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Introduction: 
Flood being most common and most disastrous natural phenomenon in India during Monsoon 

Season is still not taken serious in many places especially in urban Areas. It is true that the flood is 

unavoidable but with proper planning, Infrastructure development and public awareness to take 

necessary steps and with the proactive approach the impact can be significantly reduce and we can 

save lives and economy in greater ways. 

In rural areas flooding occurs by the swelling rivers during monsoonal heavy rainfall. In India many 

major river basins are subjected to heavy flooding for example Kosi, Brahmaputra, Ganges and its 

feeding tributaries are some examples; showed terrifying flooding events in recent years. The 

primary reason for the riverine flooding in flood plains is basically heavy to very heavy rainfall and 

latest studies on global climate change showed the increasing trend of rainfall and more extreme 

rainfall events in coming future (IPCC AR5). Poorly managed watershed in upper catchment areas of 

the river, Soil erosion, embankment breaches and several other anthropogenic activities can be 

considered as the secondary reason of flooding. 

Urban flooding in other hand is more complex, localised and influenced by anthropogenic activities. 

The fate of Rainwater is predetermined in natural system and can be expressed in the form of simple 

water balance equation in which total amount of incident rainfall minus losses (in the form of 

Infiltration, Evapotranspiration, base flow, Ground water flow and depression storage, reservoir 

storage) is equivalent to the total runoff amount. In case of flooding total runoff amount is 

considered as the prime concern. “Runoff or Surface runoff is the water flow that occurs when 

the soil is infiltrated to full capacity i.e. the soil is saturated and excess water from rain, melt water, 

or other sources flows over the land.” Runoff and losses in water balance equation are inversely 

proportionate to each other. More the losses less would be the runoff.  The runoff is depending on 

various other factors like soil property, Area of the catchment, topography and Land use.  Manmade 

changes in hydrologic cycle include changes in land use and alteration of natural channels as well as 

the addition of reservoirs for water supply and flood control. These changes can affect infiltration 

pattern, changes in runoff rates and volumes, and changes in evaporation or ET pattern. Urban 

development generally causes increase in stream flow due to increase in slope, imperviousness, and 

decrease in channel roughness causes storm water to made their preferential flow path through 

roads and streets and leads to flooding. 

Geography and Environment 
Bangalore is located at 12.591/4 north latitude and 77.571/4 east longitude, almost equidistant from 

both eastern and western coast of the South Indian peninsula, and is situated at an altitude of 920 

metres above mean sea level. The mean annual total rainfall is about 880 mm with about 60 rainy 

days a year over the last ten years. The summer temperature ranges from 180 C – 380 C, while the 

winter temperature ranges from 120 C – 250 C. Thus, Bangalore enjoys a salubrious climate all-round 

the year. Bangalore is located over ridges delineating four watersheds, viz. Hebbal, Koramangala, 



 
 

Challaghatta and Vrishabhavathi watersheds. The undulating terrain in the region has facilitated 

creation of a large number of tanks providing for the traditional uses of irrigation, drinking, fishing 

and washing. Their creation is mainly attributed to the vision of Kempe Gowda and of the Wodeyar 

dynasty. This led to Bangalore having hundreds of such water bodies through the centuries. Even in 

early second half of 20th century, in 1961, the number of lakes and tanks in the city stood at 262. 

These, and open spaces generally, were seriously affected however with the enhanced demand for 

real estate and infrastructure consequent to urbanisation. 

Flooding in Bangalore: Causal Factors and Key Impacts 
Factors of urban flooding can be divided into direct and indirect factors, these factors are inter-

connected but the main manmade reasons for flooding or water logging in urban areas can be 

identified as; Improper or Inadequate drainage system, Encroachment in the lakes or catchment 

area, improper disposal of waste (both solid and liquid); increase in the impervious surface and 

Unplanned Urbanization. 

1. Poorly managed and Inadequate Drainage System: 
In the urban settlement drainage system is an essential component, as it provides safe way for the 

disposal of waste water and storm water generated in great volume and reduces flood damage by 

carrying water away. When it rains, some water naturally percolates into the ground. The rest makes 

its way through drainage systems, into rivers and creeks and eventually into the bays. 

Rainfall and storm quickly generate large amount of water and without adequate drainage system 

follow their preferential path towards roads and low lying areas, causes flooding, water logging, 

damage to the properties and safety risk.  

