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ABSTRACT

Urban drainage systems are essential for managing stormwater, mitigating flood risks, and sustaining urban resilience,
especially under pressures from rapid urbanization, climate change, and increasing impervious surfaces. Traditional
drainage networks, primarily designed for efficient wastewater conveyance, often fail under extreme rainfall events and high
hydraulic demand, highlighting the need for integrated, adaptive solutions. This review synthesizes recent advancements in
urban drainage planning, emphasizing the use of hydraulic modeling, optimization techniques, GIS, and Remote Sensing
to assess network performance, predict flood inundation, and improve resilience. Methodologies including SWMM-based
hydraulic simulations, one- and two-dimensional runoff modeling, and heuristic optimization algorithms enable accurate
representation of flow dynamics, iterative network design, and cost-effective pipe sizing, while spatial datasets derived
from high-resolution DEMs, satellite imagery, and precipitation products support precise mapping of impervious surfaces,
catchment characteristics, and flood-prone zones. The novelty of this work lies in its integrated evaluation of conventional
and smart drainage strategies, highlighting hybrid approaches that combine physical modeling, geospatial analysis, and
optimization to enhance hydraulic efficiency, environmental sustainability, and adaptive capacity. Key findings demonstrate
that smart and nature-based solutions such as green roofs, permeable pavements, bioswales, and sponge city initiatives
significantly reduce peak runoff, pollutant loads, and carbon emissions while improving system resilience. The review
provides evidence-based recommendations for cost-effective, environmentally sustainable, and climate-resilient urban
drainage planning, offering a comprehensive framework for future research and practical implementation in modern cities.
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Highlights

e Integrated hydraulic and geospatial approaches improve
drainage resilience.

* Smart and nature-based solutions reduce flooding and
environmental impact.

*  Hybrid modeling offers cost-effective, sustainable urban
water management.

Introduction

The evolution of urban drainage systems demonstrates a
continuous adaptation to technological advances, population
growth, and environmental challenges, progressing from basic
sanitation and flood protection in ancient civilizations around
3000 BC to modern integrated water management [1-3]. Early
open channels in Mesopotamian and Indus Valley cities prioritized
hygiene, while Roman covered sewers introduced organized
networks emphasizing public health [4,5]. Industrialization and
rapid urban expansion increased runoff volumes and peak flows by
1.5 to 10 times, reducing infiltration and evapotranspiration [6-8].
Conventional grey infrastructure efficiently conveyed stormwater
butdisrupted natural hydrology and transported over 600 pollutants,
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including heavy metals, nutrients, and emerging contaminants [9-
11]. Smart drainage systems integrate real-time monitoring, data-
driven management, and green infrastructure such as permeable
pavements, bioswales, and green roofs to enhance infiltration,
storage, and water quality, reflecting Water Sensitive City
principles [12-14]. The transition from combined sewer systems,
which mix stormwater and sanitary sewage and risk overflows
during heavy rainfall, to separate sewer systems, which isolate
flows for improved treatment and pollutant reduction, highlights
a shift toward sustainable, resilient, and adaptive urban drainage
[15-17]. Together, these developments mark the progression
from localized, reactive systems to proactive, integrated, and
environmentally sensitive urban water management [18,19].

Sewer network design has evolved through the integration of
hydraulic modelling and optimization techniques to ensure both
reliable system performance and cost efficiency [20,21]. Hydraulic
approaches, based on fundamental fluid mechanics and continuity
equations, employ methods such as the Manning equation, Saint
Venant equations, and SWMM simulations to accurately represent
flow dynamics under varying hydrological conditions, including
complex phenomena like backwater effects, pressurized flow, and
reverse flow [22-24]. These models generate time-series data on
flow rate, velocity, and depth, allowing iterative calibration to satisfy
hydraulic constraints [25,26]. Complementing this, optimization
techniques, initially formulated through linear, nonlinear, and
dynamic programming and more recently through heuristic and
artificial intelligence methods such as genetic algorithms, particle
swarm optimization, and ant colony optimization, aim to determine
optimal pipe diameters, slopes, and layouts while minimizing
construction costs [27,28]. Hybrid approaches that integrate
hydraulic simulation with optimization algorithms enhance
design accuracy by combining realistic flow representation with
cost minimization [29,30]. While hydraulic modelling provides
high-fidelity evaluation of system performance, optimization
methods offer flexible, scalable, and near-optimal solutions for
complex, large-scale networks [1]. Together, these complementary
strategies form the foundation for a two-stage sewer network
design approach, enabling iterative refinement of parameters to
satisfy hydraulic and economic constraints while addressing the
increasing complexity of modern urban drainage systems [2,3].

Stormwater drainage and urban flooding represent a critical
challenge at the intersection of urban hydrology, infrastructure
planning, and disaster risk management, particularly under rapid
urbanization and climate change [4,5]. Pluvial flooding caused
by intense rainfall frequently overwhelms conventional drainage
systems, which are often designed using historical precipitation
data and are unable to accommodate future variability, resulting
in increased flood frequency, duration, and severity [6,7].
Advanced hydrological and hydraulic modeling tools, including
SWMM, PCSWMM, MIKE URBAN, StormCAD, and GIS-based
frameworks, have become essential for simulating rainfall-runoff
processes, drainage network performance, and flood inundation,
with coupled one- and two-dimensional models offering improved

prediction of overland flow dynamics [8-10]. Impervious surfaces
arising from urban expansion significantly exacerbate flooding
by reducing infiltration and increasing runoff volumes and peak
discharges, necessitating upgrades to drainage systems and
increased infrastructure costs [11,12]. Studies integrating climate
change projections from Regional Climate Models, low-impact
development interventions such as permeable pavements, green
roofs, detention systems, and deep stormwater tunnels demonstrate
the importance of adaptive, resilient, and site-specific approaches
[13-15]. Collectively, these findings underscore the need for
integrated stormwater management frameworks that combine
modeling, sustainable design, and planning strategies to mitigate
urban flooding risks under evolving climatic and urban conditions
[16,17].

Geographic Information Systems (GIS) and Remote Sensing
(RS) play a pivotal role in urban drainage modeling by providing
high-resolution spatial datasets that address the scarcity of
ground observations, particularly in developing regions [18,19].
RS-derived data, including IMERG precipitation products,
ALOS PALSAR DEMs, and Sentinel-2 land use/cover imagery,
enable accurate extraction of key parameters such as slope,
imperviousness, elevation, and drainage patterns, which are
critical for runoff estimation and hydraulic simulation [20-22].
Case studies from Gurugram, Dhaka, Lahore, and the Zhujiang
Delta demonstrate that integrating GIS and RS with hydrological
models such as SWMM and MIKE SWMM allows simulation
of rainfall-runoff processes, flood susceptibility mapping, and
evaluation of drainage system resilience under climate change and
urbanization scenarios [23-25]. Spatial mapping using GPS and
ArcGIS facilitates precise geolocation, visualization, and analysis
of drainage networks, flood-prone areas, and infrastructure
vulnerabilities, supporting targeted interventions [26-28].
Advanced techniques, including multi-criteria decision analysis,
machine learning models, and scenario-based planning, further
enhance predictive accuracy and enable assessment of mitigation
measures such as low-impact development and infiltration basins
[29,30]. Collectively, the integration of GIS, RS, and hydrological
modeling provides a robust, data-driven framework for urban
drainage assessment, flood risk management, and climate-resilient
infrastructure planning [1,2].

