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EXECUTIVE SUMMARY
The Shima (Stone Horse) River is a highly polluted waterway 
in Dongguan City in the Pearl River Delta region in coastal 
southern China. Much of the pollution is a result of the 
development explosion that followed the Open Door Policy 
of 1978. The watershed of the Shima lies in close proximity 
to major global cities of Guangzhou, Shenzhen and Hong 
Kong, positioned as a major industrial manufacturing area. 
The area also has a centuries-long history of agriculture. 
However, the rapid urbanization of the last three decades 
successfully supplanted a large amount of the existing 
farmland. Very little land is left unused by humans, the 
remainder being confined to steep, mountainous lands near 
the middle of the watershed. Development in the region 
has generally occurred without regard for land-use zoning; 
industrial, commercial, residential and agrarian uses are 
all commonly found in adjacency. The small amount of 
leftover space poses challenges for planning water quality 
remediation.

The Shima River is about 74 km long, with a drainage area 
of around 1200 sq. km. The river has considerably lower 
flow during the dry season between October and March 
than other parts of the year. The climate is tropical, with hot 
humid summers and 72 inches of annual rainfall, often a 
result of typhoons, the main hazard of concern.

Pollution levels in most segments of the river exceed the 
standard for chemical oxygen demand (COD), phosphorous 
and ammonia. The greatest concentrations of water 
pollution can be found within Tangxia Township, which later 
became the focus of our conceptual remediation efforts. 
However, air quality is also a concern in the region, as 
well as soil contamination (data still needs to be gathered). 
Many environmental regulations are in place, but they go 
largely unobserved and unenforced, leading to the rapid 
degradation of environmental quality since 1978.

Inventory and research led us to our goals and objectives, 
which are in summary: improve water cleanliness, maintain 
local economy while improving working conditions, 
improving quality of life, and increasing regional biodiversity.

The next stages in the planning process were to identify 
opportunities and constraints and to develop landscape 
units. The landscape units were spatially divided based 
on natural drainage basins and proximity to water. These 
units were then classified based on agricultural use, urban 
development, mountainous area and proximity to water, 
resulting in 12 typologies. These typologies informed our 
formulation of a set of priority levels for two program element 
categories: remediation and preservation. One result of this 
analysis was that we were able to identify an area to focus 
our conceptual designs. 

The conceptual design phase of the project makes 
suggestions for infrastructure upgrade and adaptive 
reuse strategies, stormwater treatment, river water quality 
remediation, public outreach and stewardship promotion 
and education. 

It should be noted that much of the data used in this project is 
out-of-date, of questionable validity, and/or incomplete, not 
to mention a large amount of altogether absent information. 
With that in mind, this report can be viewed as a framework 
for plugging in further acquired data; a template for a 
watershed-scale management effort. 

In conclusion, development and economics, shear urban 
density and unenforced environmental regulation in the 
region have resulted in a highly contaminated watershed 
that needs a comprehensive management and design 
approach to implement future changes in water quality and 
overall quality of life. 

IN
TRODUCTION

IMPROVE WATER CLEANLINESS
•  Implement watershed management practices
•  Locate opportunities for remediation

MAINTAIN LOCAL ECONOMY WHILE 
IMPROVING WORKING CONDITIONS
•  Increase sustainability of local industry
•  Recommend regional regulations

IMPROVE QUALITY OF LIFE
•  Remediate heavily polluted areas
•  Increase access to open space

IMPROVE REGIONAL BIODIVERSITY
•  Establish and protect wildlife corridors
•  Reduce pollution levels

GOALS & OBJECTIVES
After conducting inventory and research, we determined 
the goals which address the major issues in the watershed 
, keeping the river as our main unifying theme. These goals 
address broad desires for improving the current conditions 
in the watershed, while providing the planning team and 
later stakeholders with a clear and concise statement of 
purpose for this endeavor. Each goal in turn has a pair 
of objectives, more specific strategies for obtaining our 
goals. The objectives will then serve as a framework for 
implementation in later iterations and stages of this project. 
The goals and objectives are as follows, in this format: 
GOALS are capitalized, and objectives are bulleted subtext 
to the goals.
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Dongguan City context map:
adapted from Esri.com 2011 & Li 2011

Guangdong Province context map:
adapted from Esri.com 2011 & Li 2011

Pearl River Delta region context map:
adapted from Esri.com 2011 & Li 2011

China context map:
adapted from Esri.com 2011 & Li 2011

CONTEXT

The Shima (or Stone Horse) River watershed lies in 
Guangdong Province in coastal southeastern China. The 
province is 177,900 km2 (68,700 sq mi), or roughly the 
size of Southern California. The Pearl River Delta is the 
main geographical feature of the province, serving as the 
outlet for most of southern China’s major rivers as well 
as one of the world’s population megaregions. The major 
tributaries to the delta region are the West River, North 
River and East River (Dongjiang) of which the Shima is a 
tributary. Guangzhou is the capital and largest city in the 
province, located on the northern end of the delta. The city 
of Dongguan, in the eastern reaches of the delta region, 
contains the greatest portion of the Shima watershed. Our 
available data coincided with the portion of the watershed 
that falls within the city limits of Dongguan, defining our 
study area. Major economic influence in the watershed 
area is caused by its proximity to global trading hubs in 
Shenzhen to the south, containing 21% of the watershed. 
Just south of Shenzhen, lies Hong Kong, former recipient 
of Shima drinking water. Another 31% of the watershed 
falls within the boundaries of Huizhou City to the west. The 
watershed itself covers 1249 km2. 
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The Shima River is about 74 km long. The main channel 
of the river flows from near Yantian Reservoir in the south to 
the East River in the north. The Mission Hills Creek doubles 
the flow of the Shima upon their convergence in Tangxia 
Township. The Mission Hills Creek drains the portion of 
the watershed that falls within the Shenzhen city limits. 
Qingxi Creek is another major tributary which drains much 
of Qingxi Township on the eastern side of the watershed. 
Many man-made reservoirs can be found in the study area 
(see map).

Shima River watershed study area map:
adapted from Li 2011

Reservoirs map:
adapted from Li 2011

Tonghu

Yantian Reservoir

Maofeng Reservoir

Tangkeng Reservoir

Xiagong Yan Reservoir

Qiyieshi Reservoir

Shigu Reservoir

Pitouxia Reservoir

Lezhupai Reservoir

Sangkeng Reservoir

Dazhongling Reservoir

Liyutang Reservoir

Xiaobian Pond
Longyapo Pond

Shenwo Pond

Siluokeng Reservoir

Dianguang Reservoir

Huangdong Reservoir

Qishi

Hengli

Qingxi

Tangxia

Qiaotou

Fenggang

Changping

Zhangmutou
Huangjiang

Zhangmutou Forest

0 94.5
Kilometers¯

Legend
Dongguan City

Shima Watershed

Shima River

Township Bndry

Reservoirs

Qishi

Hengli

Qingxi

Tangxia

Xiegang

Qiaotou

Fenggang

Changping

Zhangmutou
Huangjiang

Zhangmutou Forest

0 94.5
Kilometers¯

Legend
Dongguan City

Shima Watershed

Shima River

Township Bndry



RESEARCH

9

SHIMA RIVER WATERSHED PROJECT:Geographic Context

8

RESEARCH

Topographic relief map:
adapted from Li 2011

Slope percentage map:
adapted from Li 2011

GEOMORPHOLOGY

Topographically, the watershed can be 
characterized by flat floodplains puncu-
ated  by steep mountainous areas. The river 
has a gentle grade for most of its length 
aside, but enters a narrow valley between 
mountainous areas about halfway down its 
length. According to DEM data, the highest 
point in the study area is 970 km above sea 
level, while some areas near the East River 
fall to 10 m below sea level. The slopes 
map to the right shows the steep sections 
in the center of the watershed surrounded 
by flat areas.
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Flood:
Floods are a part of life in Souther China wreaking havock 
and destruction as it moves through the region. This 
southern region experiences some of the largest amounts of 
rainfall in the world. The pressures from the ever expanding 
population on the infrastructure in the cities pay a toll on 
the ability of those systems to channel and move large 
amounts of water. The danger of shrinking flood planes & 
land reclamation of tidal flats are preventing flood waters 
from flowing naturally.

History of flooding:
1931 – Huang He Flood – 400,000 deaths
1954 & 98 – Yangtze River Flood – 14 million homeless & 
4,000 dead
2008 – South China Flood – lasted for 20 days throughout 
East & South China – killing apx. 148 people
2010 – China Flood –
 392 Dead, 232 Missing
15.2 people evacuated
1.36 houses destroyed
37,500 sq. mi. of crops were inundated

Seismic Hazards:
Although China has a long hstory of seismic activity and 
is considered one of the most active seismic zones in the 
world, Dongguan and the Southeastern region remains 
relatively calm. Experiencing very mild tremmors compared 
to the West and Central regions. Since 20th century China 
has had nearly 800 earthquakes occur throughout the 
country, killing as many as 550,000 people. China accounts 
for 7% of the world’s land to bear 33% of the world’s 
continental earthquakes.

Deadly EQ’s in China:  

The Great China Earthquake of 1556

The Haicheng Earthquake of February 4, 1975 

The Tangshan Earthquake of July 28, 1976 

Severe flooding is an annual threat to the region called 
“China’s economic engine” – providing china with 11% of 
the total GDP, & 37% of the gross export value -  making 
floods the biggest threat that could jeopardize the economy

May – June are ususally when these natural events occur.

Seismicity of China: http://earthquake.usgs.gov/earthquakes/world/china/seismicity.php

http://earthquake.usgs.gov/earthquakes/world/china/seismicity.php

China’s seismic zones: http://www.drgeorgepc.com/EarthquakesChina.html

Seismic History: 
Seismicity of China: http://earthquake.usgs.gov/earthquakes/world/china/seismicity.php

Typhoon tracks: http://en.wikipedia.org/wiki/File:Pacific_typhoon_tracks_1980-2005.jpg

Typhoons / Monsoons 

Typhoon:
Because China is a mountainous country, rapid dissipa-
tion of cyclones that move inland as well as significant 
amounts of rain from those dissipating cyclones are inevi-
table. 

China experiences most of its rain during the summer 
months, and typhoons cause the many of the intense rains 
seen within the country.

Between1983 and 2006, an average of 2.9 tropical cy-
clones move into Guangdong province, making it the most 
affected province within mainland China.

Some of the deadliest typhoons in history have struck 
China. Southern China has the longest record of typhoon 
impacts for the region, with a thousand year sample via 
documents within their archives.

Pacific typhoons have formed year round, with peak months 
from August to October.

Along with a high storm frequency, this basin also features 
the most globally intense storms on record. 

