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Abstract
The future is urban and it is projected that by 2030, fifty-six per cent of the
population of the developing countries would be living in cities. To satisfy the
overgrowing demand of development natural capital like forests, land and water
are being converted into man made capital which must be conserved. This study
is of Urban Heat Island Effect (UHI) in Guwahati city that is establis?@hin the
North East region of India. The study area consists of the derneath
Guwahati Metropolitan Development Authority. Guwahati onpulation
increase of 8394 in 1891 to of 968549 in 2011.This advance@

altered the land surface characteristics within the city

nization, has

increased the

land surface temperature and thereby the urban hat i

Analysis of satellite imageries were carried out in this study that has disclosed

instant decrease of land cover with a defi increase of land surface
temperature and thereby the urban heat isl ffect from 2001 to 2016. Due to
inadequacy of vegetation, some hot spots o0 ompassing hillocks were known,
the surface temperature of which is as Rig he valley portion of the city.Thus,
in this study an attempt has been m 0 relate variation in temperature for
the selected temporal years. The r this study are taken into account as a
helpful analysis to develop step to nvironmental strategy for Guwahati
Metropolitan Area. The study ad ly focuses on the impact of the expansion
of the town on the forest S in it. To do so, secondary information of
concerning a hundred year; 1911 to 2015) of forests and also the urban
4

growth are analysed.

S
The main target of m%dly is on the Urban Forest of Guwahati, since these
forests on the hill win role by providing rich biodiversity and play an
important role 'Q\Cing the microclimate of a place by sequestering
greenhouse gas emissions, thereby acting as a sink and subjugate the
UHI effect upon the hillocks. It has been seen from literature review that growth of
city typical s place with the conversion of accessible forests areas, leading
to loss of ecological services that the forests give. This study is an attempt to

know urbanization from the ecological footprint (forestry) perspective. The study

shows that enormous forest areas were degraded in urbanization method,
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leading to baring of hills among the Guwahati Municipal Corporation Area, high
surface break out and concrete flooding. The city needs to reduce its UHI effect
as well as enhance its carbon sequestration potential many times to become an

eco-city.

For the study, Vegetation type, Land Surface Temperature a\an Heat
mom, 2011

and 2016 using Landsat 5 ETM+ and Landsat 7ETM+ satelli @ with a spatial

resolution of 30m. Among various strategies to reduce m get “Trees and
d

Vegetation Strategy” has been given more importanc% y.
Geomatics has been used for mapping the clas of vegetation type and
land use classes. The remote sensing of land su temperature, has been

used for retrieving land surface temperatu from Landsat thermal band

Island map of Guwahati City has been prepared for three years%.

data. Based on the analysis it absolutely was n that the city of Guwahati had
the formation of heat Islands and to ad @

green adaptation and mitigation met ha
and site level.

nd scale back these effects proper

been prepared at the regional level
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1. Introduction

1.1 Background

The year 2007 has been described as the tipping point in human history with half
of the world’s population living in urban areas for the first time. Ur@:n in

India has been closely following this world trend. [1]Cities squa sure
thought-about as growth engines. Economic process in urban ar present
near 1/2 India's gross domestic product. While proving to pellers of

economic process on one hand these urban areas show a pagasiti racter on
the opposite hand. Although cities cowl solely two of the emsurface, they
consume 75% of its resources. [2]Quality infrastm@ﬂ the form of
transportation networks, power supply, telecomm networks, housing
infrastructure, modernized medical facilities, Industria res and educational

centres are a pre-requisite for economic growth jg.cities.

Physical infrastructure development draw heavily the natural resources from
within the city limits as well as areas far fr, ies? Urban dwellers play only a

minor functional role within many ‘in city’ osystems, but they are virtually

the sole macro consumers in vast area land, pasture, and forest outside

the city, scattered all over the world. many wastes generated by people

in the city are injected into the gl

ultimately the oceans — for procei&

The growing method of urb@ puts pressure on natural plant cover and

increases the greenhouse @ misions (GHG) in the region through vehicles
[ ’
e ea

and businesses. As ar storage capacities and construction, also the

ons — the atmosphere, rivers, and

temperature of autom aste heat and distinct enterprises (ATu-r) between

urban areas and in aphic area outside the urban core is greater. So most
areas of human sn such as cities are characterized by closed isotherms
indicate a surfa canthat is relatively hot. This method is accepted as an urban
heat islan I—Ge size of ATu-r is greater at midnight, under a clear sky and
very limited windy The distinction between urban and rural sites grows over time
as the sunset'and reaches a greater distinction when it comes to four hours (Mills
2004).

