jia. The second professor is a native-born Kunming man that has experience working with a
renowned international environmental NGO, teaching ecology in both China and the United
States, advising urban planning in the U.S., and is now a consultant for the Yunnan government
and a powerful international development organization for conservation; he will be referred to as
Yi.
Finally, the significance of this case to others, particularly those of non-point source

1

Cleanup efforts funded by NGOs or international organizations, which were on a smaller scale than those carried

out by the government, will not be covered in the scope of this thesis.
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pollution leading to eutrophication, across China will be examined. The change that will actually
solve the Dianchi Lake case must be a removal of the most significant sources of pollution and
an improvement of the water treatment and transportation infrastructure. A few current
experiments in attempting to increase the lakes capacity to clean itself are promising, yet only
implemented on an insignificant scale. Additionally, some cleanup ideas may lead to further
environmental issues and should be avoided. Ultimately there must still be some policy changes
to effectively mitigate the degradation of Dianchi Lake.
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Chapter 2

China’s Government Structure and the Environmental Crisis
A Brief History of Government Attitudes towards the Environment
The conditions that allowed the early years of Dianchi Lake‘s pollution to occur mirror
the stories of environmental degradation across China. To understand why the environment
became so polluted and why it continues to be difficult for the central government to reverse the
situation, one must first understand the political and historical situation in China. Chinese
dynasties have a long history of damaging the environment for developmental goals: there are
still massive deforested areas that never recovered from the Ming Dynasty use of trees as fuel for
hardening bricks used in the creation of the Great Wall. The mass drive for industrial power
during the early years of the People‘s Republic of China was similarly dismissive of
environmental protection. During the Mao Period, a cult of personality was developed that was
strong enough to allow rapid, nearly universal implementation of Chairman Mao Zedong‘s
policies across China. Mao‘s wishes often treated nature as a thing to be conquered, and an
enemy that mankind must constantly struggle against to attain freedom: ―As early as 1940, a
speech at the inaugural meeting of the Natural Science Research Society of the Border Region,
Mao stated ―For the purpose of attaining freedom in the world of nature, man must use natural
science to understand, conquer and change nature and thus attain freedom from nature‘‖
(Economy, ―River Runs Black‖ 48). The mass campaigns under Mao caused some drastic
changes to China‘s environment, such as destructive land conversion projects and excessive dike
construction; however, China‘s environmental crisis worsened following Mao‘s death.
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The ascension of Deng Xiaoping to a top leadership position brought about the beginning
of the Reform and Opening Period (1978-present), commonly referred to as the gaige kaifang
(改革开放). This period brought about an unprecedented economic explosion. The industrial
engine that drove the rapid growth of China‘s economy also resulted in high levels of pollution in
China‘s air, waterways, and land resources. Large scale deforestation and grazing led to soil
erosion, grassland degradation, and increased incidences of sandstorms. This environmental
change was more severe than that under Mao because of its industrial scale, and the increased
independence that companies had in choosing their own production methods and technologies.
This increased independence created a system that left central government officials without
effective means for implementing law that harmed local government‘s bottom lines.
Governmental Fragmentation
Following the initiation of the Reform Era (1978-present) in China there began a political
trend of decreasing the responsibilities of the central bureaucracy and passing them on to locallevel governments. Economically, this has allowed the local governments room to experiment
with different means of building wealth for their jurisdictions, and even the capacity to sidestep
central mandates for more fruitful policies (Saich 170). Despite its fiscal benefits, the economic
benefits of this decentralization have come at an environmental cost. Decentralization has
allowed the governments of numerous towns, cities, and provinces to simply ignore central
government calls for pollution penalties or the shutting down of factories in favor of local
economic growth. The autonomy of local governments is not due to a breakdown of central
government control or a revolutionary power grab among local officials, but rather a conscious
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decision on the part of the central government to release power over many social matters.
Though the increasing reliance on local governments had been an early feature of the reforms, it
was not until 1989 that the Environmental Protection Law and its subsequent focus on the
―environmental responsibility system‖ (huanjing baohu mubiao zerenzhi; 环境保护目标责任制)
was instated. This law placed nearly full responsibility for environmental protection in the hands
of local authorities who would then cooperate with resident Environmental Protection Bureaus
(EPBs) to regulate the local community‘s environmental impact: ―Investment decisions,
experiments with new policy tools, engaging the public, and establishing linkages with
international actors all fell within the portfolio of these leaders‖ (Economy, ―River Runs Black‖
116). This system is a reiteration of a responsibility system used in the Mao era, in which local
governments were responsible for ensuring local grain output. The difference in the
environmental responsibility system is that the local governments are in charge of a variety of
environmental and other social responsibilities instead of just grain production.
The responsibility left to the central government includes creating sweeping laws or
directives for ambiguous policy change. These campaigns benefit from a high amount of startup
capital, but frequently fail from a lack of follow through after the completion target date, the use
of inferior technologies, and a lack of collaborative effort with the local government (Economy,
―River Runs Black‖ 121). Very soon after the beginning of the Reform Period, central
government initiatives to create reservoirs in areas of dwindling water resources were enacted
and implemented; however, the funding for these halted as soon as the reservoirs were finished,
resulting in no upkeep and rapid degradation. The ―Three Rivers, Three Lakes‖ (sanhe sanhu; 三
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河三湖) campaign of 1997 sought to improve the quality of some of China‘s most visible and
important water systems, including Dianchi Lake; however, the dredging proposed to clean the
waterways was ineffective, and the fact that state-owned enterprises (SOEs) cannot be brought to
court allowed many polluters to ignore authorities. Perhaps a more important role for the central
government in environmental legal enforcement is conducting inspections, mostly under the
supervision of the Ministry of Environmental Protection (MEP), recently promoted from the
State Environmental Protection Administration (SEPA) in 2008. Despite gaining more authority,
the MEP still has to contend with the differing interests of around eleven other ministries of
equal power, which have responsibilities that overlap with the field of environmental protection.
It is often difficult to rebuke a policy implemented by a governmental body of the same level of
authority, and so while the MEP has the greatest concentration of environmental experts, other
ministries do not have to necessarily follow the instructions or advice of the MEP. The
responsibility to resolve these issues is usually left to the State Council, a state body that is the
immediate superior of each of the ministries. Throughout the history of the central environmental
protection agency, they have supervised inspections.
These inspections vary in scope and impetus for their initiation, such as in response to a
specific disaster, but are overall fairly ineffective due to the ease of simply changing conditions
for the inspectors and polluting again once they leave. Prior to 2008, the SEPA was already
stretched to the limit in performing the current number of inspections, mainly due to the 1998
broader bureaucratic reform that cut the SEPA staff in half while nominally promoting the
capacity of the administration (Economy, ―Environmental Enforcement‖ 106). These planned
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deficiencies in central power have slowed progress in reforming environmentally destructive
policies, reversing harm already done, and even evaluating the environmental impact of certain
policies. The relative freedom of local governments has increased the central government‘s
popularity. People generally are less satisfied with the local governments than the central one;
however, it is almost entirely up to the local officials to plan funding and the specifics of the
broad central government edicts:
The fact that satisfaction drops as one gets closer to the people is worrying as local
governments provide almost all public services. While the central government proclaims
many policies to improve public service provision and rattles the nationalist saber against
Japan and Taiwan, it is the county and township that has to fund and provide the services
(Saich 31).
It seems that the central government had espoused the Deng Xiaoping credo of ―small
government, big society‖ (xiao zhengfu, da shehui; 小政府，大社会), but experienced an
unintended reduced capacity to control environmental and other offenses. The promotion of the
MEP is a sign that the central government is trying to gain tighter control over local governments
at least in terms of environmental enforcement.
Local Protectionism
Despite some cases of economic success, it is very rare that the autonomy of a region has
been beneficial in the realm of environmental preservation and sustainable practices. For the
most part local officials are judged by the amount of capital they can generate for the region
