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ABSTRACT 
This study is to understand and quantify the hydrological responses of land use and land cover 
changes due to rapid urbanization of Mithi river watershed. The Mithi river watershed is one of 
the most developed regions in India with the rapid urbanization which serves as an excellent 
case study site for understanding the hydrological response to urbanization.HEC-HMS 3.5 
model, which makes direct use of land cover (impervious area and land use data) in simulating 
flood flow, provides a useful tool for performing such studies and is therefore used in this study. 
The result obtained shows that (1) the expansion of urban areas had a considerable influence on 
the time to peak, (2) peak flow and time to peak are found to be more sensitive to urbanization, 
which had increased by 4 % and declined by 45 minutes, respectively and (3) analysis of results 
shows that time to peak decreases suddenly when impervious area increases from 50% to 70%. 
In conclusion, the urbanization would have an impact on peak discharge, time to peak and flood 
volume in the study area. The study suggested that more attention must be given for flood 
mitigation and water resources management in planning future urban development in the region. 

Key Words : Arc Map 10.1, Curve number, Flood hazards, HEC-HMS 3.5 model, 
HecGeoHMS, Land cover, Urbanization 

 
INTRODUCTION 

Mumbai city having an area of 437 sq km with a 
population of 12 million came to a complete halt 
due to the unprecedented rainfall of 944 mm 
during the 24 hours starting on 26th July 2005 
with 380 mm falling in just 3 hours between 
14:30 to 17:30 and hourly rainfall exceeding 190 
mm/hr.1 The immediate impact of the heavy 
rainfall was that there was a total collapse of the 
transport and communication system. Both the 
main Mumbai Santacruz airport and Juhu airport 
had to be closed down for two days on 26-27 
July, 2005, thus forcing over 705 flights either to 
be diverted or cancelled. Most arterial roads and 
highways in the suburbs were severely affected 
due to water logging and traffic jams resulting 
from breakdown of vehicles in deep waters. 
Intercity train services had to be cancelled for 
over a week, while suburban trains could not 
operate from 16:30 (26th July, 2005) onwards for 
the next 36 hours. The economic losses are 
considerable and have adverse secondary effects 
on the economy of the country. 1 Most part of the 
Mumbai city areas have been developed through 
filling  and  effective   drainage   is  not  possible,  

especially during high tide conditions. 
Furthermore, Mumbai city is affected by the tidal 
variations, making the problem more complex. In 
Mumbai city region, the tide is seen reaching 
levels of more than 2.5 m above mean sea level. 
If heavy rainfall also occurs simultaneously, then 
severe flooding will take place. To deal with the 
urban flooding problem, it is necessary to 
consider the negative impacts of urbanization on 
the hydrology of a watershed. When studying the 
response of a watershed to the occurrence of 
precipitation, is also imperative to consider the 
use of the soil cover, as this will have a direct 
influence on how the watershed will behave. If 
the watershed has a vegetation cover, some of the 
precipitation is intercepted and adheres to the 
foliage and stems, where it evaporates and does 
not contribute to runoff. The vegetation promotes 
infiltration, contributing thus to decrease the 
runoff. Urbanization, which typically replaces a 
permeable vegetated land surface with 
impervious surface areas, significantly changes 
the hydrologic fluxes of a drainage basin. It 
causes local decreases in infiltration, canopy 
interception and the water holding ability of the 
basin2,3 and has the potential to produce huge 
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floods.4  Flash-floods are events, that happen in a 
short time, usually inferior to six hours, caused 
by heavy rainfall. From every kind of floods, 
flash-floods are the ones that due to their 
characteristics and unpredictability more 
damages inflict. They noticed four effects, 
interrelated but separable in the hydrology of an 
area due to changes in land use caused by 
urbanization changes in the characteristics of the 
flood peak, changes in total runoff, changes in 
water quality and changes in the hydrological 
amenity, meaning the sensations and impressions 
induced in the observer. 5,6 Not always done in an 
organized way, urban areas often develop in 
high-risk areas without proper infrastructures and 
increase the risk of disaster when there is a flood. 
There have been many studies examining the 
hydrological response to urbanization around the 
world and most results indicated the impact of 
urbanization on water resources is obvious but 
with varying characteristics in different regions. 
Brun and Band7 assessed the effects of 
urbanization on watershed behavior in upper 
Gwynns Falls from pre-urbanized times to 1990 
and found that baseflow had declined by 20%; 
however, Brandes et al.,8 suggested that increases 
in impervious area might not result in measurable 
reductions in baseflow at the watershed scale 