In India, many metropolitan cities have also experienced UHI in this decade

(Deosthali, 2000, Amirtham et al., 2005 and Badrinath et al., 2005). Recently,
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estimation showed that Kolkata has lived its hottest on December 17™ in 2009
with 19.4 ° C of minimum temperature (Bhattacharyya, 2009). Like Kolkata,
Guwabhati, the largest city in northeast India, has also experienced its hottest
year in 2009 ("the hottest year in cities since 1950", 2009). Guwahati as a
gateway to northeast India, characterized by a modification &existing
modification in the previous two years. Guwahati populationw

809,895 in 2001 to 963,429 in 2011 with an increase in po

3736 inhabitants per km2. To 4445 per square kilometer. (Ce

The rapid pace of urbanization has its impact on plant cn

atmosphere within the city. Q

During the last decade, the economic activities i@town were accelerated.
Industrial institution and concentration of recent corpOrations had modified the
economic state of affairs of the town within t?g of the twenty first century.
The development of recent highway fro ukRari to Khanapara brought major
land use amendment within the areas adjacent to the standard downtown
centers. The high-speed transit invi ndustries, establishment to line up
their buildings aboard the highway, mat were earlier inexperienced belt or

wetlands. Thus, the urbanizatio

ed from
density of
f India, 2011).

therefore the

hethod inside the town has accelerated at a

high rate than ever before. The e of human settlement is felt over the

reserve forest, hills and urb r , therefore the inexperienced belt areas of
the town. Q
In this paper, an effost h made to analyse the impact of Urban heat island

effects on the ther&\tting of Guwahati City over the past fifteen years.

Quantitative remoteNgensing techniques are adopted to analyse the results of
urban heat isla ectland its possible reduction strategies using vegetation i.e

conservation o rban forests within the hills of Guwahati City.

C)O
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Various definitions:

Urban heat islands are umbellate domes of comparatively warm air emanating
from the urban material of concrete and steel (Ford, 1979).

Urban heat island (UHI) could be a reverse oasis: wherever cities’ air and surface

temperatures are hotter than their rural surroundings (Gartland, 2008):

Temperatures area unit usually considerably higher in cities than | @ttings,
creating these seasonal changes significantly dangerous fo y’s Urban
populations. Referred to as the Urban Heat Island impact (Akk a D00).

iveWwill increase in air

temperature in urban regions relative to the encompas @ iral regions, referred

N

The urban engineered atmosphere contributes to

to as the urban heat island (Howard, 1833). Although heat islands could kind on
any rural or geographic area, and at any spatia murbanised cities area unit
favoured, since their surfaces area unit a unleash giant quantities of

warmth.

The UHI negatively affects not sole@ents of urban-related surround,
however conjointly humans and thgir @ssaciated ecosystems set secluded from

cities. Small urban heat islands: wn with urban hot spots as poorly
i

Micro urban heat islands: a owerfully plagued by small climate factors,

vegetated parking heaps, non-re fs and asphalt roads.

so remotely detected kno area unit a lot of appropriate than part

knowledge for distinctiv&l&

Urban heat sink: conjolhtly known as negative heat island. It's the expression of
a town colder th heify country sides. There are a unit few references
concerning this dQnent. Heat sinks are discovered in cities with temperate,
tropical, semi- arid climates, and principally throughout the daytime.

ir

UHIs aref’'ind y associated with global climate change thanks to their

contributi atmospheric phenomenon, and thus, to warming.
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1.2 Facts and Assertions

Urban heat islands are generated by factors which may be classified as controllable
and uncontrollable (Rizwan et al., 2008). It's unattainable to mention that of these
controls is the most significant in UHI formation as every city is exclusive and

Long-te era-
ture recor e re-
veal the influ-

therefore the controls can differ in contribution in each case.

P e | s e e o« s s o | e s S f - 1

i i

I - |

| 4 IMPERVIOUS SURFACES ™= § EVAPORATIVE COOLING | Co
enc nization

: SEVEGEEATION, 1 : 0 nviron-

? 4 HEAT ABSORPTION TEM';?‘I‘;\ITURE | ot only con-

| $ ALBEDO [ o large cities

I

I

cted in cities with

4 RADIANT HEAT
so have been de-
e
4 WASTE HEAT PRODUCTION =
3 £ CARS AND BUILDINGS ~ mmp | % pulation less than
ratures Yea

10,000.

Figure 3: Model of the processes driving the enlarged tempe ding to the UHI effect

1.2.1 Causes of Urban Heat Island Effect

G,

Over the past decade UHI presence ha en studied and documented in

several cities around the world. As they namg suggests, the cause of this
phenomenon is an urban landscape i eral, there are several bio-physical
factors that contribute to its presenc ad.

Weather:

Weather systems UHI effects haK relationship with weather parameters

such as wind and cloud.
Size and spread of urban s@
City forms such as size, g »

4
spaces define UHI effect

Geography:
The physical, hunﬂi environmental geography of a city including
topography, rura undings and climate are some of the parameters

considered.

