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Abstract— One hundred cities are proposed to be turned as
smart cities across our nation. This paper serves in providing
general guidance for planning of smart cities from an
environmental perspective with a view to guide the
conceptualization of the proposed smart cities towards a cleaner,
greener and safer place to live in. A set of environmental criteria
such as urban forests, green alleys, constructed wetlands, green
roofs, permeable paving, green streets, green parking, green
walls and rain gardens were discussed. Implementing the
environmental protection measures in the developing smart cities
would also add up to the benefits like improving water and air
quality, serves as temperature regulator, increases the
biodiversity thereby saving energy and creating job
opportunities. Thus in this paper, methods of improvising the
environmental conditions as evergreen in smart cities and their
benefits to the society has been briefed.

Index Terms— Smart cities, evergreen environment, air
quality, cleaner, greener, safer place

. INTRODUCTION

A smart city is an urban development vision to integrate
information and communication technology (ICT) and Internet
of things (loT) technology in a secure fashion to manage a
city's assets. These assets include local departments'
information systems, schools, libraries, transportation systems,
hospitals, power plants, water supply networks, waste
management, law enforcement, and other community services.
A smart city is promoted to use urban informatics and
technology to improve the efficiency of services. ICT allows
city officials to interact directly with the community and the
city infrastructure and to monitor what is happening in the
city, how the city is evolving, and how to enable a better
quality of life. Through the use of sensors integrated with real-
time monitoring systems, data are collected from citizens and
devices — then processed and analyzed. The information and
knowledge gathered are keys to tackling inefficiency.

Information and communication technology (ICT) is used to
enhance quality, performance and interactivity of urban
services, to reduce costs and resource consumption and to
improve contact between citizens and government. Smart city

applications are developed to manage urban flows and allow
for real-time responses. A smart city may therefore be more
prepared to respond to challenges than one with a simple
"transactional” relationship with its citizens. Yet, the term
itself remains unclear to its specifics and therefore, opens to
many interpretations.

In contrast to the natural environment is the built environment.
In such areas where man has fundamentally transformed
landscapes such as urban settings and agricultural land
conversion, the natural environment is greatly modified into a
simplified human environment. Even acts which seem less
extreme, such as building a mud hut or a photovoltaic system
in the desert, modify the natural environment into an artificial
one. Though many animals build things to provide a better
environment for themselves, they are not human, hence beaver
dams and the works of Mound-building termites are thought of
as natural.

People seldom find absolutely natural environments on Earth,
and naturalness usually varies in a continuum, from 100%
natural in one extreme to 0% natural in the other. More
precisely, we can consider the different aspects or components
of an environment, and see that their degree of naturalness is
not uniform. If, for instance, in an agricultural field, the
mineralogical composition and the structure of its soil are
similar to those of an undisturbed forest soil, but the structure
is quite different.

Il. METHODS

2.1 URBAN FOREST

An urban forest is a forest or a collection of trees that grow
within a city, town or a suburb. In a wider sense it may include
any kind of woody plant vegetation growing in and around
human settlements. In a narrower sense (also called forest
park) it describes areas whose ecosystems are inherited from
wilderness leftovers or remnants. Care and management of
urban forests is called urban forestry. Urban forests may be
publicly-owned municipal forests, but the latter may also be
located outside of the town or city to which they belong.

Urban forests play an important role in ecology of human
habitats in many ways: they filter air, water, and sunlight,
provide shelter to animals and recreational area for people.
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They moderate local climate, slowing wind and storm water,
and shading homes and businesses to conserve energy. They
are critical in cooling the urban heat island effect, thus
potentially reducing the number of unhealthful ozone days that
plague major cities in peak summer months.

In many countries there is a growing understanding of the
importance of the natural ecology in urban forests. There are
numerous projects underway aimed at restoration and
preservation of ecosystems, ranging from simple elimination
of leaf-raking and elimination of invasive plants to full-blown
reintroduction of original species and riparian ecosystems.