This study addresses the evolving challenges of urban drainage and
flood management under rapid urbanization and climate change
by integrating conventional hydraulic design, smart drainage
strategies, and geospatial analysis [3-5]. Utilizing advanced
methodologies, including SWMM-based hydraulic modeling,
Al-driven optimization, and GIS/Remote Sensing techniques, the
research systematically evaluates network performance, runoff
dynamics, and flood risk across diverse urban catchments [6-8].
The novelty of this work lies in its combined approach, linking
physical modeling with geospatial datasets and resilience-oriented
planning, while also highlighting the environmental implications,
including potential CO. emissions from infrastructure development
[9-11]. Results demonstrate the critical influence of impervious
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surfaces, network configuration, and climate variability on flood
susceptibility, while illustrating the effectiveness of hybrid green-
grey solutions and optimization-guided design in enhancing system
reliability, reducing pollutant loads, and improving sustainability
[12-14]. These findings provide a comprehensive framework for
adaptive, cost-effective, and environmentally responsible urban
drainage planning, establishing a foundation for future research on
carbon mitigation and green infrastructure interventions [15-17].

Evolution of Urban Drainage Systems

The historical evolution of urban drainage systems reflects the
changing priorities of human settlements, transitioning from
basic waste removal to complex, integrated water management
frameworks [31-33]. In ancient civilizations (circa 3000 BC),
drainage systems were primarily designed for sanitation and
flood protection, often using open channels and rudimentary
sewers, as seen in early Mesopotamian and Indus Valley
cities [34,35]. During the Roman era, significant engineering
advancements introduced covered sewers and organized drainage
networks, emphasizing public health and urban hygiene [36,37].
However, in the post-Roman and early industrial periods, rapid
urban growth outpaced infrastructure development, leading to
unsanitary conditions and waterborne diseases [38,39]. The 19th
and early 20th centuries marked the emergence of centralized
sewer systems under the “Sanitary City” concept, focusing on
efficient conveyance of wastewater away from populated areas
[40,41]. Quantitatively, urban expansion during industrialization
significantly altered hydrological processes, reducing infiltration
and evapotranspiration while increasing runoff volumes and peak
flows [42,43]. Studies indicate that urbanization increased runoff
peaks by 1.5 to 10 times for short return periods, highlighting
the hydrological impact of impervious surfaces and engineered
drainage [44]. This historical trajectory demonstrates how urban
drainage evolved from localized, function-specific systems to
large-scale, engineered networks, ultimately setting the foundation
for modern sustainable approaches. Therefore, understanding this
historical progression reveals that urban drainage systems have
continuously adapted in response to technological capabilities,
population pressures, and environmental challenges [31].
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Figure 1: Urban Drainage System [44].

The transition from conventional to smart drainage systems
represents a critical shift in urban water management, driven by the

need for resilience, sustainability (Figure 1), and efficiency under
changing climatic and urban conditions [32-34]. Conventional
drainage systems were primarily based on grey infrastructure,
including pipes, culverts, and channels, designed to rapidly convey
stormwater away from urban areas to prevent flooding [36]. While
effective in the short term, these systems significantly disrupted the
natural hydrological cycle by increasing runoff volume, accelerating
flow velocity, and reducing groundwater recharge [36,37].
Empirical evidence shows that urban runoff not only increases in
quantity but also carries over 600 identified chemical pollutants,
including heavy metals, nutrients, and emerging contaminants
such as pharmaceuticals [38,39]. Additionally, conventional
systems lack adaptability, making them vulnerable to extreme
rainfall events intensified by climate change [40]. In contrast,
smart drainage systems integrate real-time monitoring, data-driven
decision-making, and decentralized green infrastructure such as
permeable pavements, bioswales, and green roofs [41-43]. These
systems aim to mimic natural processes by enhancing infiltration,
evapotranspiration, and storage, thereby reducing peak flows and
improving water quality [44]. Qualitatively, this shift reflects a
move from reactive flood control to proactive, integrated water
resource management aligned with Water Sensitive Cities (WSC)
principles [31,32]. Hence, the evolution toward smart drainage
systems signifies a transformative approach that enhances urban
resilience, ecological sustainability, and adaptive capacity in
modern cities [33,34].

The development and comparison of combined and separate sewer
systems illustrate a fundamental evolution in urban drainage
design, particularly in addressing hydraulic capacity and water
quality challenges [35,36]. Combined sewer systems (CSS), widely
adopted during the industrial era, were designed to transport both
stormwater and sanitary sewage through a single network, offering
cost-effective infrastructure during early urban expansion [37,38].
However, these systems become inefficient during heavy rainfall,
leading to combined sewer overflows (CSOs) when flow exceeds
approximately 1.5 to 6 times the dry weather flow [39,40]. Such
overflows discharge untreated mixtures of stormwater and sewage
into receiving waters, often containing pollutant concentrations
that exceed those of typical wastewater, especially during the
first flush [41,42]. This poses significant environmental and
public health risks due to contaminants such as suspended solids,
nutrients, and emerging chemicals [43]. In response, separate
sewer systems (SSS) were developed to isolate stormwater from
sanitary sewage, enabling more efficient wastewater treatment
and reducing overflow risks [44]. Quantitatively, separate systems
improve pollutant removal efficiency and reduce contamination
loads entering natural water bodies, while also facilitating the
integration of sustainable stormwater management practices
[31,32]. Despite higher initial costs and infrastructure complexity,
SSS offer greater long-term benefits in terms of environmental
protection and system resilience [33,34]. Therefore, the shift
from combined to separate sewer systems highlights a critical
advancement in urban drainage, emphasizing the importance of
sustainable design, pollution control, and adaptive infrastructure
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in contemporary urban environments [36,37].

Sewer Network Design Approaches

The application of hydraulic models in sewer network design
constitutes a fundamental approach for accurately representing
flow dynamics and ensuring compliance with hydraulic constraints
(Table 1) [45,46]. Classical formulations such as the Manning
equation have long been employed to determine pipe diameter
and slope based on flow velocity and discharge under steady
flow assumptions [47,48]. However, the increasing complexity
of urban drainage systems has led to the adoption of advanced
simulation tools, most notably the Storm Water Management
Model (SWMM), developed in 1971 and subsequently refined
[49,50]. SWMM integrates hydrological and hydraulic processes
by representing sub catchments as nonlinear reservoirs and
simulating pipe flow using the one-dimensional Saint Venant
equations, thereby enabling the analysis of unsteady and non-
uniform flow conditions [51]. Through simulation, time series
of flow rate, velocity, and depth are generated for each pipe
segment, allowing iterative adjustments to satisfy constraints
such as minimum and maximum velocity, allowable depth-to-
diameter ratios, and slope limitations [52]. For example, when the
simulated flow depth exceeds acceptable limits, pipe diameters
are recalculated using Manning-based relationships, while slope
adjustments are made to ensure velocity remains within thresholds
that prevent sedimentation or erosion [53]. Furthermore, SWMM
enables the simulation of complex hydraulic conditions such as
backwater effects, reverse flow, and pump operations, significantly
improving design reliability compared to simplified methods [54].

