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Abstract

Impervious surfaces are one of the key factors that impact stormwater management, especially
for high density urban areas. This study explores the relationship between urban morphology and
impervious surface coverage in high-density areas to address stormwater management challenges.
Focusing on Hong Kong Northern Metropolitan Area as a case study, the research examines land
use planning and diverse urban morphologies to understand the impact of impervious surfaces on
stormwater runoff. From land use planning to analyzing different urban morphologies, the study
elucidates the amount and distribution of impervious surfaces and their impact on stormwater
runoff management in urban design. Findings provide valuable insights for urban design prac-
tices, enabling targeted strategies for sustainable stormwater management in high-density areas.
By understanding the relationship between Hong Kong's context-specific urban form and proper-
ties of impervious surface /properties, targeted strategies can be developed to address the unique
challenges, especially in the context of planning for the latest urban growth. Promoting the use
of green infrastructure and nature-based solutions, the research contributes to the knowledge on
urban stormwater management, emphasizing resilience in Hong Kong’s new urban environment.
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1. Introduction

Stormwater runoff is a long-standing issue for lo-
cal government bodies and policy makers, who
have traditionally prioritized safety by channel-
ing and draining water away from paved sur-
faces as quickly and efficiently as possible. This
approach has largely neglected the downstream
impacts of stormwater runoff. The amount and
quality of stormwater runoff are significantly
impacted by urban form, including the ratio of
floor space to open space, the distribution of im-
pervious surfaces, and the connectedness of the
street network. High-density cities with dense
groups of buildings and narrow streets are more
susceptible to these detrimental effects.

Impervious surfaces, such as roads, parking lots,
and buildings, block rainwater from permeating
naturally into the ground, increasing surface
runoff and the risk of flood (Warhurst et al.,
2014). They also have a major impact on water
quality by raising the amount of contaminants
that enter surface water discharge (Abass et al.,
2020). Green infrastructure, such as green roofs,
rain gardens, and pervious pavements, can miti-
gate the adverse effects of impervious surfaces
by enhancing stormwater infiltration and stor-
age, reducing surface runoff, and improving
water quality (Sharma and Malaviya, 2021).
However, implementing green infrastructure
in high-density urban areas can be challenging
due to spatial constraints.

The relationship between urban morphology
and impervious surface performance in high-
density urban storm-prone areas is unclear, and

there are gaps in our understanding of the re-
lationship between impervious surface cover-
age and performance, urban morphology, and
stormwater impacts in these areas. The design
and construction of impervious surfaces in dif-
ferent urban form environments is influenced
by factors such as land use, transport, and in-
frastructure planning, leading to changes in the
coverage and distribution of impervious surfac-
es in different urban forms, resulting in differ-
ent levels of stormwater runoff and associated
negative impacts.

This study aims to address research gaps by ex-
amining how different urban forms affect im-
pervious surface performance in high-density
cities and providing insights into how urban
form can be designed and managed to reduce
the negative impacts of impervious surfaces
in stormwater-prone areas. The study suggests
combining urban design and eco-hydrology,
water-sensitive urban design, to reduce imper-
vious surfaces in cities.

2. Literature Review

2.1. The Definitions of Urban Stormwater,
Urban Morphology, and Impervious Surface

Urban stormwater is runoff from precipitation
events in urban areas that typically collects a
wide range of pollutants such as sediment, nu-
trients, heavy metals and chemicals from vari-
ous sources such as roads, car parks and roofs
(Aryal et al., 2010). The high intensity and vol-
ume of urban rainfall often floods urban drain-
age systems, leading to flooding and inunda-
tion of urban areas (Einfalt et al., 2004). This
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alteration can significantly affect water in urban
catchments, leading to an increased risk of ur-
ban flooding and floodplains (Berggren et al.,
2012).