As cities struggle to comply with air quality standards, the
ways that trees can help to clean the air should not be
overlooked. The most serious pollutants in the urban
atmosphere are ozone, nitrogen oxides (NOXx), sulfuric oxides
(SOx) and particulate pollution. Ground-level ozone, or smog,
is created by chemical reactions between NOx and volatile
organic compounds (VOCs) in the presence of sunlight. High
temperatures increase the rate of this reaction. Vehicle
emissions (especially diesel), and emissions from industrial
facilities are the major sources of NOx. Vehicle emissions,
industrial emissions, gasoline vapors, chemical solvents, trees
and other plants are the major sources of VOCs. Particulate
pollution, or particulate matter (PM10 and PM25), is made up
of microscopic solids or liquid droplets that can be inhaled and
retained in lung tissue causing serious health problems. Most
particulate pollution begins as smoke or diesel soot and can
cause serious health risk to people with heart and lung
diseases and irritation to healthy citizens. Trees are an
important, cost-effective solution to reducing pollution and
improving air quality.

2.2 GREEN ROOF

A green roof or living roof is a roof of a building that is
partially or completely covered with vegetation and a growing
medium, planted over a waterproofing membrane. It may also
include additional layers such as a root barrier and drainage
and irrigation systems. Container gardens on roofs, where
plants are maintained in pots, are not generally considered to
be true green roofs, although this is debated. Rooftop ponds
are another form of green roofs which are used to treat
greywater.

Green roofs serve several purposes for a building, such as
absorbing rainwater, providing insulation, creating a habitat
for wildlife, increasing benevolence[citation needed] and
decreasing stress of the people around the roof by providing a
more aesthetically pleasing landscape, and helping to lower
urban air temperatures and mitigate the heat island effect.
They effectively utilize the natural functions of plants to filter
water and treat air in urban and suburban landscapes. There
are two types of green roof: intensive roofs, which are thicker,
with a minimum depth of 12.8 cm (5.0 in), and can support a
wider variety of plants but are heavier and require more
maintenance, and extensive roofs, which are shallow, ranging

in depth from 2 cm (0.79in) to 12.7 cm (5.0 in), lighter than
intensive green roofs, and require minimal maintenance.

2.2.1 BENEFITS

e Reduce heating (by adding mass and thermal resistance
value)

A 2005 study by Brad Bass of the University of Toronto
showed that green roofs can also reduce heat loss and energy
consumption in winter conditions.

e Reduce cooling (by evaporative cooling) loads on a
building by fifty to ninety percent, especially if it is
glassed in so as to act as a terrarium and passive solar
heat reservoir — a concentration of green roofs in an
urban area can even reduce the city's average
temperatures during the summer

e Reduce storm water runoff — see water-wise gardening
study presented at the Green Roofs for Healthy Cities
Conference in June 2004, cited by the EPA, found water
runoff was reduced by over 75% during rainstorms. See
the PDF at for more information.

o Natural Habitat Creation — see urban wilderness

o Filter pollutants and carbon dioxide out of the air which
helps lower disease rates such as asthma— see green
wall

o Filter pollutants and heavy metals out of rainwater

e Help to insulate a building for sound; the soil helps to
block lower frequencies and the plants block higher
frequencies

o If installed correctly many living roofs can contribute to
LEED points

e Increase agricultural space

e With green roofs, water is stored by the substrate and
then taken up by the plants from where it is returned to
the atmosphere through transpiration and evaporation.

e Green roofs not only retain rainwater, but also moderate
the temperature of the water and act as natural filters for
any of the water that happens to run off.

2.3 PERMEABLE PAVING

Permeable paving is a range of sustainable materials and
techniques for permeable pavements with a base and sub base
that allow the movement of storm water through the surface.
In addition to reducing runoff, this effectively traps suspended
solids and filters pollutants from the water. Examples include
roads, paths, lawns and lots that are subject to light vehicular
traffic, such as car/parking lots, cycle-paths, service or
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emergency access lanes, road and airport shoulders, and
residential sidewalks and driveways.

Although some porous paving materials appear nearly
indistinguishable ~ from  nonporous  materials, their
environmental effects are qualitatively different. Whether it is
pervious concrete, porous asphalt, paving stones or concrete or
plastic-based pavers, all these pervious materials allow storm
water to percolate and infiltrate the surface areas, traditionally
impervious to the soil below. The goal is to control storm
water at the source, reduce runoff and improve water quality
by filtering pollutants in the substrata layers.

Permeable solutions can be based on: porous asphalt and
concrete surfaces, concrete pavers (permeable interlocking
concrete paving systems — PICP), or polymer-based grass
pavers, grids and geocells. Porous pavements and concrete
pavers (actually the voids in-between them) enable storm
water to drain through a stone base layer for on-site infiltration
and filtering. Polymer based grass grid or cellular paver
systems provide load bearing reinforcement for unpaved
surfaces of gravel or turf.