under their control, and so they partner with local businesses in the pursuit of production over
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conservation. Throughout the reform period it has long been thought that environmental reforms
and those aimed at economic growth were mutually exclusive (Zusman and Turner 124). Even
when international organizations provide technology to polluting companies, they often do not
install it, for the cost of fitting cleaner technologies is greater than the insignificant pollution
fines (Economy, ―River Runs Black‖ 200). These fines are kept artificially low by local
authorities and the environmental programs ignored by the local governments, for they are often
judged by how well they can generate capital in their jurisdiction. Corruption is rampant, and it is
common for local EPBs and courts, both employed directly by the local government, to influence
their findings or legal decisions to suit the economic desires of the local government and
businesses. The terms of local officials are often four years long, and so it is much more
beneficial for their public image to use that time to make quick economic advances rather than
implement expensive, decades-long environmental cleanup programs.
Another reason not to commit to environmental reform, even if the cost analysis shows
an eventual increase in return, is that rising costs and factory layoffs lead to fears of social unrest.
In order to curb water loss from poor irrigation methods, the southern city of Foshan in the year
2000 attempted to raise water prices for farmers. These prices had been kept artificially low for
the purpose of encouraging farmers to stay on city land, thus increasing the agricultural output
and income of the city. Though some voices in the local government proposed this change, the
idea was dismissed by the local people‘s congress for concerns over unrest among the farmers.
Social unrest is one of the greatest fears of the CCP, and so any decision that may elicit an
organized, hostile public response is usually overturned or revised. Even in Beijing, where the
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lack of water has spurred construction of a massive pipeline to southern water sources, the drive
to preserve social stability caused the area government to wait until 2003 to make a marginal
increase in water prices (Economy, ―River Runs Black‖ 120).
Local protectionism, an idea that privileges the state of affairs within one‘s own
jurisdiction to the disregard or even detriment of neighboring localities, is an exacerbating factor
to the dismissal of broad environmental laws. This concept has led to frequent instances of local
governments allowing businesses to continue dangerous practices such as dumping sewage and
industrial waste into the local waterways. Local protectionism also extends to the idea that if the
polluted water flows into another jurisdiction, then it is no longer their problem and shouldn‘t be
a concern. Some city leaders have even exported factories just outside city limits to look better
environmentally and yet still receive the benefits of nearby manufacture. This allows government
officials to make claims of being environmentally friendly, when in fact they are directly
benefiting from polluting businesses.
The most easily transmissible form of pollution is that of hazardous air particulates and
gases, such as ozone and carbon dioxide released by factories, the burning of coal, and vehicles.
Localities only began to realize the interregional travel of air pollution when Korea and Japan
began complaining about acid rain and smog originating from China, and it was soon discovered
that some regions were getting hit harder than others by the affects of noxious fumes (Zusman
and Turner 125). Though governments controlling regions suffering from a greater amount of
acid rain and smog complained that those who were better off needed to curb emissions; however,
many localities are still in the dark about the interregional travel of air pollution (Zusman and
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Turner 126). The lack of transparency between jurisdictions serves to strengthen local
protectionism and makes local government officials more likely to ignore the broader national
impacts of their environmental policies. Despite the problems that have arisen from the
decentralized structure of Chinese local governance, there are some instances in which this has
benefited the environment.
Examples of Environmentally Beneficial Local Autonomy
Occasionally there are instances of local officials who are personally motivated to protect
the environment and enact aggressive policies to curb environmental pollution in their area.
There are certain requirements for positive local authority involvement and the occurrence of
cases in which the area government has actively pursued successful environmental reforms
(Economy, ―River Runs Black‖ 118). The first requirement for successful environmental reform
is that the jurisdiction is wealthy. This mainly includes coastal cities and municipalities, as well
as the Special Economic Zones. Wealth is not only responsible for assuring that concerns over
the costs of environmental reforms are less prevalent, but is also directly related to an increased
education level. Citizens who are better educated about the environment are more likely to speak
up, which allows local EPBs to become aware of more issues that their paltry examination
resources would otherwise cause them to miss: ―In Dalian, for example, 40 percent of the almost
2,000 cases investigated by the EPB stemmed from citizen complaints‖ (Economy, ―River Runs
Black‖ 118). Occasionally more impoverished regions will also have large amounts of citizen
complaints, but more affluent areas tend to have better means for the citizenry to express their
opinions, such as hotlines.
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Wealth alone is not enough, however, for some wealthy areas choose to allocate few of
their resources to environmental protection; before 2003, Guangzhou devoted only 1.5 percent of
its GDP to environmental projects (Economy, ―River Runs Black‖ 119). The most important
determining factor for positive environmental change is a local leader dedicated to preserving the
health of his jurisdiction. The mayors of Kunming, Zhongshan, Dalian, and Shanghai have all
prioritized environmental wellbeing, and each city has experienced some increase in pollution
management and prevention efforts as a result. Mayor Xu of Shanghai is perhaps the most
proactive in terms of positive environmental policy change. After reviewing the Shanghai EPB
information on the air quality benefits of introducing unleaded gasoline, Mayor Xu ―‗simply
decided‘‖ to begin the introduction program (Economy, ―River Runs Black‖ 119). A final
determining factor of environmentally friendly area governments is that they all have ties to the
international community. This provides them with a source of international NGOs and other
organizations that can assist in monitoring pollution, coordinating strategies for pollution
management, and providing areas with the proper technologies. These categories all accurately
describe the city of Kunming, which explains the support the government has for the cleaning of
Dianchi Lake. Kunming has the requisite wealth with a 2008 GDP of 160.5 billion RMB, and it
is definitively the most economically powerful city in Yunnan Province. Recently, Qin
Guangrong, the governor of Yunnan province, which is the province with the highest
concentration of environmental NGOs, publically expressed his commitment to environmental
conservation and solidarity with ENGOs in the region: ―‗The government has the same goals
with the NGOs in terms of environmental protection. They don't have a hostile relationship. They
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can communicate and cooperate on environmental and biological diversity protection‘‖ (Sun).
Yunnan is the province with the highest concentration of NGOs, and as its capital Kunming has
unequaled access to international organizations. To reiterate Yunnan‘s unparalleled concentration
of NGOs, the first NGO ever allowed to operate in China, Friends of Nature, began its
biodiversity conservation work in Yunnan in 1994. Although Yunnan was the first province to
permit any NGO to operate in China, the provincial government has not always cooperated with
them. A coalition of Chinese NGOs banded together to block the 2003 damming of the Nu River
in Yunnan, and protests began to arise once the media got a hold of the news (Hildebrandt and
Turner 97). The damming project was canceled, but the leader of the NGO coalition had his
passport stolen by affiliates of government officials as revenge. This decision to halt the thirteen
dam cascade has since been overturned in February 2011 as a part of China‘s 12 th five-year plan,
which seeks to add 140 GW of hydropower countrywide to meet renewable energy targets (―Nu
(Salween) River‖).
Today, Kunming serves as an excellent example of a local government aligning itself
with the interests of environmental conservationists. One potential reason for this is the fact that
Dianchi Lake is located all within one municipality, and so problems of water rights conflicts
between local governments are avoided (Jin, Wang, and He 173). Additionally, an early interest
taken in the lake‘s preservation by the central government coupled with a realization of how
important the lake is to the local economy may have promoted unilateral support. Unfortunately,
the backing may be somewhat lackluster due to a possible lack of investment high provincial and
city officials have in Kunming‘s environmental success. The fact that many officials consider a
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term in Yunnan to be a stepping stone to better opportunities could cause officials to simply push
cleanup efforts for Dianchi Lake that are not fully researched in order to look good in the very
short term. In this sense the sentiment of Kunming officials could be seen as a rejection of local
protectionism in favor of preserving a future political career elsewhere. Whatever the intention
may be, the government in both the central and local levels has put and is putting a lot of money
into funding cleanup programs for the lake. The history of Dianchi Lake shows that government
support was not always present and that even if there was government backing, it did not always
produce the desired results.
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Chapter 3

