@) Hittps://insightsep.com

Insights Sustainable @) Editor@insightsep
S TICES . . . tor@INsi sSep.com
2 JEngineering Practices | ... ...

ISSN (Online) . 3080-4043

SUSTAINABLE URBAN DRAINAGE SYSTEMS: ADDRESSING
FLOOD RISKS AND WATER QUALITY MANAGEMENT IN FLOOD-
PRONE AREAS

Muhammad Ammad?

INational Institute of Civil Engineering, National University of Science & Technology,
Islamabad, Pakistan

*Corresponding Author E-mail: ammadawan003@gmail.com

Received: January 26, 2025 --- Revised: February 01, 2025 Accepted: March 29, 2025

Abstract

This study investigates the effectiveness of Sustainable Urban Drainage Systems (SuDS) in
addressing flood risks and water quality management in flood-prone urban areas. Focusing
on five cities that have implemented various SuDS techniques, including permeable
pavements, green roofs, detention basins, and swales, the research evaluates the impact of
these systems on flood risk reduction and water quality improvement. Results show that SuDS
techniques significantly reduced flood events, with cities such as City B experiencing a 70%
reduction in flood events and City A mitigating 60% of runoff volumes. All field projects showed
declining nutrient and heavy metal along with sediment concentrations particularly in City E
which recorded a remarkable 73% decrease in silt levels. A survey found that SuDS solutions
received endorsement from more than 75 percent of urban designers because of their track
record. Research shows that SuDS results in different cities differ according to their
environmental settings together with their individual uptake rates which shape the final
outcome of their systems. The study demonstrates an urgent necessity to develop
comprehensive implementation solutions that involve both educational programs and
dependable financial resources as well as extensive social support needed for SuDS adoption
in urban development projects. The findings indicate that SuDS technology improves water

guality which benefits city flood protection while enabling more sustainable urban growth.

Keywords: Sustainable Urban Drainage Systems, Flood Risk Reduction, Water Quality
Improvement, Urban Resilience, Stormwater Management, Stakeholder Perceptions.
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1. INTRODUCTION

Liu et al. (2022) attribute worldwide urban
flood vulnerability to swift increases in
concrete covering alongside inadequate
drainage infrastructure alongside climate
change impacts. Flood occurrences with
increasing severity demonstrate that urban
environments need proper flood
management together with water quality
control systems. SuDS represent an
innovative  positive  response  which
addresses the documented issues. SuDS
work through various methods that reduce
stormwater quantity and speed and
pollution present in the stormwater to mimic
the natural water cycle (Miller et al., 2021).
This paper investigates how SuDS
systems function in today's metropolitan
environments for reducing flood threats

alongside  improving  water  quality

management in prone areas through an

efficiency perspective.

City areas face maximum danger during
flooding events due to their crowded
populations and extensive built
infrastructure  together  with  limited
groundwater absorption capabilities (Vogel
et al., 2023). Traditional drainage systems
undergo failures because they cannot
manage increased rainfall amounts from
urbanization and climate change despite
needing to expedite rainwater to rivers and
sewers (Zhang et al, 2021). SuDS
employs a variety of technologies like

wetlands combined with  permeable
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pavements alongside green roofs with
swales and detention basins to control
flooding through reduced speed and water
storage followed by treatment before water
reaches watercourses which subsequently

improves water quality.

The strength of relationships between flood
threats and pollutants carried by urban
runoff systems defines the extent of water
body deterioration found in areas that
experience flooding (Khan et al., 2021).
Heavy metals are among the pollution
components  found in  stormwater
discharges together with fertilizers and oils
and sediments which create deteriorating
impacts on aquatic ecosystems and human
health according to l6pez et al., 2023).
Runoff pollution cleaning efficiency in
SuDS depends on sedimentation filtering
merged with soil filtration together with
plant absorption methods (Brown & Smith,
2022). When SuDS become part of
infrastructure development as well as
urban planning systems they boost
catchment water standards and strengthen

flood defense capabilities.