Grass pavers, plastic turf reinforcing grids (PTRG), and
geocells (cellular confinement systems) are honeycombed 3D
grid-cellular systems, made of thin-walled HDPE plastic or
other polymer alloys. These provide grass reinforcement,
ground stabilization and gravel retention. The 3D structure
reinforces infill and transfers vertical loads from the surface,
distributing them over a wider area. Selection of the type of
cellular grid depends to an extent on the surface material,
traffic and loads. The cellular grids are installed on a prepared
base layer of open-graded stone (higher void spacing) or
engineered stone (stronger). The surface layer may be
compacted gravel or topsoil seeded with grass and fertilizer. In
addition to load support, the cellular grid reduces compaction
of the soil to maintain permeability, while the roots improve
permeability due to their root channels.

In new suburban growth, porous pavements protect
watersheds. In existing built-up areas and towns,
redevelopment and reconstruction are opportunities to
implement storm water water management practices.
Permeable paving is an important component in Low Impact
Development (LID), a process for land development in the
United States that attempts to minimize impacts on water
quality and the similar concept of sustainable drainage
systems (SuDS) in the United Kingdom.

A. Advantages

1) Managing runoff

Permeable paving surfaces have been demonstrated as
effective in managing runoff from paved surfaces. Large
volumes of urban runoff causes serious erosion and siltation in
surface water bodies. Permeable pavers provide a solid ground

surface, strong enough to take heavy loads, like large vehicles,
while at the same time they allow water to filter through the
surface and reach the underlying soils, mimicking natural
ground absorption. They can reduce downstream flooding and
stream bank erosion, and maintain base flows in rivers to keep
ecosystems self-sustaining. Permeable pavers also combat
erosion that occurs when grass is dry or dead, by replacing
grassed areas in suburban and residential environments.

2) Controlling pollutants

Permeable paving surfaces keep the pollutants in place in
the soil or other material underlying the roadway, and allow
water seepage to groundwater recharge while preventing the
stream erosion problems. They capture the heavy metals that
fall on them, preventing them from washing downstream and
accumulating inadvertently in the environment. In the void
spaces, naturally occurring micro-organisms digest car oils,
leaving little but carbon dioxide and water. Rainwater
infiltration is usually less than that of an impervious pavement
with a separate storm water management facility somewhere
downstream.[citation needed].in areas where infiltration is not
possible due to unsuitable soil conditions permeable
pavements are used in the attenuation mode where water is
retained in the pavement and slowly released to surface water
systems between storm events.

3) Trees

Permeable pavements may give urban trees the rooting
space they need to grow to full size. A "structural-soil"
pavement base combines structural aggregate with soil; a
porous surface admits vital air and water to the rooting zone.
This integrates healthy ecology and thriving cities, with the
living tree canopy above, the city's traffic on the ground, and
living tree roots below. The benefits of permeable on urban
tree growth have not been conclusively demonstrated and
many researchers have observed tree growth is not increased if
construction practices compact materials before permeable
pavements are installed.

B. Disadvantages
1) Runoff Volumes

Permeable pavements are designed to replace Effective
Impervious Areas (EIAS), not to manage storm water from
other impervious surfaces on site. Use of this technique must
be part of an overall on site management system for storm
water, and is not a replacement for other techniques.

Also, in a large storm event, the water table below the porous
pavement can rise to a higher level preventing the
precipitation from being absorbed into the ground. The
additional water is stored in the open graded crushed drain
rock base and remains until the sub grade can absorb the
water. For clay-based soils, or other low to 'non'-draining
soils, it is important to increase the depth of the crushed drain
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rock base to allow additional capacity for the water as it waits
to be infiltrated.

The best way to prevent this problem is to understand the soil
infiltration rate, and design the pavement and base depths to
meet the volume of water. Or, allow for adequate rain water
run off at the pavement design stage.

2) Pollutant load

Highly contaminated runoff can be generated by some land
uses where pollutant concentrations exceed those typically
found in storm water. These "hot spots™ include commercial
plant nurseries, recycling facilities, fueling stations, industrial
storage, marinas, some outdoor loading facilities, public works
yards, hazardous materials generators (if containers are
exposed to rainfall), vehicle service and maintenance areas,
and vehicle and equipment washing and steam cleaning
facilities. Since porous pavement is an infiltration practice, it
should not be applied at storm water hot spots due to the
potential for groundwater contamination. All contaminated
runoff should be prevented from entering municipal storm
drain systems by using best management practices (BMPs) for
the specific industry or activity.

