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ABSTRACT 
Climate change and poor flood risk management (FRM) 

is causing flood in many cities of the world. There are 

various solutions to avoid the chance of flood occurring 

in future, one of the architectural solutions is the use of 

‘blue-green infrastructure’(BGI). BGI is planning of 

urban areas with such elements providing flood 

protection, improved water & air quality, enhance 

resilience to climate change, increased space for 

communities.  This paper identifies the basic causes of 

flood, small-scale solutions, such as green roofs, 

raingardens, and permeable pavement, all of which aim 

to retain as much stormwater locally as possible and 

different methods and materials for BGI to avoid the 

chance of flood in future. The study focuses on the two 

main solutions i.e., building scale BGI solution and 

neighbourhood scale BGI solution. One building can 

also decrease the chances of flood by implementing 

vegetated roofs, swimming pools, external green 

facades, and internal greenery. Within the building 

rainwater can be stored, recycled, cleaned, and 

additionally infiltrated. Neighbourhood is the most 

important factor to avoid flood. Within a 

neighbourhood, the space between buildings can be 

used to decrease the level of runoff by implementing 

vegetated waterbodies and urban gardens, as well as 

tree-lined avenues. 

Key Words: Flood risk management, Blue-green 

infrastructure, sustainable drainage system, flooding. 

 

1. INTRODUCTION 

Many cities are facing urban flood risk because of 

the poor drainage system and climate change. With 

the increase in population, the need for 

infrastructure in cities is increasing. Which is the 

cause of deforestation, less green space, and 

climate change. More than 50% of the earth’s 

population lives in cities, which is expected to 

increase up to 68% by 2050 (UN 2018). More 

people mean more buildings and an increase in the 

runoff of water in drainage, which will overburden 

the drainage system of cities and increase the risk 

of flood. It is often due to a combination of factors 

that accompany urbanization. These factors include 

an increase in impervious surfaces, such as rooftop, 

roads, and parking lots, that prevent water from 

being absorbed, inadequate storm water storage or 

drainage capacity, and poorly planned 

infrastructure- particularly in rapidly urbanizing 

areas.  

It is high time for planners & designers to 

implement various solutions to decrease the urban 

flood risk in the future. One solution is ‘Blue Green 

Infrastructure’(BGI). Blue infrastructures refer to 

hydrological infrastructure which includes surface 

water bodies, underground water, rainwater, and 

urban drainage system. Blue infrastructure is 

generally debated in urban design as a way of 

ensuring a secure supply of water and ensuring 

water protection. Slowing, decentralisation, and 

spreading, soaking into the earth, evaporating, and 

releasing water into the natural environment are all 

functions of such water infrastructure, which can 

be natural, adapted, or man-made. Flow 

management, detention, absorption, filtration, 

infiltration, and various methods of water 

treatment, such as reuse and recycling, are all 

included. Blue infrastructure, in general, addresses 

both the amount and quality of water. Green 

infrastructure refers to a building that includes 

vegetated design elements such as roof garden, 
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vertical gardening, etc., and parks, biological parks, 

gardens, or any green space in the city. Such green 

infrastructures are recognized and intensively 

mentioned with reference to the scheme services 

they supply – services that are particularly valuable 

in densely inhabited urban areas. BGI incorporates 

hydrological and biological water purification 

trains into systems that seamlessly blend green and 

blue elements. Blue and green infrastructures work 

together to improve urban habitats by conveying 

natural processes in man-made environments and 

combining the demands of clean water and flood 

control with those of urban planning and life. 

 

2. CAUSES 

Floods are caused by a variety of factors, which 

vary by area. The triggers can differ depending on 

whether you live in a rural or urban setting. The 

following are some of the most common causes of 

floods in India. 

 

2.1 EXCESSIVE RAINFALL 

In India, it is the primary cause of floods. Rainfall 

in a short period of time is a source of concern 

because it can cause flash flooding. For example, 

Mount Abu experienced the heaviest rainfall in 

over 300 years in a 24-hour period in July 2017. In 

just 24 hours, the hill station recorded an incredible 

700 mm of rain. Climate change is thought to be 

the cause of flash flooding around the world, 

according to a report conducted by the United 

Nations. 