There are six main requirements for tropical cyclogenesis: 
sufficiently warm sea surface temperatures, atmospheric 
instability, high humidity in lower levels of atmosphere, 
enough Coriolis force to develop a low pressure center, a 
pre-existing low level focus or disturbance, and low vertical 
wind shear. 

Moonsoon:
Monsoon is traditionally defined as a seasonal reversing 
wind accompanied by corresponding changes in 
precipitation. 

They are caused by the larger amplitude of the seasonal 
cycle of land temperature compared to that of nearby 
oceans.

San eummod dunt ilit dipit ipit incing er sis dit laor sustis 
acidunt dio et luptat augiam doluptat venismo dignibh er 
iriliquatio eum ent prat autpat praestrud tat volorpercil ullum 
dignism odolor amconse el iuscilit at alit, si.
Del del ea at wis niam velisse dolutpatue enibh er sustrud 
tat. Adiam, conse do odiam, commy nos nullan venibh ercil 
do commod min ullum dolore commolorem exer sum nim 
dipsusci exercil enissequip eugiam quiscing ea facillaorero 
dunt lutatue feummolutat ea corpera esequam velesectet 
wis digna feugait adit augait lum iriure te min hendipsum 
quis ent et lam, conulputat volorem alit nonseni smodiam 
num volor ilisim iureet dionsenisi ex essis nos nulla 
consequamet lan henim ver irillum eugue ea faccumsan 
hent dolortis aliquis modipit ad dolorperat. Ut dolorpe riureet 
nonsequis alisim verci endre magna conulla ndigniat. 
Lesequat. Volortis digna feugue coreet iure modolesto 
el ulput velit alis acilisi tat. Ut lut vel ea alit luptatum ipis 
dolortio conulluptat, velessi elisi.
Xer iuscips uscipissed tat wis do consect etuerostrud modit 

RESEARCH

A local resident walks in flood waters in Gaozhou, South China’s Guangdong province, Sept 21, 
2010. [Photo/Xinhua] http://www.chinadaily.com.cn/photo/2010-09/23/content_11339195_3.htm

Typhoon tracks: http://en.wikipedia.org/wiki/File:Pacific_typhoon_tracks_1980-2005.jpg

http://www.china.org.cn/china/2011-10/01/content_23533970.htm

http://en.wikipedia.org/wiki/Bar_(tropical_cyclone)
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Industrialization creates a 
surge in urban migration

Causes:

Poverty
Employment
Education
Business opportunities
Standard of living
Economic/industrial policies
Special Economic Zones (SEZ)
Sub Provincial Cities

Migration:
With the advent of the Open Door Policy after World 
War two, China saw an amazing amount of grownt. The 
industrial revolution had begun in South China starting with 
Hong Kong and Shenzhen. 
Since the beginning of the reform the Pearl River Delta 
took a lead in the market-oriented reform and established a 
framework of socialist market economy, having consequently 
become the region with the highest marketization level 
and the most complete market system throughout China.  
It’s ability to take advantage of its geographical vicinity 
with Hong Kong and Macao and seizing the historic 
opportunities provided by the international industrial transfer 
and productive factors reconfiguration, the region took the 
lead to establish an export-oriented economic system and 
become a region with the highest portion of export in its 
economy. The region propelled Guangdong Province‘s 
transformation from a large agricultural province into the 
most powerful economic province of the country.

http://ukrmap.su/index.php?id=1319&lang=en http://ukrmap.su/index.php?id=1319&lang=en http://www.pekingduck.org/2009/10/pollution-pollution/

http://mulrickillion.blogspot.com/2009_06_01_archive.html

Industrial Output Value of 9 Industries Gross Output 
(RMB bn) 

Proportion (%) in the 
Gross Industrial Output above 

Designated Size 
Nine Industries 4,569.3 69.8 
Three Fresh Industries 3,114.2 47.6 
Electronic Information 1,537.4 23.5 
Electric Equipment and Special Purposes 
Equipment 964.8 14.7 

Chemical Materials and Products & Petroluem 
Refining and Processing 612.0 9.4 

Three Traditional Industries 941.7 14.4 
Textile and Garments 362.6 5.5 
Food and Beverage 298.6 4.6 
Building Materials 280.5 4.3 
Three Potential Industries 513.5 7.8 
Logging and Papermaking 170.6 2.6 
Medicine 49.9 0.8 
Motor Vehicle 293.0 4.5 
	  Guangdong Statistical Yearbook 2009

PRD: http://www.china.org.cn/english/environment/243428.htm

RESEARCH

Serious pollution blights large parts of China as a 
consequence of its rapid economic development. The role 
of industrialization is one that has destroyed much of the 
natural resources in this once ecologically rich region.

The rise of industrialization spelled an end to the once 
rich agricultural region. Though still much is farmed in this 
region, many of the products are polluted, and carry high 
levels of contaminants.

PRD is one of the most vibrant economic regions. In 2008,
• Real GDP of the PRD grew by an average of 12.6%
• The PRD accounted for 9.5% of China’s GDP
• The PRD accounted for 11% of China’s gross industrial output
• The PRD accounted for 27.1% of China’s total export
• The PRD accounted for 8.6% of China’s total retail sales of consumer goods

Cities
Land 
area

(sq.km)

Population
(mn)

GDP
(RMB bn)

GDP 
growth

(%)

Per Capita 
GDP

(RMB)

Added value 
of industry
(RMB bn)

Retail 
Sales

(RMB bn)

Export
(US$bn)

Actual 
FDI

(US$bn)
Guangzhou 7,434 10.2 821.6 12.3 81,233 298.8 314.0 42.9 3.6
Shenzhen 1,953 8.8 780.7 12.1 89,814 420.7 225.1 179.7 4.0
Zhuhai 1,688 1.5 99.2 9 67,591 51.7 36.0 21.2 1.1
Foshan 3,848 6.0 433.3 15.2 72,975 302.7 117.8 29.0 1.8
Huizhou 11,158 3.9 129.0 11.5 33,077 61.5 42.3 18.0 1.4
Dongguan 2,465 7.0 370.3 14.0 53,285 169.0 83.8 65.6 2.4
Zhongshan 1,800 2.5 140.9 10.5 56,106 95.4 47.7 18.7 0.7
Jiangmen 9,541 4.1 128.1 10.8 30,973 71.3 48.9 9.7 0.9

(Li, 2011)
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Finding out  accurate statistical measures of China’s 
floating population is difficult. Not only do these individuals 
reside outside their hukou, many members of the floating 
population attempt to avoid being counted. Generally 
because, they do not have the proper paperwork to reside 
in the city or they have more than one child (in violation of 
Chinese law). 

“C. Cindy Fan, a scholar who has devoted much of her 
career to examining the floating population, compiled 
estimates calculated by several notable specialists in 
the field, ultimately asserting that there were 30 million 
individuals living outside of their hukou in the early 
1980s, 70-80 million in the early to mid-1990s, 100-140 
million in the late 1990s, and approximately 150 million 
as of 2005. The Chinese government, for their part, has 
published numerous conflicting reports, some indicating 

Migration:

Since the begining of the “Open door policy”, China’s 
once stringent  system of population control has slowly 
deteriorated. In the early 1980s the booming urban 
economy, and flood of foreign investment into China, 
created a market for low-wage labor providing opportunities 
for poor farmers. Although these poor farmers would lose 
the rights and privileges granted by their hukou by migrating 
to the city, free markets offered the opportunity to purchase 
staple goods and services at reasonably affordable prices. 
Because of this, millions of laborers began to abandon the 
countryside in favor of rapidly developing urban hotspots. 
These migrants have dramatically changed the face of 
Chinese cities. (O’Brian, 2008)

http://www.upi.com/News_Photos/Events/Migrant_Workers_China/12254458365736/http://filipspagnoli.wordpress.com/2008/11/23/human-rights-facts-81-poverty-and-urbanization/

http://www.pekingduck.org/2009/10/pollution-pollution/

http://www.potashcorp.com/slideshow/7/

RESEARCH

The increased capacities for power, sewage and water, 
along with the increase in population have played a great 
part in the increase in pollution levels along the Stone Horse 
River and it’s surrounding tributaries. 

The rural to urban population has continued to decline 
dramatically over the past two decades. 64% of the 
popultion resided in rural areas in 2001, which is down from 
the 74% amount in 1990. 

Along with the decrease in rural population and increasing 
urban population, China’s Industries and economic activities 
re moving to urban areas. It is estimated that nearly 70% of 
the population will be living in urban areas by 2035. 

http://www.upi.com/News_Photos/Events/Migrant_Workers_China/12254458365736/
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http://in.reuters.com/news/pictures/slideshow?articleId=INRTR2N4EI
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According to the 2010 census, China’s “floating 
population”— mushroomed from 144 million in 2000 to 
261 million in 2010. Most of these are migrant workers 
from the heartland provinces who seek opportunities in 
manufacturing centers such as Guangdong and Shanghai. 
[Source: Willy Lam, China Brief, March 10, 2011]

 Between 2000 and 2010 the eastern coast’s share of 
the population increased by 2.41 percent to reach 37.98 
percent, while that of the western and central regions 
declined respectively by 1.11 percent and 1.08 percent 
to reach 27.04 percent and 26.76 percent. With 104.30 
million people, Guangdong is now the country’s most 
populous province. That honor used to belong to Henan. 
With 94.02 million people, the central province has 
dropped to No. 3, behind coastal Shandong, which boasts 
a populace of 95.79 million.

Population Density:

China is one of the most populous countries, comprising 
one fifth of the world’s total population, with a total of 
approximately 1.3 Billion residents. 

The Results of the 2010 census by The People’s Republic 
of China (PRC) in late April 2011. 

1) the average growth rate was 0.57 percent a year, 
meaning that the population expanding in the 2000s at a 
markedly slower pace than the 1.07 percent recorded in the 
previous decade.

2) The populace was graying faster than expected even as 
the number of young men and women entering the job force 
will start declining soon. 

3) 49.7 percent of China’s population lives in urban areas, 
up from 36.1 percent in the 2000 census, which used a 
different counting system. [Source: Willy Lam, China Brief, 

http://factsanddetails.com/china.php?itemid=129

http://factsanddetails.com/china.php?itemid=129 http://tacticalip.com/2010/10/20/china-intellectual-property/ http://commons.wikimedia.org/wiki/File:China_population_distribution.JPG
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oke.edu/~shan20y/classweb/ahistory.html
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a global economy.  It typically refers to the policy in 1899 
that allowed several imperial powers access to China, with 
none of them having any control within the boundaries of 
the country:  “The Open Door Policy with China was part 
of a United States diplomatic attempt to ensure that China 
remain accessible at all times to outside commerce with all 
nations, free of restrictions. The diplomatic aspect of this 
policy was to ensure that the Chinese government remain 
in control and not let the foreign powers present in China 
dictate economic policies.”