The Pollution of Dianchi Lake
A History of the Pollution of Dianchi Lake
The history of Dianchi Lake cleanup programs of one of massive investment and
complicated programs that still could not prevent eutrophication from increasing. Currently, all
levels of government associated with the control of Kunming have made environmental
protection a top priority. The Kunming government was also not always supportive of preserving
the water quality of Dianchi Lake, however, as early environmental damage shows. The first
significant damage to Dianchi Lake came from land reclamation projects in the early 1950s and
the Cultural Revolution (1966-76). In the socialist fervor to increase farmland, the Kunming
government decided to fill in the wetlands surrounding Dianchi Lake (Jia). Wetlands are a vital
part of river ecosystems, and they often act as a filter for pollutants. The stagnancy of the water
in wetlands allows time for natural chemical and biological reactions to remove contaminants:
―Microorganisms in wetlands can modify nutrients and immobilize heavy metals. Wetlands also
promote sedimentation and can remove up to 95 percent of sediments in a column of water.
Pesticides such as Atrazine can actually be reduced by wetlands‖ (Cech 400). If the wetlands had
remained, it is likely that the lake water quality would be significantly less polluted (Jin, Wang,
and He 176). Where once there was farmland in the area filled in, today low-density houses exist.
These houses are some of the most expensive properties in Kunming, and are mostly occupied by
government officials. This ground is not entirely stable, however, and so these houses will
occasionally sink somewhat into the former wetland ground (Yi). With this natural filter removed,
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later industrial pollution was able to ravage the lake‘s ecosystem.
Media sources indicate that beginning in the mid-1980s, Kunming dumped 90% of its
municipal waste directly into Dianchi Lake. 1992 saw the arrival of phosphorus mining
companies that sought the rich mineral deposits in the area. Mines and refining factories were
allowed to dump their untreated waste directly into the lake, and, not unsurprisingly, this led to
massive algae blooms and a lowering of the fish population. A large number of mines were built
as people hurriedly sold their phosphate-rich land, and the water quality became so disgusting
that it grabbed the attention of the central government (Wu and Wang 2). This lead to a 1992
mandate stating that the preparation of Dianchi Lake water pollution control plans, which are to
be checked by the State Council, is required once every five years (Jin, Wang, and He 172). The
increases in pollution also prompted the ―Three Rivers, Three Lakes‖ campaign of 1997.
As previously mentioned, this campaign was a comprehensive effort by the central
government to clean up six main bodies of water, specifically the Liao, Huai, and Hai Rivers and
the Tai, Chao, and Dianchi Lakes. According to this 1999 government release, the project was a
resounding success: ―The Kunming city government banned the sales and use of detergent which
contains phosphorus which was then discharged into the Dianchi Lake valley. It also closed
down more than 20 enterprises found to be responsible for pollution. A project to dredge the
bottom of the lake is going on smoothly and should be completed by April this year‖ (Economy,
―River Runs Black‖ 124). This evaluation seems to have been too optimistic, for an EPB official
report is not as optimistic about the dredging program: ―Over the years, lots of industrial waste
has been emptied into the upper section of Dianchi. As a result, the lake‘s purification ability is
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very weak. No matter how much dredging we do, there will still be pollutants in the water‖
(Economy, ―River Runs Black‖ 125). In reality the two billion RMB investment could not bring
the water quality to a point where it would even be classified as level 5. The dredging was
ineffective because the soil at the bottom of the lake contained and still contains a toxic
combination of cadmium, zinc, arsenic, and lead. The campaign failed to attack the sources of
pollution, particularly the issue of phosphate-rich fertilizers, the runoff of which is a main cause
of algae blooms, and the effluent of chemical refinery plants. The plants that were State-Owned
Enterprises (SOEs) actually could not be taken to court because of their status of being stateowned, meaning they could just go on polluting as they pleased.
Another major government-funded cleanup program occurred in 2003, at which point 56
mines, chemical factories, and lime and fertilizer plants were closed down (Wu and Wang 2).
This effectively brought an end to the serious industrial pollution flowing into Dianchi Lake, and
there currently is not much of an issue concerning continuing industrial pollution. The list of
planned changes and those already implemented by the year 2000 includes increases in water
treatment capacity, dredging, and diversion channels:
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Figure 5: Cumulative investment to restore Dianchi Lake (to the end of 2003) (Jin, Wang, and He 168)

With a cumulative investment of 3.536 billion yuan, this project was the largest and most
comprehensive at the time, yet eutrophication continued to become a more serious despite the
cleanup. Anecdotal evidence indicates that the factories and mines being replaced with more
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profitable flower and tobacco plantations was a large reason for increased pollution input (Jia).
Yunnan is both the largest producer of flowers and tobacco in the whole of China, and so these
enterprises can contribute to the Kunming GDP than the mines and factories. Flower plantations
are particularly profitable and emphasized in Kunming. According to one interview, one fourth
or one fifth of the flowers that can be purchased in Beijing come from Kunming (Jia).
The most recent investment began in 2008, and it is by far the most comprehensive one to
date. It includes an initial investment of 12 billion RMB and a very optimistic plan to have
completely cleaned the lake by 2020, at which point the cost of the program will reach 100
billion RMB (Wu and Wang 2). The current cleanup plan is ever-evolving, and environmental
experts are being brought in from European nations and the US to serve as advisors (Jia). This
campaign is very cooperative in nature, for the funding and advising comes from the central,
provincial, and city governments. The reasoning for this strong, concerted backing of an
expensive and time-consuming cleanup process is mostly to improve the investment atmosphere
in Kunming. The improvement of Dianchi Lake is absolutely vital, for just over one quarter of
Yunnan‘s economic output is concentrated in the Dianchi Lake drainage area: ―While the basin
area only takes 13.8% of the Kunming prefecture, the GDP contributed to 80.3% of that of the
whole municipality and was responsible for 26.9% of total provincial output in 2001‖ (Liu, Chen,
and Mol 643). With continued massive investment and little visible improvement, there is
discontent and a sense of urgency among Kunming residents concerning the cleaning of Dianchi
Lake.

26

Present Conditions and Reasons for Continued Degradation
Despite the long history of cleanup programs, the most significant factors afflicting
Dianchi Lake are in many cases improperly treated or actually exacerbated by government
cleanup programs. One of the main problems that is still affecting Dianchi Lake and a number of
other similar bodies of water is eutrophication, an increase in chemical nutrient concentration
that leads to a reproductive boom of primary producers, usually algae, that in turn causes an
oxygen deficiency in the water. Blue and green algae blanket the lake on a regular basis, and the
noxious odor wafting from the lake is so extreme that most people simply avoid it altogether; no
one swims in the lake, and few boats venture out onto it (Yi). Municipal drinking water sources
have increasingly been reliant on upstream reservoirs such as Songhuaba reservoir (Jin, Wang,
and He 162). These upstream reservoirs can be seen in figure 1, and the research shows that
Dianchi Lake is no longer a direct source of drinking water. Fish populations have dwindled in
the lake, although people in Kunming still eat the fish from Dianchi Lake that the government
annually adds. Actually, those fish, despite their often deformed bones, are preferred over fish
grown in local hatcheries, for the fish in the lake are at least not directly fed with chemical
fertilizers like the hatchery fish are (Yi). The extent of Dianchi Lake‘s pollution was made
apparent in one relatively well-known image. For the 2008 17th Annual ‗Golden Lens‘ (jin
jingtou; 金镜头) Awards ‗natural environmental protection news category single photograph‘
competition in July, the bronze medal went to a rather disturbing photograph of a child
swimming in Dianchi Lake‘s polluted waters:
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Figure 6: "Tough Break", a photograph of a child swimming in Dianchi Lake (Luo)

