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ABSTRACT

Urban flooding has turned into an increasingly imperative issue in many parts of the world and
will inspire the ways in which cities develop in the future. Over the past few decades, urban
areas around the world have extended rapidly. Floods can be a major menace to these towns
and can produce catastrophic losses with substantial influence on national economies.
Nevertheless, it is worth mentioning that flood damages are the consequences of a complex

system of factors that inspire the overall dynamics and effects.

Flood risk managers and decision-makers are often confronted with the challenging
responsibilities of planning efficient adaptation and mitigation policies. When we talk about
low-frequency and sudden urban flooding taking place because of extreme storm events the
combination of surface runoff and storm surcharge are the two foremost contributors of

inundation.

The urban stormwater drainage system has picked up importance lately in light of pluvial
flooding. The flooding is mostly due to urban expansion, reduction in infiltration rates and
environmental changes. In order to minimize flooding, hydrologists are using conceptual
rainfall-runoff models as a tool for predicting surface runoff and flood forecasting. Manual
calibration is often a tedious process because of the involved subjectivity, which makes the
automatic approach more preferable. Thus, in the present thesis, three evolutionary algorithms
(EA) namely Shuffled Frog Leaping Algorithm (SFLA), Genetic Algorithm (GA) and Particle
Swarm Optimization (PSO) were used to calibrate SWMM parameters for the two study areas
of the highly urbanized catchments (Delhi, India). The work incorporates, auto-tuning of a
widely used SWMM, via internal coupling of SWMM with all three EAs in MATLAB
environment separately. It was found that GA performs better, SFLA’s performance was

similar to GA whereas PSO results were satisfactorily.
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The SWMM model is a one dimensional (1D) model which provides only bulk information
like the flow rate of the drains as an output and does not provide the extent of flood inundation.
For generating the flood extent information, two dimensional (2D) models are available but
their computational time is very high. Therefore, to overcome the disadvantages of the 2D
model, the coupling of 1D (SWMM) model with 2D (iRIC) model also known as hybrid model
has been developed. It can be used to assess the feasibility of the iRIC model as a flood
simulator in the urban catchments which experiences frequent flooding. The developed hybrid
model could be deployed to manage floods in urban areas and options can also be created to
effectively manage the flooding in the other areas. Further, constructed wetland with orifice
setting controller (to maintain desire water depth) was proposed for the area which was getting
inundated by the excess water overflowing from the drain. Thus the problem of backflow and

flooding got reduced substantially.

Accordingly, these types of measures such as non-structural approach will assist managers in
keeping the urban areas safe from the dangers of different pluvial flood risks. In the present
time, the concept of smart cities has evolved various types of flood mitigation measures and a
lot of work has been done in this direction. In the present work, for mitigating the urban floods
the concept of Best Management Practices (BMPs) / Low Impact Development (LIDs) is
proposed where the application of BMPs/LIDs were linked with the existing stormwater
drainage system on the basis of present climatic conditions i.e. rainfall. A cost-effective urban
runoff control LID-BMPs plan has been used to extenuate the undesirable influences of
urbanization. It found out that by implementing Green Roofs and Infiltration Trenches in 75%

and 25% of the study area can reduce flooding to half.

Lastly, the climate change also plays an important role in urban flooding where heavy rainfall
occurs at shorter intervals and is increasing year after year. In such rainfall events whether the

existing drainage will be sufficient to accommodate the surface runoff surface in the next 5,
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10, 20 years is discussed. Thus, to study the change in rainfall events and its intensity, three
different climate models were considered to find the possibility of urban flooding in the study
area. The results indicate that with respect to present climatic conditions, surface runoff will

increase by 3 to 7 times in near future.

Hence, it can be concluded from the above discussion that the present doctoral thesis explores
the potential uses and combinations of single objective optimization algorithms and
hydrodynamic models along with the BMPs/LIDs application for assessing the risk of flooding

in urban stormwater drainage systems, providing valuable information to decision-makers.
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