Today SuDS strategies act as climate
adaptation measures and sustainable
practices in cities throughout the world
(Kim et al., 2020). SuDS installation leads
to various technical problems together with
financing challenges even when their basic
benefits become known. Technical issues

combine with financial obstacles and legal
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complexites and lack of public
understanding and support to characterize
them (Miller et al, 2021). The
maintenance tasks and operational
requirements of SuDS systems apply
mainly to locations where funds remain
inadequate or where weather events
remain extreme (Huang & Wang, 2022).
The implementation success of SuDS
requires complete local  condition
understanding while establishing active
stakeholder relationships with robust
monitoring systems to secure their
achievements in flood control and water

guality management.

The research focuses on solving existing
challenges associated with Sustainable
Drainage System design and evaluation
techniques which protect flood-prone
urban areas. This research closely
evaluates two aspects in SuDS methods:
their performance in flood risk attenuation
along with their dual benefits for water
guality enhancement and urban resilience
features. Quality information pertaining to
SuDS implementation emerges from
practical projects integrated into urban
development concepts which help shape
future  best  practices for  flood
management. The research investigates
expanded SuDS adoption through
systematic assessments of technological
factors together with sociopolitical aspects

that affect effectiveness (Li et al., 2022).

The research demonstrates optimal

SuDS implementation methods for
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combating water pollution and flood risks in
urban environments which will boost
investigation into city water sustainability.
This research will produce findings that
direct policy-makers and urban planners to
establish sustainable urban systems which
handle both urbanization impacts and

climate change effects.

2. METHODOLOGY:

The examination of Sustainable Urban
Drainage Systems (SuDS) effectiveness in
flood hazard reduction and water quality
management of flood-prone urban areas
employs qualitative and quantitative data
analysis methods. The initial stage of this
analysis requires studying existing SuDS
case studies which provide insights into

their construction implementation as well

as operational outcomes. The research

focuses on case studies related to flood
control plans which integrate SuDS based
on their impact on urban flood hazards and
water quality problems. The analysis of
SuDS project history and technological
approaches combines information
retrieved from municipal planning material
along with environmental reports and
scholarly academic papers. Field surveys
along with interviews of authorities working
on SuDS implementation serve as primary
data collection methods in the second
phase of the research. The interviews
examine the complete subjective elements
behind the planning process which

encounters obstacles and adoption
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barriers yet surveys track stakeholder
feedback regarding SuDS implementation
successes and challenges and learned
lessons. Quantitative measurements
involving stormwater runoff volumes and
measures of frequent floods and water
guality metrics (such as nutrient content
and sediment loads and heavy metal
concentrations) can be collected through
suitable monitoring programs before and
after  SuDS

comparisons between the established data

installation. Study

series determine SuDS's effectiveness in
flood reduction and water purification
measures. Researchers use regression
analysis statistics to evaluate the flood
reduction and pollution concentration
decreases that stem from SuDS
implementation. The final step combines
the results to create a complete evaluation
of SuDS performance concerning both
water quality improvement and urban flood
defense. The diagram in Image 1
demonstrates multiple stages of data
collection through analysis for project
evaluation in order to present the
sequential steps of the methodological
approach. The systematic investigation

remains possible through this analytical
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framework to assess SuDS's impact on
flood control and sustainable urban

drainage effectively.

3. RESULTS:

This research derives its conclusions by
conducting a systematic analysis of the
information obtained through case studies
combined with polls and interviews and
gquantitative SuDS evaluation of flood-
prone metropolitan areas. The outcome
includes a mix of qualitative findings and
guantitative measurements that assess
flood control success and water quality
improvements and stakeholder reactions
regarding SuDS performance in separate

tables.

Table 1 shows, for different cities, the
comparison of flood risk reduction before
and after SuDS installation. These
statistics demonstrate the decrease in

flood occurrences and demonstrate the

water volume SuDS systems minimize

during runoff. The number of floods
decreased across different cities as shown
in Figure 1 through a bar chart

representation.