This photograph, named ‗Tough Break‘ or ‗Difficult to Break Through‘ (jiannan tuwei; 艰难突
围), successfully brought some attention to the severity of Dianchi Lake‘s water pollution among
the photographic community. A March 2009 SinaNet News (Xinlangwang xinwenzhongxin; 新浪
网新闻中心) report in its culture section makes a mention of the photograph, and details some
disturbing facts about Dianchi Lake‘s pollution: ―As a result of the severe pollution of Dianchi‘s
waters, when fishermen enter the water to fish, rashes, itching, ulcerations, and other symptoms
appear on their hands and feet 1‖ (Luo).
The main chemical component that is causing the eutrophication in Dianchi Lake is
phosphorus and phosphate compounds. Phosphorus is an important nutrient needed by plants that
cannot be synthesized through photosynthesis, and so higher concentrations of phosphates are
more conducive to plant growth, in this case blue and green algae. Eutrophication and
hypereutrophication, a severe state of eutrophication, is common across China. As of 2003 44%
of the lakes within China are eutrophic and 22% are hypereutrophic, including Dianchi Lake (Jin
1

This quotation is my own translation. The original Chinese text is presented here: ―由于滇池水体污染严重，渔

民下水捕鱼时，手脚曾出现红斑，瘙痒，溃烂等症状。‖
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61). The trophic state of Dianchi Lake as of 1995 is displayed below:
Index (Ci)
TSIG
Trophic Conditions
Yangui
Altiplano
Zone
Dianchi
Chl-a
TP
SD
CODMn
n. ind.
Estimated
Practical
(x1041-1)
mg 1-1
mg 1-1
Lake sector μg l-1
Caohai 77.41
0.504 0.40
14.74
6467.0 61.84 Hypereutrophic
Hypereutrophic
Waihai 101.74 1.401 0.28
16.58
1364.9 67.00 Hypereutrophic
Hypereutrophic
Average of 49.70
0.270 0.60
8.40
N/A
56.43 Hypereutrophic
Hypereutrophic
Dianchi
Lake
Figure 7: Trophic state of Dianchi Lake in terms of chlorophyll-a, total phosphorus, transparency (SD),
chemical oxygen demand (CODMn), average annual number of algae individuals, trophic state index, and
trophic conditions (Jin 61)

In 1995 Waihai was more eutrophic with a higher trophic state index, but the average annual
number of algae individuals in Caohai shows that the inner lake section is also severely
hypereutrophic.
This problem is so much more severe because phosphorus is highly abundant in the
Dianchi Lake basin: ―Up to 1990, the explored phosphorite reserve summed up to 3.58 billion
tons and accounted for 41.2% of that of Yunnan and 17.6% of total national reserve‖ (Liu, Chen,
and Mol 643). The mines that sprouted up during the mid-1990s were seeking this high
concentration of phosphorite, a rock rich in phosphorus, for the refining of the phosphorus
pentoxide, a chemical used as a desiccant, ores contained inside the rock. The phosphorus
pentoxide was then used primarily to produce phosphate-rich fertilizer. The increased blooms as
a result of factory pollution are not surprising considering the likelihood of some phosphorus
leaking as a result of poor product retention technology. The main producer of phosphorus waste
is fertilizer runoff and domestic waste effluent so although the factories were removed, the
plantations that replaced them actually continued to degrade the lake (Liu, Chen, and Mol 646).
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At some point in the late twentieth century, farmers around Kunming made the switch
from organic fertilizers to ones containing high amounts of phosphate, and the local population
also began using phosphate-rich detergents for their sanitation needs, though these detergents
were successfully replaced by the early 2000s (Jin, Wang, and He 169). A 2003 report on the
nature of Dianchi Lake‘s water pollution from the Kunming Municipal Environmental Protection
Bureau tracked this shift towards the use of phosphate fertilizers from 1990-2001:
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Figure 8: Fertilizer utility and unit agricultural production yield of Kunming City (Huang, et al. 3)

As agricultural production increased throughout the 1990s, the preference for phosphate
fertilizers was greater than that for nitrogen fertilizers, and it leveled off in the early 2000s at just
under 350 tons of pesticide per 1000 hectares of cropland. Though the agricultural production
value and the application of nitrogen fertilizers begin a slight downward curve as they move into
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the early 2000s, the application of phosphate fertilizers continues to grow. Given the highphosphorus concentration in the land surrounding the lake and the silt at its bottom, lower than
average influxes of phosphorus from pollution will have the capacity to create eutrophic
conditions and cause associated blooms of algae and macrophytes. Algae blooms have been
blanketing the lake for some time, and there are reports of ―meter-deep blue algae and dead fish‖
on the lake as early as the initial industrial pollution stage of the early 1990s (Wu and Wang 2).
The various cleanup programs have at times decreased the amount of phosphorus input, but the
phosphorus load nevertheless increases from year to year.
Despite the efforts of the 1997-99 cleanup programs, the total generated and discharged
loads of phosphorus and nitrogen continued to rise:

Figure 9: Chemical oxygen demand (COD), total nitrogen (TN), and total phosphorus (TP) loads to Lake
Dianchi (KEPB and KIES)

The total chemical oxygen demand did fall, however, and the shutting down of factories from
1997-1999 as well as dredging campaigns and other cleanup methods caused industrial
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generation of nitrogen and phosphorus to drop. The reason for the persistent increase in COD,
TN, and TP seems to lie in the increases in domestic generated loads. When evaluating the lake
as a whole, the cleanup effort seems to not have been too effective, but when the data from
Waihai and Caohai are separated, it becomes clear that there is at least a drastic drop in
phosphorus concentration in the much smaller Caohai:

Figure 10: Total phosphorus concentrations in Lake Dianchi (Jin, Wang, and He 165)

Phosphorus levels continue to climb sharply for Caohai following the 1997-99 cleanup campaign,
but they fall for Waihai. This is possibly an indication that Caohai‘s proximity to the city brought
it in closer contact with domestic waste sources, which carry high concentrations of phosphorus.
An investigation of phosphorus flows in Dianchi Lake conducted by Qinghua University
scientists is presented below (Figure 11):
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Figure 11: Key Sources of phosphorus load to Dianchi Lake in 2000 (Liu, Chen, and Mol 648)

The industrial pollution that was halted in 2003 stopped inputs to the lake from the mining and
P-industry categories, halting the flow of about 30.0 tons of P to the Lake. However, this is only
a small reduction in loading compared to the suite of factors that contribute to the phosphorus
inputs that are among the primary causes of eutrophication. The direct phosphorus load from
mining may not have been high, but the subsequent soil erosion through runoff input significant
levels of phosphorus pollution: ―Mining operations, particularly phosphorus ore at the southern
end of the lake, done via top-soil stripping and open-cast methods, have caused serious soil
erosion. The eroded soil, containing high phosphorus levels, flushed with runoff from inflowing
rivers has become a major nonpoint pollutant load to Dianchi Lake‖ (Jin, Wang, and He 176).
While closing the factories reduced only a small amount of the direct annual phosphorus load to
the Lake, this was beneficial from the standpoint of reducing loads of other pollutants in the lake,
as these industries had contributed heavily to the presence of toxic chemicals such as arsenic,
cadmium, lead, and zinc. These chemicals were considered effectively controlled following the
2003 program, and arsenic pollution was diminished from a pollution grad of below V to better
than grade III (Jin, Wang, and He 172).
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According to the data from Figure 11, the direct deposit of sewage from the urban and
rural sectors contributed significantly more to the phosphorus load than fertilizer runoff. This
highlights the need for treating human waste as a potential strategy for controlling nutrient
pollution in the Lake. The relationship between sources of phosphorus pollution in the year 2000
for Dianchi is illustrated below (Figure 12):