1.2.2 Impacts of Urban Heat Island

Increased energy consumption:

Elevated summertime temperatures in cities increase energy demand for cooling.
Research shows that electricity demand for cooling increases from 1.5-2.0% for

every 1°F (0.6°C) increase in air temperatures, starting from 68 to 77°F (20 to
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25°C), suggesting that 5-10% of community-wide demand for electricity is used
to compensate for the heat island effect.

Urban heat islands increase overall electricity demand, as well as peak demand,
which generally occurs on hot summer weekday afternoons, when offices and
homes are running cooling systems, lights, and appliances. Durin treme heat
events, which are exacerbated by urban heat islands, the resu mand for

cooling can overload systems and require a utility to institut lled, rolling

1221 Elevated Emissions of Air Pollutants an ;ouse Gases
As described on top of, urban heat islands rai nd for electricity in

summer. corporations that offer electricity usua er fuel power plants to

brownouts or blackouts to avoid power outages.

satisfy a lot of of this demand, that successively results in a rise in air pollutant

and gas emissions. the first pollutants from p ts include:
e sulfur oxide (SO2) z
e nitrogen oxides (NOx) Q
e particulate matter (PM) @
e carbon oxide (CO) and
e mercury (Hg).
These pollutants are harmful health and conjointly contribute to

complicated air quality issues e formation of ground-level gas (smog), fine

particulate, and acid preéigitatiom: exaggerated use of fossil-fuel-powered plants

additionally will increas@ons of greenhouse gases, like CO2 (CO2), that

contribute to world glb\ change.
In addition to their impact’on energy-related emissions, elevated temperatures

will directly increase the speed of ground-level gas formation. Ground-level gas is

presence of da ‘
(o

additignal gr@und-level gas can form because the atmosphere becomes sunnier

created when

and) volatile organic compounds (VOCs) react within the

and weather condition. If all different variables are equal, like
the extent @ ursor emissions within the air and wind speed and direction,
and wa

1.2.2.2 Compromised Human Health and Comfort

Increased daytime temperatures, reduced nighttime cooling, and higher pollution

levels related to urban heat islands will have an effect on human health by
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conducive to general discomfort, respiratory difficulties, heat cramps and

exhaustion, non-fatal heat stroke, and heat-related mortality.

Heat islands may exacerbate the impact of heat waves, that square measure
periods of abnormally hot, and sometimes wet, weather. Sensitive ulations,
like youngsters, older adults, and people with existing health condmsquare

measure at specific risk from these events.

Excessive heat events, or abrupt and dramatic temperatur incLease, are
significantly dangerous and might lead to above-average of mortality. The
Centers for sickness control and interference estim from 1979-2003,
excessive heat exposure contributed to quite eight, ature deaths within

the u. s..3 This figure exceeds the amount of mortalities ensuing from

hurricanes, lightning, tornadoes, floods, and earv combined.

1.2.2.3 Impaired Water Quality

High pavement and rooftop surface temp s will heat stormwater runoff.
Tests have shown that pavements tha’mt 100°F (38°C) will elevate initial
rain temperature from roughly 705 °@)4to over 95°F (35°C).4 This heated

storm water usually becomes run ains into storm sewers and raises

water temperatures because it isfrge treams, rivers, ponds, and lakes.
Water temperature affects a@ of aquatic life, particularly the metabolism
and reproduction of the m atic species. rapid temperature changes in
aquatic ecosystems ens i% heat stormwater runoff may be significantly
disagreeable, even fatai@tlc life.

1.3 Significan %

Increase of land Q temperature could be a prolonged period of overly hot

weather that i e midst of high humidness, particularly in oceanic climate

countries<c Thezerm is applied both to routine weather variations and to

extraordin lIs of heat, which can occur just one occasion a century. Severe
heat waves have caused harmful crop failures, thousands of deaths from
physiological state, and widespread power outages because of enlarged use of
air conditioning. A heat wave is taken into account extreme weather and a danger

because of heat and sunlight might overheat the human body.
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1.4 Study Area

The proposed study incorporates the Guwahati Municipal Corporation Area of
Assam as the study area. The hills and forests within this boundary have been
taken into consideration for the present study. GMC covers an area of 216 km?
under its jurisdiction and it is divided into 31 municipal wards. \

Guwahati is the business hub and largest city of Assam and North E@s is also
the biggest commercial, industrial, educational and health centr, region.
The urban area is around 262 sq.km and has a population th 12 lakh

(Census of India, 2011).