Drainage systems are designed in such a manner so that they can collect water from each possible 

consumption area and drain out to its end point. The image bellow is showing the series of drainage 

system at all level. Maximum drainage system design are based on gravity i.e. the water flows 

according to the gravitational pull and gradients and can transport the silts with itself generated 

during the process of water flow. Very few drainage systems in urban areas are facilitated with 

pumping system to pump out water in case of water logging and chocking of drainage system. 

 

 

 

In urban development the drains are classified as the Storm water drains which are basically made 

for the storm water flow and the sewerage system for the sewage flow. In case of improper 

functioning of any of this system, there would be the problem of flooding and water logging.  



 
 

City drainage system and flooding 

With the growing population and economic development the city is also growing rapidly but the 

drainage systems in many cities are designed long back and are inadequate to drain out both the 

storm water and the sewage. There are various reasons for the failure of drainage system in urban 

areas, which includes 

 Drainages systems are inadequate to meet the demand so there is lack of drainage 

infrastructure 

 Many storm water drains are highly polluted with weed infestation, vegetation and eroded 

with unstable riparian zone. This causes siltation in downstream water ways 

 Interconnectivity  of lakes and lack of capacity of cross drainage work causes localised and 

widespread flooding 

 Interconnection of storm water and sewerage networks & vice versa leading to siltation and 

loss of drainage capacity. 

 Drainage networks are poorly designed. 

 Poor maintenance and supervision of  SWD 

 Sewer crown corrosion leading to sewer collapses 

 Poor design and construction standards- lack of conformance to Indian Standards (CPHEEO) 
on the current sewer laying contracts in the primary drain of V-Valley 

 Sewage diversions by farmers for irrigation purposes in the V-Valley and Kathriguppe valleys. 

2. Solid Waste Management 
The city is facing acute problems related to solid wastes. Bangalore City is divided into 100 

administrative wards, which have been further divided into 273 health wards for functional 

convenience (Ramachandra and Saira Varghese, 2003). Of these, 147 health wards are under private 

contract system and the remaining 126 health wards are managed through Pourakarmikas 

(municipal sweepers) of the Corporation. Poor solid waste management is another significant factor 

contributing to frequent flooding of low-lying areas and to unsanitary conditions in drains and lakes. 

Disposal of solid waste into drainage leads to the large and rapid accumulation of sediments in the 

drains. Dumping of solid wastes, building debris and casual litter disposal on drains causes blockage 

and pollution in the drainage system and hence reduces the capacity of the drains. Dumping of solid 

waste and construction waste into drains also reduce the capacity of culverts which creates hurdle 

for the storm water flow. 

3. Unplanned City Development 
Principal factors contributing to the flooding problem in Bangalore are unplanned urbanisation with 

mushrooming layouts (land development) and buildings with respect to easement provisions and 

flood level controls. Unplanned urbanisation has drastically altered the drainage characteristics of 

natural catchments, or drainage areas, by increasing the volume and rate of surface runoff. 

4. Change in Land Use Land Cover  
Understanding of hydrological process is very important component for the comprehensive study of 

flooding. Hydrology is the study of occurrence, circulation and distribution of water into earth and 

earth’s atmosphere. It deals with the precipitation, evaporation, base flow condensation, 

transpiration, infiltration, retention and surface runoff.  



 
 

Mapping with temporal satellite data and related geographic information has been successfully used 

for monitoring the urban land dynamics. To recognize the progression in urban areas with time and 

to understand the changes in the landscape these remotely sensed databases are very useful. 

Changes in land use since 1970s to 2014 are shown in the fig. 1 Bangalore city. The Landsat data is 

used to develop LULC analysis for these areas. The satellite data was first imported for layer stacking 

in ERDAS 9.2 and FCC image was created to classify different land use classes. A hybrid classification 

scheme is used based on complex logical model in ERDAS 9.2 software. The change detection matrix 

was created to see the changes in land use and land cover since 1973 to 2014. Fig1 bellow showing 

the change in LULC since 1973 to 2014. The land use data is showing drastic changes in land use, 

mainly in the reduction in vegetation cover, progressive increment in built-up areas, and reduction in 

water bodies.  

