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Abstract— The rapid urbanization has laid a lot of stress on 

the water-based infrastructure of cities. The built 

environment is dominated by impervious landscapes of 

buildings and road networks. Cities tend to be supported by 
drainage systems which are unable to cater to the changing 

climatic conditions. The need for a shift from these outdated 

approaches to more nature-based solutions is most prominent 

for the current times and cannot be overlooked. Nature based 

solutions have shown tremendous benefits in enhancing 

biodiversity, resiliency and revitalising dilapidated 

landscapes. The intent of this paper is to give insights into the 

strategies applied for management and utilization of 

stormwater in Asian context which are predominantly nature 

based and have made the settlement more adaptable to 

climate change. The cases of Wuhan Sponge City, South 
Korea and Singapore were taken for the study for their 

adoption of integrated strategies within the local context and 

urban level to mitigate the challenges of urban flooding as a 

result of climate change. 
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I. INTRODUCTION 

Water is a resource of tremendous value in a built 

environment. It adds to the natural aesthetic and tranquillity 

of space, enhances the biodiversity and supports the green 

landscape. It must be utilised in a way which depicts it as an 

integral component along with the built-up structures. 

Sustainable management of stormwater aims to reduce the 

negative impacts of surface water runoff from developed 

areas. In the current scenario of an outstretch of urbanisation 
and emerging climate change impacts, a critical relationship 

has been developed between settlements and resources. The 

resource which is in the most crucial state, although most 

replenishable is water. The water cycle is a continuous 

process of water movement, from one source and form to 

another through the millions of years. The adverse impacts of 

urbanisation can deplete and pollute water but its replenishing 

is supported by natural drainage systems. Urbanisation 

reduces the permeability of the land by replacing the natural 

ground with impermeable surfaces such as roads, buildings, 

parking etc. By reducing the infiltration into the ground, the 
rate of surface run-off increased significantly. The declining 

infiltration and detention capacity in cities can also be seen as 

a water resource shortage in the form of droughts, increase in 

non-point source pollution and shortage of available potable 

water for agriculture and consumption. 

 Urban expansion led to the loss of a large number of 

cultivated lands, forest lands, rivers, lakes and wetlands, and 

the capacity of rainwater storage and control descended. The 

increase in run-off due to surface sealing, changing landuse, 

occupation of floodplains, obstruction to the natural flow of 

rivers, etc. are some of the many factors which show the 

invasion of human activities in the natural drainage system. 

 
Fig. 1: Impact of urbanization on catchment areas. 

(UADCD, 2010) 

 Figure 1 illustrates the impact of urbanisation on a 

catchment by reducing the permeability and increasing 

surface run-off. As illustrated, the ‘urban’ environment is 

conventionally characterised by a dominant ‘grey 

infrastructure’ which increases the rate and volume of run-

off while decreasing evapotranspiration with its lack of 

vegetation or ‘green infrastructure’. This in turn limits 

shallow and deep infiltration into river basins and ground 

water reserves in the settlement leading to reduced ground 
water reserves and an overall water scarcity. The high volume 

and unobstructed, unfiltered runoff increase the quantity of 

nutrients and pollutants in the receiving water bodies.  

 Urban flooding (Chow, Cheong and Ho, 2016) has 

become a more common happening in cities around the world 

with a lack of drainage and infiltration zones through 

urbanized land. Combined sewer systems (CSOs) which are 

present in many metropolitan cities are not of the capacity to 

cater to the increased runoff and the high intensity rainfall 

which are the current and an impending future scenario. 

Flooding (contaminated by sewerage) in these can also occur 
during times of heavy downpour in the form of surcharged 
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manholes. Such cases have been seen in South Korea before 

their incorporation of sustainable stormwater management 

techniques and are currently seen annually in the low-lying 
areas of Mumbai (India) (Asit K. Biswas, 2019). 