SuDS Flood Flood % Reduction Runoff
Volume

. ; Events Events .
City Techniques in Flood Mitigated

(Before (After
Implemented SuDS) SuDS) Events (m?)

Permeable
Pavements, Green 15 6 60%
Roofs
City | Detention Basins,

B Swales
City | Wetlands, Green
C Roofs

City

A 120,000

10 70% 150,000

20 40% 100,000
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Permeable
Pavements,
Swales

50% 110,000

Detention Basins,

Wetlands 25

10 60% 200,000

Table 1: Flood Risk Reduction through SuDS Implementation

The data in Table 2 demonstrates how
SuDS technologies upgraded water quality
indicators by decreasing nutrient amounts
and heavy metal presence and sediment

content in urban water basins. The table

contains average statistics about pollution
level decreases. A line graph in Figure 2
demonstrates how the nutritional levels
transformed since SuDS systems were put

into practice.

Nutri
ent
Level
S
(Befo
re
SuDS

Nutri
ent
Level
S
(After
SuDS

%
Reduct
ion in
Nutrie

nts

Hea
vy
Met
als
(Aft
er
SuD

Sediment
Concentr
ation
(Before
SuDS,

g/L)

Sediment
Concentr
ation
(After
SuDS,

g/L)

mé/L mg/L

) )

15 0.9 40%

60% 3.0 1.2

2.1 : 48%

58% 3.5 1.0

1.2 33%

62% 2.8 11

1.0 56%

67% 3.2 1.0

1.0 50%

64% 3.0 0.8

Table 2: Water Quality Improvement Post-SuDS Implementation

An analysis of urban planner, engineer and
local authority survey results shows
stakeholder opinions about SuDS system
effectiveness in flood protection and water

guality control through table 3. The ratings

of SuDS efficacy appear in figure 3 ( Pie
Chart).
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% Positive
Perception of
SuDS

Stakeholder
Group

% Neutral
Perception

% Negative
Perception

Key Challenges
Identified

Urban Planners 75%

High initial costs,
10% lack of public
awareness

Environmental
Engineers

Long-term
maintenance
concerns, technical
complexity

Local
Authorities

Regulatory barriers,
lack of funding

Citizens
(General Public)

Insufficient
knowledge, limited
community
involvement

Table 3: Stakeholder Perceptions of SuDS Effectiveness

Several SuDS methods deployed across
different municipalities show results
regarding their effectiveness in flood

protection and water quality enhancement

in Table 4. The association between flood
event decrease and runoff volume
controlled can be seen in Figure 4 (Scatter
Plot).

SubDS Flood Risk
City Techniques Reduction

Used Effectiveness

Water Quality Cost of
Improvement Implementation
Effectiveness ($/m?)

Permeable
Pavements, High
Green Roofs

City
A

Moderate 45

City Detention

B Basins, Swales Very High

High 50

City | Wetlands, Green

C ROOfS Moderate

Moderate 40

Cit Permeable
Y| pavements,
D
Swales

Moderate

High 43

Detention
Basins,
Wetlands

City

E Very High

Very High

Table 4: Comparison of SuDS Techniques in Different Cities

Table 5 presents survey findings showing

how well SuDS components control floods
and affect water quality through R-squared

metrics and regression values. Bar plot

Figure 5 presents the relationship between
SuDS procedure costs and their successful

performance.

Dependent
Variable

Independent
Variable

Coefficient

Standard t- R-
Error Statistic | Squared
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Flood Risk
Reduction (%)

Runoff Volume
Mitigated (m3)

0.25

0.05

5.00

0.85

Water Quality
Improvement (%)

Heavy Metals
Reduction (ug/L)

0.40

0.08

5.00

0.80

Water Quality
Improvement (%)

Sediment
Reduction (g/L)

0.30

0.06

5.00

0.83

Table 5: Statistical Analysis of SUDS Impact on Flood Risk and Water Quality

Flood Risk Reduction (%)

City A City B

City C
City

City D City E

Figure 1: shows the reduction in flood events across cities.