Urban morphology refers to the physical form
and structure of urban areas, including the ar-
rangement of buildings, streets and public spac-
es (Siksna, 1997). Previous studies have shown
that urban morphology, including the ratio of
built-up areas to open space, the distribution of
impervious surfaces and the connectivity of the
street network, has a significant impact on the
quantity and quality of stormwater runoff (Whit-
ford et al., 2001)

Impervious surfaces have been defined and
measured in various ways in across literatures.
A common definition of an impervious surface
is any surface that does not allow water to pen-
etrate to underlying soil, such as roofs, car parks

Impervious surface

Surface runoff
increased

Groundwater

Storage and Purifica-
tion improvement

and roads (Arnold Jr and Gibbons, 1996). This
definition focuses on the physical characteris-
tics of the surface, rather than its land use or
function.

2.2. Impervious surface as the key indicator
of urban stormwater

Impervious surfaces have a significant impact
on watershed hydrology. Paving 5% of the sur-
face does not affect flood peaks with a return
period of one year or more, but if impervious
surface reaches 30%, the 100-year flood peak
doubles (Shuster, 2005). According to a study
(Liu et al., 2016), there is a positive correlation
between impervious surfaces and urban storm-
water storage reservoirs. Furthermore, accord-
ing to (Wong et al., 2017), there is a link be-
tween the growth of urban stormwater storage
and the expansion of impervious surface area.
The minimum percent pervious cover (PPC) for
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Figure 1. Difference between impervious surfaces and pervious surfaces, source: Author

ISSUE 8 /



Urbanie and Urbanus

Chen Shaogqi, Frank Chow

effective runoff reduction is 30-40%, and when
the PPC is lower than 30%, it is clear that flow
to pervious areas reduces most of the runoff
(Zhang, 2018). It is indicative that flow to pervi-
ous areas can reduce most of the runoff.

Impervious surfaces and urban stormwater stor-
age reservoirs are positively correlated with one
another, according to a study (Liu et al., 2016).
Additionally, according to (Wong et al. 2017),
there is a link between the growth of urban
stormwater storage and the expansion of imper-
vious surface area.

The use of green infrastructure has been sug-
gested as a practical way to reduce the detri-
mental effects of impervious surfaces on urban
stormwater management in order to resolve
this issue. By improving infiltration and water
storage capacity, green infrastructure including
rain gardens, ecological wetlands, and pervious
pavements can lower urban stormwater runoff
and peak flows (Zhang et al., 2018a). The use of
green infrastructure can also greatly lower the
danger of flooding caused by urban stormwater
accumulation (Li et al., 2020b).

3. A design case in the new planning
district of Hong Kong

3.1. Site selection

Hong Kong lies in the common path of tropical
cyclones, which sometimes experience excep-
tionally heavy rainfall. With an average annual
rainfall of about 2400 millimetres, Hong Kong
has one of the highest rainfall levels in the Pa-
cific Rim. Hong Kong's geographical location

makes it vulnerable to severe weather-related
threats such as tropical cyclones, heavy rainfall,
storm surges and surges. Some low-lying and
windy coastal areas are vulnerable to inunda-
tion caused by extreme weather. During excep-
tionally heavy rainstorms, the rural low-lying
areas in the northern part of Hong Kong are
susceptible to becoming natural flood plains, as
well as the possibility of flooding in some old
urban areas.

As a high-density city, Hong Kong is exposed to
some of the highest risks of natural hazards (e.g.
heavy rainfall, tropical cyclones, sea level rise,
extreme heat and landslides) in Asia (ARCADIS,
2015; Chan, 2014). Due to spatial constraints,
ageing and tight coupling of underground utili-
ties may exacerbate the adverse consequences
of these hazards (Yang et al., 2018). It is worth
noting that in contrast to riverine and flash
floods caused by levee breaches and tidal flood-
ing, the nature of inner-city flooding in Hong
Kong is surface water flooding due to the low
velocity of surface water flow and the limited
scale of inundated space. (Jenkins et al., 2018;
Merz et al., 2010).

Hong Kong's current stormwater drainage mea-
sures rely heavily on its abundance of drainage
pipes, as well as flood protection measures for
low-lying coastal areas, which are mainly based
on increasing hard engineering.