after examining long-term streamflow records 
from unregulated watersheds of the lower to 
middle Delaware river basin. Beighley et al.,9 
also found urbanization shown to increase peak 
discharges and runoff volume while decrease 
streamflow variability in a Mediterranean 
climate. Jennings and Jarnagin 10 showed a 
significant increase in stream flow response to 
Land Use and Land Cover Change (LUCC) 
following a growth in impervious areas from 3% 
to 33% in Virginia, USA. Similar findings were 
reported by Kim et al. and Beighley et al.11 
Petchprayoon et al. found that increase in 
streamflow at downstream areas of the rapid 
urbanization was significantly greater than that at 
upstream areas in the Yom watershed in Central–
Northern Thailand and the similar findings were 
reported by Old et al. and Guo et al. 12  
Hydrological response of pre and post 
urban development    
Fig. 1 shows the hydrological response of 
watershed due to rapid urbanization. The process 
of urbanization converts pervious area into 
impervious area. Thus increasing runoff, runoff 
volume and decreasing time to peak. It also 
affects the quality of storm water due to washing 
away of grease, oil and other impurities on 
impervious surfaces. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 : Impact of urban development on hydrology 
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AIMS AND OBJECTIVES 
To simulate the flow in Mithi river using HEC-
HMS 3.5 and to evaluate the effect of impervious 
area (urbanization) on peak flow and it’s time to 
peak. The HecGeoHMS tool extension in 
ArcMap is utilized to prepare the Mithi river 
basin. The simulation has been performed for 
rainfall event of 26th July 2005, as it was the 
extreme rainfall event in the history of Mumbai 
claiming hundreds of precious life.  

MATERIAL AND METHODS 
Study area 
The area studied in this paper is Mithi river 
watershed which is located between north 
latitudes of 19°1'36"and 19°10'9" and east 
longitudes   of   72°49'59"   and   72°56'33".  The  

location of the Mithi river has been shown in  
Fig. 2. The Mithi river basin one of the main 
rivers of Mumbai which plays crucial part in 
draining most of the rain water into Arabia Sea. 
The maximum annual rainfall in Mumbai ever 
recorded was 3,452 mm (136 inch) for 1954. 13 

The highest rainfall recorded in a single day was 
944 mm (37 in) on 26th July 2005. 14   The 
average total annual rainfall is 2,146.6 mm (85 
in) for the Island city and 2,457 mm (97 in) for 
the suburbs. Nearly 90% of area has been 
developed for residential, commercial, industrial 
and institutional use while 10 % is covered by 
green cover and mangroves.15 Rapid urbanization 
and industrial growth have increased pressure on 
the flow capacities of the Mithi river and its 
tributaries. 16-21 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

Fig 2 : Location of Mithi river  

Soil classification 
According to the soil classification, the 
watershed is mainly occupied by soils of the type 
C, which are characterized by low intensity of 
infiltration and therefore, a risk of runoff above 
average and a high risk of erosion. Considering 
this classification, taking into account the type of 
land use, curve number CN was estimated for the 
watershed. 

Land use  
In recent decades, the watershed of Mithi 
river has suffered an intense growth of urban 
areas, which has contributed to the increase 
in impervious area and consequ-ently to 
increased risk of flooding. Presently, about 
90% of the watershed area is occupied by 
urban centers, being that urbanization is 
more intense in the downstream of Mithi 
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river. The land use map and its distribution 
have been shown in Fig 3. 
Critical locations 
For the analysis of the effect of urbanization 
on flood peak and time to peak, we considered 
five critical locations (Fig. 4 and Table 1), 
which are characterized by a high level of 
urbanization and are known for being 
problematic during intense rains. 
Simulating impact of urbanization using 
HecGeoHMS and HEC-HMS 3.5 
To simulate the occurrence of peak flood and 
it’s time to occurrence in the Mithi river 
watershed, we used the deterministic 
mathematical model HEC-HMS 3.5 (Hydrol-
ogic Engineering Center-Hydrologic Modeling 
System).  The HecGeoHMS is used with 
ArcMap 10.1 to prepare the Mithi river basin. 
To run these simulations, it is mandatory to 
build three components of the model. The 
model computes the response of the basin to 
the meteorological conditions, based on 
precipitation-flow relationship, over a period 
of time and at specified intervals in the 
specification of control.  
 