Figure 12 Six component subsystems of the static phosphorus flow analysis model (Liu, Chen, and Mol 646)

This model illustrates the interconnected flows of phosphorus throughout ecosystems. For
example, mining yields P fertilizers that are used in farming to produce crops, which in turn are
fed to livestock and humans. Humans, in turn consume livestock in the form of meat, milk, and
eggs. From this model perspective, the largest contributor to the human subsystem (urban and
rural subsystems) was the crops that were treated with phosphate-rich fertilizers. The other
contributors were the meat products from livestock given phosphate-heavy fodder and to a lesser
extent the phosphorus detergents used for cleaning in the urban and rural subsystems.
Phosphorus detergents were banned as part of an early 1990s decree, but a poor selection of
alternatives made the policy ineffective at first. The gradual introduction of alternative detergents
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did eventually succeed in the replacing of traditional detergents with non-phosphorus ones in the
early 2000s, at which point the ban on phosphorus detergent was included in one of the clauses
in the 2002 ―Dianchi Protection Ordinance‖ (Jin, Wang, and He 169).
Problems of Water Treatment and Transport Infrastructure
Much of the initial pollution of Dianchi Lake that came about during the Maoist era was
the result of direct dumping of untreated sewage; it was only in the 1980s that the construction of
treatment plants was initiated. Now there are seven treatment plants in Kunming with an eighth
on the way. Anecdotal evidence suggests that the completion of the eighth treatment plant will
bring the total capacity to about one billion cubic meters, which would treat about the entirety of
the Kunming sewage output (Jia). Despite this progress in water treatment infrastructure there
still remain serious problems in the effectiveness of the plants. The first treatment plants built in
Kunming and elsewhere in China enjoyed a high amount of initial capital investment. Once the
plants were constructed, however, the funding was dropped, and so many plants fell into
disrepair. According to one professor, a few of the Kunming wastewater treatment plants still
don‘t function as well as they should despite the multiple investment programs (Yi).
One specific instance of this occurring in Kunming‘s past was in the year 2000, during
which an investment of fifty million RMB cosponsored by the Qinghua University Aquatic
Research Institute was put into the construction and improvement of wastewater treatment
facilities, but the government dropped its funding soon after the project was considered
completed (Jia). A constant stream of government funding is necessity to assure that the
treatment plants are not allowed to degrade over time. The Kunming mayor Zhang Zulin even
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admitted in his 2009 press conference announcing a one billion RMB contribution on its part to
the lake‘s cleanup that ―‗the local water treatment facilities are very poor‘‖ (Li and Wang). In
addition to structural issues, it is also possible that some of the earlier plants are not placed in
optimal positions for obtaining their maximum treatment capacity, as was the case with other
treatment facilities built during the early years of wastewater treatment in China. The term
treatment must also be taken to account when evaluating the effectiveness of water treatment.
The treatment plants in Kunming are likely only primary treatment plants. In a personal visit to a
Beijing primary treatment plant, I discovered that these plants are mostly only able to convert
water of quality below level 5 to level 5 quality. This means that it can only produce water that
will be used in agriculture with some risk because of its still strong hazardous chemical content.
This water may also be utilized for car cleaning and other similar uses. It takes secondary and
tertiary plants to produce water that can be used in industrial processes, let alone water safe
enough for residential use. Even though many new plants are being managed better than the
aging ones, there is still a problem that cannot be fixed by adding advanced plants: the sewage
piping system.
The sewage plumbing of Kunming has no separation between rainwater and sewage
water. This becomes a serious problem for the capacity of water treatment plants. It is possible
that the government claims of one hundred percent of the wastewater being treated by the time of
the eighth treatment plants creation is true during the dry season, but the nature of Yunnan‘s
climate means that about half of the year is spent in a time of heavy rains. Rainwater is the only
significant source of water for the lake, and the disparity between the rainy season and the dry
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season is great. The rainy season accounts for 81% of the lake‘s total annual water resources, and
within that season the rainfall from the months of July to September makes up 60% of the annual
total (Jin, Wang, and He 161). The lack of plumbing separation leads to the water treatment
plants being drastically overloaded (Jia). During the rainy season, the amount of untreated
sewage entering Dianchi Lake increases dramatically for this reason. There is also a high amount
of variation in rainfall between dry and wet years, from around 242 million m3/yr to
approximately 900 million m3/yr (Jin, Wang, and He 161). Another issue associated with the
great difference in seasonal rainfall is that surface runoff increases drastically during the rainy
season, with extreme value ratios of the natural rivers in the Dianchi Lake basin that range
between 3.87 and 5.14 (Jin, Wang He 161). The times of high runoff will input much higher
amounts of fertilizer and other non-point source pollutants into the lake and thus also into the
treatment facilities. Another issue of a lack of water separation is that black water, wastewater
considered unfit for other reuse, such as sewage water, and grey water, wastewater considered fit
for reuse, become mixed, thus removing the possibility of reusing the grey water:

Figure 13: The mixing of Kunming wastewater sources on the path to treatment plants (Medilanski, et al. 359)
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Grey water can be used for agriculture or industrial uses, thus leaving increasingly inadequate
water sources around Kunming for drinking or other uses where water quality is vital.
Kunming‘s population is continuing to grow, and there have been increased water shortages in
Yunnan over the past few years. In light of this, grey water use would be helpful, but it is not
possible if the grey water is simply being mixed together with much lower quality water, such as
black water. As long as this serious deficiency in the sewage infrastructure exists, the current
treatment capacity and likely the capacity even if several more plants were built will be
overloaded. Now that the most significant sources of pollution and infrastructural reasons for
Dianchi Lake‘s continued degradation have been outlined, it must be seen if the new policies are
going to affect any change in these areas.
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Chapter 4