The integration of these hydraulic models within iterative design
frameworks allows for systematic refinement of sewer network
parameters until all constraints are satisfied [45,46]. Therefore,
hydraulic modelling approaches provide a scientifically rigorous
and physically consistent foundation for sewer network design by
capturing real flow behavior and system interactions [47-49].

Optimization techniques in sewer network design have been
extensively developed to achieve cost-effective solutions while
maintaining hydraulic performance under strict constraints [50,51].
Since the late 1960s, the sewer design problem has been formulated
as an optimization problem in which the objective is to minimize
total construction cost while determining optimal pipe diameters,
slopes, and sometimes network layout [52,53]. Early approaches
relied on exact methods such as linear programming, nonlinear
programming, and dynamic programming, but these methods
faced significant computational challenges due to the complexity
and scale of sewer systems [54]. The problem is widely recognized
as a non-deterministic polynomial time problem characterized by
non-convexity, multimodality, and mixed discrete-continuous
variables, particularly because pipe diameters are selected from
commercially available discrete sizes [45,46]. To address these
challenges, heuristic and artificial intelligence based methods such
as genetic algorithms, ant colony optimization, particle swarm
optimization, simulated annealing, and cellular automata have
been introduced [47-49]. These approaches provide near-optimal
solutions with significantly reduced computational effort, with
studies showing that heuristic methods can reduce computational
time to less than ten percent of that required by traditional

Table 1: Sewer Network Design Approaches and Optimization Techniques [45-54].

Criterion Hydraulic Modelling Approaches Optimization Techniques using AI and Heuristics
. To simulate physical behavior of flow within sewer To determine the most cost effective and efficient sewer network
Primary Purpose . . oo . . .
systems under varying hydrological conditions configuration under given constraints
Core Princinle Based on physical laws of fluid mechanics and continuity | Based on mathematical optimization, search algorithms, and iterative
P equations improvement

Key Methods Manning equation, Saint Venant equations, SWMM Linear programming, nonlm_ear programming, dynamlc_ .

. ) programming, genetic algorithms, ant colony optimization, particle
Used simulation Lo en . .

swarm optimization, simulated annealing, cellular automata
Type of Analysis | Deterministic and physics based simulation Stochastic, heuristic, and evolutionary search based analysis
Input Topography, rainfall data, flow characteristics, pipe Cost functions, constraints, design variables such as pipe diameter
Requirements roughness, boundary conditions and slope, initial feasible solutions
Output Flow rate, velocity, water depth, hydraulic grade line, Optimal or near optimal pipe sizes, slopes, layout configurations, and
Generated system performance under dynamic conditions total system cost
Handling of Accurately models complex hydraulic conditions such as | Handles combinatorial and large scale optimization problems
Complexity backwater effects, pressurized flow, and reverse flow efficiently but may simplify hydraulic processes
Computational Moderate, depends on simulation complexity and time High for exact methods, significantly reduced for heuristic methods
Demand steps often less than ten percent of exact approaches
Accurac High accuracy due to real physical representation of Moderate to high accuracy depending on algorithm and integration
y system behavior with simulation models
Flexibilit Limited flexibility without integration with optimization | Highly flexible and adaptable to different problem formulations and
Y tools constraints
Limitations Requires iterative calibration and may not directly Does not always guarantee globally optimal solution and may depend
optimize cost on initial conditions
Streneth Provides realistic and reliable system performance Provides efficient and scalable solutions for cost minimization and
£ evaluation design optimization

Practical Used for validating and simulating sewer network Used for designing optimal sewer systems under economic and
Application performance operational constraints
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optimization techniques while maintaining comparable solution
quality [50,51]. In addition, hybrid approaches that integrate
hydraulic simulation tools such as SWMM with optimization
algorithms further enhance design accuracy by combining realistic
flow simulation with cost minimization strategies [52,53]. Despite
these advancements, most methodologies separate layout design
from hydraulic design to reduce complexity, which may limit
achieving global optimality [54]. In conclusion, optimization
techniques have significantly advanced sewer network design
by offering flexible, efficient, and scalable solutions capable of
addressing the inherent complexity of modern drainage systems
[45-54].

Stormwater Drainage and Urban Flooding

Stormwater drainage and urban flooding represent a critical
intersection of urban hydrology, infrastructure design, and disaster
risk management, particularly under the pressures of climate
change and rapid urbanization [54-56]. Pluvial flooding caused by
intense rainfall overwhelming drainage systems has emerged as a
dominant urban hazard due to inadequate infrastructure planning
and limited integration between stormwater management and
flood mitigation strategies [57,58]. Traditional drainage systems,
often designed using historical rainfall data, are insufficient to
accommodate future variability in precipitation patterns, resulting
in increased flood frequency, duration, and severity [59-61].
Modeling-based assessments using tools such as SWMM and
MIKE URBAN indicate substantial increases in flooding nodes
and inundation extents under projected climate scenarios (Table
2) [62,63]. For example, in Delhi catchments, flooded nodes
are expected to rise from 2—-6 to as high as 51 under future
conditions [64]. Urban flood management is further complicated
by uncertainties in rainfall patterns, infrastructure limitations, and
socio-economic vulnerabilities [65,66]. Advanced solutions such
as deep stormwater tunnels, detention systems, and optimization-

based design approaches have shown potential; however,
their effectiveness depends on site-specific factors, including
geomorphology and financial feasibility [66,67]. These studies
emphasize the necessity of integrated, adaptive, and resilience-
based stormwater management frameworks to mitigate urban
flooding risks under evolving climatic and urban conditions
[53,55].

Urban runoff modeling is essential for understanding, predicting,
and managing stormwater dynamics within rapidly urbanizing
environments [56-58]. Contemporary research employs advanced
hydrological and hydraulic modeling tools, including SWMM,
PCSWMM, MIKE URBAN, StormCAD, and GIS-based
frameworks, to simulate rainfall-runoff processes, drainage
network performance, and flood inundation patterns [59-61].
These models integrate one-dimensional and two-dimensional
approaches, providing accurate representations of surface and
subsurface flow interactions [62,63]. Coupled one-dimensional
and two-dimensional models demonstrate improved capability in
capturing flood extents and overland flow dynamics, particularly
in peri-urban catchments [64,65]. Subgrid and rain-on-grid
modeling techniques offer efficient alternatives for large-scale
or data-limited regions, reducing computational complexity
while maintaining reasonable accuracy [65,66]. Climate change
projections derived from Regional Climate Models, such as
CORDEX, are increasingly incorporated into these models to
simulate future flood scenarios under varying return periods
[67]. Sensitivity analyses further identify critical parameters
including imperviousness, Manning’s roughness coefficient, and
depression storage, which strongly influence runoff and flooding
outcomes [54,55]. Despite their robustness, these models face
challenges related to data availability, calibration, and uncertainty
quantification [56,57]. Urban runoff modeling has therefore
evolved into a sophisticated and indispensable tool for flood risk

Table 2: Case Studies on Stormwater Drainage and Urban Flooding [54-67].