Due to overdevelopment and construction in
Hong Kong, it is estimated that over 90% of the
urbanized area of Hong Kong is situated on im-
pervious surface with tightly integrated subsys-
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Figure 2. Drainage pipe distribution ,source: Drainage Services Department

tem of underground pipelines. It is difficult to
implement a combination of green infrastruc-
ture in the old urban areas to reduce impervi-
ousness to flooding, but with the Hong Kong
government's decision to build a new northern
metropolitan area as a future development pri-
ority, we could apply new approaches to flood-
ing that can be addressed from the very begin-
ning of the planning process.

3.2. Site introduction

The study site is located at the westernmost part
of the northern metropolitan area of Hong Kong.
This area will be the core business district of the
new community in which plays an extremely
important role in the Guangdong- Hong Kong-
Macao Greater Bay Area in the future. Its loca-
tion has also been identified as one of storm
surge hit point. Both the perennial precipitation
and the number of exceptionally heavy rainfall
events are both considered high.

According to the Plan, it will consist of 47 000
to 52 500 residential units, 6 000 to 8 000 jobs
related to the application of new and advanced
technologies can be provided upon the inclu-
sion of land in conjunction with the newly de-
veloped area at nearby Lau Fau Shan and Tsim
Bei Tsui into the HSK/HT NDA.
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Figure 3. Northen metropolises area ,source: www.policy-
address.gov.hk/2021/eng/pdf
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Figure 5. Urban Framework of New Development Area , source: planed.gov.hk. D_HKS_1_en
The land use is mainly composed of residential, amount of new impervious surfaces from the
commercial, logistics industrial. From the past new constructions will exacerbate the adverse
common practice, it is anticipated that a Based impacts of urban stormwater on the site, not
on previous studies, it is known that the large to mention its potential prone from the coastal
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conditions during bad weather.
3.3. Site analysis

Based on the elevation analysis, the overall to-
pography of the HSK/HT NDA construction area
is low and located in the low-lying areas of the
site. The site exhibits a topography that is high
in the west and low in the east, and high in the
south and low in the north. The water influence
of the original topography of the site is mainly
influenced by the LAU FUA SHAN Mountain to
the west and the Kung Um Shan Mountain to

M

q
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Deep Bay Road at Lav Fau Shan — About 400mm ;
of fload depth

the south. The original catchment line mainly
consists of the west-to-east flow from LAU FUA
SHAN Mountain and the north-to-south flow
from KUNG UM SHAN Mountain, which con-
verge at the site.

Watershed area analysis shows that the darker
the colour, the more prone to flooding the area
is, so the east-central part of the site is a high-
risk area for flooding.

Shan TungStroet ir\Lau Fau Shap - Flooded
village hoUtSh with aboil 300 -400m flood depth

Figure 6. Historical waterlogging event, (Source: Drainage Services Department & AECOM)
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Figure 7. Annual average rainfall, source: Drainage Ser-
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Figure 8. Maximum rainfall, source: Drainage Services De-
partment
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3.4. Overall strategies

The Project re-evaluates the current urban
framework and land use plan of the government
with hydrological issues as the key driver. Three
key strategies namely waterway optimization,
a blue-green network to enhance the urban
framework and recommendations to adjust land
uses to minimize impact from natural hazards
while appropriately minimizing impervious sur-
faces, are used to demonstrate a water sensitive
urban design.

e

Figure 9. Topographic elevation analysis & Watershed area analysis, source: Author

The overall strategies comprise three main com-
ponents: integrating green infrastructure meth-
ods with new scientific indicators of percent
pervious surface coverage (PPSC) to propose
new flood control strategies and guidelines.
The strategies include waterway optimization,
building a new green network framework based
on water-sensitive urban design as the devel-
opment framework for the area, and adjusting
land use and building functions based on the
performance of impervious surfaces in different
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Figure 10. blue & green system, source: Author
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Figure 11. Existing Water System & Existing Storm Drainage System, source: Drainage Services Department & Self-drawn

by the author

functional plots.
3.4.1. Constructing a new blue network

Currently, it appears that the government’s plan
has neither take the coastal context nor a spe-
cific water system planning into consideration,
which is crucial for flood defense. A well-de-
signed water system is essential for effective
flood control strategies. While infiltration sur-
faces can help reduce runoff during moderate
storms, a system of rapid flood control water-

ways is necessary for large storm events that ex-
ceed infiltration thresholds.