3) Weight and traffic volumes

Reference sources differ on whether low or medium traffic
volumes and weights are appropriate for porous pavements.
For example, around truck loading docks and areas of high
commercial traffic, porous pavement is sometimes cited as
being inappropriate. However, given the variability of
products available, the growing number of existing
installations in North America and targeted research by both
manufacturers and user agencies, the range of accepted
applications seems to be expanding. Some concrete paver
companies have developed products specifically for industrial
applications. Working examples exist at fire halls, busy retail
complex parking lots, and on public and private roads,
including intersections in parts of North America with quite

severe winter conditions.
4) Siting

Permeable pavements may not be appropriate when land
surrounding or draining into the pavement exceeds a 20
percent slope, where pavement is down slope from buildings
or where foundations have piped drainage at their footers. The
key is to ensure that drainage from other parts of a site is
intercepted and dealt with separately rather than being directed
onto permeable surfaces.

5) Efflorescence

Efflorescence is a hardened crystalline deposit of salts, which
migrate from the center of concrete or masonry pavers to the
surface to form insoluble calcium carbonates that harden on
the surface. Given time, these deposits form much like how a
stalactite takes shape in a cave, except in this case on a flat
surface. Efflorescence usually appears white, gray or black
depending on the region.

Over time efflorescence begins to negatively affect the overall
appearance of masonry/concrete and may cause the surfaces to
become slippery when exposed to moisture. If left unchecked,
this efflorescence will harden whereby the calcium/lime
deposits begin to affect the integrity of the cementatious
surface by slowly eroding away the cement paste and
aggregate. In some cases it will also discolor stained or coated
surfaces.

Efflorescence forms more quickly in areas that are exposed to
excessive amounts of moisture such as near pool decks, spas,
and fountains or where irrigation runoff is present. As a result,
these affected regions become very slick when wet thereby
causing a significant loss of "friction coefficient". This can be
of serious concern especially as a public safety issue to
individuals, principals and property owners by exposing them
to possible injury and increased general liability claims.

Efflorescence remover chemicals can be used to remove
calcium/lime build-up without damaging the integrity of the
paving surface.

2.4 GREEN STREETS

A green street isa storm water management approach that
incorporates vegetation (perennials, shrubs, trees), soil, and
engineered systems (e.g., permeable pavements)to slow,
filter, and cleanse storm water runoff from impervious
surfaces (e.g., streets, sidewalks). Green streets are designed
to capture rainwater at its source, where rain falls. Whereas, a
traditional street is designed to direct storm water runoff from
impervious surfaces into storm sewer systems (gutters, drains,
pipes) that discharge directly into surface waters, rivers, and
streams.

EPA's Green Streets: The Road to Clean Water Exit video
highlights green streets as a technique for managing storm
water and providing other economic and community benefits.
Shown are examples of green streets in localities that have
worked with EPA and other partners to incorporate green
streets as part of their storm water management plans. Green
features shown include permeable pavement, rain gardens,
vegetative curb areas, and sidewalk trees.
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2.4.2 Anatomy of a Green Street

Streets comprise a significant percentage of publicly owned
land in most communities, thereby offering a unique
opportunity to incorporate green street elements that will not
only protect the environment, but can improve community
health and prosperity.

Green streets incorporate a wide variety of design elements
including street trees, permeable pavements, bioretention,
and swales. Successful application of green techniques will
encourage soil and vegetation contact and infiltration and
retention of storm water. Although the design and appearance
of green streets will vary, the functional goals are the same:

e provide source control of storm water to limit the
transport of pollutants to storm water conveyance and
collection systems,

e restore predevelopment hydrology to the extent
possible, and

e create roadways that help protect the environment
and local water quality.

The "Anatomy of a Green Street" design graphic below
provides details of green street elements. The Low Impact
Design Center EXit provides a list of green
street practices Exit that also support green street Design-
Build concepts.

