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Changes in climate, waterlogging hazards and regional fl oods are more prominent in present 
context. The paper reviews potential of fl ood hazard in dense urban areas, using GIS-based 1-D 
hydrodynamic model (MIKE URBAN). The major factor contributing to the urban waterlogging in recent 
decades is the climatic variability and thus the long-term variations of precipitation and drainage 
system of an urban area were evaluated. MIKE URBAN (1-D) hydrodynamic model can be used to 
comprehensively simulate inundation processes. The model simulates the processes of rainfall and 
runoff, urban drainage, and fl ooding. MIKE URBAN can be used to appraise the potential immersion 
dangers of any planned drainage system. This paper reviews the increasingly urban fl ooding events 
expected in the future for the different cities across the globe. Thus, the surface runoff processes of 
cities need to examine the regional drainage system.
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INTRODUCTION
 The attention to the degree to which change of climate can infl uence the earth, 

society, and economy is increasing. Long run global climate change has been seen 
at the mainland, territorial, and sea bowl scales, because of expanding convergence 
of ozone harming substances especially carbon dioxide. These include changes in 
precipitation sums and timings, cold temperatures, wind patterns, and parts of 
extraordinary climate like substantial precipitation, dry spell, and heat waves [1].

The kind of precipitation throughout the winter season can change due to 
increasing worldwide normal air and sea temperature [1]. In Northern areas and 
hilly territory, the pattern of precipitation is changing from snow to rain and 
thus the substantial precipitation occasions have increased even in places where 
total downpour amounts have diminished. All of these progressions are related to 
increasing worldwide temperature since hotter air can hold and convey more water 
vapour.

Expanding urban regions is the foremost striking change observed and identifi ed 
with the urban and hydrological framework. By 2050, it is anticipated that 67% of 
the world population is expected to be living in urban territories, with the fastest 
degrees of urbanization occurring in developing nations. The degradation of natural 
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often legitimately connected to urbanization. Concurrently, 
the climate is also changing. Together, the negative eff ects 
of global climate change and urbanization present critical 
diffi  culties, particularly in developing nations where assets 
to alleviate these eff ects are constrained [2]. 

The development in artifi cial surfaces which causes an 
extension in fl ooding recurrence due to poor infi ltration 
and reduction of stream obstruction (because of quicker 
concentration times) is primarily the cause of urbanization. 
The hydro-meteorological changes driven by urbanization, 
and coming out eff ects of phenomenal precipitation, are 
furthermore being developed. A great deal of research 
throughout the last twenty years shows a strong association 
between urban regions and nearby microclimate. The “Urban 
Heat Island” (UHI) impact is presently entrenched, whereby 
urban regions have higher temperatures than encompassing 
areas. As a rule, UHI can increment the precipitation in the 
region of the urban areas. Diff erent assessments have found 
an extension in precipitation in areas downwind of urban 
zones, with increments as high as 25% now and again [3].

Worldwide climate change and the expansion of 
impervious urban surfaces cause expanding precipitation 
intensities which have put heavier loads on existing 
drainage systems. Outrageous outcomes through fl ooding 
and consolidated sewer overfl ow can be seen [4].

For quite a while, urban drainage systems have existed as 
a vital city infrastructure to collect and convey stormwater 
and wastewater away from urban areas [5,6]. Despite 
advancement over the years, it stays a critical challenge to 
design and plan an eff ective functioning drainage system. 
Specifi cally, impacts because of climate change and 
urbanization have been generally recognized, which could 
involve a substantial increment in the recurrence and extent 
of urban fl ooding in numerous regions of the world [3,7,8]. 
Simultaneously, water quality issues likewise rise because 
of urbanization that builds the assortments and measure of 
toxins and nutrients in receiving water bodies [9-11]. 

Parameters depicting impacts on urban drainage systems 
from global climate change and changes in precipitation 
have concentrated on the number of fl oods and infl uenced 
properties [12], the number of surcharged pipes and changes 
in runoff  volume [7,13], discharge [14] and fl ood volumes 
[15].