The proposed flood control strategy includes the
integration of the existing storm pipe and a new
river channel to create two waterways. One is
proposed to flow from west to east to maximize
the handling of rainwater from the mountain
and compensating for the lack of rainwater han-
dling capacity from the west side, and another
one is proposed from south to north. This inte-
gration creates a larger and more robust water-
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Figure 12. Watershed area & Proposed Water System , source: Author

way network that can handle greater volumes of
floodwater and is better equipped to direct and
control the flow of floodwater, reducing the risk
of downstream flooding.

Connecting the existing storm pipe and the
new river channel is important for several
reasons. Firstly, it allows for the utilization of
existing infrastructure, reducing the need for
additional construction, and saving costs. Sec-
ondly, the new river channel compensates for

the lack of rainwater handling capacity on the
left/west side in the government's original plan.
Thirdly, the new waterway network will avoid
excessive pipe networks within the site and run
along the road to quickly discharge floodwaters
during heavy rainstorms, reducing pressure on
the original waterways and minimizing down-
stream impacts.
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Figure 13. Land use in government’s programs & New land use, source: Author

3.4.2. Reallocating land use

The new plan utilizes the scientific indicator of
impervious surface coverage to guide a more
reasonable land use distribution. According to
hydrological theories and landscape connectiv-
ity principles, when the pervious surface cov-
erage is small (below the threshold, e.g. PPC
<30%), and the pervious coverage is more dis-
persed, spatial pattern changes can significantly
affect hydrological processes like surface runoff.
On the other hand, when the pervious surface
coverage is large enough (above the threshold,

e.g., PPC>30%) to make the pervious coverage
more continuous, hydrological processes seem
less sensitive to spatial pattern changes.

The government scheme has the smallest pervi-
ous surface coverage in the logistics and enter-
prise zone, well below the threshold value of
30%. In contrast, the central park and central
stadium have the highest pervious surface cov-
erage, above 90%, and the residential area has
about 30%. Therefore, the proposed plan aims
to allocate different functions according to the
site's susceptibility to waterlogging.
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Figure 14. Overall land use in government’s programs & New land use, source: Author

To reduce the impact of high impervious sur-
faces on runoff and protect the storage of goods,
the scheme proposes to relocate the logistics
industry to the least susceptible site near the
waterlogged area near Lau Fau Shan. The cen-
tral park and sports center of the government
scheme will be located in this logistics industry
area to deal with the large amount of rainwater
runoff from Lau Fau Shan. The original central
park and sports center will be changed to resi-

dential areas.

By adopting this approach, the proposed plan
aims to minimize the impact of flooding in the
area by relocating high-risk land uses to less
susceptible areas while increasing the pervi-
ous surface coverage in the central park and
residential areas. The proposed plan ensures
sustainable and resilient development while
managing the impact of stormwater runoff ef-
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Figure 15. Existing road network & Government proposed road network & Green network, source: Author

fectively.
3.4.3. Creating a green network

The government's original plan did not include
a program of green infrastructure to mitigate
flooding caused by the large number of new
hard roads added to the site. To address this
issue, the proposed flood control strategy in-
cludes a green network that utilizes both roads
and public open spaces such as parks and pla-
zas to deal with flooding. The distribution and
coverage rate of the public open spaces are
based on a watershed analysis to ensure that
places that are prone to waterlogging will have
higher green coverage that is impervious sur-
face coverage.

One important aspect of the proposed green
network is the creation of a green corridor from

west to east. This area is the most prone to flood-
ing, and the main runoff is from the west moun-
tain to the east. By creating a green corridor, the
proposed strategy aims to mitigate the flooding
caused by the main runoff. Additionally, a canal
will be created in this area from west to east to
further improve water management and reduce
flooding.