 

2.2 SILTATION OF THE RIVERS 

Heavy siltation of the riverbed limits the ability of 

rivers and streams to hold water, resulting in 

flooding. The Brahmaputra, for example, has been 

rising due to siltation, increasing from 2 to 14 

kilometres, causing regular flooding in the North 

East. 

 

2.3 BLOCKAGE IN THE DRAINS 

Floods in urban areas, especially metros, are 

primarily caused by clogged drains. For example, 

one of the primary causes of the Chennai floods in 

December 2015, which killed over 400 people, is 

believed to be a failure of the drainage system. 

 

2.4 DEFORESTATION 

Deforestation, or the careless cutting of trees, is 

another significant cause of man-made flooding. 

Trees help to prevent soil erosion and crop failure. 

As more trees are planted, the flora becomes more 

diverse. This also prevents floods by blocking the 

huge flow of rain. 

 

 

2.5 CLIMATE CHANGE 

Flooding is intensified by climatic changes brought 

on by human activities. Humans cut down trees in 

vast numbers, disrupting the photosynthesis 

process. As a result, increased levels of carbon 

dioxide in the environment cause climate change, 

raising the likelihood of natural disasters such as 

floods. The burning of fossil fuels, industrial 

influences, and deforestation are all depleting the 

ozone layer and rising greenhouse gas levels, 

making man-made flooding a significant cause. 

 

2.6 UNPLANNED DEVELOPMENT 

Floods are being exacerbated by unplanned 

construction, encroachment in riparian areas, 

failure of flood control systems, unplanned 

reservoir operations, and weak drainage 

infrastructure. The outflow of water is caused by 

damaged supply lines, but the damage is small. 

There is also a steady supply of water from the 

washing machines. Furthermore, dishwasher 

overflow exacerbates the issue. In addition, the 

absence of adequate drainage infrastructure leads 

to the disaster's devastation. As a consequence, a 

flood will occur as a result of both natural and 

human-caused causes. 

 

3. FLOOD CASES  

3.1 ASSAM FLOOD 

 

 
Figure 1: Total Rainfall in Assam 
Source: NASA Earth Observatory image by Jesse Allen, 

using near-real-time data provided courtesy of TRMM at 

Goddard Space Flight Center. 

 

According to the Press Trust of India, heavy rains 

hit the Indian state of Assam for six days in a row 

in mid-April 2010. One individual was killed by a 

lightning strike, and the state was flooded in both 

urban and rural areas. The projected rainfall 

amounts from April 14–20, 2010 are shown in this 

color-coded chart. Pale green represents the 

smallest quantities (less than 75 millimetres or 3 

inches), while dark blue represents the largest 

amounts (more than 600 millimetres or 

approximately 24 inches). Assam is located 
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northeast of Bangladesh, and heavy rains can be 

found throughout eastern India. Rainfall is 

particularly heavy along Bangladesh's border with 

eastern India. Rainfall crosses or exceeds 600 

millimetres in one region immediately east of the 

India-Bangladesh border. 

 

This image is based on data from Goddard Space 

Flight Center's Multisatellite Precipitation Study, 

which estimates rainfall by integrating 

measurements from multiple satellites and 

calibrating them with rainfall measurements from 

the Tropical Rainfall Measuring Mission (TRMM) 

satellite. NASA Earth Observatory image by Jesse 

Allen, using near-real-time data provided courtesy 

of TRMM at Goddard Space Flight Center.  

 

3.2 MALAYSIA FLOOD 

 

 
Figure 2: Total Rainfall of Malaysia 
Source: NASA Earth Observatory image by Jesse Allen, 

using near-real-time data provided courtesy of TRMM at 

Goddard Space Flight Center. 