Rapid Economic Growth
China’s new economic strategy led to a rapid influx of 
industry fueled by international investment and trade.  
To test the outcome of such, the Guangdong Province 
was actually selected by the central government for an 
experiment in economic reform.   Special policies allowed 
more market processes to replace the previously planned 
economy.  After years of expansion and growth, this 
“experiment” proved Guangdong had become the fastest 
growing region regarding annual industrial output, tertiary 
output and export trade (Starr, 2001).

Since then, the Pearl River Delta has been an economically 
dynamic force in China.  The region’s GDP grew from 
nearly $8 billion (US) in 1980 – only 2 years into the Open 
Door Policy – to more than $89 billion (US) in 2000.  More 
specifically, the PRD’s average real rate of economic 
growth exceeded 16%, compared to that Chinese national 
rate of just 10%.  Nearly 50% of foreign investment in China 
was in Guangdong.  Finally, by 2001, its GDP exceeded 
$100 billion (US) with an annual growth rate of more than 
3% above China’s national growth rate. The regional 
experiment, along with Guangdong’s proximity the busting 
Hong Kong, all served as a catalyst to make the Pearl River 
Delta region the thriving economic success that it is today 
(2011, website). All of this indicates that the Shima River 
Watershed is part of the fastest growing region of China.

The industry in this region is mainly comprised of 
manufacturing.  “The Pearl River Delta Economic Zone has 
become the world’s workshop and is a major manufacturing 
base for products such as electronic products (such as 
watches and clocks), toys, garments and textiles, plastic 
products, and a range of other goods. ” Almost 5% of the 
world’s goods are produced here, with an annual export 
value of $289 billion (US), according to a 2002 survey  
(2011, website).

The Sprawl Factor
Rapid economic development and growth has typical side 
effects in the Pearl River Delta and more specifically in 
the Guangdong Province.  Urban sprawl has dramatically 

It can be said that the current environmental state of the 
Shima River watershed, and China in general, is a product of 
the country’s economic rise over the past thirty-three years.  
In 1978, China finally embraced the Open Door Policy, 
opening a floodgate to industry fueled by international 
investment and trade.  Prior to that, it was a much more 
internal economy that produced mostly for itself.  

Pre-Open Door Policy
During the 1930s, China developed a modern industrial 
sector that stimulated modest but significant economic 
growth.  Following the international trade collapse of the 
Great Depression, China’s ratio of foreign trade to Gross 
Domestic Product (GDP) levels were not regained until the 
1990s.  Because of its internal economy, it was not able to 
rebound from the Depression like the rest of the world who 
was participating in a developing global economy.  To make 
matters worse, its economy was heavily disrupted by the 
Chinese Civil War and war with Japan.

An attempt to jumpstart China’s economy took place 
between 1958 and 1961, when the Communist Party of 
China (CPC) attempted to transform the country from an 
agrarian economy into a modern communist society through 
the process of rapid industrialization.  This was known as 
the Great Leap Forward, led by the Mao dicatorship (1943 
– 1976).   The loss of agriculture to industrialization created 
a massive loss of grain production that eventually led to 
widespread famine throughout the country.   An estimated 
thirty to forty million Chinese people died during this time.  
From 1957 forward, living standards stagnated and were no 
better in the 1970s than in the 1930s. Other Asian countries 
were now out-performing China, and dire reform was 
needed.  Mao’s death in 1976 allowed a new transformation 
for China’s economy (Gar-On Yeh and LIs, 1999).

Embracing the Open Door Policy
Under the new leadership of Deng Xiaoping, China looked 
towards a new market economy in 1978, and embraced 
the Open Door Policy to salvage its plunging economy.  
This policy is a concept in foreign affairs that encourages 

changed the landscape over the past 30 years.  With a 
major transformation from agricultural land to urbanized 
areas, green countrysides have been replaced with the 
concrete jungle.  With no major masterplan to guide this 
growth, industrial zones have spread in a chaotic form, 
creating residential development opportunities for the area.  
Residential zones have popped up in similar form to support 
this need.  Moreover, the industrial output has created 
needs for increased transportation infrastructure.  A lack of 
land management and monitoring systems have allowed all 
of this development to happen in an unorganized fashion.

An artistic interpretation of the Open Door Policy 1978: Google Image  2011
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Shenzhen City

Demonstrates the expanse and extensive growth of one of China’s most active port. By 2007 over 90% of the city’s 
available land was developed. The growing population puts pressures on the natural systems in terms of water pollution, 
declining air quality, invasive species and degraded coastal environment are just a few of the issues that are impacting 
this city.

Shenzhen’s Urban Development 1979, 1990, 2000 
and 2004: (UNEP Atlas of Our Changing Environment, 2011)
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World’s First Mega-City:
HongKong-Shenhzen-Guangzhou

This has created a shift in paradigm from what a city is 
and supports. The three are creating a phenomenon of the 
world’s first mega-city (www.guardian.co.uk/world/2010/
mar/22/un-cities-mega-regions) also known as an endless 
city.

With inhabitants that cover 50% of the country’s wealth, that 
are contains the concentration of middle and upper class.

Much of the goal of the mega city is to connect citizens to 
the rest of the world and create that connection to maintain 
a society that is well connected, advanced in technology 
and is self sustaining. This has come at a high price 
including extensive damage to the environment, poor city 
planning and dangerous contruction techniques that utilize 
poor craftsmanship or materials.

Theme parks, golf  courses and luxury home development 
exemplify the reduction of valuable agricultural land. 

In some cases land is seized using underhanded methods 
by local officials, who often force farmers of their land and 
give them relatively little compensation. The Washington 
Post described farmers who was thrown off their land to 
make way for a golf course and received chunks of land 
one fifth the size of what they previously owned and 
construction jobs at the golf course development. When 
they complained to the government after not being paid for 
two months work they were jailed. This expansion is driving 
Farmers off their land (Greenpeace, 2010).

Population and Food 
Production Comparison 

China is the Country with the 
Largest Population in this 
Table, However, it Contains 
the Least Amount of Farmland 
Used for Food Production.

Creating a scarcity of agricultural land can cause issues 
for a country which, in spite of  its low relative population 
growth rate, still adds 12-13 million people  a year and 
whose rapid economic modernization has brought 
severalfold increases of average per capita consumption 
of  animal food products,  aquatic products, plant oils  
and fruits. Not surprisingly, this farmland scarcity and the 
continuing decline of cultivated area have been among 
the key  arguments of  Lester Brown’s  well-publicized 
“wake-up call” about China’s capacity to  feed  itself  during 
the coming generation. But  the  official  figures, putting 
China’s  national per capita mean of  arable land below  the  
Bangladeshi average, are wrong.

It is estimated that the figures are off by more than 50% 
than the actual figure.

Shifting Land Use

Along the Pearl River Delta, 
the Landscape has Experience 
Dramatic Changes. This Aerial 
Remote Sensing Demonstrates 
the Significant Changes at the 
Convergence of the Pearl River 
Delta and the North River. Much 
of The Silt That is Carried 
There Creates Shatan, or Sand 
Flats. Settlers Used the Shatan 
to Create New Land in the Form 
of Fields for Agricultural 
Use. As This Land Rose From 
the Water, it Resulted in 
a Modifications to Both 
Topographic and Hydrological 
Conditions. 

Along the Pearl River, according a study conducted by 
the Remote Sensing and Photogrammetry Society and 
Stanford University, there are shifts in land use from existing 
agriculture or open space to urban. Urban refers to a variety 
of land uses including industrial, residential, commercial or 
institutional within the context of this report.  It is estimated 
that there are two reasons for this expansion:
1. The establishment of Special Economic Zones (SEZ) in 

the Guangdong Province providing opportunities trade 
and commerce overseas

2. Its proximity to Hong Kong and the cultural ties to 
overseas Chinese investors

Investment in Guangdong has come from Hong Kong, 
Taiwan, Singapore and the US. Rental property and labor 
are inexpensive and SEZ increased migration of businesses 
and light industry.  

The comparison seen in the caption ‘Shifting Land Use’ 
demonstrates the shift from December 1988 to March 1996 
(Seto, Woodcock and Song) utilizing change detection 
techniques developed over a 20 year period. They include 
image differencing, image regression, image rationing, 

vegetation index differencing, principal component analysis, 
change vector analysis, post classification subtraction 
and vegetation index differencing (Singh). There is no 
consensus on the best method to detect changes with 
method dependent on the type of data that is available 
but the results show landscape alteration from open and 
agricultural land to urban areas. The growth extends 
beyond 300%.

Shifting Land Use : (Li, 2011)

Mid-1990’s Per Capita Farmland Availability in the 
World’s Most Populus Countries: (Smil et al, 1999)

Replica of Egypts Sphinx at Theme Park ‘Window of 
the World’ in the Western Part of Shenzen: (http://www.
happytellus.com/theme-parks/shenzhen/china, 2011)Three Major Cities of the Pearl River District: Image adapted from Google.com, 2011

*

*
*

Hong Kong

Shenhzen

Guangzhou
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Transportation

Highspeed rail, light rail and expressways demonstrate 
the infrastructure that has been developed for commuters 
within the city and as a regional transporation corridor 
extending from Hong Kong in the South to Beijing to the 
North.

Expansion of the rail system was revamped as a result of 
instituting the Catch up Plan 2010: 
• Part 1: Focus on Infrastructure - Preparatory Stage to 

create links and build industrial structures
• Part 2: Connect with all of china - Three dimensional 

transportation network of highway, rail, water
• Part 3: Transform economy from farming to industrial 

development
• Part 4: New Technology - Highly modernized Hi-Tech - 

Worldwide level
• Part 5- Construct Jingzhu Superhighway - Connects 

Beijing and Zhuhai
(Haoyan)

Additional information indicating the importance of the 
river on the region. Much of the network traverses or runs 
aside the river’s path.

Transporation Corridors: (Li, 2011)

RESEARCH

population during this period. Import and export trends are believed to be major contributors to these development 
patterns in the country (Marks).

PRD heavily focus on rice paddies and duck farms. The dense and fertile soil deposits, the terrain, adjacency to fresh water 
and conditions provided great opportunities to cultivate land, fish and encouraged migration while also able sustaining the 
substantial growth (Marks).
China played an important role in global trade through its silk and rice production. Proximity to fresh water provided great 
opportunities for fishing, agriculture and settlement. Due to desirable tropical weather much of China was able to grow and 
mature rice but widespread cultivation was limited to the southern regions.  By 1924, China’s Pearl River Delta already 
contained over 1,000,000 people. Cultural traditions, fertile soil and available water made PRD heavily focus on rice 
paddies and duck farms. The dense and fertile soil deposits, the terrain, adjacency to fresh water and conditions provided 
great opportunities to cultivate land, fish and encouraged migration while also able sustaining the substantial growth 
(Marks).
  