Basin model 
To create the model, the basin model was 
created using HecGeoHMS and it was divided 
into 17 sub-basins as shown in Fig. 5.  
For the model of the sub-basin the following 
calculation methods were considered :  
Loss rate method 
Method that quantifies the losses by infiltration 
in the watershed. The method used was SCS 
curve number.  The simulation was performed 
using impervious value from 0 to 100% in 
increment of  5% and results were analyzed for 
peak flow and its time of occurrence. The 
maximum value of curve number was 
estimated at 98. 
Transformation method 
Method that calculates the runoff in the 
watershed. The method used was SCS unit 
hydrograph.  The lag time was calculated using 
the lag time tool in Arc map. 
Routing method 
Method that simulates movement of the water 
in the reach. The method used was kinematic 
wave method. All the dimensions of river were 
calculated using tool in ArcMap 10.1. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3 : Land use cover map of the Mithi river catchment as on 2012/05/21 
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Table 1 : Critical locations at Mithi river 

Critical location Chainages in 'm' Importance 

JVLR bridge 4177 Link to Jogeshwari-Vikhroli, Close to Powai 
area, IT and commercial centre, IITB campus 

Upstream of airport 8285 International Airport, High density slum area 

Downstream of airport 11251 Inrenational Airport, High density residential 
area 

Bandra Kurla complex 17139 Commercial hub, Government offices 
Mahim creek 17841 Influence of tide 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 : Critical locations on Mithi river 
 
 
 
 

Fig. 4 :  Critical locations on Mithi river 
 
 
 
 
 
 
 
 

Fig. 5 :  Mithi river basin using HecGeoHMS 
 
Meteorological model  
The only meteorological phenomenon 
considered was precipitation. The method 
used to simulate the rainfall was specified 
hyetograph and the same hyetograph was 
used in all the sub-basins. The one day 

rainfall data of 26th July 2005 was considered 
for simulation. To simulate precipitation in 
the watershed, we created a fictional 
meteorological station, with one hyetograph 
that would be the only station to contribute to 
the amount of rainfall.  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development           Vol. 9 No. 01, July-September 2014 

12 
 

RESULTS AND DISCUSSION 
Present scenario of Mithi river watershed 
The Mithi river watersheds have been simulated 
using current scenario of Mumbai. The land use 
map was prepared to calculate the % of 
imperviousness and curve number. It is assumed 
that impervious area is equally distributed 
throughout the catchment. Presently 90% of the 
Mumbai area is urbanized and 10% are 
remaining in the form of garden, trees, lawn and 
mangroves. The 90% imperviousness was used 
for simulation in HEC-HMS 3.5. The results 
have been shown in Fig 6. 
Extreme scenario of Mithi river watershed 
The extreme scenario of Mithi river have been  
 

calculated by assuming that 100 percent of 
watershed is impervious and also curve 
number is at its highest value 98. The results 
have been shown in Fig 6. The results 
obtained shows that there is no difference in 
hydrologic response between present and 
extreme scenarios of urbanization. This is 
due to reason that curve number reaches to 
its extreme value of 98 at present scenario.  
Effect of impervious cover on peak flow and 
time to peak 
The simulation has been performed for value 
of imperviousness from 0 to 100 % in 
increment of 5%. The results obtained have 
been shown in Fig 7. 
 

 
Fig. 6 :  Peak flow at critical laocation of Mithi river 

      
Fig. 7 :  Impact of urbanization on peak flow and its time of occurrence 

The trend of results indicated that urbanization 
has less impact on flood peak as the type of 
soil is C which has similar property to 

impervious area. However urbanization has 
more impact on time to peak.  The result 
shows that time to peak is decrease by 45 
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minutes while impervious area increases from 
50 to 100%. 

CONCLUSION 
Urbanization generally increases the size and 
frequency of floods and may expose 
communities to increasing flood hazards. 
Current study provides a scientific foundation 
for flood planning and management in urban 
areas. The current study emphasizes impact of 
urbanization of peak runoff and it’s time to 
occurrences. The results obtained confirmed 
that urbanization have intense impact on flood. 
The study reveals that time to peak runoff 
decreases suddenly when impervious area 
changes from 50 to 70%. This study shows the 
importance of maintaining pre development 
hydrologic condition even after development. 
In particular planners, designers and builders 
have the responsibility of maintaining natural 
drainage and infiltration condition during and 
after the development.   
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