 

Malaysia was flooded in December 2012 and 

January 2013 due to heavy rains. According to the 

Global Post, by December 26, heavy rains had 

forced thousands of residents to leave their homes 

due to extreme floods in Terengganu, Pahang, and 

Kelantan. From December 24, 2012, to January 6, 

2013, this map depicts rainfall totals in Malaysia 

and Indonesia. Dark blue represents the heaviest 

rainfall—more than 300 millimetres (12 inches). 

Light green represents the smallest amount of 

rainfall—less than 50 millimetres (2 inches). 

Yellow suggests the presence of trace amounts of 

rain. The heaviest rainfall is concentrated along the 

Malay Peninsula's east coast. 

This image was created using data from NASA's 

Goddard Space Flight Center's Multisatellite 

Precipitation Analysis, which estimates rainfall by 

integrating measurements from multiple satellites 

and calibrating them using rainfall measurements 

from the Tropical Rainfall Measuring Mission 

(TRMM) satellite. Since this picture reflects an 

average of rainfall observed over a wide area while 

satellites are overhead, it may overlook pockets of 

heavy rain in smaller areas or brief periods of more 

or less extreme rain. As a result, actual rainfall 

totals recorded on the ground can vary from these 

forecasts. 

 

4. CASE STUDIES 

 

4.1 BGI IMPLEMENTATION IN AMSTER- 

DAM AT VARIOUS SPATIAL SCALES  

Various types of BGI are being developed in both 

current and new neighbourhoods in Amsterdam to 

achieve a variety of benefits, including increased 

climate resilience, increased biodiversity, and 

improved human health. The BGI in Amsterdam 

would improve rainwater retention and reticulation 

while also cooling surface temperatures, providing 

habitat for native plants and animals, and providing 

recreational and relaxation opportunities. Among 

the BGI being built in the city are: 

 Green pocket parks and community parks are 

small parks that are built to control stormwater 

while also promoting activity. 

 Green play streets are pedestrian-only streets 

that have been converted into green spaces for 

people to meet and play. 

 Residents are encouraged to build green 

facades or plant vegetation in bare soil around 

street trees in sidewalk gardens. 

 

4.2 PUNE STROM WATER MANAGEMENT 

SYSTEM 
In most cases, flood water is collected at regular 

intervals along the carriageway's edges and 

directed into a storm water drainage system. Water 

is collected along roads by SWD pipes and 

discharged into nallas, which then discharge the 

water into the river. For ecological purposes, 

natural storm water management is preferred. The 

Pune Municipal Corporation has prepared a DPR 

for storm water management and has included it in 

its Sanitation Plan 2010. A total of 28 basins have 

been identified, and a detailed storm water 

discharge analysis has been undertaken.  

Wherever SW lines aren't present, PMC must build 

them. 

 SW lines should run down both sides of the 

street, preferably in the shoulder or the Multi-

utility zone if one is accessible. 

 Water does not collect at intersections, and care 

should be taken to follow the street's 

longitudinal slope. 

 The street should have a slight incline on both 

sides as it reaches the edge. 

 Also, the footpath should have a slant toward 

the shoulder so that water does not pool on the 

path or reach any estate. 
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Figure 3: Elements that can aid in urban flooding. 
Source: Urban street design guidlines  
 

Some of the elements that can aid in natural storm 

water drainage and rainwater harvesting are 

mentioned below. 

Unpaved verge along roads, as well as unpaved 

areas under tree grating 

 

Permeable Paver 

Pavers are brick-like materials that come in several 

shapes and sizes. Pavers are laid out like tiles, with 

small gaps between them to allow water to 

penetrate the soil underneath them. Other 

materials, such as broken recycled concrete parts, 

may also be used. Gravel or mulch can also be used 

to replace paved walkways. 

 

Bio Swales 

The bio-swales keep water and allow it to 

penetrate, reducing storm water runoff volumes 

and peak flows. Bio swales are connected to the 

main storm water drain in one of two ways: in 

series (connected only at the end) or in parallel. Bio 

swales next to storm drains help to remove excess 

water that would otherwise overflow.) 