Study Focus Location Methodology / Tools Used Key Findings
Climate change impact on | Delhi, India (Qudesia SWMM integrated with RCM :ggggﬁgsl?zdes llzie:f:rﬁ;%];ﬁcgggéﬁ?edsrrp;re?fte cted
urban flooding Nallah & Jahangirpuri) | (CORDEX) s WOy Y u

twenty-year storm impacts

Peri-urban catchment
(unspecified)

Stormwater control
measures

Coupled one-dimensional and two-
dimensional modeling

Rain tanks and infiltration trenches were effective for
five- to twenty-year storms

Runoff coefficient and

. . Dammam, Saudi Arabia
drainage design

StormCAD with GIS integration

Increased runoff coefficient elevated discharge,
velocity, and construction costs by two to three times

Urban flood modeling West Bengal, India

SWMM and MIKE URBAN

Two-dimensional modeling improved flood extent
prediction; detention ponds reduced peak flow

Urbanization and climate

; Robe Town, Ethiopia
change impacts

PCSWMM with RCM projections

Flooding volume increased by up to 67.4 percent under
combined urbanization and climate change scenarios

Flood modeling with

limited data Dakar outskirts, Senegal

ATHYS platform

Efficient flood prediction with reduced data and
computational requirements

Deep stormwater tunnels | Seoul, South Korea

3D OpenFOAM simulation

Smaller culvert diameters improved flow stability; air
pockets reduced tunnel efficiency

Sponge city / Low
Impact Development
effectiveness

China (unspecified city)

SWMM and PCSWMM

LID significantly reduced runoff but was less effective
during extreme storms

Sustainable drainage India (general)

frameworks

Conceptual and planning

Emphasized the need for integrated, city-specific
drainage strategies
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assessment, supporting evidence-based decision-making and the
design of resilient stormwater infrastructure systems [60,61].

Impervious surfaces significantly influence urban flooding and
stormwater drainage, reflecting the consequences of rapid land-use
transformation [60,61]. Urbanization converts natural landscapes
into built environments characterized by roads, rooftops, and
pavements, which reduce infiltration capacity and substantially
increase surface runoff volumes and peak discharge rates [62,63].
Empirical and modeling studies demonstrate that even modest
increases in impervious area can lead to substantial rises in runoff;
for example, a ten percent increase in imperviousness can elevate
runoff by up to fifty percent, while higher levels may result in
increases exceeding three hundred percent [63-65]. This escalation
affects key design parameters of stormwater drainage systems,
including outfall discharge, flow velocity, and lag time, often
resulting in doubled or tripled infrastructure costs under intensified
urbanization scenarios [66,67]. Impervious surfaces also reduce
groundwater recharge and enhance pollutant transport, further
exacerbating environmental degradation [54,55]. Altered runoff
coefficients necessitate the redesign and upgrading of existing
drainage networks to accommodate higher hydraulic loads [56,57].
Low Impact Development strategies, such as permeable pavements,
green roofs, and infiltration trenches, provide effective mitigation
measures, although performance varies with storm intensity and
spatial implementation [58,59]. The proliferation of impervious
surfaces is a primary driver of urban flooding, highlighting the
importance of sustainable urban planning and adaptive drainage
design to manage increasing hydrological pressures [60-67].

GIS and Remote Sensing in Urban Drainage

The role of Geographic Information Systems (GIS) and Remote
Sensing (RS) in urban drainage modeling is fundamentally rooted
in their capacity to generate high-resolution spatial datasets
that compensate for the scarcity of ground-based observations,
particularly in developing regions [68-70]. In the context of urban
drainage systems (UDS), RS-derived datasets such as IMERG
precipitation products, ALOS PALSAR Digital Elevation Models
(DEMs), and Sentinel-2 land use/land cover (LULC) imagery
provide critical inputs for hydrological analysis (Table 3) [71,72].
These datasets enable the extraction of key parameters including
slope, elevation, imperviousness, and drainage patterns, which are
essential for accurate runoff estimation and hydraulic simulation
[73-75]. The Gurugram case study demonstrates how half-
hourly IMERG data (0.1° resolution) effectively replaced sparse
rain gauge data, enabling detailed simulation of pluvial flooding
scenarios [76]. Similarly, LULC classification through satellite
imagery allows identification of impervious surfaces, which
directly influence runoff coefficients and peak discharge [77]. In
Dhaka and Zhujiang Delta studies, multitemporal satellite imagery
revealed significant urban expansion and corresponding increases
in runoff depth and flood susceptibility [78,79]. Furthermore,
SAR and Landsat imagery have been widely applied for flood
mapping due to their ability to capture data under varying weather
conditions. GIS-based flood susceptibility mapping integrates

multiple thematic layers such as elevation, slope, drainage
density, and proximity to streams to identify high-risk zones with
high accuracy (e.g., 88.3% in recent studies). These approaches
highlight how RS and GIS collectively enable continuous,
large-scale, and precise environmental monitoring. Therefore,
the integration of spatial datasets derived from RS within GIS
frameworks significantly enhances the reliability and applicability
of urban drainage assessments in data-scarce environments,
ultimately improving flood risk management and infrastructure
planning [67,68].

Spatial mapping using GPS and ArcGIS constitutes a critical
methodological component in urban drainage studies by enabling
precise geolocation, visualization, and analysis of drainage
infrastructure and flood-prone areas [70,71]. GPS technology
facilitates the accurate collection of field data, including coordinates
of drainage networks, flood extents, and sampling locations,
which are subsequently processed within GIS platforms such as
ArcGIS for spatial analysis [72-74]. In the Saraswati River study,
GPS-based field sampling combined with ArcGIS and Google
Earth Engine enabled detailed mapping of river trajectories and
water quality parameters across 27 locations [75,76]. Similarly,
topographic mapping and flood channel identification in the
Mashhad basin study were conducted using spatial datasets to
locate suitable sites for stormwater infiltration basins [77,78].
ArcGIS tools support the development of Digital Terrain Models
(DTMs), slope analysis, and spatial overlays, which are essential
for understanding runoff pathways and flood propagation [79]. The
integration of classified remote sensing imagery further enhances
mapping accuracy by distinguishing between roofs, paved surfaces,
and permeable land using advanced image processing techniques
such as edge detection. Additionally, spatial mapping facilitates
the identification of infrastructure vulnerabilities, as demonstrated
in erosion-risk studies where roads, bridges, and drainage
systems were overlaid with hazard maps. This enables planners
to prioritize critical zones for intervention. The ability of GIS
to visualize complex spatial relationships and integrate multiple
datasets makes it indispensable for urban hydrological assessments
[67,68]. Hence, spatial mapping using GPS and ArcGIS provides a
robust framework for accurate data acquisition, visualization, and
decision-making in urban drainage management, ensuring more
targeted and effective flood mitigation strategies [70-72].