Anatomy of a Green Street

\
/
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2.43 BENEFITS

e Minimize storm water impacts on the surrounding area
through a natural system approach that incorporates a
variety of water quality, energy-efficiency, and other
environmental best practices;

e Integrate green storm water management features to
increase infiltration and/or filtration of runoff, reduce
flows, and enhance watershed health;

o Reducethe amount of water that is piped and
discharged directly to streams and rivers;

e Make the best use of the street tree canopy for storm
water interception, as well as temperature mitigation
and air quality improvement;

Mitigate or prevent localized flooding;

Encourage pedestrian and/or bicycle access;

Improve the aesthetics of a community; and,

Increases a community’s livability.

2.5 GREEN PARKING

A parking lot also known as a car lot, is a cleared area that is
intended for parking vehicles. Usually, the term refers to a
dedicated area that has been provided with a durable or semi-
durable surface. In most countries where cars are the dominant
mode of transportation, parking lots are a feature of every city
and suburban area. Shopping malls, sports stadiums,
megachurches and similar venues often feature parking lots of
immense area.

Parking lots tend to be sources of water pollution because of
their extensive impervious surfaces. Most existing lots have
limited or no facilities to control runoff. Many areas today also
require minimum landscaping in parking lots to provide shade
and help mitigate the extent of which their paved surfaces
contribute to heat islands. Many municipalities require a
minimum number of parking spaces, depending on the floor
area in a store or the number of bedrooms in an apartment
complex. In the United States, each state's Department of
Transportation sets the proper ratio for disabled spaces for
private business and public parking lots. Various forms of
technology are used to charge motorists for the use of a
parking lot. Modern parking lots use a variety of technologies
to help motorists find unoccupied parking spaces, retrieve
their vehicles, and improve their experience.

252 ENVIRONMENTAL CONSIDERATION

Parking lots tend to be sources of water pollution because of
their extensive impervious surfaces. Virtually all of the rain
(minus evaporation) that falls becomes urban runoff. To avoid
flooding and unsafe driving conditions, the lots are built to
effectively channel and collect runoff. Parking lots, along with
roads, are often the principal source of water pollution in
urban areas.

Motor vehicles are a constant source of pollutants, the most
significant being gasoline, motor oil, polycyclic aromatic
hydrocarbons (PAHSs), and heavy metals. (PAHSs are found in
combustion byproducts of gasoline, as well as in asphalt and
coal tar-based sealants used to maintain parking lots.) Many
parking lots are also significant sources of trash which ends up
in waterways.
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Treatment of pollution : Traditionally, the runoff has been
shunted directly into storm sewers, streams, dry wells or even
sanitary sewers. However, most larger municipalities now
require construction of storm water management facilities for
new lots. Typical facilities include retention basins, infiltration
basins and percolation trenches. Some newer designs include
bioretention systems, which use plants more extensively to
absorb and filter pollutants. However, most existing lots have
limited or no facilities to control runoff.

Alternative paving materials : An alternative solution today
is to use permeable paving surfaces, such as brick, pervious
concrete, stone, special paving blocks, or tire-tread woven
mats. These materials allow rain to soak into the ground
through the spaces inherent in the parking lot surface. The
ground then may become contaminated in the surface of the
parking lot park, but this tends to stay in a small area of
ground, which effectively filters water before it seeps away.
This can however create problems if contaminants seep into
groundwater, especially where there is groundwater
abstraction 'downstream' for potable water supply.

2.5.3 Technology

Modern parking lots use a variety of technologies to help
motorists find unoccupied parking spaces using parking
guidance and information system, retrieve their vehicles, and
improve their experience. This includes adaptive lighting,
sensors, indoor positioning system (IPS) and mobile payment
options. The Santa Monica Place shopping mall in California
has cameras on each stall that can help count the lot
occupancy and find lost cars.

In outdoor parking lots, GPS can be used to remember the
location of a vehicle (some apps saves location automatically
when turning off the car when a smartphone breaks
communication with a vehicle's Bluetooth
connection).[citation needed] In indoor parking lots, one
option is to record one's Wi-Fi signature (signal strengths
observed for several detectable access points) to remember the
location of a vehicle.

Online booking technology service providers have been
created to help drivers find long-term parking in an automated
manner, while also providing significant savings for those who
book parking spaces ahead of time. They use real-time
inventory management checking technology to display
parking lots with availability, sorted by price and distance
from the airport.

There are mobile apps providing services for the reservation of
longterm parking lot spaces similar to online or aggregate
parking facility booking services. Some long-term parking
mobile apps also have turn-by-turn maps to locate the parking
lot, notably US and UK based Park Jockey.