In the 1980’s Dongguang’s land use changed from agricultural land to accommodate increased tourism and industrialization 
such as industry in technology manufacturing. Relatively flat low lying areas provided opportunities for development. 
The proximity to Hong Kong, a major  economic center required fast growth to support it’s regional neighbor. Theme parks 
like “Window to the outside world” and golf courses demanded more much of the open space. 

Data From the 1920’s on 
China’s Wheat and Rice 
Production

Wheat Is Not as Prominent in 
the Province but seen More 
on the Northern Area of the 
Country. Rice Production Takes 
Place Near the Coast.

Cultivation was already less dense than the actual 

Population and Cultivated 
Land in the 1920’s

The Pearl River Delta Does Not 
Have Excessive Sprawl During 
this Period But Already Has 
Similar Density Patterns.

Wheat, Rice Population and Cultivated Land In China During the 1920’s: (Marks, 1998)

Transportation and Agricultural Land Loss: (Econ Dev 
and Ag Land Loss in the Pearl River Delta.pdf, 2011)

Fig. 3. Spatial pattern of agricultural land loss in Dongguan in 1988}93.

railroad and super-highway from Hong Kong to Guangzhou (Fig. 4). Towns that
have greater than one standard deviation in the amount of land used for urban
development (built-up areas and construction sites) in 1988}93 are mainly located
near Shenzhen where a lot of property development has taken place because of the
proximity to Hong Kong. There were two main clusters of towns with higher than
average amounts of land used for urban development. One cluster is along the
Hong Kong}Guangzhou Super Highway with the City Proper as its centre. Most
of them were capitalizing the property boom by developing housing and buildings
on the #at agricultural land, leading to the increase in the loss of good-quality
agricultural land. The other cluster is located in the relatively hilly areas away from
the delta where the Hong Kong-Guangzhou railroad (Kowloon-Canton Railway)
passes through.

Although there have been worries on the loss of arable land to urban develop-
ment in the Western countries, urban development in these countries has created
less environmental impacts because they have larger per-capita environmental
capacities. Research shows that little threat to agricultural production has been
created with urban growth in these countries. For example, in the study on the
amount of encroachment on rural land in the United States, Hart (1976) concludes
that the amount of rural land which will likely be converted to urban use from 1976
to 2000 only accounts to 4 per cent of the nation's total land area. In New Zealand,
it is found that the urban growth since European settlement represents only 4 per
cent of its highly productive land (Leamy, 1974). In Canada, the same situation is
also found in the study by Smit and Cocklin (1981) on the extent of future
rural-to-urban land-use conversion for each of the thirty Ontario counties for the
period 1976}2001. Four future urban growth scenarios are associated with the
conversion, but only less than 2 per cent of the prime agricultural land of Ontario
would be lost even under the &&worst'' scenario. In England and Wales, the same

379Economic Development and Agricultural Land Loss in the Pearl River Delta, China

Local Train Stop: (flickr.com, 2011)

Transportation and Agricultural Land Loss: (flickr, 2011)

Dongguan City Boundary
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Yangzi, Yellow and Three Tributaries of the Pearl River: (Cressey et al, 1934)

Three Great River Systems of China

Pearl River District is the Most Important Agricultural Region 
in China Due to its Deep Water Channels and Proximity to Hong 
Kong.

The Yangzi has the largest amount of drainage, flow, suspended solids and silt carried areas of the three river systems 
compared. 

Three Pearl River Tributaries: Adapted from Google.com 2011

WaterWays
Dongguan City Boundary

North River

Pearl River
Delta

West River
East River

 

River Drainage Area
(sq. mi) 

Flow
(cu m/sec) 

Suspended
(kg/cu. m) 

Silt Carried 
(kg/sec) 

Silt Carried 
(ton/sq. mi/yr) 

Yangzi 658,452 28,500 0.575 16,388 4,366 

Yellow 265,587 1,350 37.7 50,895 759 

West 127,299 6,294 .321 2,020 521 
North 14,812 1,280 .126 161 Na 

East (Dongjiang) 9,778 697 .136 95 Na 

Pearl River 
System

151,889 8,271 <.321 22,276 >521 
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2006 Mountain and Urban Development: (Li, 2011)

Agriculture And Urban 
Development

Over an 18 Year Period, These 
Maps Show an Explosion in 
Urban Development Covering 
Much of the Agricultural Zones 
That Evolved in the Shima 
Watershed within Dongguan 
City. The River was the Source 
of Much of the Agricultural 
Development Which Also Provided 
the Same Opportunity for Urban 
Development.

The most convenient land used to cultivate crops is 
closest to sea level and contains less elevation and slope 
changes. Population and development also follow the same 
patterns but have created immensely populated cities while 
isolating a public site.

2006 Urban Devel: (Li, 2011).

regional neighbor. Theme parks like “Window to the outside 
world” and golf courses demanded more much  of the open 
space.

Urbanization

Cultural traditions, fertile soil and available water made 
 In the 1980’s Dongguang’s land use changed 
from agricultural land to accommodate increased tourism 
and industrialization such as industry in technology 
manufacturing. Relatively flat low lying areas provided 
opportunities for development. The proximity to Hong Kong, 
a major  economic center required fast growth to support it’s 

Scattered Areas of Urbanization 
are Mapped Along the River 
Providing Proof that the River 
Could be Used for Transporting 
People, Goods and Resources. 
It Informs that River Can Also 

Transport Waste.

The expansion of urban areas throughout the project site 
are indicative of the best places to construct due to their  
relatively flat land. This enable construction with less need 
for grading. relatively flat land. This enable construction 
with less need for grading.

1988 Urban Development: (Li, 2011).
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Mountains
Opens Space, Park and Forests 
are Categorized as Mountains. 
These have Been Maintained 
Relatively Constant but 

reinforced the belief that a majority of development is 
absorbing cultivated lands. Preservation efforts may 
be necessary in the future but it is a lower priority than 
protection of agricultural lands.

Indicates a Possible Error 
Margin or that Much Development 
has Centered Around Using 

Agricultural Land. 

This example of a mountains remaining constant has 

1988 Mountains: (Li, 2011).

2006 Mountains: (Li, 2011)

Chinese Versus U.S. Energy 
Uses

Comparison of Hydropower, 
Nuclear Energy, Coal, Gas and 

Oil.

Since 2002, China has experienced rapid growth in 
energy use especially coal, the country’s most abundant 
fuel source. 75% of all commercial energy comes from coal 
but leads to air pollution. When compared with other uses,  
industry requires 3-4 times as much energy in China as in 
other developed countries geothermal reserves equivalent 
to 3 billion tons of coal 0.01% is being used. 

With a lare portion of the country located near the coast, 
wind power potential is estimated at 1600 GW. This equates 

to eight times the current total electricity generation. If 
China used 3% of its wind potential, it could cut its sulfur 
emissions by 20%.

There is a strong potential for solar power due to the tropical 
climate and location on the globe near the equator. High 
levels of solar radiation project in much of the country. 

Chinese government continues to encourage what it 
calls a “going global” strategy for mineral exploration and 
exploitation (Harris, Wise and Gallagher)

China’s Energy Use Trends from 1965 to 2009: (http://www.chinability.com/chinas_land_and_resources.htm, 2011)

China’s Energy Use Trends from 1965 to 2009: (http://www.chinability.com/chinas_land_and_resources.htm, 2011)
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The Shima River Watershed Project ultimately 
seeks to remediate the river’s pollution that has 
degraded environmental policy over the years 
from rapid and widespread industrialization of 
the region.  The Pearl River Delta, and China 
in general, suffers from heavy pollution that 
makes environmental quality improvement a 
national priority.  Not until early 2002, 24 years 
into the country’s industrialization, did China 
initiate an $84 billion program to fight pollution. 
The government hopes to reduce the amount 
of pollutants in the air, water and soil by 10% 
of 2000 levels.

• Toxic by inhalation
• Poisoning at low doses causes death

NITROGEN DIOXIDE (NO2)
• Produced in petroleum and coal combustion
• Causes respiratory problems and death

SULFUR DIOXIDE (SO2)
• Motor vehicles, fireplaces. construction dust, 
landfills, agriculture, waste burning, industrial 
sources
• Fuels asthma attacks, bronchitis, other lung 
diseases

PARTICULATE MATTER (PM10)
• Emissions from industrial facilities, vehicle 
exhaust, gasoline vapors
• Negative environmental implications

OZONE (O3)

Air Quality
Environmental monitoring shows urban 
air quality in over one third of China’s 
cities are not meeting the standards set 
forth by China policy.   China’s Ministry of 
Environmental Protection (MEP) recently 
made an announcement regarding motor 
vehicle emission pollution in China.  
Vehicle exhaust is the main soure of air 
pollution in large and mid-sized cities. 
Monitoring data shows that 1/3 of 113 key 
environmental protection cities failed to 
meet air quality standards in 2009, and 
in many cities, particularly large and mid-
sized cities, the combination of coal smog 
with car exhaust have made air pollution 
control substantially more difficult (Green 
Law China - Environmental Governance).

Air quality data suggests an overall 
improvement in pollution levels since 
2007.  Sample data was found for 
Nitrogen Dioxide (NO2), Ozone (O3), 
Particulate Matter (PM10), and Sulfur 
Dioxide (SO2) that indicate an overall air 
quality improvement between 2007 and 
2010.  More accurate and comprehensive 
data is still needed to understand true air 
quality of the region. 

Soil Quality
Soil is often referred to as “invisible 
pollution.” Little to no soil data was 
found for the Shima River watershed, 
the Guangdong Province nor China 
as a whole.  Several articles, though, 
indidated soil pollution to be prevelant, 
due most likely to agricultural pollution 
from pesticides and industrial waste 
pollution directly into soil. China has 
120 million hectares of arable land, and 
an estimated10 million hectares of that 
land is polluted.  Heavy metals from 
industrial waste actually effects 12 million 
tons of grain, nationwide, per year in 
China.  These facts are intriguing and 
hard soil data is desired to have a better 
understanding of soil quality, as it directly 
impacts river water quality of this region 
(Green Law China).

Google Image  2010 Google Image  2008
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Water Quality
An improvement in air quality, 
however, may suggest a 
degradation of water quality.  
Although factories may not be 
putting their bi-products into the 
air, it still needs to go somewhere.  
Factory waste is often deposited 
directly into the river.  