The city enjoys a sub-tropical with semi -dry summer &

annual rainfall ranges from 1500 mm to 2600 mm.
district is 75% and the maximum and minimum temperature ranges from 38.5° C

during summer season and 7° C during winter s

Guwahati B

To Tinsukia

Brahmaputra River

To Sonapur

Legend
Roads
type

To Shillong NH3?

[To Palasbari
—— primary
road
—— secondary
- Forest
(227 wards
Railways
e Existing GMA Boundary
wwsw GMC Boundary
== Proposed GMA Boundary

Brahmaputra

Figure 7: Guwahati Planning Area
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1.5 Aim

Conservation of Urban Forests for reducing the impacts of heat island effect in an

urban area.

1.6 Objectives \

1. To explore the linkages of urban forest and UHI.

2. To analyse the existing condition of the urban forest a effect in the

study area
3. To identify and propose appropriate conservation res for reducing
UHI in the study area.

1.7 Outcome of the study Q

e Comprehension of connection among etation and to the land surface
temperature and effects of urban heat i d (UHI)

e Provide suitable mitigation mea @ o overcome the urban heat island

(UHI) Impact. %

1.8 Scope and limitation

¢ Un-accessibility of high de w pictures for mapping all the categories of
UHI.

¢ Un-accessibility o@a satellite Imagery.
1.9 Study Metim@

The above objectivegiare achieved with the guide of a diagram, which depicts the
framework of this stlidy, So the case will be focused on the literature study which
concerns with j as temperature of Guwahati city and mapping of land

surface tempe

Study gmethadology is accomplished by literature review of objective 1, which
relatese urhan forest and UHI and analysing objective 3 for proposing strategic

measures for implementation of the proposals.
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METHODOLOGY

Need Identification

Formulation of Aims and Objectives

Identification of scope and Limitations

Indicators: =5  Sources:

]
1. To explore the linkages of Urban Forest and UHI on the selected urban area.

* To study the =

urbanization and Secondary Data analysis

=% Tools and Techniques
Secondary Data

Expea@e:

ecos.ystem *Seuji Prakalp * GIS and Remote . ity decline
services of e Project, Sensing. in osystem
Guwahati City p 8' pny, 2 Guwahati, *Carbon Footprint
ecological footprints, -
4 Assam Forest hati city forest
carbon footprints, Department ion/footprint
forest footprints and P Staation 2

UikiAnigrowth *Master Plan

GMDA
* To study the = Indicators: =5  Sources:
changing urban Secondary Data analysis ~ Secondary Data

landscape and

UHI in' Guwahati * Rate of urbanization

* Landuse/landcover

*Effect on the T
vegetation cover Heat IsBndsdfd
*Thermal environment tz:‘nd e

of Guwahati City

* Urban Heat =)
Island study for
Guwabhati City

Indicators: = 3
ta

Secondary Data analysi a
. nces
: sus of India
Temperature an
Y ; (2011).
humidity, rainfall, win :
Impact of rapid
urban rura

s

temperature di

com;ﬂr i ; :
o 3 oisture islands
P inPune City
measu ts §
vezetatll an *Summertime
veg te rfaces Uguihisat
€ Island study for

Guwabhati City

S

* References rop

Census of Indi

(2011).

o Mappln nd Surface
Micro-

== Tools and Techques
change
wi ference to
d Master

Temperature
Mapping.

* GIS and Remote
Sensing.

=% Tools and Techniques

* urban-rural
difference method,
* city traverse
method or remote
sensing

* comparative
temperature
measurements of
vegetatedand non-
vegetated surfaces

Figure 8 : Study Methodology Part 1

*Guwahati city built up
growth (1911-2015)

Expected Outcome:

* Land use and land
cover change in
Guwahati.

* Built Up areas on
Green Belt and Eco-
Sensitive Areas

Expected Outcome:

¢ Diurnal temperature
range and UHI

* Urban canopy layer
of Guwahati City

* Rate of change of
temperature in
Guwabhati City
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To analyze the existing condition of the UHI effect in Guwahati City.

o= Indicators: =5  Sources:

* To analyze the
temporal changes

Secondary Data analysis

== Tools and Techniques
Secondary Data

in Vegetation +  Satellite imagery

(Years 2001,2011 &
2016) *USGS Earth
. Spectrlal B.and Explorer —
Combination

attainment of

* Band Composite sattelite image

* NIR band and Red
Band

=) Indicators: =%  Sources:

Secondary Data analysis

* To analyse the
land surface
temperatures for

—three temporal * Satellite image
years 2001, 2011 * Thermal Band
and 2016 . ND\{I «USGS Earth
* Radiance Explorer —
» Sattelite brightness p.
attainment of
emperatre sattelite image
* Proportion of g
vegetation

*  Emissivity

To identify appropriate conserg@ati

« To study = Indicators: = ur
various aspects of | Secondary Data analysis ry Data
trees and
vegetation that R
helps to cool :
urban climates. * Shading o
L Evapotransplra s
rategies
Trees and
Vegetation
* To study * Q
various aspects of \ Reducing Urban
Urban Forestry * Tree gggtecti Heat Islands:
Initiatives Compendium of
Strategies
Trees and
Vegetation

Figure 9:

Secondary Data

* Arc GIS and Remote
Sensing.