Rainstorm waterlogging on account of plenitude 
surface overfl ow and lacking limit of storm sewer systems 
is one of the most progressive and genuine typical threat in 
numerous large urban areas around the globe, particularly 
those subjected to frequent heavy precipitation. Such 
events can introduce issues for urban areas experiencing 
quick urbanization where land surface attributes have 
been changed in manners that favour increased surface 

runoff . The volume and stream rate may surpass the limit 
of existing storm sewer systems, prompting increasingly 
frequent surcharging, surface fl ooding, property harm, and 
traffi  c disturbance. Even though immersion depths realized 
by waterlogging are for the most part shallower contrasted 
with those brought about by fl uvial or waterfront fl oods, the 
harm and disturbance can be substantial. It isn’t just during 
urbanization that a city could be antagonistically infl uenced 
by waterlogging. Rainstorm waterlogging may likewise pose 
widespread issues for developed cities with well-established 
sewer systems. For instance, it was accounted for that most 
of the 2007 fl oods in the UK started from over-burden 
rainstorm sewer in developed territories, and among those 
structures aff ected; around 25% were built during the past 
25 years [16].

In this way, this paper underscores the hydraulic 
performance of the urban drainage system. The general 
objective is to review the hydraulic impacts on the urban 
drainage systems because of changes in precipitation 
intensity from global climate change. Further, this paper 
exhibits the utilization of hydraulic parameters to give 
a progressively enhanced perspective on urban drainage 
systems’ vulnerability and capacity.

MODEL DESCRIPTION
Danish Hydraulic Institute (DHI) is the world’s leading 

software developers for modelling water resources related 
time series data.

MIKE URBAN is one of the most adaptable frameworks 
of DHI and is used extensively for modeling and design 
of collection systems and water distribution systems for 
water and stormwater. One of the modules of MIKE URBAN 
is MOUSE (Modeling of Urban Sewers) which can be used 
for simulations of unsteady fl ows in pipe networks. The 
basic fundamental one-dimensional equation or the “Saint 
Venant’ equations are primarily solved for calculations in 
this model. The generally applied algorithm for solving the 
equation is the implicit, fi nite diff erence numerical method. 
In multiple connected, branched and looped pipe networks, 
the executed calculation gives profi cient and exact solutions. 
This model has the speciality to cover all the water networks 
in any city including water distribution and drainage system.

Mouse sewer and channel low

The cross-sectional averaged Saint Venant equations 
that describe the development of the water depth and the 
discharge Q are used to model the sewer fl ow and channel 
fl ow. An implicit fi nite diff erence method is used to solve 
the two governing equations in MOUSE. The preservation of 
the mass balance and the compatibility of energy levels in 
the network nodes are ensured by the numerical scheme of 
double sweep algorithm [17].
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The momentum equation is derived as:
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where,

A: Cross-sectional area of fl ow, (m2)

Q: Flow rate of any cross-section, (m3/s)

qL: Lateral infl ow rate per unit length, (m2/s)

: The angle of fl ow with respect to the x direction 

R: Hydraulic or resistance radius, (m)

: Momentum distribution coeffi  cient

(So-Sf): The friction slope

The runoff  from rainfall and dry weather fl ow contribute 
the infl ow towards the sewer system. The water levels 
and discharges in the open channels or underground pipe 
networks are computed by the sewer and channel fl ow 
model. The channel fl ow and sewer fl ow can be integrated to 
simulate the rainfall-runoff  process for specifi c sites, such 
as urban-rural transition areas. The exchange of data can be 
either sequential or simultaneous.

Overland low in mouse

Overland fl ow usually occurs when the intensity of 
rainfall is so high that the runoff  is larger than the drainage 
design capacity. This process of dam breaks provides an 
analogy to this process; therefore, the 2D shallow water 
equations are used directly [17].
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where,

u: is the velocity in the x direction (m/s), 
v: is the velocity in the y direction (m/s), 
h: is water depth (m),and 
cf: is the roughness

Evaluating the hydraulic response and performance 
of the urban drainage system

Numerous researches have been carried out to evaluate 
the hydraulic response and performance of the urban 
drainage system under changing climate by the use of the 
Danish Hydraulic Institute’s MIKE URBAN model. Some of 
them have been reviewed as under.