The integration of GIS and Remote Sensing with hydrological
models such as SWMM represents a transformative advancement
in simulating and evaluating urban drainage system performance
under varying environmental conditions [73-75]. Hydrological
models require detailed inputs related to rainfall, catchment
characteristics, and drainage network configurations, which
are efficiently derived from GIS and RS datasets [76,77]. In the
Gurugram study, SWMM was successfully employed using RS-
derived inputs to simulate both functional and structural failure
scenarios, revealing that climate change poses a greater individual
threat while its combination with urbanization significantly
reduces system resilience [78,79]. Similarly, in Lahore, the
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integration of GIS with SWMM and rainfall modeling techniques
such as Log-Pearson Type III distribution and Alternating Block
Method enabled the generation of design hyetographs in data-
scarce conditions, leading to accurate flood risk assessment. The
Mashhad basin study also utilized MIKE SWMM to simulate
rainfall-runoff processes and evaluate hydraulic performance,
identifying critical conduits and testing mitigation measures such
as infiltration basins. Furthermore, GIS-based Multi-Criteria
Decision Analysis (MCDA) and machine learning models such as
Outlier Robust Extreme Learning Machine (ORELM) have been
integrated to enhance flood susceptibility prediction and future
scenario analysis under climate change projections [68-70]. These
integrated approaches allow simulation of complex interactions
between land use changes, rainfall variability, and drainage
capacity [71,72]. Consequently, the coupling of GIS and RS with
hydrological models not only improves simulation accuracy but
also supports scenario-based planning and resilience assessment
[73-75]. In conclusion, such integration provides a comprehensive
and data-driven framework for evaluating urban drainage systems,
enabling informed decision-making for sustainable and climate-
resilient urban infrastructure development [76-79].

Discussions and Recommendations
The reviewed literature highlights that urban drainage systems

have evolved significantly, transitioning from basic sanitation-
focused designs to complex, integrated frameworks that address
flood mitigation, environmental protection, and resilience under
climate change [1-6,31-34]. Historical analyses indicate that
conventional drainage systems, while effective in conveying
stormwater, are increasingly inadequate in coping with intensified
rainfall, urban expansion, and impervious surface proliferation
[54-58]. Modeling studies using SWMM, MIKE URBAN, and
PCSWMM consistently show that urbanization exacerbates peak
runoff, increases flooding frequency, and reduces groundwater
recharge, necessitating the adoption of adaptive and integrated
stormwater management strategies [54-58,68-72]. Furthermore,
the comparison of combined and separate sewer systems
emphasizes the environmental and operational advantages of
separate networks, particularly in reducing pollutant loads,
preventing combined sewer overflows, and facilitating sustainable
stormwater practices [31-54]. These findings underscore the
critical need for proactive planning that incorporates hydrological
modeling, real-time monitoring, and risk assessment to optimize
hydraulic performance and environmental outcomes [68-79].

Spatial analysis through GIS and Remote Sensing emerges as
an indispensable tool in addressing data scarcity and enhancing
drainage system planning [68-79]. Case studies from Gurugram,

Table 3: Case Studies on GIS and Remote Sensing in Urban Drainage and Flood Assessment [73-82].

Study Area / City

Objective / Focus

Methods / Tools

Key Findings / Outcomes

Gurugram, India

Evaluate Urban Drainage
System (UDS) resilience under
climate change and urbanization

SWMM modeling, Remote Sensing:
IMERG (precipitation), ALOS
PALSAR (DEM), Sentinel-2 (Land
Use/Cover)

Climate change poses greater threat than urbanization
individually; combination significantly reduces UDS
resilience; 11/25 conduits non-resilient; highlights
utility of remote sensing for developing countries

Mashhad, Iran

Simulation and evaluation of

MIKE SWMM, rainfall-runoff

Six conduits had difficulties handling stormwater;

(East Eghbal urban drainage: flood control simulation, hydraulic response three natural storm infiltration basins proposed;
basin) &% evaluation noticeable reduction in flooding after interventions
Dhak Assess impact of urbanization . . | Assessed inundation extent under current and future

aka, on stormwater runoff and GIS, Remote Sensing (panchromatic urbanization; modified DTM to predict future flood
Bangladesh . imagery, DTM), hydrologic data ’ p

drainage ’ ’ spread

Zhujiang Delta, | Link urban growth to surface Remote Sensing: Landsat TM, GIS g;gvle (I)l rllllrrll)la?nggr l(:lv;// tﬁrtﬁi&iﬁir@ﬁ?ﬁlﬁ%ﬁfn?g h
China runoff changes analyses, SCS runoff model ; )

flooding; urbanization reduced max storage capacity

Two case studies,
unspecified

Integrate planned urban
drainage with GIS for design &
simulation

Open-source tools (Auto Numbering,
Get Elevation, Excel2GIS), GIS
platform, drainage design software

Improved accuracy, reduced prep time, better
visualization of hydraulic results on urban master plan

Lesser Zab River

Assess erodibility and flash

Morphometric analysis, hydrological

Upper sub-basins produce higher runoff; 18 sub-

RS & GIS, ORELM (MATLAB)

Basin (LZRB), flood hazard, prioritize sub- data. hazard mappin basins moderate to low risk; 29 sub-basins low
Iraq/Iran basins i pping possibility of flash flooding
e : o
. o . Weighted Overlay Analysis (WOA), Flood suﬁceptlbllhty map dev.eloped with 88.3% .
Unspecified Flood susceptibility mapping . accuracy; elevation, slope, distance from stream main
. . Analytic Network Process (ANP), . o .
region and risk assessment risk factors; projected future flood areas under climate

change scenarios

Lahore, Pakistan

Evaluate drainage capacity
under urbanization & climate
change

SWMM modeling, GIS, LPT-III
distribution, Alternating Block
Method (ABM)

Existing system inadequate for 2-year storm; 60%
area inundated; low-impact development suggested to
improve infiltration and reduce runoff

King Talal Dam
vicinity, Jordan

Flood hazard mapping

Remote Sensing (RS), GIS, AHP
weighting, weighted sum overlay

Flood risk zones identified; lower elevation and
proximity to streams main factors; robust framework
for disaster mitigation

Global urban
areas review

Nature-based solutions and
Sustainable Urban Drainage
Systems (SUDSs) for climate
adaptation

Systematic literature review,
PRISMA, bibliometric and co-
occurrence analysis

Highlighted gaps in standardizing design and
performance monitoring of SUDSs; emphasized NbSs
as a viable strategy for urban resilience
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Figure 2: Sustainable Urban Drainage System.

Dhaka, Lahore, and the Zhujiang Delta demonstrate that RS-
derived datasets, combined with GIS-based hydrological
modeling, improve the accuracy of flood mapping, urban runoff
estimation, and resilience assessment [68-79]. The integration of
machine learning, multi-criteria decision analysis, and scenario-
based modeling further enables predictive evaluation of drainage
performance under future climate and land-use changes [79].
These approaches allow urban planners to identify high-risk
zones, prioritize interventions, and simulate the effectiveness of
mitigation measures such as low-impact development, detention
systems, and sponge city initiatives [54,62,78,79]. The consistent
observation across studies is that the coupling of geospatial tools
with hydraulic models enhances decision-making, particularly in
data-limited contexts, and supports sustainable and resilient urban
infrastructure development [68-79].