II. SUSTAINABLE STORMWATER MANAGEMENT – THE 

CONCEPT: 

Sustainable stormwater management refers to the transition 

in thought and practice of making stormwater usable on site, 

on the surface or underground, rather than its bare movement 

through the site. This is achieved through the transformation 

of grey infrastructure into green-blue infrastructure with the 

incorporation of mechanical (hard) and biological (soft) 

infrastructural elements within the entire drainage system. 
Sustainable practices for stormwater management would aim 

at mimicking the natural hydrological processes of flow 

control (regulating runoff), detention and retention (runoff 

storage), filtration (straining of runoff to remove solids), 

infiltration (penetration of runoff through soil) and treatment 

(purification of runoff through natural means) on the site 

though a mix of hard (mechanical) and soft (biological) 

engineering services as shown in Figure 2. (UADCD, 2010) 

 
Fig. 2: Integration of hard and soft engineering services towards sustainable drainage. (UADCD, 2010) 

 SUDs (Sustainable Urban Drainage systems) have 

advantages over the conventional draining system ranging 

from improved environmental conditions, improvement in 

the urban landscape, increased water filtration and quality 

impacting the sustainability and resilience of urban areas. 

Their economic impact is also very significant with increased 

visitors and activities in otherwise segregated areas. This has 

been seen in the Gyeongui Line Forest Park, Seoul (Park and 

Kim, 2019). 

A. Terminology:  

Low Impact Development/Green Infrastructure are the terms 

adopted for urban settings which aim to achieve healthy urban 

drainage systems in response to natural conditions and 

changing climatic impacts in countries such as Australia, 

Germany, USA and Japan. Similar technologies have been 

used in other countries with different names (Shafique, Kim 

and Kyung-Ho, 2018) and focusing on techniques suitable to 
the local context of rainfall characteristics, catchments, 

regional water cycle and the expected outcomes from the 

strategies (Radcliffe, 2018). Some of these are listed below: 

 D.U.D. (decentralized urban design) in Germany,  

 L.I.D. (Low Impact Development) in United States of 

America, 

 S.U.D.S. (sustainable urban drainage system) in United 

Kingdom,  

 W.S.U.D. (water-sensitive urban design) in Australia,  

 W.S.S. (Water Sensitive Settlements) in Africa, 

 W.B.H.S. (well-balanced hydrological system) in Japan,  

 Sponge cities in China, 

 Healthy water-cycle cities in South Korea.  

B. Strategies:  

Structural and non-structural strategies implemented 

cohesively facilitate the proper functioning of sustainable 

drainage. The structural strategies are the engineered, but a 

transition from the conventional urban drainage systems of 

‘grey’ infrastructure to an integrated ‘green-blue’ 

infrastructure of nature-based practices. They are supported 

by resilient non-structural strategies of planning and 

management through different levels of authorities, financial 

aid, policy framework and public engagement.  

 Figure 3 illustrates the different structural 
approaches/facilities for storm water management based on 

their increasing levels of quality (treatment service) and 

quantity (volume reduction) (UADCD, 2010). From these the 

nature-based solutions are as follows: 

 Vegetated roofs and walls  

 Infiltration trench 

 Pervious paving 

 Riparian buffer 
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 Rain gardens 

 Tree box filter 

 Constructed wetlands 

 Infiltration benches 

 Bioswales 

 
Fig. 3: Approaches to manage stormwater. (UADCD, 2010) 

III. CASE STUDIES 

A. Sponge City Concept, China: 

Major challenges faced by Chinese cities is shortage of water 

resources and an overriding increase in pollution levels. Over 

the last 50 years, urban population (% of total) of China grew 
substantially from 16.2% (1960) to an estimated 60.31% 

(2020) (Worldbank, 2011). The increasing population in 

urban areas and growing industries pose a high increase in 

demand for water supply. In 2013 the concept of ‘Sponge 

cities’ was introduced which indicated that a city could 

function as a sponge and with them stormwater could be 

conserved, infiltrated and purified to be potentially reused 

(TU and Tina TIAN, 2015). The goal for sponge cities 

concept is that the rainfall would be absorbed, cleaned with 

natural or man-made facilities, stored or infiltrated. It aims at 

creating a water resource from the stormwater which could 
be utilized for general use. Sponge cities are aiming to act like 

a holistic strategy for upcoming development considering the 

entire water cycle.(Gill, 2020) Sustainable Urban Drainage 

systems (SUDS) of United Kingdom and Low Impact 

Development (LID) of United States of America are 

inspirations for the sponge city strategies with a vision of 

environmentally adaptive, Systematic and comprehensive 

approaches (Gill, 2020). Need for these interventions were 

also reinforced by an overreaching awareness between the 

general public and governments agencies regarding 

environmental implications of their developmental strategies. 
Barriers to communication between these different 

stakeholders is also prominent but not as high as to not 

foresee the development of sponge cities (Wang and Mell, 

2019). 