The Current Cleanup Effort
Current Cleanup Policies and their Effectiveness
The cleanup policies initiated in 2008 have introduced a number of new and innovative
ideas, some of which have less possible negative consequences than others. According to
anecdotal and media sources, the government has initiated some wetland reintroduction
campaigns as an answer the filling in of the wetlands during the Cultural Revolution. The
function of these wetlands as a filter would be greatly beneficial to the cleanup process, for they
would better stave off and filter the influx of sewage and chemical runoff into the lake as the
government tries to put other plans into action. The main issue with these campaigns is that they
are only experimental and only on far too small a scale (Yi). Afforestation efforts have also been
undertaken in an attempt to build upon the past afforestation programs that sought to decrease the
soil erosion seen as a result of the phosphorus strip mining. Afforestation is another important
land use change that would help to increase soil retention and reduce runoff (Jin, Wang, and He
176). One main obstacle for afforestation and the reintroduction of wetlands is the way that the
land is being used. The portion of Caohai, a subdivision of Dianchi Lake, that was filled in
functioned as state-protected farm land. Now it has become prime real estate in Kunming, and is
inhabited by government officials and other people of high social ranking. Anecdotal sources
suggest that these developments suffer from the perils of being built on filled in wetlands, such
as houses and roads sinking into the ground (Yi). Although China Daily admits that ―farm lands,
factories and residential buildings around the lake need to be relocated to make way for forests
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and wetland‖, it may be difficult to force these powerful people to relocate in order to properly
restore the two hundred square kilometers of wetlands Dianchi Lake once had and now needs (Li
and Wang).
A Hong Kong-based property development company that has developed former wetland
property around Dianchi Lake, called Shui On Land, has claimed to be devoted to restoring the
nearby area of the lake. In fact, a 2008 press release from their company mentioned that they
would be developing the former wetland area considerably with their Caohai Urban North Shore
project: ―The project will dedicate 87 hectares to a mix of high-, medium- and low-density
housing and 29 hectares to cultural infrastructure including museums, theaters, an amphitheater
and an ‗artist's community‘‖ (Horton, ―Yunnan Unveils Newest‖). They also unveiled a plan to
clean up the lake area near their development that involves creating a cell to be filled with clean
water that will be cordoned off from the rest of the lake until the majority of Dianchi Lake is
seen as clean enough for the two bodies of water to be combined. This is an excellent idea to
bring property development closer to the lake, but it is counterproductive to the lake cleanup
process. Increased housing directly on the water‘s edge will only contribute to the commercial
wastewater load, and it will severely inhibit the reconstruction of wetlands needed to initiate
natural detoxification of the lake‘s heavy metal and organic contaminants. Further lakeside
housing development should be halted and current developments relocated in order to complete
the extremely important step of restoring the area‘s wetlands. Wetland reintroduction may
decrease the marginal benefit costs to individual farmers and developers, but this can be offset by
government subsidies. Along the theme of stopping lakeside development projects, Shui on Land
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―indefinitely postponed US$11 billion in projects in Yunnan in 2009 due to financial concerns‖
(Siekman, ―Mayor addresses‖). Nevertheless, a Caohai urban development plan continues, which
will ―cover 468 hectares around the northern end of Dianchi and will involve demolishing 4.5
million square meters of floor space and relocating a total of around 100,000 people‖ (Siekman,
―Mayor addresses‖). This relocation has already caused some outrage, and Kunming mayor
Zhang Zulin even admitted that, ―Some of our demolition and relocation work fails to live up to
the needs of ordinary people‖ (Siekman, ―Mayor addresses‖). Development should not be totally
avoided for the Dianchi lakeside, but if the government is serious about improving water quality,
the development of wetlands should take priority. In addition, the dissatisfaction people already
feel with the amount of capital invested in the cleanup of Dianchi should not be exacerbated with
the forced relocation of Kunming citizens.
Along different portions of the lakeside, water hyacinth, a plant known for their ability to
soak up nitrogen and phosphorus, is being introduced in a pilot project. Water hyacinth
previously clogged navigation routes in Dianchi Lake, and one of the more successful
government cleanup plans involved mass harvesting of the plant for fertilizer and other uses (Jin,
Wang, and He 172). Now more water hyacinth is being introduced for its pollution cleaning
properties. 6.7 hectares have already been planted in a designated growing area on the southern
end of Dianchi Lake, and there are plans for this growing area to eventually grow to 67 hectares.
The plants are also planned to be harvested to convert their biomass into methane biogas energy
and fertilizer, which would help both with the problem of unclean energy use in Kunming and
with introducing alternative fertilizers to those heavy in phosphates. One possible problem with
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this plan is that water hyacinth is a famously invasive alien species: ―Water hyacinth is native to
South America but has choked lakes around the world including, famously, Lake Victoria in
Africa‖ (Siekman, ―Kunming Deploying‖). If the plant species is not kept in check, it could
easily just become another in a long line of environmental problems for Dianchi Lake. It may
end up strangling the oxygen supply of the lakeside while the lake itself continues to be choked
by the blue-green algae. This may actually take oxygen and phosphorus away from the algae, but
it would just cause another primary producer bloom problem as it spread over the former wetland
areas and lakeside. This concern appears to be unnecessary, for a December 28th, 2010 Kunming
Information Port (Kunming xinxigang; 昆明信息港) report assures that after four months of
operation, the project appears to be a success:
After running baseline production lines for four months of production operation, more
than 6500 tons of water hyacinth have already been harvested, producing 5200 tons of
pressed water hyacinth juice and 1300 tons of pressed water hyacinth residue. The 6500
tons of water hyacinth effectively adsorbed enriched nitrogen and phosphorus, reducing
the internal source pollution of Dianchi. After solid-liquid separation done by means of
proprietary equipment, the solid can be made into organic fertilizer and the liquid can
undergo fermentation to produce methane, which can be used to produce electricity or be
provided to rural households. The final methane residue can be used as organic fertilizer1

1

This is my own translation. The original text is reproduced here: ―运行生产线基地经过 4 个月的生产运行，目

前已采收 6500 多吨水葫芦，生产水葫芦挤压汁 5200 吨，水葫芦挤压渣 1300 吨。6500 吨水葫芦有效吸附富
集的氮和磷、削减滇池内源污染，通过专有设备固液分离后，固体可制作有机肥，液体则通过发酵产生沼
气，用于发电或供农户使用，最后的沼渣可以当作有机肥使用。‖
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(Huang).
If the water hyacinth is indeed harvested to produce organic fertilizer and methane gas, the
problems of runaway water hyacinth growth and energy demand can be mitigated by this
invasive plant. One issue with this plan is the planned use of solid water hyacinth residue as an
organic fertilizer. It is unclear how much of the nitrogen and phosphorus soaked up by the plants
is removed through the pressing process, and so its use as a fertilizer may, through runoff, simply
reintroduce more phosphorus into Dianchi Lake.
Another proposed cleanup method with much less potential for harmful unanticipated
consequences involves the introduction of ozone to the lake as a disinfectant. In collaboration
with Japanese scientists, the latest ozone purification technology is to be introduced to Dianchi
Lake as a sort of experiment to test the effectiveness of the technology. On May 7 th, this
technology was officially approved for use in Dianchi Lake, and a May 10 th report in a Kunming
City lifestyle publication, New Life (Shenghuo xinbao; 生活新报), detailed the specifics of the
Sino-Japanese cooperative effort: ―Our reporter learned yesterday from the provincial
Development and Reform Commission that the province, in cooperation with Japan, will use
ozone technology to test water pollution control in Dianchi Lake‘s waters. All of the preparatory
measures for this program have already been completed, and after its success it will popularize
this lake water pollution control technology to the entire country and abroad1‖ (―Yunnan ni
yong‖). Ozone purification has experienced some success in small-scale operations, but to apply
1

This is my own translation. The original text is as follows: ―记者昨日从省发改委获悉，我省将与日本合作，在

滇池水域利用臭氧技术试验水污染治理。该项目所有前期工作均已完成，成功后将向全国各地及国外推广
湖泊水污染治理技术。‖
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it to an entire lake, especially one the size of Dianchi Lake, is an unprecedented experiment that
will test the technology‘s efficacy on a large scale and potentially result in a broad adoption of
ozone purification for similar cases. The expected effects of the ozone as a purifier are numerous:
Ozone technology is under low pressure conditions. In a flash, it causes the gases of
oxygen, ozone, nitrogen, carbon dioxide, air, etc. to become saturated and dissolved in
areas of water contamination that need management in order to achieve natural oxidation,
break down organic compounds, destroy harmful organisms and algae, balance the pH,
etc.; these are all the goals of the water purification technology1 (―Yunnan ni yong‖).
Ozone is a powerful oxidizing agent that is deadly to many aquatic organisms. Other purifying
oxidizing methods include chlorination, but that leaves dangerous byproducts, such as the
carcinogenic trihalomethanes, that ozone purification avoids. Ozone must be introduced to the
water by bubble contact, but an obvious issue with this is that it is not residually present in the
water; thus either ozone must be pumped into the water for long periods, or a potentially more
hazardous and less effective oxidizing agent, such as chlorine, must be used for its residual
lasting power. There are some other potential drawbacks to this decision to embrace ozone
purification technology despite its lack of proven effectiveness in lakes: ―But ozone, which is
generated by exposing oxygen to an electrical current, is expensive to produce in large quantities.
Furthermore, Dianchi is China's eighth-largest lake and it is unclear how many generating
stations would be necessary to have a meaningful effect on its health‖ (Siekman, ―Ozone Is
1