Based on the reviewed literature, several key recommendations
emerge to enhance the design, management, and sustainability of
urban drainage systems. Urban drainage planning should integrate
conventional and smart drainage approaches, combining grey
infrastructure with decentralized green and nature-based solutions
such as permeable pavements, bioswales, green roofs, and
sponge city initiatives to balance hydraulic efficiency, ecological
sustainability, and reduction of CO: emissions [54,55,62,78,79].
Hydraulic modeling and optimization tools should be
systematically applied to assess network performance, refine pipe
sizing, and reduce construction and operational costs [45-53,68-
72]. The widespread use of GIS and Remote Sensing should be
promoted to enable accurate mapping, flood risk assessment, and

scenario-based planning [68-79]. Urban flood management should
adopt a resilience-oriented and holistic perspective that considers
climate projections (Figure 2), impervious surface impacts, and
socio-economic vulnerabilities to ensure adaptive, cost-effective,
and environmentally sustainable interventions [54-58,78,79].
Future research should prioritize hybrid approaches that integrate
hydraulic simulation, Al-based optimization, and geospatial
analysis to enhance predictive accuracy, operational reliability,
and long-term sustainability, including the quantification and
mitigation of the carbon footprint associated with urban drainage
infrastructure [54,68-79].

Conclusions

Urban drainage systems have undergone a significant evolution,
transitioning from rudimentary open channels and localized
waste removal methods to sophisticated, integrated networks
that combine conventional grey infrastructure with smart,
data-driven approaches. Historical analysis highlights that
engineering innovations, population growth, and urbanization
have continuously shaped drainage design, with combined and
separate sewer systems reflecting efforts to balance cost, hydraulic
performance, and environmental protection. The literature
emphasizes that conventional systems, while effective for rapid
conveyance, are increasingly insufficient under extreme rainfall
and climate change scenarios, necessitating the adoption of
adaptive, resilient, and integrated approaches.

Hydraulic modeling and optimization techniques have emerged as
essential tools for modern sewer network design. The integration of
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SWMM-based simulations, one-dimensional and two-dimensional
hydraulic models, and Al-driven heuristic optimization provides
accurate representations of flow dynamics, allowing iterative
design adjustments to satisfy velocity, depth, and slope constraints
while minimizing construction and operational costs. These
approaches not only enhance system reliability but also facilitate
the evaluation of green and hybrid interventions, demonstrating
the importance of linking physical modeling with optimization
frameworks for sustainable urban drainage planning.

Geospatial technologies, particularly GIS and Remote Sensing, have
proven critical for urban drainage assessment, especially in data-
scarce environments. High-resolution DEMs, land use/land cover
classification, and satellite precipitation datasets enable precise
mapping of impervious surfaces, catchment characteristics, and
flood-prone zones, while supporting scenario-based simulations
of urbanization and climate impacts. Integrating these spatial
datasets with hydrological models enhances predictive accuracy,
informs flood mitigation strategies, and allows identification
of priority areas for infrastructure improvement. Furthermore,
these tools facilitate the evaluation of the environmental and
sustainability aspects of drainage systems, providing insights into
runoff, pollutant transport, and resilience under changing climatic
conditions.

Overall, this review highlights that effective urban drainage
management requires a multi-dimensional and integrated
approach. Combining conventional and smart drainage techniques,
optimization-based design, and GIS/Remote Sensing analysis
allows for cost-effective, resilient, and environmentally sustainable
solutions. The findings underscore the importance of adopting green
infrastructure and nature-based solutions to mitigate flooding,
reduce pollutant loads, and minimize carbon emissions associated
with urban water systems. Future research should focus on hybrid
methodologies that link hydraulic modeling, optimization, and
geospatial analysis with environmental and climate metrics to
support adaptive planning, improve sustainability, and advance the
development of resilient urban water management frameworks.

Acknowledgement

The authors would like to thanks every person and department

who helped throughout this research, especially Al-Mussawir

Engineering and Creative Engineering Zone (CEZ).

References

1. Ozer E, Tansel B. Evolution of Materials and Engineering
Techniques Used in Stormwater Infrastructure with Urban
Growth and Societal Changes. Journal of Sustainable Water
in the Built Environment. 2026; 12: 03125001.

2. Burian SJ, Edwards FG. Historical Perspectives of Urban
Drainage. In Global Solutions for Urban Drainage. 2002;
1-16.

3. Cansian AR, Guzman DA, Rosa A, et al. Nature-Based
Solutions for Urban Drainage: A Systematic Review of Sizing
and Monitoring Methods. Water. 2025; 17: 2524.

4. Xie J, Qiang W, Lin Y, et al. Enhancing Urban Drainage

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Resilience through Holistic Stormwater Regulation: A
Review. Water. 2025; 17: 1536.

Yan H, Yang Q, Wang S, et al. Enhancement of Urban
Drainage System Resilience by Artificial Intelligence: A
Comprehensive Review. ACS ES&T Engineering. 2025; 5:
2701-2728.

Liu M, Wang S. Historical Evolution of Traditional Chinese
Courtyard Drainage Systems. Sustainability. 2026; 18: 803.

Tripathi IM, Kumar S, Modi A, et al. Towards Water
Sensitivity: A Critical Review of Urban Water Management
Strategies. Water Resources Management. 2026; 40: 94.

SuT, Yongmei Y. Evolution of Urban—Agricultural-Ecological
Spatial Structure Driven by Irrigation and Drainage Projects
and Water—Heat—Vegetation Response. Agriculture. 2026; 16:
142.

Xu W, Han P, Proverbs DG, et al. A Study of the Temporal
and Spatial Evolution Trends of Urban Flood Resilience in
the Pearl River Delta, China. International Journal of Building
Pathology and Adaptation. 2026; 44: 720-739.

Kaushal SS, McDowell WH, Wollheim WM, et al. Urban
Evolution: The Role of Water. Water. 2015; 7: 4063-4087.

Urich C, Sitzenfrei R, Kleidorfer M, et al. Evolution of Urban
Drainage Networks in DAnCE4Water. In Proceedings of the
9th International Conference on Urban Drainage Modelling,
Belgrade, Serbia. 2012; 4-6.

Monachese AP, Gémez-Villarino MT, Lopez-Santiago J, et
al. Challenges and Innovations in Urban Drainage Systems:
Sustainable Drainage Systems Focus. Water. 2024; 17: 76.

Marsalek J. Evolution of Urban Drainage: From Cloaca
Maxima to Environmental Sustainability. Burlington, ON:
National Water Research Institute. 2005.

Delleur JW. The Evolution of Urban Hydrology: Past, Present,
and Future. Journal of Hydraulic Engineering. 2003; 129:
563-573.

Yuliani MB, Wahyudi S, Asmara R. Multi-Criteria Decision
Analysis for Domestic Wastewater Pipe Selection: An
Analytical Network Process Approach. Sciences of
Conservation and Archaeology. 2026; 38: 298-304.

Liu W, Jiang Y, Li H, et al. Vector Attention-Based Point
Cloud Network for Semantic Segmentation of Sewer Sonar
Data. Engineering Applications of Artificial Intelligence.
2026; 163: 112891.

Haydar B, Chahinian N, Pasquier C. Reconstructing Sewer
Network Topology Using Graph Theory. Water. 2026; 18: 222.