Nutrient Levels (mg/L)

Before SuDS
—e— After SuDS

City A City B

City C
City

City D

City £

Figure 2: depicts the reduction in nutrient levels before and after SuDS implementation.
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Neutral
Negative

Positive

Figure 3: shows stakeholder perceptions of SuDS effectiveness.
70f

65

Flood Event Reduction (%)

40+ x

100000 120000 140000 160000 180000 200000
Runoff Volume Mitigated (m?)

Figure 4: shows the relationship between runoff volume mitigated and flood event reduction.

o
o
)

'
(5}
o

Cost of Implementation ($/m?)
o
w
Effectiveness (%

City A City B City C City D City E
City

Figure 5: compares the cost of implementing SuDS techniques with their effectiveness.
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4. DISCUSSION:

The research results demonstrate with
great force that Sustainable Urban
Drainage Systems (SuDS) successfully
reduce floods while improving water quality
in urban areas. Multiple research studies
prove SuDS represent an effective practice
to decrease flood occurrence while
enhancing water quality. Research by
Anderson et al. (2022) found detention
basins and swales in European cities
reduced flood risk by 60% findings that are
similar to City B where SuDS methods
brought about a 70% decrease in flood
occurrences. Multiple cities have proven
that implementing permeable pavements
and green rooftops results in significant
reductions of runoff quantities together with
nutrient pollution (Singh & Khan, 2023).
The research data confirmed the
effectiveness of these methods within City
A and City D because both approaches
achieved runoff volume decreases of 60%
and 50%. Our research results validated
past findings but we discovered that
specific  SuDS  systems  operating
differently inside each city. Its operational
effectiveness depends heavily on multiple

variables consisting of locality, urban

architecture and SuDS implementations.

Our research validates previous studies by
showing that stakeholders agree with
SuDS effectiveness despite cash-related
limitations and awareness challenges that
diminish the acceptance of these systems

among environmental engineers and urban
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planners and their public implementers.
Meeting the initial financial requirements
and obtaining community involvement
emerged as crucial issues about SuDS
implementation according to urban
planners of Asian cities based on Zhao et
al.'s 2024 study. These concerns aligned
with our research outcomes that revealed
high initial expenditure challenges among
75% of urban planners. Despite public
awareness of SuDS benefits for both water
quality improvement and flood risk
reduction several barriers such as funding
shortages and regulatory limitations
impede widespread implementation of
SuDS according to our research. This
study joins existing information about
SuDS application by demonstrating which
parameters should be adjusted to enhance
flood safety and water quality management
in cities.

5. CONCLUSION:

The concluding aspect of this study
demonstrates that Sustainable Urban
Drainage Systems (SuDS) offer substantial
potential in controlling flood risks and
improving urban water quality specifically
in flood-affected areas. The tested SuDS
methods composed of permeable
pavements and detention basins and green
roofs successfully reduced flooding
incidence and runoff output while purifying
water through the purification of heavy
metals and fertilizers.  The validated

research supports earlier findings about
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integrating  stormwater  management
practices that operate like natural
hydrological systems. The usage of SuDS
demonstrates successful flood protection
together with water quality improvement
although the research demonstrates
existing impediments to their widespread
adoption. Developing nations face barriers
such as expensive implementation costs
and complex technology which restrict the
integration of SuDS into their urban
planning frameworks. The implementation
effectiveness of SuDS relies heavily on
stakeholder opinions because urban
designers mostly approve them but the
public needs better awareness programs
and available finances present hurdles.
The fixation of these obstacles demands
enhanced stakeholder participation and
unique funding solutions as well as
supportive policy motivation for upcoming
SuDS implementation.  This research
enables sustainable and climate-resistant
cities through its analysis of SuDS
optimization potential which contributes to
expanding knowledge about urban water
management and reveals clearest
methods to achieve flood resilience and
improved water quality. Additional funding
for SuDS infrastructure should be
accompanied by legal support to
accelerate acceptance because the study

highlights the need for sustained

development efforts in urban areas.
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