This is my own translation. The original text is this: ―臭氧技术是在低压条件下，瞬间把氧气、臭氧、氮气、

二氧化碳、空气等气体过饱和溶解在需要处理的污水中，以达到天然氧化、分解有机物、杀菌灭藻、平衡
酸碱度等目标的水体净化技术。‖
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Next‖). Due to the lack of residual impact, the small-scale effects, and the high cost of
production, this project is likely to be extremely expensive. The media reports on the project
have yet to detail the scale of the project, how much it will cost, or how it will be funded. With
the amount of money already being put in to cleaning Dianchi Lake, this idea may become
economically unfeasible once more clear data on the scale needed to have a significant effect and
the cost become known.
Other eutrophication solution methods are much more practical, such as the plan to
reduce the amount of fertilizer needed for the lakeside plantations. Recently, there has been a
push by Qinghua University to reduce the total amount of fertilizer used in greenhouses
surrounding Dianchi Lake, and they have been able to reduce this amount to half of what it was
previously. But some greenhouses that have popped up continue to reverse the effects of what the
government hired experts from Qinghua are trying to do. Raisin farms had also sprung up along
the lakeside but recent changes have made sure to shut them down (Jia). One extremely
advantageous program that they are now pursuing is researching and adopting the Israeli model
for fertilizer distribution. In this system, fertilizer is applied in slow, single drops over the plants
so that it just reaches the roots. Not only does this require less fertilizer use than simply spraying
the chemical solution in a wide pattern over the plants and the ground around them, but the
shallow penetration of the chemicals prevents ground water pollution (Jia). This program may
still be in its infancy, but if it were implemented, it would be a big step towards curbing the
problem of chemical fertilizer contribution to eutrophication.
Another serious issue being addressed with what appears to be highly beneficial policies
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is the problem of rain overflowing wastewater treatment facilities. The water load must be
diverted during the rainy season so that the treatment plants do not have to deal with the entire
volume of water at once. With this goal in mind, an artificial channel leading to an extensive
drainage tunnel is being constructed. This approximately 200 kilometer long channel will end in
a large tank that can store the extra water load until it can be treated later (Jia). This should allow
the actual rainy season treatment capacity to improve dramatically, but it still does not alleviate
the problem of a lack of rainwater and sewage water separation in the Kunming sewage system.
According to Jia, to enact this separation would be impossible because of the high cost and the
magnitude of the necessary drainage infrastructure reform. Despite this view, Yi mentioned that
during his time in Kunming he has seen municipal workers digging up large sections of the street
to separate the sewage piping. Nevertheless, the idea of a diversion channel is certainly a positive
move in the area of water treatment capacity. The government is taking efforts to enforce
wastewater treatment reform through mild punishments, but the effectiveness of these measures
is unclear.
A May 2010 report from Yunnan Daily (Yunnan ribao; 云南日报) states that the
Kunming government would begin penalizing industrial enterprises that do not reach effluent as
well as wastewater collection and treatment standards as early as the end of June 2010. Although
the separation of rain and sewage water in the sewage system may not be feasible, one of the
criteria for companies to not receive penalties is to at least have rainwater and sewage separation
for their own individual effluent outputs:
As long as they are in the area of jurisdiction, enterprises must carry out closed collection
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and treatment. Industrial sewage, municipal sanitation sewage, agricultural sewage, and
the separated rainwater and sewage within the second ring road must have comprehensive
closed treatment. If they cannot complete the task on schedule, then the enterprises will
have criticism about them be circulated in notices, suffer media exposés, and be
punished1 (Xiong).
Having criticism be publicized seems like a rather weak means of enforcement, but the examples
of those already punished in the article prove that the government must believe in the
effectiveness of the penalties: ―On May 5th, Kunming already had six people responsible for
incompetently supervising wastewater discharge held accountable. Among them some had been
suspended for investigation, some had notices of criticism circulated, some had been ordered to
make written audits, and some had received warnings and admonishment, etc2‖ (Xiong). The
suspension mentioned seems like a measure with enough teeth to cause change, and the
separation of rainwater and sewage on an industry by industry basis may have some positive
effect on the wastewater treatment capacity issue. As is the case with the media coverage of most
recent governmental policies, data concerning the effectiveness of the measure was not published.
One prominent problem with this punishment policy is that the range seems to be too limited. It
seems to focus only on companies within the second ring road of Kunming, which contains much
of downtown and is located to the northeast of Dianchi Lake, yet omits the areas and enterprises
1

This is my own translation. The original quoted text is as follows: ―[…]只要在辖区内，企业必须实现截流收集

处理，工业污水、城镇生活污水、农业面源污水、二环内的雨污分流，实现全面截流处理，若不能按时完
成任务，将对企业进行通报批评、媒体曝光和处罚。‖
2

This is my own translation. Here is the original text: ―5 月 5 日，昆明已有 6 名责任人因监管排污不力被问责，