 

General Design Recommendations 

 Along roadside planting strips, within MUZs, 

within broad central medians, and spaces 

provided by grade separators, bio-swales are 

recommended. 

 Swales should be at least 1 m wide and run in a 

straight line along a stretch of road. 

 Permeable pavers can be used in sections or 

completely for parking belts, sidewalks, and 

any other non-vehicular roadway. 

 SWD pipes must be cleaned and de-silted on a 

regular basis, especially before the monsoon 

season begins. 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 4: Structural detail for bio-swales 
Source: Structural Detail for Bio-Swales  
 

4.3 WYKE BECK NATURAL FLOOD 

MANAGEMENT 
 

Groundwork produced plans for a natural flood 

control scheme at Holton Moor Nature Reserve in 

Leeds in conjunction with Leeds City Council and 

the Environment Agency. The scheme's primary 

target was to minimise flood peaks on Wyke Beck, 

which is especially vulnerable to flash floods. Soft 

engineering steps such as pond bank reprofiling, 

forest planting, and meadow development were 

included. 

The plan also allowed for the addition of green 

infrastructure, such as the creation of new paths and 

the placement of street furniture. Groundwork also 

arranged consultation sessions with local residents 

and adapted the scheme to suit their requirements. 

The job was used to secure funds from the Growth 

Fund to carry out the scheme. The bid was 

successful, and work will begin in the summer of 

2018. 
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Figure 5: Master Plan of Wyke Beck Natural Flood Management 
Source: Groundwork Landscape Architecture  
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5. METHODS 

 

5.1 BUILDING SCALE METHODS 
Using vegetated roofs, external green facades, 

plants on balconies, and internal greenery, 

rainwater can be treated on a building scale. 

Rainwater can be collected, recycled, washed, and 

infiltrated inside the system.  

 

GREEN ROOF  

Roof systems are ideal locations for water 

management tools because they minimise runoff 

peak flows and help in reducing the amount of 

runoff that enters urban systems on the ground 

floor.  while also improving green areas in heavily 

populated areas, minimising heat island impact.  

 

Figure 6: Building Scale Methods 

Source: Strengthening BGI in our cities  

 

 

 

 

FAÇADE ELEMENTS 

Planter boxes and other facade features are 

additional resources that can be built on buildings 

to minimise peak runoff, purify water, enhance city 

air quality, reduce the urban heat island effect, and 

so on. 
 

RAINWATER HARVESTING 

Rainwater harvesting provides a self-contained 

water source by collecting and storing rainwater for 

on-site reuse. Catchment, conveyance, filtration 

and sedimentation, purification (by biological 

absorption), and finally distribution of clean 

rainwater is all part of the process. 
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5.2 NEIGHBOURHOOD METHODS 
 

The space between buildings in a neighbourhood 

can be used to provide stormwater detention and 

retention facilities, such as vegetated waterbodies 

and urban gardens, as well as tree-lined streets. 

 

URBAN VEGETATED WATERBODIES 

Vegetated Waterbodies and Urban Parks improve 

urban beauty, control erosion, and regulate water 

flow and sedimentation. 

 

 

URBAN GARDEN 

Storm water runoff is treated in Rain Gardens. 

Filtration, sedimentation, and biological absorption 

are used to eliminate impurities. They beautify 

environments while reducing flow speed and 

encouraging infiltration. 

URBAN TREES 

Storm water runoff is regulated by tree boxes. They 

are connected to Rain Gardens and aid in the 

filtering and reduction of runoff. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Neighbourhood Methods 
Source: Strengthening BGI in our cities  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. DISCUSSION 

Today, we have most of the technologies and 

expertise that we need to introduce blue-green 

infrastructure and create durable and reliable urban 

environments while also creating lively, habitable, 
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and playful open spaces for leisure and social 

interaction. However, both practical and mental 

obstacles can impede or delay the realisation of 

BGI. The aim of this study was to demonstrate the 

gap between what designers and engineers can 

design and build and what reality looks like, as well 

as ways to address these obstacles. 