Additionally, some pollutants are 
being “shipped” away from factories 
and deposited directly into the river: 
In the dark of the night, an oil tanker 
driver leads a tube to a river and 
discharges waste liquid. Returning 
trucks discharge waste water 
into “home” lakes entrusted by 
enterprises from other provinces. 
Farming vehicles dispose wasted 
chemical barrels into the wild… 
During the past 2 years, Shandong 
environmental authorities have 
encountered a number of pollution 
cases that involved transferring 
pollutants across provincial borders 
to avoid effective supervision. 
(Green Law China - Environmental 
Governance).

Maps created from GIS data 
indicate pollution levels in the 
Shima River to be in highest 
concentration among the denser 
industrial clusters located along or 
near the river.  Data was collected 
for various pollutants including 
ammonia and phosphorous.  
Figures for Chemical Oxygen 
Demand are also highlights on 
these maps.  While these maps 
paint a good picture of what is 
going on with water quality of the 
river and its contributing tributaries 
and reservoirs, much of this data 
was assessed from a single source 
dating back to 2006.  It is suspected 
that industrial zones indicated 
on these maps could actually be 
denser and more widespread 
than what is shown.  More 
comprehensive data is desired to 
make firmer conclusions. (Li)
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•Odorless, colorless
•Used in fertilizers
•Toxic to freshwater organisms above 0.5 mg/L
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CHEMICAL OXYGEN DEMAND
•Present in fertilizers, pesticides, industrial chemicals and 
cleaning compounds
•Harmful to animals in high concentration
•Recommended maximum for waterways = 0.1 mg/L

AMMONIA PHOSPHOROUS 
•Measure of the oxygen equivalent of the organic matter 
content of a sample that is susceptible to oxidation by a 
strong chemical oxidant
•Useful for monitoring and control after correlation has been 
established
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SHIMA RIVER WATERSHED PROJECT:Environmental Policy

Environmental policy guiding the Shima River Watershed is guided by its encompassing Pearl River Delta and further 
by national policy set forth by the Ministry of Environmental Protection (MEP) of the People’s Republic of China (PRC).  
Clear, written policy exists with missions, goals and various 5 year incremental improvement plans, etc.  The reality of the 
situation is that little to none of it is actually enforced, given the pollution levels.

Hopefully that may be starting to change.  Beyond data and information collected from Chinese government agencies, 
there seems to be hopeful information that governmental agencies may be starting to change its tune towards policy 
enforcement.  But time will have to pass before true assessment can be made.   The next pages highlight various 
governmental policy as well as news clippings about environmental policy current events.

MISSION:

1. Develop national policies, laws 
and regulations, and formulate 
administrative rules and regulations 
for environmental protection.

2. Draw up and organize the 
implementation of laws, rules and 
regulations on pollution prevention.

3. Supervise the development and 
utilization activities of natural 
resources that impact ecological 
environment.

4. Draw up and organize the 
implementation of laws, rules and 
regulations on pollution prevention.

5. Formulate national environmental 
quality standards.

6. Develop various regulatory regimes 
of environmental management.

7. Organize environmental S&T 
development programs.

8. Take charge the work on 
environmental monitoring, statistics 
and information.

9. Develop basic national principles 
on global environmental issues.

FIVE-YEAR
INCREMENTAL ENVIRONMENTAL 
PROTECTION IMPROVEMENTS

The National Eleventh Five-
year Plan for Environmental 

Protection 
(2006-2010)

Approved by the State Council of the 
People’s Republic of China on 22 

November 2007
 

The current plan is formulated on 
the basis of the Outline of the 11th 
Five-Year Plan for the Development 
of National Economy and Social 
Development and the Decision of the 
State Council on the Implementation of 
the Scientific Outlook on Development 
and Strengthening Environmental 
Protection [No.39 document of the 
State Council (2005)]. The current 
plan is an important part of the 
national 11th Five-Year Plan 
system and aims at expounding the 
objectives, tasks investment focuses 
and key policy measures in the field 
of environmental protection during 
the 11th Five-Year Plan period, 
identifying the responsibility and 
tasks of people’s government and 
environmental protection departments 
at all levels, guiding and mobilizing 
the participation of enterprises 
and civil society and striving for 
environment-friendly society.

03-05-2008

Google Image  2011
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Hazardous Chemicals Management:

•	Amendment on the List of Toxic 
Chemicals Severely Restricted on Im-
port and Export in China (Circular 
No. 80 [2006])

•	Announcement on the Catalogue of 
Commodities Prohibited from Import 
(The 6th Batch) and the Catalogue of 
Commodities Prohibited from Export 
(The 3rd Batch) (Circular No. 116 
[2005])

•	Announcement on the List of Toxic 
Chemicals Severely Restricted on the 
Import and Export in China (Circular 
No. 65 [2005])

•	Circular on Strengthening the Man-
agement of Hazardous Chemicals

Pollution Discharge and Levying:

•	Circular on Standardizing Pollut-
ant Outlets

•	Circular on Carrying out Nationwide 
Report and Registration of Pollutant 
Discharges

•	Circular Concerning the Promulga-
tion of Items and Standards Concern-
ing the Collection of Administrative 
Fees in Environmental Protection 
Field

State Environmental Protection 
Administration (SEPA)  

•	Effective May 08, 2008:

•	Issued measures standardizing the 
disclosure of environmental informa-
tion by government agencies and en-
terprises

•	Gives the public the right to re-
quest government environmental in-
formation 

Prevention and Control of Air 
Pollution:

•	Circular on Adjusting Several Pro-
visions on the Standards on the Elim-
ination of Outdated Automobiles

•	Technical Policy on the Prevention 
and Control of Pollution by Motor Ve-
hicle Emissions

•	Circular of the General Office of 
the State Council on Limiting and 
Stopping the Production, sales and 
Use of Leaded Fuel 

•	Circular on Adjusting the Standard 
on the Elimination of Light Trucks

•	Circular on Related Issues Con-
cerning Installing Pollution Control 
Products on Motor Vehicles

•	Industrial Policy on Automobile

SHIMA RIVER WATERSHED PROJECT:Environmental Policy

Yanqing court 
establishes Beijing’s 
first environmental 

court

On the morning of November 
10, an environmental court 
was established in Beijing’s 
Yanqing county court, meaning 
environmental protection in 
Beijing has progressed onto a 
“double-track”: administrative 
track and judicial track. Drawing 
from the experiences in other 
regions, Beijing high people’s 
court decided to establish its first 

Nine Ministries Put 
Forth Dioxin Control 
Timetable, and Other 
China Environmental 

Law, Public 
Participation, and 
Climate Change News

China will begin total emission 
control for dioxin in several pilot 
locations, including Beijing, 
Tianjin, Hebei, the Yangtze River 
Delta, the Pearl River Dealty, and 
other key regions. A roadmap 
and timetable for dioxin pollution 
prevention and control was 
recently agreed upon by nine 
government ministries, namely, 
the Ministry of Environmental 
Protection, Ministry of Foreign 
Affairs, National Development 
and Reform Commission, Ministry 
of Science and Technology, 
Ministry of Finance, Ministry of 
Housing and Urban Construction, 
Ministry of Commerce, and 
General Administration of Quality 
Supervision. The roadmap aims 
at establishing a dioxin pollution 
control regime and long-term 
supervision mechanism by 
2015, and also states as a goal 
to cut dioxin emission from key 
industries by 10% and to control 
the trend of increasing dioxin 
emission in general. (Source: 
Beijing News) 

China to explore a new path of 
environmental protection: establishing a 

pollute-and-pay regime

According to MEP website, the Minister of MEP, Zhou Shengxian, 
has stated that China will continue to explore a new path of 
environmental protection, which involves establishing a regime that 
requires polluters to pay. Last week Zhou Shengxian also delivered 
a speech at the China Council for International Cooperation on 
Environment and Development (CCICED) yearly conference that 
outlined five major duties going forward to improve the ecological 
environment of China. (Source: Chinanews)

FYP main pollutants 
emission reduction 
targets in advance

 
At the CCICED annual conference 
last week, Zhou Shengxian 
announced that 11th five-year 
plan emission reduction targets for 
major pollutants had been met in 
advance: COD and SO2 emission 
were reduced by 9.66% and 
13.14%, respectively, during 2006-
2009. Additionally, COD discharge 
in the first half of this year declined 
by 2.39%. 

China releases results of 
comprehensive environmental 
management assessment in 655 

cities

MEP released the “2009 National Report 
on Urban Environmental Management and 
Comprehensive Restoration,” announcing 
the results of assessment on environmental 
management of 655 designated cities. MEP 
news spokesperson Tao Detian said that the 
results of the report show a large improvement 
overall in environmental management across 
the country. (Source: Xinhua)  

 Bing Image  2011 Google Image  2010Google Image  2011
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Landscape Units

Agriculture 

In terms of space the distance from water and amount of agricultural land were variables that had the greatest impact on 
the weight of our units. This is because the goals of the project are centered around the Stone Horse River. Additionally, 
Agriculture is very important to the history of the site so preserving this land is critical as well. 

The diagram below provides a opportunity to briefly know how our landscape units relate to urban and mountain land uses.

AGRICULTURE

WATER
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Beyond 500 meters from water,agricultural land less than 500,000 square meters,
and a mixture of land use (none over 50%)

Near water, agricultural land greater than 500,000 square meters,
and over 50% urban 

Near water, agricultural land greater than 500,000 square meters,
and mix of different land use (none of them over 50%)

Near water, agricultural land greater than 500,000 square meters,
and over 50% of mountain

Near water, agricultural land less than 500,000 square meters,
and over 50% of urban

Near water, agricultural land less than 500,000 square meters, 
and mix of different land use (none of them over 50%)

Near water, agricultural land less than 500,000 square meters, 
and over 50% of mountain

Beyond 500 meters from water, agricultural land greater than 500,000 square meters,
and over 50% of mountain

Beyond 500 meters from water, agricultural land greater than 500,000 square meters, 
and a mixture of land use (none over 50%)

Beyond 500 meters from water, agricultural land greater than 500,000 square meters,
and over 50% of urban area

Beyond 500 meters from water, agricultural land less than 500,000 square meters, 
and over 50% of urban areas

Beyond 500 meters from water, agricultural land less than 500,000 square meters, 
and over 50% of mountain

X
WAU
WAX
WAM
WU
WX
WM
AM
AX
AU
U
M

1
2
3
4
6
7
8
9
10
11
12
14

W=within 500 meters of a body of water
A=has agricultural land less than 500,000 square meters
U=has more than 50% urban land use
M=has more than 50% mountainous land use
X=has a mixture of land uses with none greater than 50%

TYPOLOGY LEGEND

LANDSCAPE UNITS
Ater collecting  our research data we moved on  to the 
analysis phase of the planning process. To inform our 
program approach we divided the study area into landscape 
units, utilizing a GIS model to conduct the spatial analysis. 
The first step of this process was to divide the area into 
subwatershed basins. The logic behind this decision was 
based on the assumption that we would probably be trying 
to utilize the natural flow of water in our later remediation 
strategies. A second division was made by splitting the 
basins into areas within 500 meters of a body of water, 

and those outside of the buffer. After the spatial units were 
defined, we then characterized the units based on amount 
of agriculture land, amount of developed urban land, and 
steep sloped mountainous areas. These criteria produced 
14 different landscape unit types, 12 of which are found in 
the study area. A letter-code system was devised to help 
us quickly identify the different types. The typology legend 
below breaks down the letter-code as well as the color -code 
for the map of the units to the  right. Colors tend  toward 
red for urban influence, yellow for agriculture influence, and 
green for mountainous influence. These units later helped us 
to identify general program element strategies by location.    