其中有的被停职检查，有的被通报批评，有的被责令做出书面检查及诫勉谈话等处理。‖
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around a majority of the lake‘s shoreline.
One final positive aspect of the current reform plan is the change of emphasis in regards
to governmental waterway management. There are thirty five small rivers in Kunming that feed
into Dianchi Lake, and recently the government decided to post an official to monitor each one.
These officials, known as Hezhang (河长), are beholden to the quality of the lake and ―have been
patrolling and treating the rivers twice a month‖ since early 2008 (Li and Wang). This policy
should be effective because it makes the water quality of the rivers under their supervision the
primary means by which the official would be judged. This is in contrast to the historical
paradigm of officials being judged essentially solely by the amount of capital they generate.
Though these positions could be seen as a stepping stone for better offices, the fact that the
officials are being judged by superiors for water quality preservation will motivate them to
perform well in this function.
Areas of Environmental Policy Reform that Still Should be Addressed or Altered
Many policies introduced recently have been changes in the right direction, sometimes
with some areas that still need work, but nonetheless improvements on the previous history of
largely ineffective programs. Despite this, there remain a few major issues that have yet to be
confronted head on by the reforms; one broad area is that of fertilizer use and education
concerning fertilizer‘s role in the lake‘s pollution. As mentioned earlier, much of the phosphorus
input into Dianchi Lake is from the urban and rural subsystem, mainly as a result from
phosphate-heavy fertilizer. Despite the fact that the local government in partnership with
Qinghua University has taken steps to decrease the amount of fertilizer used, they still have not
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begun convincing farmers to switch to organic fertilizers. Implementing more efficient fertilizing
methods such as the drop method from Israel is a very important step, but its progress cannot
help but be bolstered by the switch to less phosphate-heavy fertilizers. The main problem is that
there is still a popular idea that the chemical fertilizers are simply far more effective. Some
NGOs have carried out educational campaigns to little effect; a more forceful educational release
from the government would likely be more effective. Beyond education, economic incentives
must be implemented for farmers to seriously consider changing the type of fertilizer they apply.
The government should subsidize these safer fertilizers and perhaps even tax the
phosphorus-rich ones so as to motivate farmers to make the change. Subsidies must also be given
to farmers that reduce the negative externalities of their excessive fertilizer use. A 2004 joint
research publication from scientists hailing from Qinghua University and the Research Center of
Environmental Engineering and Management in the Graduate School of Shenzhen evaluated
what the most effective economic policies would be to reduce pollution input from the
agricultural industry. According to their conclusions, ‗paying for pollution‘ taxing is much less
effective in the case of non-point source pollution, for the transgressors that produce pollution
are too difficult to identify and monitor. Subsidies given to farmers that reduce the application of
harmful fertilizers will be the most effective instrument, and if they are high enough to balance
out the private benefit losses to the individual farmers as a result of diminished crop yield or to
allow said farmers to gain a profit, then they will continue to maintain the lower chemical input
to their crops (Huang, et al. 6-7). This would be effective in mitigating agricultural non-point
source pollution and should be coupled with subsidies for less phosphorus-heavy fertilizers as
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well as taxation on the importation or purchasing of more harmful fertilizers. This should be
feasible if some of the government funding is rearranged and the subsidies are given top priority;
however, the potential for backlash from the farmers may give officials hesitancy in approving
this sort of taxation. Additionally, it is likely that the economic benefits of using phosphorus-rich
fertilizers, such as increased crop yield, have motivated local officials to avoid restricting these
fertilizers. Possible replacement fertilizers include using human waste or the harvested water
hyacinth mentioned earlier, but research detailing the phosphorus input from these fertilizers as
well as the cost effectiveness of such programs should be done before any commitment is made
to them. These alternative fertilizers are not likely to be as harmful, and so a quick transition to
these alternatives, at least for a trial period, may prove beneficial.
One issue that concerned both interview subjects is the needless expenditure of funds in
this massive environmental investment. Specifically, the government may be spending an
excessive amount of money to bring in outside expertise to advise the cleaning of the lake. Jia
mentioned that the bringing of professors all the way from the prestigious Qinghua University in
Beijing is a waste of money because the same expertise can be found in the excellent Kunming
Universities and other Yunnan city universities, such as Yunnan University, nearby at lower cost.
It is possible that professors were commissioned by the local government from such a big name
university so as to give their new projects prestige. Along these same lines, Yi mentioned that
some technologies were unnecessarily being brought in all the way from Zurich, Switzerland.
This slightly excessive spending may seem like a rather minor issue, but any savings that can be
excised from the already massive one hundred billion RMB investment by the year 2020 should
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be. This would save money, but perhaps the government officials would be unwilling to trade in
the confidence and prestige of using expertise from more respected sources for cheaper local
experts.
In addition to the policies that should be implemented or reformed, there are ones that
quite simply should not be done. One glaring example that was mentioned by both Jia and Yi is
that of a proposed but not yet initiated plan to divert the Yangzi River in order to flush out
Dianchi Lake. It is estimated by those proposing this plan that the flushing process may take
eighty years to be completed. This idea is unfeasible for several reasons. First, the diversion of
the river would deprive communities and ecosystems downstream of water, while radically
altering the ecosystems of areas along the diverted path. There is also no guarantee that this
would actually remove the sedimentary pollution at the bottom of the lake, and even if it did it
would simply wash this all downstream to become some other location‘s problem. This is not a
policy that is being pursued at the moment, but it remains an option ever since it was proposed. It
is unclear how seriously the diversion project is being considered, but given that previous large
scale diversion projects have been done to supply water to China‘s arid Northeast and that recent
droughts in Yunnan could conceivably spark a Yangzi diversion for that same purpose, the idea
may very well be pursued. As long as radically environmentally transformative policies such as
this are not implemented, education on the benefits of alternative fertilizers is implemented along
with economic incentives for the change, and excess spending is cut, the current cleanup
program should be very effective in cleaning Dianchi Lake.
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Conclusions
Dianchi Lake belongs to a larger waterway and watershed ecosystem for the area. Its
health effects beyond the Kunming municipal borders. The lake is situated near a few key river
basins, and pollution from Dianchi Lake may be able to reach as far as the Yangzi River. The
amount of pollution that could reach major waterways such as the Jinsha River and Yangzi River
is a concern, for the average annual output of the Tanglang River from Dianchi Lake is over 407
million m3 (Jin, Wang, and He 162). Other incentives for assuring the lake is clean besides
preventing the spread of pollution include improving the investment atmosphere of Kunming,
removing the necessity for drinking water to be transported from other nearby lakes and
reservoirs, and restoring the fish and water plant biodiversity that was devastated by the pollution.
The studying of Dianchi Lake and its cleanup efforts can provide insights into the challenges
facing eutrophicated lakes across China and beyond.
Lake eutrophication is a world-wide phenomenon that has been exacerbated by human
chemical waste runoff and direct dumping: ―Cyanobacteria, or blue-green algae, is a threat to
ecology and human health around many major lakes globally—including Lake Victoria and Lake
Erie […]‖ (Tai and Ellis). There is a very similar case to Dianchi Lake in Jiangsu Province on the
coast of China called Taihu Lake. Taihu Lake has seen far fewer investment and cleanup
campaigns than Dianchi Lake; after the 1993 Three Rivers, Three Lakes Campaign, there were
only a 1996 law curbing industrial pollution and a 2007 campaign launched following a
devastating seasonal bloom. Being on the coast, Taihu Lake has gotten more in the way of
international investment, including a $61.3 million loan from the World Bank for a 2004
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wastewater capture and treatment campaign, but it is also from a more industrial area and so
suffers from serious industrial pollution that Dianchi Lake has all but eradicated. This causes
nitrogen, rather than phosphorus, to be the main culprit in feeding algae blooms. Contrastingly,
the government for the adjacent city of Wuxi is far ahead of that of Kunming in removing
agricultural and residential sources of phosphorus; they have banned the use of chemical
fertilizers and pesticides in the agricultural sector and the use of phosphorus detergents for
households (Tai and Ellis). These two eutrophicated lakes can learn from one another, for they
are each making progress but in different sectors of pollution input. This is likely due to the fact
that Kunming‘s economy can rely more heavily on agricultural output such as flowers and
tobacco while that of Wuxi and the other cities in the Taihu Lake basin relies more heavily on
industrial production. Nevertheless, the prospect of reducing the phosphorus input from fertilizer
seems much more feasible given that it was accomplished in the areas around Taihu Lake. The
motivation and assurance of continued economic prosperity and social stability seem to be the
main drivers needed to push this sort of change in Kunming. Dianchi Lake is a case that shows
the importance of understanding and attacking the sources of pollution rather than simply
engaging in continually unsuccessful dredging campaigns. This case study is a paradigm through
which one can understand the necessary methods of not only abating eutrophication in lakes, but
also diminishing non-point source pollution in all types of environments.
Despite the prevalence of governmental fragmentation and local protectionism, the
Chinese central government and local governments can and have on multiple occasions
successfully collaborated in introducing environmentally beneficial programs. Dianchi Lake is a
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rather unique case of this, for central and local government-backed programs over the past
fourteen years have largely harmed the lake more than helped it; however, the most recent
program may result in more success than previous ones. Some elements of the plan seem more
promising than others, and a few should probably not be carried out due to the potential harm
they may cause. Despite some rather creative programs, there is little indication that the most
serious sources of pollution to Dianchi Lake are being properly curbed. Thus the latest program
must be altered in such a way that main sources of phosphorus input are curtailed in addition to
the improvement of treatment capacity. The realities of the factors contributing to the
eutrophication of Dianchi Lake can be taken as a paradigm to approach the cleanups of other
eutrophicated lakes, and the mistakes made in each case must be studied to produce a
comprehensive understanding of how to best mitigate non-point source pollution. Given the
myriad of new approaches in the latest water cleanup effort, the success of these programs must
be observed closely over the next few years. The high amount of investment, particularly in the
latest cleanup effort, shows that the Kunming and Yunnan government officials have a large
stake in the improvement of the lake, but perhaps even this comprehensive program may follow
the pattern of improperly researched methodology seen in previous efforts. If the proper changes
are made, however, it is very possible that in the next few decades Dianchi Lake may see
significant increases in water quality.
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