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Abstract: The strengths, weaknesses, opportunities and threats
(SWOT) analysis method is applied to assess the feasibility of
traditional ~ stormwater —management and low impact
development (LID) in China. The results show that traditional
stormwater management has many disadvantages, e. g. only
stormwater collection and discharge or flooding peak-flow
regulation is taken into consideration but lack of many
important functions such as on-site infiltration, non-point
pollution control, ecological treatment, etc. Meanwhile, as a
new stormwater management concept, the LID system has
many advantages, e. g. LID can not only control rainwater
quantity but also effectively prevent non-point pollution.
Moreover, LID is easy for implementation and cost effective,
and operation and management can also be done easily. LID
has attracted more and more attention from governmental
authorities at different levels and the majority of practitioners.
Therefore, LID has bright prospects for wide applications in
China.
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weaknesses, opportunities and

ater management has become a critical issue in

China due to rapid urbanization, especially the
adverse impact of the traditional runoff drainage system
on the urban environment and its inhabitants. Develop-
ment negatively impacts water quality in two ways. First,
many of the new materials and components used in land
development contribute higher pollutant loads during rain-
fall and subsequent stormwater runoff. Secondly, the nat-
ural filtering action of wild vegetation is replaced by con-
crete, asphalt, and rooftops, which offer little means for
water-quality improvement'"'. The concept of the conven-
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tional stormwater system is that stormwater runoff is un-
desirable and must be removed from the site as quickly as
possible to achieve good drainage, which can hardly meet
the current situation in China. Therefore, new technolo-
gies have to be developed and applied for urban runoff
quantity and quality control. Low impact development
(LID) was introduced into China ten years ago and devel-
oped rapidly.

LID was initially piloted in Maryland as a way to miti-
gate the negative effects of increasing urbanization and
impervious surfaces”™™ . It was then applied in many
places in America, Sweden, New Zealand and Canada'*'.
LID seeks to mitigate the impacts of increased runoff and
stormwater pollution, which comprises a set of site design
approaches and small scale stormwater management prac-
tices that promote the use of natural systems for infiltra-
tion, evapotranspiration, and reuse of stormwater. These
practices can effectively remove nutrients, pathogens,
and metals from stormwater, and they can also reduce the
volume and intensity of stormwater flows. Some projects
in the USA, Australia and New Zealand, etc. demonstrate
the water service efficiencies and ecological advantages of
this LID"”™ . Therefore, LID can enhance the ability to
protect surface and ground water quality, maintain the in-
tegrity of aquatic living resources and ecosystems, and
preserve the physical integrity of receiving streams.

The increase of sealed surfaces leads to an increase in
peak flows and runoff flooding, which causes flooding
disasters and serious non-point pollution. Large amounts
of stormwater discharge into water bodies or are conveyed
to wastewater treatment plants, which can lead to serious
non-point pollution of water bodies and increase the pol-
lution loads of the wastewater treatment plants. The per-
formance of the traditional stormwater system has shown
its weakness. There have been frequent flooding problems
in the urban areas of China in recent years due to the in-
creasing volume and low design standard of the stormwa-
ter sewer system in many cities, such as Beijing, Tian-
jin, Guangzhou, Wuhan, etc.

To effectively solve the problems caused by urban
stormwater, more and more cities paid attention to this
and began to act for flooding control, including the intro-
duction of advanced concepts for the integrated manage-



226 Ding Nian, Li Zifu, Zhou Xiaogin, Hu Aibing, Bai Xiaofeng, and Nazim Uddin Sayed Mohammad

ment of stormwater. The LID is becoming more and more
attractive for acceptance and recognition by technical per-
sonnel and governments. A number of stormwater utiliza-
tion demonstration projects integrated with low impact de-
velopment concept have been built so far in China.
Guangming New Development District in Shenzhen City
was positioned as the national LID demonstration area in
China in 2011. The area of this district is about 155 km®
and several LID-designed demonstration projects in this
new development zone have been built. In Beijing, the
system with porous pavements, green roofs and rainwater
cisterns has been applied in the Beijing Olympic Village
(BOV) residential area'” as well. A stormwater manage-
ment system plan which includes the filtration-storage
system, the detention basin, the vegetated swale collec-
tion system, etc. was designed and taken into practice in
Jinan City". Besides, Changdao island in Shandong
province, Zhangzidao island in Dalian, and so on have
also designed some decentralized urban stormwater utili-
ties for practical applications'. However, the applica-
tions of LID technology in China are still at the initial
phase and they are immature and need localization.