 In 2014, China made the strategy of the utilization 

of 70% of its urban stormwater with 80% of the urban areas 

by 2020 (Asit K. Biswas, 2019). In 2015, 16 cities were 

identified as pilot cities (Qiao, Liao and Randrup, 2020), with 

an addition of 14 more in 2016. For all these cities, the 

strategies adopted are based on the local context and not 

generalised over different areas, which was seen in the 

engineering process of drainage management across all 

metropolitan development (Wang and Mell, 2019). Sponge 

cities are planned to develop ponds, filtration basins and 
wetlands; roof gardens, filtration and infiltration trenches, 

permeable roads and public spaces, interlinked green spaces, 

and rainwater tanks that enable stormwater to be infiltrated 

and reused on site itself. 

 
Fig. 4: Location of pilot Sponge cities. (Li, et al., 2007) 

 Wuhan, a significant industrial centre, is the capital 

of the Hubei Province can be considered as the most 

prominent example for sponge cities concept in China. It was 

the ninth most populous city in The Republic of China in 
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2010 with 7.5 million residents. It has a population of 

estimated 11 million in 2020 (Wei and Si, 2017).  

 
Fig. 5: Wuhan, China (Li, et al., 2007) 

 Wuhan faces the problems of degraded water quality 

and increased flooding due to the increasing urbanization, 

industrial activities and climate change. These issues are 
typical to all major Chinese cities. The problems related to 

stormwater management faced in the city are reduced 

groundwater recharge, waterway degradation, and urban 

flooding, all mainly caused by high rates of runoff from the 

impervious surfaces.  

 With the objectives of reducing flood risk, recycling 

runoff and recharging the groundwater resources, structural 

approaches such as green roofs, wetlands and permeable 

pavement have been used to capture through infiltration and 

utilize stormwater (Wei and Si, 2017). Rainwater harvesting 

and raingardens are proposed in all residential buildings 
(Jing, 2019). 

 
Fig. 6: The flood-prone Wuhan region along Han river and 

Yangtze river  (Jing, 2019) 

1) Singapore 

Singapore is a small nation of 710 km2 with a very high 

population density (8,358 per km2) (Worldbank, 2011). 

Despite being a country surrounded by sea on all sides and 

occasions of very heavy rainfall, it faces a high vulnerability 

of flash floods and a risk of potable water scarcity. Being a 
low-lying country, it also faces the risk of inland flooding. To 

reduce this, the government of Singapore decided to utilize 

the excess annual rainfall through rainwater harvesting and 

flood barriers. Singapore also lacks efficient sources of water 

and depends on imported water from Malaysia reinforcing on 

the need to utilize rainwater more efficiently. (Wang et al., 

2018) 90% of the country is used as a catchment area under 

the national water strategy(PUB, 2013). The Active Beautiful 

Clean (ABC) Waters Program was introduced in 2006. It is 

aimed at achieving urban stormwater and flood control 

through sustainable urban drainage techniques (Lim and Lu, 

2016). The program aims at addressing stormwater in a 

systematic approach of source (catchment area), pathways 
(drains and canals) and receptors (urban flood prone areas) 

(Lim and Lu, 2016). 

 
Fig. 7: Singapore Catchment areas – The rainfall is 

channelised to 17 reservoirs through a network of rivers, 

canals and drains (PUB, 2013) 

 As part of the ‘pathway’ system, aiming to turn two-

thirds of its land into catchments that supply 17 reservoirs and 

drain excess stormwater into the sea, Singapore has renovated 

its dense network of concrete drains and canals (PUB, 2013). 