D’Aniello A, Pirone D, Cimorelli L, et al. A Comparative
Analysis of Different Physically Based Modeling Approaches
to Predict the Fate of Sewer Leaks and Their Effects on Urban
Aquifer Recharge and Contamination. Journal of Hydrology.
2026; 667: 134948.

Pande H, Suchetana B. Investigating Precipitation Impacts on
Separate Sewer Flows in Data-Limited Systems. Stochastic
Environmental Research and Risk Assessment. 2026; 40: 89.

Int J Transl Sci Res, 2026

Volume 2 | Issue 2 | 9 of 12



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Saldarriaga J, Herran J. Sewer Network Design Methodology
for Low-Cost, Resilient, and Reliable Designs. Urban Water
Journal. 2023; 20: 943-952.

Sene AP, Caballero JA, Ravagnani MA. A Novel and Efficient
Mathematical Programming Approach for the Optimal
Design of Rainwater Drainage Networks. Water Resources
Management. 2025; 39: 883-905.

Shao Z, Zhang X, Li S, et al. ANovel SWMM Based Algorithm
Application to Storm Sewer Network Design. Water. 2017; 9:
747.

Duque N, Duque D, Aguilar A, et al. Sewer Network Layout
Selection and Hydraulic Design Using a Mathematical
Optimization Framework. Water. 2020; 12: 3337.

Saldarriaga J, Zambrano J, Herran J, et al. Layout Selection
for an Optimal Sewer Network Design Based on Land
Topography, Streets Network Topology, and Inflows. Water.
2021; 13: 2491.

Saldarriaga J. Optimal Design of Urban Sewer Systems.
Doctoral dissertation, Universitat Politécnica de Valéncia.
2024.

Afshar MH, Rohani M. Optimal Design of Sewer Networks
Using Cellular Automata-Based Hybrid Methods: Discrete
and Continuous Approaches. Engineering Optimization.
2012; 44: 1-22.

Duque N, Duque D, Saldarriaga J. A New Methodology for
the Optimal Design of Series of Pipes in Sewer Systems.
Journal of Hydroinformatics. 2016; 18: 757-772.

Guo Y, Walters G, Savic D. Optimal Design of Storm Sewer
Networks: Past, Present and Future. In Proceedings of the
11th International Conference on Urban Drainage, Edinburgh,
Scotland, UK. 2008; 31.

Greene R, Agbenowosi N, Loganathan GV. GIS-Based
Approach to Sewer System Design. Journal of Surveying
Engineering. 1999; 125: 36-57.

Li R, Liu J, Sun T, et al. Enhancing Urban Pluvial Flood
Modeling through Graph Reconstruction of Incomplete Sewer
Networks. Hydrology and Earth System Sciences. 2025; 29:
5677-5694.

Wei Q, Chen Y, Qi H, et al. Advances in Extraneous Water
Detection of Urban Sewer Networks: From Conventional
Methods to Data-Driven Approaches. Critical Reviews in
Environmental Science and Technology. 2026; 56: 1-21.

Mohandes SR, Kaddoura K, Singh AK, et al. Application
of a Hybrid Fuzzy-Based Algorithm to Investigate the
Environmental Impact of Sewer Overflow. Smart and
Sustainable Built Environment. 2025; 14: 1950-1990.

Pham VHS, Dau TD, Vo MN. Improve the Efficiency of
Salp Swarm Algorithm for Sewer System Network Design
Optimization Problems. OPSEARCH. 2025; 1-32.
Wittmanova R, gkultétyové L, Raczkova A, ct al. Extreme

Operational Conditions in Sewer Systems: Review of
Adaptation and Technical Approaches. KOMVY. 2025; 81.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Keawsriyong T, Wipulanusart W, Leelatanon S, et al.
Optimizing Gravity-Fed Sewer Systems Using GRG and
PGSL: A Path to Cost-Effective Design. Engineering,
Technology & Applied Science Research. 2025; 15: 24087-
24092.

Li R, Liu J, Sun T, et al. Enhancing Urban Pluvial Flood
Modelling through Graph Reconstruction of Incomplete
Sewer Networks. EGUsphere. 2025; 1-32.

Singh R, Das VM. Spatial Analysis for Transforming the
City’s Traditional Utility Network into Dig-Free Systems: A
Sustainable and Feasible Approach in a Hypothetical Indian
Scenario. Environment, Development and Sustainability.
2026; 1-40.

Tu W, GuY, Chen R, et al. Collaborative Inspection for Large-
Scale Urban Sewer Pipe Networks by Coupling Multiple
Robotic Pipe Capsules and Spatial Optimization. Automation
in Construction. 2026; 182: 106763.

Bresciani R, Sarti C, Rizzo A, et al. Aerated Wetland for
the Treatment of Combined Sewer Overflow: Long-Term
Monitoring of Merone Full-Scale System. Journal of
Environmental Management. 2026; 401: 128834.

Teshome M, Devi AR. A Review of Recent Studies on Urban
Stormwater Drainage System for Urban Flood Management.
Academia. 2020.

Kumar S, Agarwal A, Ganapathy A, et al. Impact of Climate
Change on Stormwater Drainage in Urban Areas. Stochastic
Environmental Research and Risk Assessment. 2022; 36: 77-96.

Burns MJ, Schubert JE, Fletcher TD, et al. Testing the Impact
of At-Source Stormwater Management on Urban Flooding
through a Coupling of Network and Overland Flow Models.
Wiley Interdisciplinary Reviews: Water. 2015; 2: 291-300.

Abd-Elhamid HF, Zelenakova M, Vranayova Z, et al.
Evaluating the Impact of Urban Growth on the Design of
Storm Water Drainage Systems. Water. 2020; 12: 1572.

Bisht DS, Chatterjee C, Kalakoti S, et al. Modeling Urban
Floods and Drainage Using SWMM and MIKE URBAN: A
Case Study. Natural Hazards. 2016; 84: 749-776.

Cho YJ. Optimal Design of Deep Stormwater Drainage
Tunnels to Address Urban Flooding in Korea. Scientific
Reports. 2024; 14: 24896.

Bibi TS, Kara KG, Bedada HJ, et al. Application of PCSWMM
for Assessing the Impacts of Urbanization and Climate
Changes on the Efficiency of Stormwater Drainage Systems
in Managing Urban Flooding in Robe Town, Ethiopia. Journal
of Hydrology: Regional Studies. 2023; 45: 101291.

Parkinson J. Drainage and Stormwater Management Strategies
for Low-Income Urban Communities. Environment and
Urbanization. 2003; 15: 115-126.

Diémé LP, Malang D, Bouvier C, et al. Modelling Urban
Stormwater Drainage Overflows for Assessing Flood Hazards:

Application to the Urban Area of Dakar (Senegal). Natural
Hazards and Earth System Sciences. 2025; 25: 1095-1112.

Int J Transl Sci Res, 2026

Volume 2 | Issue 2 | 10 of 12



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Lazzarin T, Costabile P, Viero DP. An Efficient Physics-Based
Modeling Strategy for Pluvial Floods in Urban Areas with
a Subgrid Scheme for the Stormwater Drainage Network.
Journal of Hydrology. 2025; 661: 133617.