* observation of the
distinct colors
(wavelengths) of
visible and near-
infrared sunlight
reflected by the
plants.

= Tools and

temperatures

=% Tools and Techniques

1. Leaf Area Index
(LAI)

2. Fractional
Vegetation Index
(FVC)

* Research

* Voluntary efforts

* Incentive programs
* Policy efforts

Study Methodology part 2

Expected Outcome:

* NDVI map (Years
2001,2011 & 2016)
* NDVI Index —

NDVI = barren

| 0oCKy outcrop
0.3 = shrub

nd

DV/I> 0.6 = tropical
rainforests

Expected Outcome:

* Land Surface
Temperature Map for
three temporal years
2001, 2011 and 2016
* Analyzing generated
UHI maps in various
location within the
city.

easures for reducing UHI in the study area.

Expected Outcome:

* Tree canopy cover -
that characterizes
plant canopies also.

* Urban forestry
conservation
strategies and
programs
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2. LITERATURE REVIEW

2.1 General characteristics of urban heat islands

Although there are many other factors that affect UHI, deforestation and
conversion of waterproof permeable ground surfaces (which do not return water
to the atmosphere and interrupt the climate cycle) are some oNajor

contributing factors that greatly contribute to UHI.

2.1.1 Role of Land Surfaces ’_Q/Q

Adjusting the urban atmosphere is the result of populatio ergence, the

development of space beneath and above ground, an altération of Earth's
surface materials, and alterations or changes in soj kinner, 1999 and
Kalnay 2003) estimated literature that in the last 50 in the United States

due to the Earth's surface coverage has increa to 0.27 ° C, which is at least

twice the previously estimated temperature ( ma, 2003). Also observed

similar impacts of LULC coverage chap@ on YAustralian Earth's surface

temperatures. Overall, these research explain that the Earth's surface
temperature change of 1.67° C - 2.22 ° mer and LST case upto 5.7 ° C
in case of winters in the urban a city compared with Surrounding

countryside.

Similarly, other literature ha@lained the impact of Urban heat islands

(UHI) variations in terms of ir thermal properties. For example, in northern

@

China, the effects of garbage
OCd

oil cover (ie, conversion from arable crops and

§
roads) to thermal capacity dlbedo and thermal conductivity of its surface,

explained by (Zeng, . Together, these literatures explain that building

materials in cities a tation have a very important role in reducing surface

temperature and io of solar radiation and again the energy-re-radiation

of the atmosp Which results in an increase in the Elevation of surface
temperatur, [, local albedo, and thermal conductivity impacts at local,
national, @and global levels.

In large cities such as London, Japan, Germany, Hong Kong and Hokkaido
(Clarke 1972 Shudo 1997 Giridharan 2004 Blankenstein 2004 Chandler 1968)

undergoes diversity, variety of composition, patterns and extension in the ground
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space covers in urban areas. Revolutionary research Chandlers has been
supported by work on local air change Louis-Missouri for Tucson, Arizona and in-
depth research also verified Chandler's statements on the impact of soil
waterproofing or the impact of paved surface and heat Residual from the heat
island intensity and the heat of the urban surface, and to some nt all of the
variables mentioned above contribute to increasing the % surface
temperature on the cities. Additionally, according to (Qu 1998), the
difference between urban and extra-urban environments antion of the
S

surface structure that randomly affects relatively different ¢ @ \ these areas.

Literature that isolates the impact of LC's heterogen n heat, energy and
movement globally, regionally and locally in the climate tem, which is mainly

’@ 2an surface. However,
studies at various scales have shown collectively that cities in relation to their
impact on both local and regional climates a nolithic pavement surfaces
(Quattrocchi, 1998).Therefore, the islan th is basically the result of the

variation of the surface of the earth aff the overall thermal budget of urban

space. @

2.1.2 The Role of Water

Water is also another importa

surface atmosphere its mom'
.

urban heat island and a t of that part of solar energy absorbed by the

limited because about 70% of the homogené

r the UHI, since from its surface and

an important management effect of the

regenerator Surface in t energy. That is, the energy used to evaporate
water or sublimate /&m ) cannot be used to increase the temperature as
"sensitive heat". Sing€ evaporation is only the process that is the element of each

energy balance equation“and therefore the water balance equation.