2.6 GREEN WALLS

A green wall is a wall partially or completely covered with
greenery that includes a growing medium, such as soil or a
substrate. Most green walls also feature an integrated water
delivery system. A green wall is also known as a living wall or
vertical garden. It provides insulation to keep the building's
inside temperature consistent.

It is useful to distinguish green walls from green facades.
Green walls have growing media supported on the face of the
wall (as described below), while green facades have soil only
at the base of the wall (in a container or in ground) and
support climbing plants on the face of the wall to create the
green, or vegetated, facade.

Green walls may be indoors or outside, freestanding or
attached to an existing wall, and come in a great variety of
sizes.

Stanley Hart White, a Professor of Landscape Architecture
at the University of Illinois patented a "vegetation-Bearing
Architectonic Structure and System" in 1938, though his
invention did not progress beyond prototypes in his backyard
in Urbana, Illinais.

Patrick Blanc, a botanist specialized in tropical forest
undergrowth, worked with architect Adrien Fainsilber and
engineer Peter Rice implementing the first successful large
indoors green wall in 1986 at the Cité des Sciences et de
I'Industrie in Paris. In 2005, he created the landmark vegetal
exterior wall of the administrative building of the Musée du
quai Branly with architect Jean Nouvel.

Green walls subsequently saw a rapid surge in popularity.
Of the 61 large-scale outdoor green walls listed in an online
database provided by greenroof.com, 80% were constructed in
or after 2009 and 93% in or after 2007. Many iconic green
walls have been constructed by institutions and in public
places such as airports and are now becoming common.

As of 2015, the largest green wall covers 2,700 square
meters (29,063 square feet or more than half an acre) and is
located at the Los Cabos International Convention Center, a
building designed by Mexican architect Fernando Romero for
the 2012 G-20 Los Cabos summit.

2.6.1 Function

Green walls are found most often in urban environments
where the plants reduce overall temperatures of the building.
"The primary cause of heat build-up in cities is insolation, the
absorption of solar radiation by roads and buildings in the city
and the storage of this heat in the building material and its
subsequent re-radiation. Plant surfaces however, as a result of
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transpiration, do not rise more than 4-5 °C above the ambient
and are sometimes cooler."[11]

Living walls may also be a means for water reuse. The
plants may purify slightly polluted water (such as greywater)
by absorbing the dissolved nutrients. Bacteria mineralize the
organic components to make them available to the plants. A
study is underway at the Bertschi School in Seattle,
Washington using a GSky Pro Wall system, however, no
publicly available data on this is available at this time.

Living walls are particularly suitable for cities, as they
allow good use of available vertical surface areas. They are
also suitable in arid areas, as the circulating water on a vertical
wall is less likely to evaporate than in horizontal gardens.

The living wall could also function for urban agriculture,
urban gardening, or for its beauty as art. It is sometimes built
indoors to help alleviate sick building syndrome.

Living walls are also acknowledged for remediation of poor
air quality, both to internal and external areas.

2.7 RAIN GARDEN

A rain garden is a planted depression or a hole that allows
rainwater runoff from impervious urban areas, like roofs,
driveways, walkways, parking lots, and compacted lawn areas,
the opportunity to be absorbed. This reduces rain runoff by
allowing storm water to soak into the ground (as opposed to
flowing into storm drains and surface waters which causes
erosion, water pollution, flooding, and diminished
groundwater). They should be designed for specific soils and
climates. The purpose of a rain garden is to improve water
quality in nearby bodies of water and to ensure that rainwater
becomes available for plants as groundwater rather than being
sent through storm water drains straight out to sea. Rain
gardens can cut down on the amount of pollution reaching
creeks and streams by up to 30%.

Native and adapted plants are recommended for rain gardens
because they are more tolerant of the local climate, soil, and
water conditions; have deep and variable root systems for
enhanced water infiltration and drought tolerance; habitat
value and diversity for local ecological communities; and
overall sustainability once established. There can be trade-offs
associated with using native plants, including lack of
availability for some species, late spring emergence, short
blooming season, and relatively slow establishment. The
plants — a selection of wetland edge vegetation, such as
wildflowers, sedges, rushes, ferns, shrubs and small trees —
take up excess water flowing into the rain garden. Water filters
through soil layers before entering the groundwater system.
Root systems enhance infiltration, maintain or even augment
soil permeability, provide moisture redistribution, and sustain

diverse microbial populations involved in biofiltration. Also,
through the process of transpiration, rain garden plants return
water vapor to the atmosphere. A more wide-ranging
definition covers all the possible elements that can be used to
capture, channel, divert, and make the most of the natural rain
and snow that falls on a property. The whole garden can
become a rain garden, and each component of the whole can
become a small-scale rain garden in itself.