 

Figure 8 summarises key considerations for 

reaching an appropriate planning and design 

approach that integrates SWM and multiple 

potential benefits in urban space and serves as a key 

guidance for planners and designers embarking on 

a sustainable SWM journey. 

 

 
Figure 8: Key considerations for planning and 

design of blue-green infrastructure for stormwater 

management project. 
Source: Blue-Green Infrastructure for Sustainable Urban 

Stormwater Management 

 

Water technique selection can be constrained by 

site-catchment relationship (i.e., location and 

hydraulic relationship), particular site conditions 

such as terrain, building, and soil, and design goals 

addressing the city's water issues and other 

(re)development needs, all of which are essential 

considerations for identifying relevant project 

solutions. A requirement for the overall project 

solution is the ability to specifically prioritise water 

strategies such as infiltration and ground water 

recharge, evapotranspiration, reuse, detention, and 

discharge. The most effective SWM goal for 

improving the urban water balance is: Retention is 

the first priority (cleansing water and infiltration, 

evapotranspiration, harvesting and reuse). 

Detention (cleaning) is the second priority before 

throttled discharge to receiving surface water 

bodies. Discharge to sewers is the third priority. A 

long-term solution must take into account both 

regular small rain events and occasional large-scale 

rain events. While considerations for both small 

and severe rains are important for all projects that 

aim to achieve multi-functional success, on-site 

retention for small rains and detention-discharge 

for heavy rain events tend to be priorities for 

upstream and downstream locations, respectively. 
The best combination of options is determined by 

the site and catchment conditions. 

 

Vertical design is crucial, especially in the 

selection and design of SWM elements. The 

location of elements and their relationships to one 

another affect how water can flow through the built 

system and how it can be handled, detained, 

preserved, or reused because water flow is gravity-

based. Detention and retention elements are 

differentiated by the location of outlets and 

overflows in BGI elements. Vertical architecture is 

an important part of landscape planning and design, 

so site requirements and planned socio-cultural 

roles must be carefully considered (aesthetic, 

recreational etc.). For several benefits, the best 

final planning and design approach appears to 

emerge from a process involving the collection and 

design of SWM components, vertical/dimensional 

design, and landscape design. SWM elements are 

spatially arranged, multiple benefits are associated 

with each element, and the elements are adapted 

into meaningful forms that reinforce the multiple 

benefits and multiple urban functions. These 

various urban roles are often associated with a lack 

of rain. An integrated SWM and landscape design 

process appears to be a necessity for an integrated 

approach with several benefits, suggesting a 

promising area for future research and calling for 

co-design and interdisciplinary collaboration in 

planning and design. 

 

7. CONCLUSION 

BGI is recognised as a viable strategy to manage 

stormwater and flood risk, and its 

multifunctionality can further enrich society 

through the provision of multiple benefits that 

extend beyond the hydrosphere, such as urban 

regeneration, climate change adaptation, and 

recreation. If cities are to achieve higher targets for 

sustainable growth, multifunctional BGI must be 

incorporated into the design of urban landscapes. 

Storm water lines are necessary and cities which 

faces flood needs to construct the lines where they 

are absent. It is very important that the lines should 

be on both the sides of street.  The street should 

have gradient on both sides towards the edge. Also, 

the footpath to have gradient slope towards the 

shoulder so that water does not accumulate on 

footpath or enter any property. One building can 

also decrease the chances of flood by implementing 
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vegetated roofs, swimming pools, external green 

facades, and internal greenery. Within the building 

rainwater can be stored, recycled, cleaned, and 

additionally infiltrated. Neighbourhood is the most 

important factor to avoid flood. Within a 

neighbourhood, the space between buildings can be 

used to decrease the level of runoff by 

implementing vegetated waterbodies and urban 

gardens, as well as tree-lined avenues. 
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