Many Iiteratuchn it have analysed the role of the hydrological cycle and

localization @ e, such as Israel, Mexico, and these studies recommend that
energy involved in latent heat depends on the supply of water in

that area arry out the process Of evaporation.

2.1.3 The Role of Vegetation
The vegetation is another factor that corresponds to the thermal, humidity and

surface of the radioactive soil to alter the temperature of the Earth's surface
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(Weng, 2001) properties. While the climate has a leading management on the
spatial distribution of the main vegetation varieties on a global scale, vegetation
coverage affects both the regional and native, i.e. microclimate, by altering the
physical characteristics of the soil and as a result plants remove water from the
soil through sweating so vegetation has also proven to be economical%e,increase
conversion of incoming energy into thermal energy and reduce he@ﬁace,

and as a result of this plant coverage may be difficult in urban de ent. It is
recommended that cities set a target of 40% overall which is lent to 20
large trees per acre. O

But, vegetation has its impact on native urban alternatives as the reduction

of national requirements for heating and cooling n tion, filtration of
pollutants and rainwater management. For exampl@case of Atlanta, the
loss of 60% of natural plant cover over the past 20 years has caused a $ 2 trillion

increase in rainwater management.
In the centre, it was established that a 40% t er district might reduce SW

outflow, considering 60% more than the

ourhood, but not the trees. The
increase in plant cover will have its po ts on wind and rain models in
urban areas that could affect their t properties. Very few analyses

quantified these interrelations.

2.1.4 Urban Heat Islands, Cli ge, and Global Warming

Urban heat islands consult i elevated temperatures in developed areas
compared to additional ruralgsu ndings. Urban heat islands square measure
caused by development a fore the changes in radiative and thermal
properties of urban infra Me ikewise because the impacts buildings will wear

the native micro-climate=:fofeexample tall buildings will slow the speed at that cities

cool off in the dead
geographic locatio @

0 . Heat islands square measure influenced by a city’s

by native weather patterns, and their intensity changes on a

daily and seaso@&

The warmjm@ th sults from urban heat islands over little areas like cities is
associate \fexample of native temperature change. native climate changes ensuing
from urban h islands essentially disagree from international climate changes in
this their effects square measure restricted to the native scale and reduce with
distance from their supply. international climate changes, like those caused by will
increase within the sun’s intensity or gas concentrations, aren't regionally or

regionally confined.
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Climate amendment, broadly, refers to any important amendment in measures of
climate (such as temperature, precipitation, or wind) lasting for associate extended
amount (decades or longer). temperature change might result from:

e Natural factors, such as changes in the sun’s intensity or slow changes in the

Earth’s orbit around the sun
e Natural processes within the climate system (e.g. changes in oml culation)

e Human activities that change the atmosphere’s composition WbUrning fossil
fuels) and the land surface (e.g. deforestation, reforestation; banization).

Q

The term temperature change is usually used int angeably with the term

.
warming, however consistent with the National Ac ciences, “the phrase

\'@ warming’ as a result of

it helps convey that there square measure [other] changes additionally to rising

temperatures.”
Global warming is a median increase wi theytemperature of the atmosphere

i
close to the Earth’s surface and within Qest layer of the atmosphere, which
0

might contribute to changes in interpati climate patterns. Warming will occur
from a range of causes, each natu

o
c S

‘climate change’ is growing in most popular use

human elicited. In common usage,

“global warming” typically refer. rming which will occur as a results of
exaggerated emissions of gre ases from human activities. Warming
may be thought of a part of natiefial temperature change in conjunction with

changes in precipitation, Q etc.
The impacts from urban_featNislands and international temperature change (or

international warming measure typically similar. for instance, some
communities might %se longer growing seasons attributable to either or
each phenomena. an heat islands and international temperature change will
each conjointly jagrease energy demand, significantly summer air-con demand,
and associate tion and gas emissions, betting on the electrical system
power fuel e.

Strategies t@ scale back urban heat islands—the focus of this document,
Reduc an Heat Islands: Compendium of Strategies—produce multiple
edges together with lowering surface and air temperatures, energy demand,
pollution and gas emissions. Thus, advancing measures to mitigate urban heat

islands conjointly helps to handle international temperature change.
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2.2 Urban Heat Island and Urban Forests

Shade trees and smaller plants such as shrubs, vines, grasses, and ground
cover, help cool the urban environment. Yet, many U.S. communities have lost
trees and green space as they have grown. This change is not inevitable. Many
communities can take advantage of existing space, such as grass barren

areas, to increase their vegetative cover and reap multiple benefits. @are as

per EPA Compendium of Strategies. Q

2.2.1 Possibilities to Expand the Use of Urban Trees and ation

Most U.S. communities have opportunities to increa?e of trees and
vegetation. As part of the U.S. Environmental ProtectigfWAgenfey’s (EPA’s) Urban
0@ aboratory conducted

analyses to estimate baseline land use and tree cover information for the pilot
program cities. Figure 10 shows the percentaWetated and barren land
cover in four of these urban areas. The high entage of grass and barren land
cover show the space potentially available dditional tree canopy cover. The
statistics do not show the loss of d@etated cover as cities expand,
however. For example, a 2005 report estim that Houston lost 10 million trees

per year from 1992 to 2000.