Along with this, best management practices (BMPs) have 

been adopted to manage stormwater at-source and to restore 

the natural hydrological system. The areas which are prone to 
flooding are supported by flood barriers. The aim is to 

integrate stormwater directly into the landscape to improve 

water quality and to create recreation spaces around the 

waterbodies. The best management practices include 

bioretention systems, green roofs and walls, infiltration 

systems, constructed wetland, restoration of the built canals 

to original natural form, etc.(Lim and Lu, 2016) 

Approach Solutions Examples 

Source 

Green roof 

Rain garden 

Detention 

Tank 

Planter boxes 
Vegetated and 

Bioretention 

swales 

School of Art, Design and 

Media, Nanyang 

Technological University 

The Park Royal Hotel 

Rain garden at Balem 
estate 

Bioretension swales along 

Bukit Batok Canal stretch 

Pathway 

Canal 

improvement 

Diversion 

canal 

Centralised 

detention tank 

Sungei Padan Kechil 

Bukit Timahl Canal to 

Rochor Canal 

Kallang River 

Receptor 
Flood barriers 

Raised plinths 

Raised plinths for entries to 

underground services such 

as MRT stations and 

commercial areas with the 
consideration of addition of 

flood barriers (flip-up, 

sliding or drop-down) 

Table 1: Singapore's Drainage system. Source: Author 
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Fig. 8: Marina Barrage (PUB, 2013) 

 Marina Barrage is a 350 m wide dam constructed 

across the Marina Channel (Panel, Design and Measures, 
2012). It keeps out seawater while creating a reservoir in 

downtown Singapore. Marina Barrage, one-sixth the size of 

Singapore, acts as the largest urbanized catchment area for 

the country. It has three-fold benefits with a freshwater lake 

providing water for the country, acting as a storm surge and 

flood barrier for the low-lying areas (such as Geylang, Boat 

Quay, Chinatown and Jalan Besar) and a vital recreation area 

(PUB, 2013). 

B. Seoul, South Korea 

Seoul Capital Region covers 12% of the surface area of South 

Korea and carries 48.2% of the nation’s population. It rightly 

holds the position of being the fifth largest urban area in the 

world.  Seoul is a world megacity with the population of 10 

million and an area of 650 km2 acting as the hub for economic 

development and growth for South Korea. For the last 50 

years, Seoul has seen a three-fold growth in population, two-

fold growth in urbanization from 42% (1960s) to 90% (in 
2000s) and a 330-times increase in GDP from $80 (1961) to 

$27,964 (2014) (Worldbank, 2011). 

 A city with a concentration of central political and 

economic functions, Seoul is also an intense concentration of 

underground infrastructure, above ground buildings and 

population. With increasing economy, development and 

changing urban environment on a micro city-scale and macro 

world-scale, the impacts of global warming is an undeniable 

norm in the current times (Zhang et al., 2017). For a city 

covered with a high concentrate of impermeable surfaces and 

non-native green covers, the occurrence of flooding by rain 

and storm water is typical but is also promoted by surface 
runoff directed toward the low-lying areas, outdated 

capacities of sewage pipes and sediment runoff reducing 

conveyance. Low-impact development has been adopted in 

the Seoul metropolitan city since 2014 to cater to the rain and 

storm water runoff at source(Shafique and Kim, 2018) . 

Under the Flood Control Policy, 2015 (Kim, 2015), two 

major strategies have been mentioned: structural and non-

structural control for urban flooding (Kim, 2015).  

Category Objective 

Maintenance and 

Expansion of 

Sewage System 

To improve the flow in sewage 

systems 

Construction and 

Expansion of 
Pumping Stations 

To discharge inland flooding, 

build and expand pumping stations 

Flood Control 
To install retarding basins and 

flood control sites 

Flood-way 

Maintenance 

(Diversion 
Channel(s), Short-

cuts, New 

Channels) 

1. To change the basin area to 

divert flood water to other basins 

2. To install flood control facilities 
and underground diversion 

channels 

Storm water Run-

off Reduction 

Storage 

To minimize the 

flooding in the 

downstream area 

from the reduction 

of the flood peak 

Absorption 

To minimize the 

movement of 

rainwater to allow 

the rain to be 

absorbed where it 
falls 

Table 1: Structural Measures adopted for flood control in 

Seoul (Kim, 2015) 

 The structural measures (as shown in Table 2.) 

comprise mainly of catchment, storage and absorption of 

rainwater with the aim of flood prevention in urban areas 

(Kim, 2015). The non-structural measures focusing on rescue 

and evacuation are flood alerts, storm and flood insurance, 

flood maps (to identify areas prone to frequent flooding), 

land-use regulations (to manage construction) supported by 

institutional support (such as disaster management and 

development of standards for rainwater-related facilities).  