4 0 42 Kilometers ¯
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Landscape Units map:
Li 2011 & adaptated from Google Earth

Landscape Units/Program Elements Suitability Matrix

3 0 31.5 Kilometers
¯

Legend
R1Strategy1

R1Strategy2

R2Strategy1

R2Strategy2

R3Strategy1

R3Strategy2

PRIORITY ANALYSIS
After development of the landscape units, we used the 
typology descriptions to conduct a matrix analysis of 
typologies versus our program elements. With the results 
of the suitability matrix, we developed priority levels 
and a strategy system to organize later implementation 
approaches. The program elements “Remediation” and 
“Preservation” (a broad inclusion of elements such as 
protection of existing open spaces, outdoor recreation, 
protection of farmlands, and public outdoor spaces), leant 
themselves well to spatial organization, so we proceeded 
to mapping their strategy zones. We determined “Public 
Outreach” to be a less mapable program element grouping.  
To the right are maps of the two major program element 
strategic priority zones. 
Each  map is divided into three priority levels, with “1” being  
the areas that have the highest immediacy of need for 
their respective program element. For each map we also 
identified two strategy categories each for implementation.   

3 0 31.5 Kilometers
¯

Legend
P1Strategy1

P1Strategy2

P2Strategy1

P2Strategy2
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Remediation Strategic Priority Levels map:
Li 2011 & adaptated from Google Earth

Preservation Strategic Priority Levels map:
Li 2011 & adaptated from Google Earth
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Remediation Priority Level 1 map:
Li 2011 & adaptated from Google Earth

3 0 31.5 Kilometers
¯

Legend
R1Strategy1

R1Strategy2

Shima Pollution
COD

No data

0 - 44.3

44.3 - 56.8

56.8 - 82.8

82.8 - 102.9

102.9 - 149.7

Priority Level 2 outlined the less polluted areas around the 
river and their adjacent basins with surrounding agricultural 
lzones. While remediation is also needed in these areas, 
we felt that the urgency was subordinate to the first priority 
level.

Priority Level 2 Strategy 1:
Urban development dominant
Remediation focus on point-source industrial/urban runoff
Possible program elements: Remediation, Parks, Public 
Education

Priority Level 2 Strategy 2:
Agriculture influence
Remediation focus on non-point-source pollution & policy

Priority Level 3 includes the units that are farther away from 
the Shima River, but still near bodies of water. These areas 
are still in need of water quality remediation, but the results 
will have the least amount of immediate impact. 

Priority Level 3 Strategy 1:
Agriculture and mixed-use areas near water bodies and 
tributaries
At least moderately suitable for all identified program 
elements

Priority Level 3 Strategy 2:
Agricultural and some mixed use areas near mountains and 
water bodies

REMEDIATION 
The remediation program was divided into three priority 
levels. The first priority level includes the most polluted 
river segments and their adjacent basins. These areas 
are also the most heavily urbanized units. We chose these 
areas because they need the most immediate remediation 
attention, and also possibly would yield the largest results.

Two strategy zones divide the priority level, categorizing 
the units into urban development dominant (Strategy 1) and 
agriculturally influenced areas (Strategy 2). Both of these 
strategy designations hold true for all three priority levels. 
The implementation strategies are listed below:

Priority Level 1 Strategy 1:
Urban development dominant
Remediation focus on point-source industrial/urban runoff
Possible program elements: Remediation, Parks, Public 
Education

Priority Level 1 Strategy 2:
Agriculture influence
Remediation focus on non-point-source pollution & policy
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Remediation Priority Level 2 map: 
Li 2011 & adaptated from Google Earth

Remediation Priority Level 3 map:
Li 2011 & adaptated from Google Earth
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INDUSTRIAL WATERSHED

One approach to remediation of the most polluted 
segments of the river is to focus on the point-source 
pollution generators that discharge directly into the 
river and its tributaries. Currently, a single wastewater 
infrastructure exists which carries both industrial discharge, 
municipal sewage and stormwater runoff to the river. 
Prior analyses identified subbasins within the greater 
Shima River Watershed. By combining GIS analysis and 
remote sensing, a sample sub-watershed was identified 
that feeds into one of the most polluted segments of river, 
suggesting that this area could be a good case study for 
infrastructure upgrades. By dividing the land into basins this 
way, gravity is utilized to its maximum potential, reducing 
the energy needs for pumping stations. A possible strategy 
for improving the infrastructure is to separate the different 
sources of wastewater and treat them appropriately before 
releasing the water to the river. 

INDUSTRIAL DISCHARGE
The industrial areas are generally clustered near water 
sources that can easily be used to evacuate wastewater. 
However, this clustering also allows decentralized treatment 
facilities to be established in appropriate areas to minimize 
new pipe construction.

00 .5 1.0.25 Kilometers
¯

00 .5 1.0.25 Kilometers
¯

5052.5K ilometers
¯

Legend
subwatershed

Shima Pollution
COD

No data

0 - 44.3

44.3 - 56.8

56.8 - 82.8

82.8 - 102.9

102.9 - 149

Industrial watershed context map
Industrial areas within the subwatershed

Conceptual diagram of industrial treatment infrastructure

CON
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Existing wastewater discharge diagram:
adapted from Panoramio.com 2011

Conceptual wastewater discharge diagram:
adapted from Panoramio.com 2011 & LivingMachines.com 2011

MUNICIPAL SEWAGE
Wastewater reuse systems have evolved to the point that 
sewage can be treated on-site, or in decentralized locations 
before being released to streams, or the existing wastewater 
pipe infrastructure. One example of a small footprint, low 
cost treatment system is an enclosed “tidal wetland”  system, 
which utilizes periodic flushing of tidal wetland plants in a 
special gravel substrate. The periodic inundation serves 
the natural function of the plants, as well as oxygenates 
the process in a low energy fashion. Water treated in this 
way can then be reused for non-drinking applications such 
as flushing toilets and landscape irrigation. This would in 
turn lessen the burden on the existing infrastructure. The 
climate in the watershed is further amenable to this sort of 
system due to its warm temperatures year round. 

STORM WATER RUNOFF
The existing infrastructure could continue to be used to 
catch and redistribute water that falls as precipitation. Other 
aspects of this report point to possible solutions for further 
treating and retaining stormwater before it is released to the 
main river channel or other subordinate waterways.
  

CON
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wastewater goes straight to the river
existing stormwater infrastructure

to further treatment

biological and phytological
treatment
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EXISTING INFRASTRUCTURE REUSE

The density of development in the the Shima watershed and 
surrounding region poses a problem for siting remediation 
solutions. Most of the areas that are not urban are agricultural 
in use, a historic economic way of life that we hope to 
preserve by limiting further urban development. However, 
the combination of extensive urban and agricultural land 
cover leaves very few areas left over, most of which we 
have prioritized for ecological conservation. Some of the 
larger remaining interstitial space can be found along the 
margins of infrastructure such as freeway interchanges. This 
particular interchange (Fig. XX) is located close enough to 
the river that it could be retrofitted to accommodate the large 
footprint that comes with many bio- and phytoremediation 
techniques.  The highlighted space within the interchange 
covers almost 16 acres of land. The otherwise unused 
space, with its built in compartments, could be adapted 
to house a series of wetlands, for example, that cleanse 
a portion of rerouted Shima River water before returning it 
to the river. In addition, habitat would be improved for local 
and migratory water fowl, insects, and threatened wetland 
species. This is just one example of a possible location 
for remediation solutions, but is repeatable throughout the 
watershed.

CON
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interchange

5052.5K ilometers
¯

Freeway interchange near the Shima River in Tangxia Township:
Google Earth 2011

15.89 acres of unused space:
adapted from Google Earth 2011

Concept view of a constructed wetland in the leftover spaces of a freeway interchange:
adapted from Panoramio.com 2011

Interchange Context Map:
Li 2011 & adapted from Google Earth 2011

AQUEDUCT REUSE
The Shima River watershed once provided drinking water 
for the Hong Kong area, however, a more recent aqueduct 
now collects water from farther up the East River where 
pollution levels are lower. The old aqueduct parallels the 
river for its entire length, pumping water in the opposite 
direction of Shima flow. The extensive infrastructure 
for this aqueduct remains, including elevated sections, 
long tunnels, open air sections and capped below grade 
sections, as well as numerous pump stations. The 
existing facilities could be reappropriated to accommodate 
remediation efforts. Instead of building new pumphouses 
and diversion channels to route Shima water to treatment 
locations, we suggest using the existing infrastructure to 
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Close up views of old hong Kong aqueduct:
Li 2011, adapted from Google Earth 2011

Opportunities for aqueduct reuse:
Li 2011 & adapted from Google Earth 2011

Aqueduct tunnel in Tangxia Township:
Panoramio.com 2011

Covered aqueduct in Fenggang Township:
Panoramio.com 2011
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opportunities near aqueduct
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¯

transport water  within the treatment areas. 
Uses could also include providing water from 
the Dongjiang River to certain locations that 
require a greater flow than the seasonal low 
flow of the Shima for successful treatment, or 
to bring toxicity levels within the limits of biotic 
treatment methods.

The maps to the right show highlighted 
opportunities for diverting water via the old 
aqueduct. Large available portions of land 
near the old aqueduct are shown in green 
within the township of Tangxia, which contains 
the most polluted segment of the river.  
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Storm Water 
Management

Utilizing Rooftop Rainwater 
Capture and Low Impact 
Development Streetscapes as 
Buffers.

The function of these proposed will support our goals by 
implementing solutions that: 
• Increase Permeability for Stormwater Retention
• Capture Rooftop Rainwater
• Process Industrial Waste
• Reduce Space Requirements for Waste Treatment
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Proposed Buffers to Improve Infiltration and Minimize Waste Discharge into River.

Storm Water 
Management

Utilizing Rooftop Rainwater 
Capture and Streetscapes as 
Buffers.