Water level in nodes

The quantity of the fl oods, the recurrence and length of 
fl oods in the nodes of the drainage system is given by the 
water level in the nodes. The water levels in nodes were 
estimated as most extreme from both a Ground Level (GL) 
and an alleged Critical Level (CL) point of view, where GL and 
CL can or cannot be surpassed. Beneath the GL, the CL was 
set at 0.5 m. To portray the contrasts between the simulated 
periods, the greatest water level was utilized essentially and 
was statistically compared within matched pairs of nodes. 
The number of nodes overfl owed where water surpassed 
the Ground Level (GL) in Today’s Climate (TC) expanded 
for future periods (FC1: 2011–2040, called future climate 
period 1, FC2: 2041–2070, called future climate period 2, 
FC3: 2071–2100, called future climate period 3). The number 
of nodes for which water surpassed the Critical Level in the 
system (CL) was naturally higher at all periods and expanded 
from today to future periods. The general propensity was 
that future precipitation increments both the number of 
nodes fl ooded and the fl ooding recurrence [18] (Figures 1,2).

Pipe low ratio

The ratio of the actual fl ow rate and the fl ow rate when 
the pipes were running full (not pressurized) in the system 
is called the pipe fl ow ratio. For gauging the pipe fl ow ratio 
more than once per link, dependent upon the lengths of the 
pipes, the MIKE URBAN model can be used. Pipe fl ow ratios 
for the most extreme fl ow give more data about system 
capacity limit and the nodes for which water surpassed 
the GL and CL. Floods happened primarily in two spots for 
today’s climate TC, whereas in future period FC3, fl oods 
will have spread over a more extensive zone and to diff erent 
areas also (Figure 3). The new issues will happen later on in 
the future in the three circles shown in areas (A, B and C). The 
maximum pipe fl ow ratio in the network expanded between 
the two-time frames. For the link with the most noteworthy 
value, pipe fl ow ratio is 4.9 for TC and 5.1 for FC3; however, 
the fundamental part of the estimating points had values 
lower than 1, which implies that the pipes were not running 
full [18].

Surcharge of manholes

The circumstance wherein the sewer passageway and 
exit are submerged and the pipe is fl owing full and under 
pressure is invariably called as the surcharge of a manhole. 
For indicating the results, a stretch of the stormwater 
drainage is taken. There was no fl ooding at the nodes of the 
Central Buckingham Canal Watershed, Chennai, under the 
5-year storms. Be that as it may, under the 10-year storms 
the minimum fl ooding was 0.03 m and the most extreme 
fl ooding was 1.11m. However, the minimum fl ooding was 
0.05 m and the most extreme fl ooding was 1.23 m under 
the 25-year storms. And again under the 50-year storms, 
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Figure 1 Frequency of fl ooded nodes [18].

Figure 2 Number of fl ooding events for different durations [18].

Figure 3 Maximum pipe fl ow ratio (darker for higher values), fl ooded nodes for which the ground level was exceeded (dark dots) and nodes for which critical level 
was exceeded (light dots), for the baseline scenario (TC) to the left and for the future time FC3 to the right. The circles represent areas (A, B, C) in which fl ooding 
will occur in the future [18].

the minimum fl ooding was 0.19 m and the most extreme 

fl ooding was 1.49 m (Figure 4). This points out the fact that 

further studies on the improvement of the design of the 

drainage system are required [17]. 