Heat Island Pilot Project, the Lawrence Berkeley Na

30

M Grass
H Trees

1 Barren

Land Cover (%): Above the Canopy

hicago Houston Sacramento Salt Lake City
Figure 10: Land Cover Statistics for Various Cities
Source: EPA Compendium of Strategies
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2.2.2 How It Works

Trees and all vegetative cover alleviate cooling of the urban climate through

Shading: @
Leaves and branches cut back the number of radiation thq s the area
a

shading and evapotranspiration.

below the cover of a tree or plant. the number of daylight tra d through the

cover varies based on plant species. within the time of ye ten to 30 %

of the sun’s energy reaches the area below a tree, wit rest being absorbed
by leaves and used for chemical process, and a few,b mirrored back to the
atmosphere. In winter, the vary of daylight tr through a tree is far

wider—10 to eighty percent—because evergreen and deciduous trees have

totally different winter foliage, with decid s losing their leaves and
permitting additional daylight through. Fo e: Chandigarh, one among the

planned and trendy cities of India, has hirty-five maximize its geographical
region underneath urban forest, creatingg among the greenest cities of Indi
(FSI12009).

R ) S S ) S — S S_— - ——

SEER 5 ] e

e

Figure 11: View of Chandigarh City
Source: RSPCB Occasional Paper
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Figure 12: Tree canopies, such as the deciduous trees ar® is home in Virginia, can block much of the
sunlight from reaching th :
Source: EPA Compeéndi f Strategies

Shading reduces surface temper sYbelow the tree cover. These cooler
surfaces, in turn, cut back the itted into buildings and also the
atmosphere. as an example, ispfonth study measured most surface

NO to 45°F (11-25°C) for walls and roofs at
ined the results of vines on wall temperatures
(20°C).5 a 3rd study found that tree shading
parked cars by about 45°F (25°C).

temperature reductions startin

two buildings. Another study &

and located reductions gf u
reduces the temperatur({' e
Evapotranspiratio %

Trees and vegetanorb water through their roots and emit it through their
leaves—this m ent¥f water is termed “transpiration.” an oversized tree, as

anspire 40,000 gallons of water per year; associate degree

acre of con will franspire three,000 to 4,000 gallons every day.7 Evaporation, the
conversion of water from a liquid to a gas, additionally happens from the soil
around vegetation and from trees and vegetation as they intercept rain on leaves
and alternative surfaces. Together, these processes square measure brought up

as evapotranspiration.
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Evapotranspiration cools the air by using heat from the air to evaporate water.

Evapotranspiration, alone or in combination with shading, can help reduce peak

summer air temperatures.

TREE (L rdoncereticted <o, prste sl SR Trees and different massi getation
i also can serve as wind or wind
shields to scale bac nd speed

within the neighbour buildings.

) B Within the % the impacts are
STREET i, e positive ap@¥negative. Within the time

Complex urban
forest habitat for
Pedestrian human biodiversity
thermal comfort

shaded buildings

@ ing wind speeds,
significantly cold north winds, will offer

runoff reduction and
water quality

subs ergy edges.

WSUD = Water Sensitive Urban Design
Increased urban forest canopy can:
Cl I Y reduce the urban heatisland
«reduce urban particulate pollution
' «reduce runoff and increase infiltration
‘ |
o II I !

Figure 13: Trees and Vegetation dsn context to urban heat island

Source: E endium of Strategies

Peak air temperatures i roves that are 9°F (5°C) cooler than over open

Various studies have me% following reductions:
eg

terrain.
. . . 0
Air temperatures o d agricultural

Fields that are 6° ) cooler than air over bare ground.

Suburban area!%mature trees that are 4 to 6°F (2 to 3°C) cooler than new
suburbs with .

Tempera grass sports fields that are 2 to 4°F (1 to 2°C) cooler than
ovebDareas.
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Evapotranspiration

Transpiration

Stomata

Evaporation

Figure 14: Plants take water from the ground through their roots and.e i through their leaves, a
process known as transpiration. Water can also evaporate from t €y, such as the stalk, or
surrounding soil.