As water travels to the low points, it collects contaminants 
along the way. Mining facilities leach minerals that are 
escavated during the processing. 
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Low Impact Development
Green Streets Provide Opportunities for filtration and 
Percolation.

The streets within our project site have vegetation and trees in planters located atop concrete side walks. This does 
not provide any opportunities for ground water recharge nor does it slow stormwater before reaching the lowest points 
which are the river and tributaries. 

Incorporating green street design that directs water from streets into planters with vegetation can slow water down 
enough to allow sediment to settle. This would also be a primary treatment source. Plants that would be appropriate 
for intake are rushes or cottonwood which are water loving plants that can survive with wet roots.

Project Site: Image Modified from Googleearth

Mine: Image Modified from GoogleearthStormwater Capture: Image Modified from Googleearth

Mine: Image Modified from Googleearth
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Site Diagram with Underground Treatment Options for Industrial and Storm Water

Rooftop with water collection: (Googleearth, 2011)

Cistern: (stormwatertreatment.com, 2011)

Green Wall Solutions for Redirecting Stormwater: (flickr.
com, 2011)

Water Capture

Agriculture 

Redirecting stormwater that would otherwise end up in 
streets collecting pollutants and waste while it travels to the 
lowest points of the city, can significantly reduce chemical 
levels in the river.

Environmental Protection Agency states that, in the U.S.,  
a family of four uses 146, 000 gallons of water per year for 
indoor and outdoor uses. Based on 71 inches of annual 
rainwater that Dongguan receives, a building the size of 
building 2 at Cal Poly Pomona could collect as much as 
1.6 million gallons of water per year. This would provide 
enough fresh water for 11 families for an entire year. 

Since much of the pollutants in the river come from the 
urban areas along the river, the 

Proposed Project Implementation Sites: Image Adapted 
from Googleearth.com 2011
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Proposed Project Implementation Sites for Solid 
Waste Reduction Along River: Adapted from Googleearth, 
2011.

Proposed Project Implementation Sites for Solid Waste Reduction Along River: http://www.stormwatersystems.com/stormx.
html

Site Diagram with Underground Treatment Options for Industrial and Storm Water

Underground Stormwater System in Japan: (http://inhabi-
tat.com/new-submission-33/, 2011)

Water Capture

Subsurface

Land is not readily available on the project site without 
depleting protected or precious agricultural space. Creating 
a subsurface system is able to take advantage of space 
requiring only a tenth of that which is needed by surface 
treatment wetlands. Treating 1 million gallons per day 
requires 100 hectacres of surface flow wetlands but only 
5-10 hectacres of sub surface flow constructed wetlands 
for treatment.  

To support these systems the right plants must be used. 
Accoring to Science Direct, there are plants that only 
require 15% of sunlight for full photosynthesis to take place.
(M.Nelson-Science Direct).

These images show an underground system constructed 
to proect Saitama, Japan from the monsoon that have 
killed hundreds of people. There are environmental 
consequences to building concrete city’s underground but 
these can be placed under building at a maximum depth of 
1 to 2 stories. By creating underground cisterns that could 
even be used to treat water using chemical means.

CON
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Solid Waste 
Reduction Along 

River
Utilizing a system like this will 
capture debris at outlets before 
they enter the river. This will 
provide job that can be sponsored 
by government agencies or non-
profit organizations. Additionally, 
community service work can be part 
of the solution.

Waste that is collected can be 
sorted and recycled. This can be a 
self generating revenue that is put 
back into the program.

Much of the technology that is 
supported by the industry along the 
Shima River is from computers or 
apparrel, which add contaminant to 
the waterway. This simple solution 
uses low technology and gets people 
at the source making them aware of 
the things they to do that also make 
an impact.
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Because thorough research could only uncover a small portion of 
real data about the Shima River Watershed area, more information 
is desired to be able to begin providing accurate solutions.  However, 
from the data and information collected, a solid framework of 
information and resources was achieved that will allow the project 
to be tweaked and improved as more current and accurate data is 
collected.

From this framework, conceptual ideas have formed about how to 
remediate the Shima River and its adjacent areas.  In order to drive 
this concept for remediation, it seems most appropriate to zoom 
into the river’s most polluted area and assess what can be types 
of remediation can be implemented based on apparent land use of 
specific small-scale sites.  

Along or near the river, constructed wetlands seem ideal for 
remediating the river.  In turn, the re-acquisition of green space is 
achieved that can benefit the local Guangdong population.  From this 
selected swatch of land, five conceptual concepts using wetlands and 
greenification were chosen as a basis to gradually improve Shima 
River water quality.  The next pages further describe the conceptual 
design, implementation, and benefits of:

1. Remedial Levees
2. Remedial “Inland” Open Space
3. Remedial “Riparian” Open Space
4. Riparian Industrial Zone Reclamation 
5. Remedial River Set-Backs

 

POSSIBLE PROGRAM ELEMENTS: 
CONCEPTUAL REMEDIAL SOLUTIONS

56
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POSSIBLE PROGRAM ELEMENTS:
REMEDIAL LEVEES
Use existing river levees to treat and purify water by creating large 
scale bio-swales that can treat and purify water from adjacent land 
which is often used by factories and/or agriculture.  The levees can 
then channel run-off from adjacent pollution sources.

The overall and long 
term goal of Shima River 
Riparian Remediation 
is to eventually create 
massive setbacks along 
both edges of the river.  
Incentive programs 
for industries and 
developers will promote 
their relocation, gradually 
creating open space over 
the next fifty years.  Set 
backs of 100 meters or 
more can open up space 
to be preserved at National 
Park level, offering the 
dense population of the 
townships along the 
Shima River extensive 
plots of preserved 
land for recreation and 
connection to nearby 
mountain preservations.  
In turn, this will also foster 
environmental education 
and awareness and 
provide a recreational 
form of transportation 
(i.e. riverside bike paths) 
that can further connect 
communities. 

POSSIBLE
PROGRAM

ELEMENTS:
REMEDIAL

RIVER
SET-BACK

Google Image  2010

Google Image  2010 Google Image  2010

Google Image  2008
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Large plots of riverside space are dedicated to industrial zones 
that feed pollutants directly into the water stream.  Over time, 
this land can be re-acquired by government agencies through 
incentive programs that encourage companies to relocate.  
This phased approach will open up riverside space that can be 
incrementally transformed into constructed wetlands that treat 
groundwater before it makes it way into the channel.  As more 
and more companies leave the river’s edge, these wetland 
parks can expand and treat larger sectors of polluted land.

POSSIBLE PROGRAM ELEMENTS:
INDUSTRIAL ZONE SOIL REMEDIATION

POSSIBLE PROGRAM ELEMENTS:
INDUSTRIAL ZONE RECLAMATION

Google Image  2010Yahoo Images 2007

Renaissance Park, Chattanooga, Tennessee:Hargreaves 2009

Renaissance Park, Chattanooga, Tennessee:Hargreaves 2009

Renaissance Park, Chattanooga, Tennessee:Hargreaves 2009

The case study above incorporates a landscape restoration strategy and 
stormwater treatment wetland contained within a larger functioning urban 
park in Chattanooga, Tennesse.  Hargreaves & Associates designed this 
park to remediate a 23.5-acre site that used to house a kitchen appliance 
factory which polluted the surrounding soil.  With the contaminated soil 
contained, stormwater can be treated as it passes through the gabion 
system (geotechnical stablization) pictured here.  Before this constructed 
wetland was built, this site was a significant source of pollution for the 
Tennessee River  (Hargreaves, 2009).

This remediation system, and others like it, can easily be 
employed along riverside industrial sites along the Shima 
River.  If riparian land can gradually be reclaimed through 
an industrial relocation incentive program, sites like this 
could be designed up and down the Shima River, creating 
a network of constructed treatment wetlands for miles.  
This not only promotes the gradual setback goals of the 
river, but would also create a green corridor that could fuel 
outdoor recreation, strenghten communities and aid in the 
acquisition of land for natural preservation.
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Large tracts of housing are often located between 
the river’s edge and larger tracts of land dedicated to 
polluting factories.  By acquiring these remnant green 
zones, constructed wetlands can be implemented 
along the river that gradually treat water flowing from 
upstream.  Green space will benefit quality of life not 
only through water quality improvement, but also with 
public space that could include riverside bike paths and 
wetland parks.

POSSIBLE PROGRAM ELEMENTS:
REMEDIAL OPEN SPACE
Use existing open space, from open fields, brown fields, or recently deconstructed 
areas that are often found amid densely populated industrial areas, to claim for 
green space.  Wherever possible, nearby factories, agricultural fields, and other 
sources of pollution could be piped to these locations where remedial methods 
could be applied.  With the help of landscape architecture, these green spaces 
could have a dual function as park space that can connect residential zones that 
promote community development.

POSSIBLE PROGRAM ELEMENTS:
REMEDIAL OPEN SPACE 
RESIDENTIAL-ADJACENT

A wetland pond: Google Images 2008 Urban Park: Google Images 2008

A riparian constructed wetland and park: Google Images 2008 A constructed wetland and park: Bing Images 2010
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Preservation:

History:

Environmental policy started during the 
Tang Yu Period (2356-2205 BC),

Each following Dynasty created 
environmental policies that protected 

wildlife, forests, and rivers.

First nationwide environmental legislation 
by the PRC - 1979.

 Today there are over 16 Environmental 
Policy Laws enhancing 

> 20 regulations

China’s first nationwide environmental legislation was 
enacted in 1979. Since then 16 laws have been enacted 
by China’s parliament, the National People’s Congress. 
These laws are further enhanced by more than 20 
regulations from the government, to ensure their proper 
implementation. In addition to the system of regulations, 
there are environmental rules, methods, and standards 
formulated by the National Environmental Protection 
Agency (NEPA). There are local Environmental Protection 
Bureaus (EPBs) affiliated with provincial, municipal, and 
county level governments, responsible for enacting these 
rules, methods, and standards 

“If mountains are unprotected from fire, vegetation is destroyed, 
depleting the nation;

...if mountains are protected, vegetation grows and brings 
prosperity”
The Book of Guanzi

1027-771 BC

CON
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http://bbs.voc.com.cn/topic-688387-1-1.html

Background Image: http://www.bjreview.com.cn/culture/txt/2010-07/05/content_283162.htm

Background Image: http://www.bjreview.com.cn/culture/txt/2010-07/05/content_283162.htm

(Li, 2011)
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(Li, 2011)

http://en.wikipedia.org/wiki/File:Subsistent_Farming_Southern_China.jpg

Urban Zones & Open Space Landscape Units
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Landscape Units Analysis for 
Preservation:

Defining
Characteristics

Priorities 

Strategies

W: Within 500m of H2O

A: Ag. < 500,000 sq.m

U: > 50% Urban Land Use

M: > 50% Mountainous land

CON
CEPTUAL DESIGN

Utilizing the landscape unites we created we further analyzed the zones we felt should be marked for preservation

Organizing them according to their ecological / agricultural importance, and distance from water bodies.
Strategy 1 Mountain & Water focus

Strategy 2 Agricultural focus
We created phased approach –( because of the scale),

In doing so, giving us the ability to slowly introduce the concept to the communities in order to gain more community 
support and involvement.