These changes lead to significant increase in impervious surface. This increment in impervious 

surface reduces rain water percolation and time of concentration, thereby accelerating the Run-off. 
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Fig 1. LULC classification of Bangalore Metropolitan Region 



 
 

Table 1. Matrix Showing the Land Covers change since 1973 to 2014 

                 2014 

1973 

Water Bodies Vegetation Built Up Others Grand Total in % 

Water Bodies 0.3 0.4 0.5 1.3 2.6 

Vegetation 0.4 12.8 13.2 20.7 47.1 

Built Up 0.0 0.3 1.7 0.3 2.3 

Others 0.1 8.4 15.4 24.1 48.0 

Grand Total in % 0.8 21.9 30.9 46.4 100 

 

 

Fig 2. Spatial Distribution of Change in Land use in Bangalore Since 1973 to 2014 (Source: APN 

Capable Study, TERI 2014) 

Flooding and Urban Transport  

Urban flooding creates considerable infrastructure problems and huge economic losses in terms of 

production, as well as significant damage to property and goods. Due to floods, the traffic 

management completely affects. It leads to change in the capacity of roads, delay of movement, 

volume and speed of vehicles and drivers behaviour on a road section. 

Objective 
Objective of this study is to access the impacts of urban flooding on traffic congestions by using geo-

spatial datasets and explore the possibility of using hydrodynamic modelling to identify the points of 

flood risk. The study will focus on the potential impact of flooding on the performance of urban 

transport and not the infrastructure damage. The key objectives would be 
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 Establish a correlation between traffic volume, traffic signal location with traffic congestions 

in urban road network during a flood event 

 Identification of the flood hotspots on roads and assess potential need for interventions in 

urban planning 

Data required for the study: (Cost of The Data Approx. 100,000 INR) 

 High resolution and good quality of Digital Elevation Model (DEM) of each study area Land 

Use Land Cover (LULC) data 

 Weather: Precipitation, evaporation data  

 Road Network and physical features 

 Urban drainage capacity 

 Vehicular density, traffic signal location, annual average daily traffic 

 Observed flood level/maps for model simulation  

Data Sources: 

Sr. 
No. 

Data Type Data Sources Process Cost 
(INR) 

Remarks 

1. Satellite Data 
DEM and High 
resolution 
imageries 

NRSC Through 
Purchase 

6500 
per 
scene  

Cost is associated with the 
Resolution and number of 
scene required for the study 

2. Traffic Data 
(Road 
Network, 
signal 
locations and 
AADT) 

Bangalore Road 
Transport 
Department and 
Bangalore 
Traffic Police 

Through 
Website 
and 
personal 
request   

-- Some data is available for 
Bangalore in the form of tables 
and Maps, after digitization 
that can be used in the study. 
We need to procure AADT 
data. 

3 Drainage 
Capacity 

Bangalore 
Municipal 
Corporation 
(BBMP)  

From the 
concerned 
department  

NA Both Functional and designed 
drainage capacity of Bangalore 
storm water drains 

4 Weather Data IMD, BBMP 
(AWS data) 

Through 
Purchase 

-- Rainfall Daily Data for last 35 
years and AWS fine time 
resolution data for selected 
rainfall event (Hourly**, Heavy 
Spells in 24Hrs, Extreme values 
for Event based study) 

 

Methodology 
The approach of the study would be 

 Designing of rainfall events for particular storm duration 

 A 2D overland flow hydrodynamic modelling exercise will be conducted using ArcGIS and 

MIKE 21 software. 



 
 

 Different flooding scenarios would be defined based on return period analysis of rainfall 

data (2 year, 5 year, 10 year, 25 year, 50 year 100 year and 200 years, return period) for 24 

hr rainfall event 

 Modelling of extreme rainfall events and shorter duration flooding events 

 Frequency distribution of traffic volume and its correlation with the flood hotspots on road 

network. The Traffic Congestions Hotspot mapping will be done on spatial platform on the 

scale of 1 to 5. 

The flow diagram of proposed methodology is illustrated below in Fig 3. 

 

 

 

 

 

 

 

 

 

 

 

Expected outcomes 
 

 

 

Fig. 3 Summary of Methodology 

Expected Outcomes: 
 Maximizing the use of hydrological modelling results to assess the flooding mechanism and 

its impact on urban traffic 

 Detailed flood risk maps of the areas 

 Areas susceptible for high flood level and longer duration flooding 

 Areas under worst flood risk in terms of traffic congestions 

 Traffic congestion hotspot mapping 

 Development of flood risk management plan in transport sector 
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Time Line (Activities and Deliverables) 

Activities/Deliverables 

  

Time in Months 

1 2 3 4 5 6 7 8 

Literature Review, Data Collection and 

analysis                 

Setting up the Model and Model simulation 

and tuning                 

Analysis of Results and Validation 
                

Draft and Final Report of the study with 

key findings and Review of the work                 

 