This study successfully applies strengths, weaknesses,
opportunities, and threats (SWOT) analysis as a tool to
assess the feasibility of LID applications. Through the
identification of the LID technologies strengths ( elements
to leverage and build on) and weaknesses (areas to seek
assistance and support) in addition to community opportu-
nities (areas to leverage for program advantages) and
threats (elements that can hinder the scheme), the posi-
tive aspects for the LID concept are observed. The results
will be useful for promoting the LID concept.

1 Methods

A SWOT analysis method is a research tool that is
widely used in business management applications, which
is applied in this study to assist in identifying strategic di-
rection for an organization or practice. SWOT analyses
have been successfully applied in the fields of regional en-
ergy planning and municipal
U Tt is preferred for the present work as it yields
useful information about the future viability of the consid-

solid waste manage-
ment

ered system. The predictive capabilities of the technique
come about from the consideration of system’s strengths
and weaknesses in the context of the environment, which
may present opportunities and threats. The intention is to
determine how the system will fare in the light of changes
taking place around it. The strengths and weaknesses of a
system are determined by internal elements, whereas ex-
ternal forces dictate opportunities and threats. Strengths
can be defined as any available resource that can be used
to improve its performance. Weaknesses are flaws/short-
comings of any system that may cause it to lose a compet-
itive advantage, efficiency or financial resource. Some-
times it is recommended to identify opportunities and
threats first in order to more quickly bring to light the sys-
tems strengths or weaknesses. Many of the threats are

12-15
based on weaknesses'” "',

2 Results
2.1 SWOT analysis

According to the current situation of stormwater man-
agement in China, SWOT analysis is applied for both a
conventional stormwater management system and LID, re-
spectively. The results are presented in Tab. 1 and Tab. 2.

2.2 Strength and opportunity

Conventional stormwater management systems have been
constructed and used for decades, during which period a
system has been already established. Generally, there is no
obstacle of public acceptance for conventional systems.
Every feature of a conventionally developed site is careful-
ly planned to quickly convey runoff to a centrally located
management device, usually at the end of a pipe system.
However, LID can be used to minimize the impacts of ur-
banization on hydrology and water quality. LID aims to
mimic natural hydrology and processes by using small-
scale, evaporate,
and transpire rainwater to help protect and restore water
quality. Especially, it aims to minimize impervious sur-
faces, disconnect hydrologic elements ( roofs,
spouts, parking areas), maintain/increase flow paths and
times, and utilize decentralized treatment practices.

decentralized practices that infiltrate,

down-

Tab.1 SWOT analysis of conventional storm-water management

Strength Weakness

Opportunity Threat

It is a purely structural approach which may not consider environment and

sustainability.
Complete planning, Y

design, construction
and maintenance sys- N s .

Y Lack of flexibility for climate changes.
tem has been estab-
lished.

No problem for ac-

Limited capacity for heavy rain drainage.
None/lack of community participation.
Rainwater harvesting is limited or impossible.

ceptance. . S o
P Non-point pollution is difficult to control.

It is mitigation-based and flood control focused only.
Increasingly high investment and operation cost.

. Flooding challenges.
Training and ed- . .
. Unfavorable climate chan-
ucation of con-

ges (extreme weather) .

ventional man- A

Increasingly sealed surface
agement meth-

percentage.
ods.

. Limited underground water
Creation of em-

recharge.
ployment oppor- .
L. Non-point source pollu-
tunities. .
tion.

Limitation to protect aquatic resources from adverse effects of development.
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Tab.2 SWOT analysis of LID

Strength Weakness Opportunity Threat
Protect environment.
Develop the full potential of environmentally sensitive site planning and design. o o
. . L k i Limitation of suitability
Encourage public education and participation in environmental protection. . . .
N . K . for all areas. Sustainable city or eco-cit-
Help build communities based on environmental stewardship. L. . i
. . . Lack of people’s inter- y development in China. L
Reduce construction and maintenance costs of the stormwater infrastructure. . Migration
. L ests and awareness. New industry and employ-
Introduce new concepts, technologies, and objectives for stormwater manage- . i towards ur-
Lack of user’s involve- ment creation. L
ment. ti int F " ban floodi banization.
. . R . . . . ment in maintenance. requently urban floodin
Encourage flexibility in regulations that allows innovative engineering and site . 4 Y & Changes of
. " . Lack of infrastructural can be tackled. .
planning to promote “smart growth” principles. . land  utili-
: i . o development. New rules and policy for- .
Encourage debate on the economic, environmental, and technical viability and . . X zation pur-
L i i Lack of technical guide- mulation.
applicability of current stormwater practices and alternative approaches. poses

Mitigate the negative impact of urbanization and impervious surface.
It advocates for more careful site design in the planning phases.
Central government’s willingness and support for this approach.

An integrated approach to manage stormwater at its sources.

line and standards. Research and development

Lack of proper opera- opportunities.

tion and maintenance.