Typical waterlogging area 

When the precipitation increases, the peak runoff , 
accumulated fl ow and comprehensive runoff  coeffi  cient of 
sub-catchment zone gradually increase. The comprehensive 
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Figure 4 Depicts the fl ood level at different return periods of 5-year, 10-year, 25-year and 50-year [17].
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Figure 5 The regional distribution of surface accumulated fl ow in different sub-catchments [19].

runoff  coeffi  cient was found to be the largest with a value of 
0.658 when the return period was twenty years. The surface 
runoff  of the no. 99 sub-catchment was found to be the 
largest since 6 sub-catchments were consolidated within 
the waterlogged area. Table 1 presents the values of peak 
runoff  and accumulated fl ow of runoff  during various return 
periods for the no. 99 sub-catchment. Figure 5 outlines 
that the waterlogging frequents between the old town and 
the new residential areas are higher in twenty years return 
period because the elevation is low and confl uence speed is 
quick and surface fl ow duration is short. Furthermore, severe 
waterlogging will be caused by the absence of the drainage 
capacity in the new and old urban regions in future [19].

Pipeline network load

The simulated results show that in the future the 
number of pressured pipelines in the drainage networks 
will increase. In the three year return period, 17 pipelines 
will be under pressure out of which pipeline no. 3 pipeline 
would be under full pressure while pipeline no. 14 would be 
under partial pressure. Similarly, in the twenty-year return 
period, pipeline no. 4 would be under full pressure while 
pipeline no. 20 would be under partial pressure. The results 
obtained points out to the fact that the number of pressured 
pipelines will increase with the increase in the return period 
and the pressure and pressured duration also increment in 
the equivalent pressured pipeline. Due to the intersection of 
the runoff , the pipelines close by the outlet is subjected to 
easy constriction. Table 2 presents the number of pressured 
pipelines in various return periods [19,20].

CONCLUSION
Waterlogging is the frequently occurring problem in 

many urban areas around the world. Increase in precipitation 

Table 1: Runoff characteristics in different return periods in No. 99 sub-
catchment.
Return Period

(Years)
Peak Runoff

(m3/s)
Maximum Cumulative 

Quantity (m3)
Comprehensive 

Runoff Coeffi  cient

Three 3.92 19520.9 0.665

Five 4.36 24057.1 0.656

Ten 5.20 31106.9 0.657

Twenty 5.94 384892 0.658

amounts causes quick surface runoff  which usually exceeds 
the design capacity of the drainage system and hence causes 
the problem of waterlogging which harms the structures 
apart from disruption of the traffi  c.

DHI’s MIKE URBAN can be eff ectively used for modeling 
of urban drainage system. The model can quantitatively 
evaluate and simulate total unsteady fl ood propagation 
with high resolution, considering the processes of rainfall-
runoff , sewer fl ow, channel fl ow and overland fl ow in 
contrast with the customary separate hydrological models 
or (1-D) hydrodynamic model. The planning, area and 
profundity of the immersion regions can be followed by this 
model. The estimation of the fl ooding process through the 
upgraded capacities to cope with massive databases that 
depict the surprisingly heterogeneous attributes in the city 
areas can be relatively improved with the aid of linking the 
GIS platform with hydrodynamic models.

The hydraulic parameters assessed give an idea about 
the hydraulic performance of an urban drainage system. 
These parameters can also be used to measure the hydraulic 
impact on the drainage system than simply just the number 
of fl ooding occasions on extreme precipitation events. 

A comprehension of system limit can be improved by 
critical level in the system nodes below the ground level. The 
system limit is improved by the pipe fl ow proportion and 
critical areas can be located when introduced graphically.

The paper additionally exhibits that increasingly urban 
fl ooding events are to be expected in the future for the various 
urban communities across the globe and in this way place 
further pressure on the city’s drainage system. Moreover, 
during routine maintenance and repair of the drainage 
system, an additional limit could be introduced to more 
likely prepare the city for foreseen increments in substantial 
precipitation and related waterlogging hazard [21].

Table 2: Total number of pressured pipelines in different return periods.

Pressure State Three Years Five Years Ten Years Twenty Years

Fully 3 4 4 4

Partial 14 16 17 20

Total 17 20 21 24
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