 In Seoul, LID facilities have been used with the main 
purpose of rainwater runoff management through storage, 

infiltration and utilization (Shafique and Kim, 2018). This has 

been done in the form of green roofs, green-blue roofs, blue 

roofs, bio-retention, permeable pavements, storage tanks, 

cisterns, etc. The government is trying to expand this 

approach with the inclusion of rain-gardens, filter strips, 

infiltration tree planters and ecological parking lots in all 

future projects (Shafique, Kim and Kyung-Ho, 2018). 

 
Fig. 9: Professor Han Moo-young and his students take care 

of flowers and vegetables on their roof garden on top of the 

Seoul National University’s Engineering Building No. 35 on 

July 11. This vegetable garden can absorb up to 40mm of 

rainwater daily. (Jung; Tae-woo, 2013) 

 Seoul sees low impact development implemented on 

the scales of residences, schools (Juyeop Elementary School), 

public buildings (Gangneung Sports Complex), parks and 

parking lots. The Star City project is an example of successful 

rainwater harvesting and flood mitigation inspiring urban 
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level practices to be adopted in other cities in South Korea.  

Up 2017, 12 rainwater gardens, six ecological drainages, 

2,300 m2 of ecological parking lots, and 4,260 m2 of 
permeable pavement have been created. 583 locations in the 

private sector, as well as 29 school and apartment locations 

have installed private rainwater utilization facilities. 

IV. RECOMMENDATIONS AND CONCLUSION 

The study concludes with the understanding for need of a 

holistic urban scale approach to stormwater management to 

encompass the aspects of sustainability and climate 

resilience. For all projects the aim was to recreate the natural 
landscape features through the formulation frameworks in 

application and management of ‘green-blue’ or ‘nature-

based’ strategies. The ‘sponge cities’ strategy adopted in the 

identified pilot cities in China show a three-fold better result 

than the traditional drainage systems (Jing, 2019), but their 

application over the huge land of the country is still 

challenging. Although for Sponge cities, long term results 

would validate the project, but for Singapore the result are 

prevalent to be extremely beneficial. Seoul having added LID 

in private projects, a complete application on the larger urban 

and nation-wide scale is still under process. Application of 
stormwater management strategies in existing and new urban 

centers would hold the pivot role in directing the future 

course for those areas. The following are the ideated 

recommendations from these three case studies, which may 

be applicable in urban areas in similar contexts: 

 Focus should be laid on development with the vision of 

built-up within the natural scape. The natural land form, 

topography, soil, climate and greenery should be used as 

an integral part for the management of natural services. 

 Water management strategies need the shift from 

‘drainage’ to ‘saving’ for the sustenance of the resource 
over time.  

 At-source saving and utilization of rainfall should be 

implemented at neighborhood and urban scale as 

mandatory and with involvement of private sector. 

Financial incentives to all stakeholders would encourage 

the application of sustainable drainage techniques at all 

levels. 

 Integration of government policies and programs with 

public participation reinforces the sustainable use of 

natural and man-made resources. Centralized policies 

need to be adoptable to local context and scale with 

public participation for successful implementation. 

 Overall flexibility and adaptability are needed in any 

selected framework and methodology as needs will 

evolve with time. The growth of the world's urban 

population, the effects of climate change and the need to 

maintain habitats that are already under strain indicate 

how essential water-sensitive urban planning approaches 

 will be in maintaining safe and sustainable future cities, 

increasing resilience to shocks and the frequency of 

extreme weather events. Furthermore, the long-term 

goals are quite prevalent. 
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