This goal is accomplished by creatively designing
hydrologic functions into the site design with the intent of
replicating the predevelopment hydrology and thus having
a significant positive effect on stream stability, habitat
structure, base flows, and water quality. Ahiablame et
al. "' studied the performance of rain barrel/cistern and
porous pavement as retrofitting technologies in two urban-
ized watersheds in India, finding that LID practices could
be effective in managing urban stormwater. In addition to
runoff reduction and environmental protectionm] benefits,
research models set up by Montalto et al. '*' indicated that
LID technologies facilitated the use of harvested stormwa-
ter, reducing the demand for and O& M costs of munici-
pal drinking water supply systems.

The LID system encourages public education and par-
ticipation in environmental protection. Meanwhile, LID
introduces new concepts, technologies, and objectives for
stormwater management, which has micro-management
and multifunctional landscape features ( bioretention are-
as, swales, and conservation areas), can mimic or repli-
cate hydrologic functions, and maintain the ecological/bi-
ological integrity of receiving streams. Shenzhen is a city
that plays a leading role in sustainable stormwater man-
agement. Such kinds of techniques like infiltration filters
and vegetation grass ditches have been constructed in mu-
nicipal roads and Niushan Science and Technology Park.
The stormwater from filters or ditches can be recycled as
irrigation water for municipal greenery''”’. The LID con-
cept has more opportunity than conventional stormwater
management as there is a call for sustainable city or eco-
city development in China. Though conventional storm-
water management provides training, education and op-
portunities for employment, the LID can open up new re-
search areas and development opportunities.

2.3 Weakness and threat

Conventional stormwater management is mainly a col-
lection and quick treatment process, which needs a com-

plex sewage system. Obviously, limitations to protect
aquatic resource from adverse effects of development,
high investment and operation cost, lack of community
participation are major weaknesses. Typical conventional
site design results in developments devoid of natural fea-
tures that can detain or infiltrate runoff, which leads to a
decrease in travel times. Lack of these features often ad-
versely affects the ecosystem. Roadways, roofs, gutters,
downspouts, driveways, curbs, pipes, drainage swales,
parking, and grading are all typically designed to dispose
of the runoff in a rapid fashion. The magnitude of hydro-
logic changes (increases in volume, frequency, and rate
of discharge) is amplified because of loss of natural stor-
age, increasing the amount of impervious surfaces and the
degree of hydraulic connection, as well as decreasing the
This kind
of management only focuses on the mitigation of flooding

time of concentration and runoff travel times.
but cannot sustain the current flood control, so many
flood disasters have occurred in China in recent years,
causing a huge economic loss and environmental destruc-
tion. It is time to introduce new sustainable management
methods of stormwater; however, we still have to face
the current situation due to the lack of involvement in ma-
intenance, infrastructural development as well as limita-
tion of suitability for all areas. There is a noticeable lack
of technical guidelines and standards in defining and es-
tablishing the appropriate application of LID. Prior to in-
troducing any new concepts or methods, it is very impor-
tant to make an evaluation whether or not the expecta-
tions, desires, interests and awareness of delivered con-
cepts or methods for a particular use are acceptable and
well understood for public. Green roof has been applied
and investigated for many years abroad such as in Germa-
ny, USA, etc. 2022, however, it still needs to be promo-
ted in China"™. It is urgently needed to address all the
major concerns of LID to the public through detailed re-
searches.

It seems that the governmental authorities demonstrate
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their willingness to accept the application of the LID con-
cept, but the threatens of migration towards urbanization
and changes of land utilization purpose should be recog-
nized. Conventional stormwater management has a bit
more threatens to the complete environment such as un-
derground water and climate changes. The relevant fac-
tors can affect stormwater management including geo-
physical factors, law and social factors, technical and
economic factors as well™ . However, the strategies are
also needed at different decision levels like political, re-
gional, or local scale for the promotion of the LID con-

cept.
3 Conclusion

It is crucial to understand that both time and a fair
overview of the techniques are important for a new con-
cept transmission. This paper gives a brief view on both
the conventional stormwater management system and the
LID system, and the results show that the LID system has
potential long-term effects in properly designing and im-
plementing stormwater managing strategies.

For promoting the LID technology, there are still some
problems like lacking of people’s interests and awareness,
user’s involvement in maintenance, infrastructural devel-
opment, technical guideline and standards, proper opera-
tion and maintenance, which still need to be solved cur-
rently. Besides, there are no complete laws and regula-
tions in China to support such stormwater management
strategies. However, the General Office of the State
Council in China has addressed the development and con-
struction of LID mode recently; this is the great govern-
mental strength to promote such kind of concept and will
provide more favorable conditions of LID implementation
in China.
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