Prioritizing was based on landscape characteristics, analysis, and the landscape units

3 stages of priorities with 2 strategies with two focuses: Water & Mountain, or Agricultural.
Organizing them according to their ecological / agricultural importance, and distance from water bodies.

(Li, 2011) http://www.lilly.com/responsibility/support/Pages/volunteerism.aspx

Preservation Strategies:

Adaptation and mitigation strategies are best considered joint paths--these primary tools optimally are combined and 
integrated. 
Approaches to adaptation and mitigation will often be complementary. 

1. Increase Resistance to Change.

2. Promote Resilience to Change.

3. Enable Ecosystems and Resources to Respond to Change.

4. Realign Conditions to Current and Future Dynamics.  

5. Reduce Greenhouse Gases and Reduce Nonrenewable Energy Use.

CON
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We feel we need to address the “Disconnect” between the 
registered residents & migrant population.

Our approach aims to create a community based approach 
– attempting to create a connection with the environment 
based on cultural ideology, history and the importance of 
the watershed and its biodiversity. By creating a Flexible & 
Adaptive responses to change we can foster an educational  
approach at preservation.

We believe that:
Education + Information = will foster a feeling of Stewardship

By creating connections thru history, and cultural 
connections we can foster sustainable agricultural / farming 
practices, and by changing community perspectives create 
an understanding of sustainability.

“Community based educational 
approach”

3 Phases
Phased according to priority

2 Scales
Watershed
Township

2 Strategies
1

Water & Mountains
Focus

2
Agriculture

Focus

http://www.china.org.cn/english/environment/243428.htm

http://wcslivinglandscapes.com/WhoWeAre/tabid/3635/Default.aspx
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Protect ecologically sensitive areas

Inventory resources / Catalog species habitat

Monitor conditions / ID sites for survey & protection

Revise outdated management plans

Strengthen & enforce exisiting laws and regulations

Create website: Information & Public outreach

Create signage : Information & Education

Create informational phamphlets 

Preserve exisiting Agricultural zones

Control human disturbance 

Offer incentives for farmers, businesses & 
 industrial parks for greener practices

Ban distribution, production & application of highly toxic pesticides

Control pollution from livestock and poultry by limiting scale 
 & relocating catchment area

Establish urban green  core w/ connectivity to forest parks

Conduct awareness capaigns

Control area based pollution: Agricultural practices & Urban waste

Educational school programs

Community based sustainability programs

Initiate neighborhood beautification programs

Priority 1  Priority 2  Priority 3Watershed Township

Shima River Watershed
Preservation Priority Strategy
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(Li, 2011)

P1S1
Priority 1

M

Landscape units beyond 500 meters from 
water features, have agricultural land < than 
500,000 square meters, and > 50% of moun-

tain.

WM

Landscape units near water features, have 
agricultural land 

< 500,000 square meters, 
> 50% of mountain.

Strategy 1

Protect ecologically sensitive areas
Inventory resources / Catalog species habitat

Monitor conditions / ID sites for survey & protection
Revise outdated management plans

Strengthen & enforce existing laws and regulations
Create signage : Information & Education

Control human disturbance 

http://en.wikipedia.org/wiki/File:Subsistent_Farming_Southern_China.jpg http://www.china.org.cn/english/environment/243428.htm
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(Li, 2011)

http://forum.skyscraperpage.com/showthread.php?t=181776

P1S2
Priority 1

WAM

Landscape units near water 
features, have agricultural land 

 > 500,000 square meters, 
> 50% of mountain

Strategy 2

Protect ecologically sensitive areas
Inventory resources / Catalog species habitat

Monitor conditions / ID sites for survey & protection
Revise outdated management plans

Strengthen & enforce existing laws and regulations
Create signage : Information & Education

Control human disturbance 
Preserve existing Agricultural zones

Offer incentives for farmers, businesses & 
 industrial parks for greener practices
    Ban distribution, production & application of       

highly toxic pesticides
      Control pollution from livestock and poultry by 

limiting scale & relocating catchment area
Conduct awareness campaigns

  Control area based pollution: Agricultural 

practices & Urban waste
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http://www.china.org.cn/english/environment/243428.htm (Li, 2011)

P2S1
Priority 2

AM

Landscape units beyond 500 meters from 
water features, have agricultural land < 
500,000 sq. meters > 50% of mountain.

Strategy 1

Inventory resources / Catalog species habitat
Monitor conditions / ID sites for survey & protection

Revise outdated management plans
Strengthen & enforce existing laws and regulations

Create signage : Information & Education
Control human disturbance 

Preserve existing Agricultural zones
Offer incentives for farmers, 

businesses & industrial parks for greener practices
 Ban distribution, production & application of       

highly toxic pesticides
 Control pollution from livestock and poultry by  

limiting scale & relocating catchment area
Conduct awareness campaigns

Control area based pollution: Agricultural practices & Urban 
waste

CON
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(Li, 2011)

P2S2
Priority 2

WAX

Landscape units near water features, 
have agricultural land > 500,000 square 

meters, 
and mix of different land use (none of 

them > 50%)

WAU

Landscape units near water features, 
have agricultural land greater than 

500000 square meters, and over 50% of 
urban 

Strategy 2

Revise outdated management plans
Strengthen & enforce existing laws and regulations

Create signage : Information & Education
Control human disturbance 

Preserve existing Agricultural zones
Offer incentives for farmers, businesses & 

 industrial parks for greener practices
Ban distribution, production & application of highly toxic 

pesticides
Control pollution from livestock and poultry by limiting scale 

& relocating catchment area
Conduct awareness campaigns

Control area based pollution: Agricultural practices & Urban 
waste

Establish urban green  core with connectivity to forest parks
Educational school programs

Community based sustainability programs
Initiate neighborhood beautification programs

http://www.clas.ufl.edu/users/mjacobs/Post-1945World/Spring2008/China-II.html
http://www.china.org.cn/english/environment/243428.htm
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(Li, 2011)

P3
Priority 3

AX

Landscape units beyond 500 meters from 
water features, have agricultural land > 

500,000 square meters, and a mixture of 
land use (none over 50%)

AU

Landscape units beyond 500 meters from 
water features, have agricultural land > 
500,000 square meters, > 50% of urban 

area

Strategy 3

Revise outdated management plans
Strengthen & enforce existing laws and regulations

Create website: Information & Public outreach
Create signage : Information & Education

Create informational pamphlets 
Preserve existing Agricultural zones 

Offer incentives for farmers, businesses & 
 industrial parks for greener practices

Ban distribution, production & application of highly toxic 
pesticides

Control pollution from livestock and poultry by limiting 
scale & relocating catchment area

Establish urban green  core with connectivity to forest 
parks

Conduct awareness campaigns
Control area based pollution: Agricultural practices & 

Urban waste
Educational school programs

Community based sustainability programs
Initiate neighborhood beautification programs

http://environmentsolutions.wordpress.com/2007/06/24/allotment-gardens-go-global/ http://en.wikipedia.org/wiki/File:Subsistent_Farming_Southern_China.jpg
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CEPTUAL DESIGN

http://www.china.org.cn/english/environment/243428.htm
Background Image: http://www.bjreview.com.cn/culture/txt/2010-07/05/content_283162.htm
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EXISTING INFRASTRUCTURE REUSE

The density of development in the the Shima watershed and 
surrounding region poses a problem for siting remediation 
solutions. Most of the areas that are not urban are agricultural 
in use, a historic economic way of life that we hope to 
preserve by limiting further urban development. However, 
the combination of extensive urban and agricultural land 
cover leaves very few areas left over, most of which we 
have prioritized for ecological conservation. Some of the 
larger remaining interstitial space can be found along the 
margins of infrastructure such as freeway interchanges. This 
particular interchange (Fig. XX) is located close enough to 
the river that it could be retrofitted to accommodate the large 
footprint that comes with many bio- and phytoremediation 
techniques.  The highlighted space within the interchange 
covers almost 16 acres of land. The otherwise unused 
space, with its built in compartments, could be adapted 
to house a series of wetlands, for example, that cleanse 
a portion of rerouted Shima River water before returning it 
to the river. In addition, habitat would be improved for local 
and migratory water fowl, insects, and threatened wetland 
species. This is just one example of a possible location 
for remediation solutions, but is repeatable throughout the 
watershed.
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interchange

5052.5K ilometers
¯

Freeway interchange near the Shima River in Tangxia Township:
Google Earth 2011

15.89 acres of unused space:
adapted from Google Earth 2011

Concept view of a constructed wetland in the leftover spaces of a freeway interchange:
adapted from Panoramio.com 2011

Interchange Context Map:
Li 2011 & adapted from Google Earth 2011

AQUEDUCT REUSE
The Shima River watershed once provided drinking water 
for the Hong Kong area, however, a more recent aqueduct 
now collects water from farther up the East River where 
pollution levels are lower. The old aqueduct parallels the 
river for its entire length, pumping water in the opposite 
direction of Shima flow. The extensive infrastructure 
for this aqueduct remains, including elevated sections, 
long tunnels, open air sections and capped below grade 
sections, as well as numerous pump stations. The 
existing facilities could be reappropriated to accommodate 
remediation efforts. Instead of building new pumphouses 
and diversion channels to route Shima water to treatment 
locations, we suggest using the existing infrastructure to 
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Close up views of old hong Kong aqueduct:
Li 2011, adapted from Google Earth 2011

Opportunities for aqueduct reuse:
Li 2011 & adapted from Google Earth 2011

Aqueduct tunnel in Tangxia Township:
Panoramio.com 2011

Covered aqueduct in Fenggang Township:
Panoramio.com 2011
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aqueduct

No data

0 - 44.3

44.3 - 56.8

56.8 - 82.8

82.8 - 102.9

102.9 - 149.7

opportunities near aqueduct

5052.5K ilometers
¯

transport water  within the treatment areas. 
Uses could also include providing water from 
the Dongjiang River to certain locations that 
require a greater flow than the seasonal low 
flow of the Shima for successful treatment, or 
to bring toxicity levels within the limits of biotic 
treatment methods.

The maps to the right show highlighted 
opportunities for diverting water via the old 
aqueduct. Large available portions of land 
near the old aqueduct are shown in green 
within the township of Tangxia, which contains 
the most polluted segment of the river.  
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