In addition to the creation of a green corridor
and canal, the proposed flood control strategy
also includes incorporating green infrastructure
into both the road network and public open
spaces to create a comprehensive green net-
work. Vegetation, soil, and natural processes
will capture and absorb water before it enters
the pipeline system. The proposed rail transit
system will primarily consist of elevated tracks,
which offers the opportunity to combine green

ISSUE 8 /



Urbanie and Urbanus

Chen Shaogqi, Frank Chow

infrastructure to increase pervious surfaces and
improve water management.

The green network will not only provide flood
control benefits but also offer social, cultural,
and ecological benefits to the community. By
creating multifunctional spaces that provide
recreational opportunities, improve air qual-
ity, and support biodiversity, the green network
can enhance the aesthetics of streets, parks, and
other public areas.

3.4.4. The arrangement of street

Firstly, the proposed flood control strategy in-
corporates green infrastructure that utilizes
the future GREEN TRANSIT traffic artery as the
backbone of the network. The government's rail
program uses an aerial track approach, allow-
ing water to infiltrate into the ground. As such,
the proposed plan includes widening the sides
of the GREEN TRANSIT traffic artery and trans-
forming it into a continuous linear swale. These
shallow, open, planted channels will transport
water like pipes to carry runoff and remove
pollutants. The swale system is an alternative
to piped drainage systems and improves water
quality by slowing water flow and trapping sedi-
ment.

Then, the area near the residential area is one of
the most prone to flooding areas, and the pro-
posed flood control strategy includes a green
network that utilizes both roads and public
open spaces to mitigate this issue. To reduce the
pressure of stagnant water in the residential ar-
eas, the scheme plans to create a green traffic
lane on the eastern side of the original scheme.

50% of the road will be converted to pervious
green traffic surfaces, and retention trenches
and pervious paving will be used to improve
water management. This green traffic lane will
be part of a green corridor that providing social,
cultural, and ecological benefits to the com-
munity while mitigating flooding caused by the
large number of new hard roads added to the
site.

Finally, the plan includes the development of
rain gardens along the western part of the origi-
nal industrial area. Because the land use in this
part of the area was previously logistic industri-
al, the need for large roads will be reduced with
the rezoning to a park and sports centre. These
rain gardens are designed to manage rainwater
during storms and serve as public spaces dur-
ing dry weather. Furthermore, the rain gardens
use special soil filter media to remove pollut-
ants from the roadway runoff, making them ef-
fective bioretention systems that help improve
water quality and reduce the risk of flooding in
the area prone to flooding.

3.5. The New Urban Morphology in Spe-
cific Areas

3.5.1. The New Residential Area

The new plan rethinks the layout and land use
distribution in the residential area. It avoids
excessive hardening of private spaces and pro-
motes the integration of continuous retention
areas for rainwater across both public and pri-
vate spaces.

By redistributing and merging public and pri-
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Figure 17. New green street near the residential area, source: Author
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Figure 19. Rainwater flow process, source: Author
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Figure 20. Residential area, source: Author

vate areas into a cohesive whole, the plan cre-
ates a continuous retention system to reduce
and slow down rainwater runoff. This approach
helps manage the impact of heavy rainfall and
flooding, ensuring better property protection
and flood control.

The proposed plan also aims to reduce imper-
vious surfaces in the residential area by 35%,
with 11% dedicated to retention areas. This re-
duction mainly comes from minimizing hard
pavements and roads and reducing the resi-
dential building area by 2%. However, the new
plan introduces high-density residential build-
ings in the central park area, resulting in an 8%
increase in the overall residential area.

Considering the broader context of climate
change, the government could consider bind-
ing developers with contractual provisions to

ensure that a portion of the rainwater is stored
and flowed in private spaces. Alternatively, the
government and the developer could share the
cost of this portion of the area to ensure that the
proposed continuous retention system is imple-
mented effectively. By doing so, the proposed
plan can help mitigate the impact of heavy rain-
fall and flooding while promoting sustainable
and resilient development in the residential
area.