2.7.2 Characteristics

A rain garden requires an area where water can collect and
infiltrate, and plants to maintain infiltration rates, diverse
microbe communities, and water holding capacity.
Transpiration by growing plants accelerates soil drying
between storms. This includes any plant extending roots to the
garden area.

Simply adjusting the landscape so that downspouts and
paved surfaces drain into existing gardens may be all that is
needed because the soil has been well loosened and plants are
well established. However, many plants do not tolerate
saturated roots for long and often more water runs off one's
roof than people realize. Often the required location and
storage capacity of the garden area must be determined first.
Rain garden plants are then selected to match the situation, not
the other way around.

2.7.2.1 Soil and drainage

When an area’s soils are not permeable enough to allow water
to drain and filter properly, the soil should be replaced and an
underdrain installed. This bioretention mixture should
typically contain 60% sand, 20% compost, and 20% topsoil,
and there is a current trend to replace compost with biochar.
Existing soil must be removed and replaced. Do not combine
the sandy soil (bioretention) mixture with a surrounding soil
that does not have high sand content. Otherwise, the clay
particles will settle in between the sand particles and form a
concrete-like substance, as demonstrated in a 1983 study.[15]
Deep plant roots also create additional channels for storm
water to filter into the ground. Microbial populations feed off
plant root secretions and break down carbon (such as in mulch
or desiccated plant roots) to aggregate soil particles which
increases infiltration rates. A five-year study by the U.S.
Geological Survey indicates that rain gardens in urban clay
soils can be effective without the use of underdrains or
replacement of native soils with the bioretention mix. Pre-
installation infiltration rates should be at least .25 in/hour,
however. Type D soils will require an underdrain paired with
the sandy soil mix in order to drain properly.[16]

Sometimes a drywell with a series of gravel layers near the
lowest spot in the rain garden will help facilitate percolation.
However, a drywell placed at the lowest spot can become
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clogged with silt prematurely turning the garden into an
infiltration basin defeating its purpose. Depression-focused
recharge of polluted water into wells poses a serious threat and
should be avoided. Similarly plans to install a rain garden near
a septic system should be reviewed by a qualified engineer.
The more polluted the water, the longer it must be retained in
the soil for purification. This is often achieved by installing
several smaller rain garden basins with soil deeper than the
seasonal high water table. In some cases lined bioretention
cells with subsurface drainage are used to retain smaller
amounts of water and filter larger amounts without letting
water percolate as quickly.

Rain gardens are at times confused with bioswales. Swales
slope to a destination, while rain gardens do not; however, a
bioswale may end with a rain garden. Drainage ditches may be
handled like bioswales and even include rain gardens in series,
saving time and money on maintenance. Part of a garden that
nearly always has standing water is a water garden, wetland,
or pond, and not a rain garden. Using the proper terminology
ensures that the proper methods are used to achieve the
desired results.

2.7.2.2 Plant selection

Plants selected for use in a rain garden should tolerate both
saturated and dry soil. Using native plants is generally
encouraged. This way the rain garden may contribute to urban
habitats for native butterflies, birds, and beneficial insects.

Well planned plantings require minimal maintenance to
survive, and are compatible with adjacent land use. Trees
under power lines, or that up-heave sidewalks when soils
become moist, or whose roots seek out and clog drainage tiles
can cause expensive damage.

Trees generally contribute most when located close enough to
tap moisture in the rain garden depression, yet do not
excessively shade the garden. That said, shading open surface
waters can reduce excessive heating of habitat. Plants tolerate
inundation by warm water for less time because heat drives
out dissolved oxygen, thus a plant tolerant of early spring
flooding may not survive summer inundation.

Another plant that works particularly well is bamboo. It has
been tested, and it can clean water 27.6% better than domestic
plants like grass or clovers. Rice, although it is hard to grow
and maintain, works even better.

111 CONCLUSION

Using these methods in smart cities the environment will be
evergreen, the standard of the smart cities will be upgrade on

next level. Pollution can be prevented. Improve air quality and
reduce air temperature. Etc.,
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