IJSRD - International Journal for Scientific Research & Development| Vol. 13, Issue 9, 2025 | ISSN (online): 2321-0613

A Simulation-Based Evaluation of Best Management Practices (BMPs)
for Urban Flood Control: A Critical Review

Esian Joel
Department of Civil Engineering
Faculty of Engineering & Technology, JAIN (Deemed to be University), India

Abstract — Rapid urbanization and climate change have
rendered conventional '"grey" drainage infrastructure
increasingly inadequate, precipitating a global rise in urban
flood events. This review critically evaluates the efficacy of
Best Management Practices (BMPs) and Low Impact
Development (LID) techniques through the lens of
computational simulation. By synthesizing literature on
hydrologic modeling (SWMM, PCSWMM), this paper
assesses the performance of structural interventions across
diverse geographic contexts, from the "Sponge Cities" of
China to the data-scarce urban agglomerations of India. The
review identifies a non-linear relationship between storm
magnitude and BMP effectiveness, highlighting significant
research gaps in multi-objective optimization, climate change
stress-testing, and the hydrological constraints of high-
groundwater coastal environments.
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I. INTRODUCTION

A. The Hydrological Imperative

The transformation of natural landscapes into impervious
urban surfaces constitutes a fundamental disruption of the
hydrological cycle. The escalating trajectory of global
urbanization has led to increased runoff coefficients, reduced
times of concentration, and the frequent overwhelming of
drainage systems designed for historical stationarity.[1, 2]
This challenge is compounded by climate change, which is
altering precipitation patterns, making high-intensity, short-
duration rainfall events—often termed "cloud bursts"—more
frequent.[3] Consequently, the paradigm of urban flood
management is shifting from rapid disposal (conveyance-
based) to source control (storage and infiltration-based),
embodied in concepts such as Water Sensitive Urban Design
(WSUD) and Sponge Cities.[4, 5] This review evaluates the
theoretical and practical limits of these interventions as
revealed through advanced simulation modeling.

B. Review Methodology

To ensure an in-depth evaluation, this review synthesizes
peer-reviewed literature published predominantly between
2015 and 2025. Sources were curated from major scientific
databases including Scopus, Web of Science, and IEEE
Xplore using a search strategy combining keywords: ("Urban
Flood Control" OR "Stormwater Management") AND
("SWMM" OR "PCSWMM" OR "Hydraulic Modeling")
AND ("Best Management Practices” OR "Low Impact
Development"). Priority was given to studies that integrated
geospatial analysis (GIS) with hydraulic simulation,
particularly those addressing the specific challenges of
developing nations.

II. EVOLUTION OF URBAN FLOOD MODELING FRAMEWORKS

The complexity of urban catchments necessitates robust
computational tools. The US Environmental Protection
Agency's Storm Water Management Model (SWMM) has
established itself as the industry standard for simulating
rainfall-runoff processes.[6, 7]

A. Conceptual Framework of Simulation

The integration of spatial data into hydraulic models has
evolved into a standard workflow. The process generally
follows the path illustrated in Figure 1, moving from raw
spatial data to calibrated decision support.
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Fig. 1: Conceptual Framework for Simulation-Based BMP
Evaluation
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B. From 1D to Coupled 1D-2D Modeling

Early research predominantly utilized 1D modeling.
However, recent literature emphasizes the necessity of
coupled 1D-2D models to accurately map inundation hazards.
Studies in complex urban terrains, such as Hyderabad,
demonstrate that while 1D models identify surcharge nodes,
coupled models are essential for quantifying the spatial extent
of flood hazards.[8, 9] The integration of GIS for processing
DEMs and Land Use data is a prerequisite for discretizing
catchments.[10, 11]

C. Calibration in Data-Scarce Environments

A recurring theme in literature from developing nations is the
challenge of modeling "ungauged" catchments. Researchers
have turned to sensitivity-based calibration methods. The
Sensitivity-based Radio Tuning Calibration (SRTC) tool
within PCSWMM has proven effective in identifying
influential parameters—primarily impervious roughness and
sub-catchment width.[12, 13]

III. GLOBAL APPLICATIONS AND PERFORMANCE METRICS

A. The Sponge City Paradigm (China)

China’s "Sponge City" initiative represents the largest
deployment of BMPs globally. Simulation studies in pilot
cities like Chaohu indicate that integrated LID systems can
achieve volume reduction ratios exceeding 40% during low-
flow years.[14] However, critical reviews highlight that while
these systems effectively delay peak times for short-duration
storms, their capacity is rapidly exhausted during extreme
monsoon events.[15, 16]

B. Long-Term Performance (USA)

Research utilizing continuous simulation challenges the
assumption of linear BMP performance. A landmark study on
the Patuxent River demonstrated that BMP effectiveness
decreases "sooner, steeper, and deeper" as storm magnitude
increases.[17] This finding underscores that LIDs offer
diminishing returns for catastrophic events (>10-year return
periods).[18]

C. Infiltration Challenges in Coastal Zones (India)

In coastal cities like Chennai and Cuttack, high groundwater
tables and tidal backwater effects limit the efficacy of
standard infiltration trenches. Research suggests that
"augmented infiltration" (e.g., recharge shafts) or storage-
based solutions are superior in these saturation-prone
environments.[19, 20]

IV. COMPARATIVE EVALUATION OF SPECIFIC BMPS

Simulation data allows for a granular comparison of specific

interventions:

— Permeable Pavements: Highly effective in reducing peak
discharge (up to 60-75%).[21] However, hydraulic
conductivity degrades due to clogging by fine
sediments.[22]

— Bioretention Cells (Rain Gardens): Performance is
design-dependent. No-drain designs maximize volume
reduction (89%) but risk ponding. A critical concern is
the "Phosphorus Paradox," where cells in semi-arid
catchments may leach nutrients.[23, 24]

— Detention Basins: Large, centralized basins remain the
most effective tool for peak flow attenuation during large
storms, whereas decentralized LIDs are superior for
volume reduction.[25]

V. RESEARCH GAPS AND FUTURE DIRECTIONS

A. Climate Change Stress-Testing

A significant portion of current research relies on stationary
historical rainfall data. There is a critical need to integrate
Global Circulation Model (GCM) projections into SWMM to
assess BMP resilience against future intensity-duration-
frequency (IDF) curves.[26, 27]

B. Optimization Algorithms

While simulation is widespread, optimization remains
underutilized. The integration of evolutionary algorithms
(e.g., NSGA-II) with hydraulic models is essential to find
Pareto-optimal solutions that balance flood reduction against
cost.[28, 29]

C. The Maintenance Factor

Current models often assume "pristine" operating conditions.
Future research must incorporate dynamic decay functions to
simulate the real-world degradation of BMPs (clogging,
siltation) over time.[30]

VI. CONCLUSION

The literature establishes that while BMPs are indispensable,
they are not a panacea. Their effectiveness is bounded by soil
physics, groundwater levels, and storm magnitude. The future
of urban flood control lies in the optimized integration of grey
and green infrastructure, validated through rigorous, climate-
adaptive simulation modeling.
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