3.5.2. Logistic industrial area:

Given the functional constraints and limited
availability of land resources, it is challenging to
increase the pervious coverage to a high level.
Therefore, the proposed flood control strategy
takes the approach of reducing the impact on
stormwater runoff by changing land use to lo-
cate large areas of logistics industries in areas
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Figure 21. Logistic industrial area, source: Author

that are less prone to waterlogging. Addition-
ally, it may be more reasonable and realistic to
increase the pervious area to a threshold value
of 30% rather than a higher value for flood pre-
vention.

To implement this approach, the proposed plan
aims to increase the pervious surface area to
30% and replaces asphalt and concrete with
green roofs, small wetlands, and rain gardens,
as well as more porous pervious pavement. The
design also incorporates a retention gutter that
connects to the green network system. These
measures result in an 11% increase in impervi-
ous surfaces and a 7% increase in green roofs,
mitigating the risk of future flooding and im-

Chen Shaogqi, Frank Chow
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proving property safety, although the floor area
is reduced by 5%.

By prioritizing pervious surfaces and incorpo-
rating green infrastructure, the proposed plan
effectively manages the impact of stormwater
runoff while ensuring sustainable and resilient
development in the logistic industrial area.

3.6. Overall comparison:

The proposed new plan for the development of
the northern metropolitan area in Hong Kong
presents a visionary approach to tackling urban
flooding and enhancing overall sustainability.
By juxtaposing the government's original plan
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Figure 22. The distribution of green infrastructure, source: Author

with this innovative proposal, it becomes evi-
dent that the new plan focuses on mitigating the
adverse impacts of heavy rainfall and flooding
through transformative changes in spatial de-
sign, land use allocation, and building configu-
rations.

The integration of "green streets" as the driver for
the urban framework while integrating drainage
demonstrates the new possibilities integrating
place identity and addressing utility issues. Bio-
swales and rain gardens are integrated with the
open space system to provide additional bene-
fits such as pleasant and walkable streetscapes,

active transportation, improved air quality, and
shade. The proposed plan prioritizes sustain-
able and resilient development while address-
ing utility issues and promoting place identity.

Notably, the overall urban morphology has
changed due to changes in land use, the distri-
bution of buildings and the morphology of the
streets, with the aim of rationalising the distribu-
tion of impervious surfaces on the site accord-
ing to the degree of waterlogging on the site. By
increasing the amount of impervious surface for
some of the residences in areas prone to pond-
ing and by increasing the number of detention
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areas proposed for both public and private ar-
eas, the overall residential area was increased
through the overall site layout of the residen-
tial area, even though the amount of residen-
tial area in that area was reduced. For industrial
areas, emphasis was placed on meeting ppc
thresholds and increasing the use of green infra-
structure in conjunction with ecohydrology to
increase stormwater treatment capacity.

of the two schemes, surce: planed.gov.hk. D_HKS_1_en(left); Author(right)

4. Conclusion

This new program attempts to use a new sci-
entific indicator - impervious surface coverage
- to provide new insights from the perspective
of flood prevention. The use of rational land
use allocation and green infrastructure makes
the site more resilient to sudden mega flood-
ing and reduces the impact on neighboring wa-
ter systems and areas. The new Green Network
and Blue Network help to reduce flooding and
water pollution and improve the sustainability
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Figure 24. Overall aerial view, source: Author

and eco-friendliness of the site. At the same
time, by reallocating land use, the site is better
adapted to the needs of future urban develop-
ment and protects the quality of life and prop-
erty of urban residents.

Overall, this comprehensive new plan show-
cases a holistic and forward-thinking approach
to urban development, thoughtfully consider-
ing the impact of climate change and extreme
weather events. By prioritizing sustainability,

resilience, and environmental preservation, the
proposal aims to create a northern metropolitan
area in Hong Kong that is both prosperous and
well-prepared for the challenges of the future.
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