Zheng Z, Zhang X, Qiao W, et al. Emergency Response to
Urban Flooding: An Assessment of Mitigation Performance
and Cost-Effectiveness in Sponge City Construction. Water
Resources Management. 2025; 39: 1993-2007.

Silveira GB, Ribeiro Rodrigues LH, Dornelless F. Nature-
Based Solutions (NbS) for Urban Drainage: A Review
Focused on Sustainable Stormwater Management. Urban
Water Journal. 2025; 22: 627-641.

Sehrawat S, Shekhar S. Integrating Low Impact Development
Practices with GIS and SWMM for Enhanced Urban Drainage
and Flood Mitigation: A Case Study of Gurugram, India.
Urban Governance. 2025; 5: 240-255.

Bhat AM, Tripathi IM, Mohapatra PK, et al. Reimagining
Stormwater Management: Sustainable Drainage Pathways for
Resilient Indian Cities. Environmental Conservation. 2026;
53:7-13.

Kim Y, Oh J, Bartos M. Stormwater Digital Twin with
Online Quality Control Detects Urban Flood Hazards under
Uncertainty. Sustainable Cities and Society. 2025; 118:
105982.

Wang Y, Hou J, Li D, et al. Numerical Simulation-Based Study
on the Response of Urban Drainage Networks to Flooding and
Road Risk in Typical Plain City. Journal of Environmental
Management. 2026; 404: 129199.

Wang W, Emamjomehzadeh O, Leitdo JP, et al. Next-
Generation Stormwater Infrastructures: A Typology of
Paradigms for Design and Operation. Wiley Interdisciplinary
Reviews: Water. 2026; 13: €¢70058.

Lv J, Hou J, Li D, et al. Simulation Method of Urban Flood
Process Based on Dynamic Correction of Stormwater Inlet
Capacity. Water Resources Management. 2026; 40: 51.

Eze KN, Aderemi IA, Kehinde TO, et al. Urban Stormwater
Pollutant Dynamics, SuDS Performance, and Public Health
Risks under Intensifying Extremes. Discover Environment.
2026; 4: 114.

Hsieh SL, Yang SH, Wang XJ, et al. Adaptive Urban
Stormwater Strategies by Al-Based Pumping Machinery
Management and Image Recognition in Taiwan. Water. 2026;
18: 543.

Zhan Z, Chen L, Chai H, et al. Super-Resolution Enhanced
Deep Learning for Efficient and Accurate Urban Flood
Simulation at the Street Scale. Water Research. 2026; 298:
125819.

Zuberi MA, Wu B, Tianyin H. Simulating Sponge City
Facilities for Sustainable Stormwater Management in Coastal

Cities: A Case Study from Zanzibar. Journal of Environmental
Management. 2026; 398: 128587.

Guptha GC, Swain S, Al-Ansari N, et al. Evaluation of an

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Urban Drainage System and Its Resilience Using Remote
Sensing and GIS. Remote Sensing Applications: Society and
Environment. 2021; 23: 100601.

Khodashenas SR, Tajbakhsh M. Management of Urban
Drainage System Using Integrated MIKE SWMM and GIS.
Journal of Water Resource and Hydraulic Engineering. 2016;
5:36-45.

Elgy J. Airborne Remote Sensing for Urban Drainage. Urban
Water. 2001; 3: 287-297.

Maathuis BHP, Mannaerts LC, Khan NI. Evaluating Urban
Stormwater Drainage Using GIS and RS Techniques—A Case
Study in Dhaka, Bangladesh. Geocarto International. 1999;
14: 21-32.

Weng Q. Modeling Urban Growth Effects on Surface
Runoff with the Integration of Remote Sensing and GIS.
Environmental Management. 2001; 28: 737-748.

Abbas A, Salloom G, Ruddock F, et al. Modelling Data of
an Urban Drainage Design Using a Geographic Information
System (GIS) Database. Journal of Hydrology. 2019; 574:
450-466.

Al-Saady YI, Al-Suhail QA, Al-Tawash BSS, et al. Drainage
Network Extraction and Morphometric Analysis Using
Remote Sensing and GIS Mapping Techniques (Lesser Zab
River Basin, Iraq and Iran). Environmental Earth Sciences.
2016; 75: 1243.

Dutta A, Karmakar S, Das S, et al. Modeling the River Health
and Environmental Scenario of the Decaying Saraswati River,
West Bengal, India, Using Advanced Remote Sensing and
GIS. Water. 2025; 17: 965.

Nayak A, Mishra N. Urban Soil Erosion Modelling and
Infrastructure Vulnerability Assessment Using RUSLE-
GIS and Remote Sensing Techniques. Journal of Smart
Infrastructure and Environmental Sustainability. 2026; 3:
9-17.

Ashraf MS, Khan H. Role of GIS Technology, Spatial Data
Analysis, and Remote Sensing in Urban Planning. ComputeX-
Journal of Emerging Technology & Applied Science. 2026; 2:
51-61.

Ashagrie WA, Tarkegn TG, Tariku GD, et al. Modeling
Groundwater Potential Using GIS and Remote Sensing
under Different Land Management Scenarios in Bahir
Dar City Ethiopia for Sustainable Management. Discover
Sustainability. 2026; 7: 16.

Saxena A, Kumar P, Thakur HK, et al. Remote Sensing (RS)
Terrain Analysis for Mapping Water Accumulation Zones:
Towards a Sustainable Rainwater Harvesting Approach
for Cities. DMPedia Lecture Notes in Computer Science &
Engineering. 2026; 1: 50-67.

Elizabeth del Carmen Moreno Diaz, Hernandez DOA.
Evaluation of the Drainage System of a Road from Images

Obtained by Remote Sensing Techniques. In Advances in
Technical Sciences and Architecture. 2026; 139-151.

Int J Transl Sci Res, 2026

Volume 2 | Issue 2 | 11 of 12



75.

76.

77.

Akiang FB, Obickezie TN, George AM, et al. Geospatial
Evaluation of Urban Expansion Impacts on Soil Erosion and
Land Use Changes in Parts of the Calabar Flank, Southern
Nigeria. Remote Sensing in Earth Systems Sciences. 2026;
9:27.

Sadulla S. Digital Twin—Driven Urban Flood Prediction and
Mitigation Using Multi-Modal Environmental Data. Journal
of Smart Infrastructure and Environmental Sustainability.
2026; 3: 43-50.

Mishra R, Khan F, Das B. Policy Implications of Integrating
Remote Sensing Data into Urban Policy and Planning. In
Remote Sensing of Urban Heat Islands. 2026: 113-142.

78.

79.

Valjarevi¢ A. Urban-Industrial Impacts on River Network
Stability in South-East Serbia: A GIS and Regression Based
Study. Next Research. 2026; 7: 101465.

Selvasofia SA, Jebaseelan SS, Srinathi P, et al. Identification
of Groundwater Potential Areas through Remote Sensing and
GIS Methodologies: A Case Study of Udumalaipetai, Tamil
Nadu. In AIP Conference Proceedings. 2026; 3383: 040006.

© 2026 Daud Khan, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

Int J Transl Sci Res, 2026

Volume 2 | Issue 2 | 12 of 12