Source: EPA Compendium of Strate

strategic locations around buildings. Res hers have found that planting

2.2.3 Trees and Vegetation in the Urban Lan%

Trees and vegetation are most helpful as Q’ga n strategy once planted in
deciduous species to the west is oftenfbe cooling a building, particularly if
these trees shade windows and a pa h ilding’s roof. Shading the side of a

structure additionally reduces air ¢

Planting trees to the south typmowers season energy demand, however

should be done fastidiously™€&ckoring on the trees, the building’s height, and
therefore the distance bet e trees and a building, trees could also be
prejudicious to associafe Qnergy potency strategy if they block helpful
alternative energy with'%winter, once the sun is low within the sky, while not
providing abundant s@roughout the summer, once the sun is high within the

sky. Q

Shading pave parking tons and on streets are often a good thanks to
facilitate €ool aSeommunity. Trees are often planted around perimeters and in

medians parking tons or on the length of streets. Strategically placed
shade trees can also profit playgrounds, schoolyards, ball fields, and similar open
areas.

Trees are the sole vegetation possibility. There are a unit several areas wherever

trees either do not work or grow too slowly to be effective over the short term,
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during which case vines may match higher. Vines want less soil and area and
grow terribly quickly. Vines full-grown on the side of a building, as an example,
can shade the outside wall and scale back its surface temperature, so reducing
heat gain within the building. The vines can give some air cooling advantages

through evapotranspiration further.

) Block winter winds

" with evergreen trees
o ‘

|

Figure 15: Picking the right trees and
shade buildings
Source: EF

inds throughout the year.
pendium of Strategies

2.2.4 Benefits and Cos

The use of trees an ation within the urban setting brings several
L 4 .

advantages, as well energy use, reduced pollution and greenhouse

emission emission tection from harmful exposure to ultraviolet (UV) rays,

attenuated stor runoff, potential reduced pavement maintenance, and

ife advantages. At the same time, communities should
additionally thimk abgut the prices of associate degree urban biology program and
any po timative impacts of accelerating tree and vegetation cover. The
subseguent Sections address these advantages and prices in additional detail.
Section dozen of this chapter summarizes software system tools that
calculate the vary of potential advantages from urban tree and vegetation
initiatives.
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224.1 Benefits

Reduced Energy Use - Trees and vegetation that offer direct shading scale back
energy required to cool down buildings. Advantages vary supported the
orientation and size of the plantings, further as their distance from a building.

Giant trees planted near the side of a building can typically offer la cooling
energy savings than alternative plants.

The examples below from a variety of studies highlight cooling r-round
energy savings from trees and vegetation.

e Joint studies by the Lawrence Berkeley National Lahor, BNL) and also

aried numbers of

the buildings’ energy

use.12,13 The cooling energy savings ranged between”7 and 47 percent and

were greatest once trees were planted to the v southwest of buildings.

e A Agriculture Forest Service study inv ted the energy savings ensuing
from SMUD'’s residential tree planting pr . This study enclosed over 250
program participants within the capital California, California, area, and

calculable the impact of recent thees planted around homes. a median

of three new trees were plant ten feet (3 m) of every house.15

Annual cooling energy saving r
use slashed by virtually Z%e. The trees provided web winter edges as
|

a result of the positive wi ing impact outweighed the negative impact of
superimposed shade.b\

. Another LBNL st imulated the results of trees on homes in numerous

70 per tree, and annual heating energy

communities throu t the us. forward one tree was planted to the west and
another to the sou house, the model expected that a 20-percent tree cover
over the housld ead to annual cooling savings of 8 to 18 percent and
annual h@vings of two to 8 percent.16 though this explicit model enclosed
edges fro s planted to the south of a building, consultants typically
recommend planting to the west and east of buildings, taking care once planting

to the south to avoid block desired star heat gain within the winter.
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Reduced Air Pollution and Greenhouse Gas Emissions —

In addition to saving energy, the use of trees and vegetation as a mitigation
strategy can provide air quality and greenhouse gas benefits:

e Leaves remove various pollutants from the air, referred to as “dry deposition”

e Shade trees reduce evaporative emissions from parked vehicles
e Trees and vegetation remove and store carbon (D
e Trees and vegetation reduce greenhouse Gas emissions f er plants by

.
reducing energy demand. Q

Researchers have investigated the potential for anding urban tree and
vegetative cover to address air quality concerns ground-level ozone.
One study predicted that increasing the urban f New York City by 10

percent could lower ground-level ozone by about 3 percent, which is significant,

particularly in places needing to decrease e o meet air quality standards
for this pollutant. Q

Pollutant Removal through Dry Defosii

Plants usually take up aerosolised pollu , primarily through leaf stomata, that
then react with water within t te create acids and different chemicals
Plants may intercept material a ents blow particulates into contact with

the plants’ surfaces. Some% es are absorbed into the plant whereas
others adhere to the @wherever they will be suspended into the
d

atmosphere by winds or off by rain to the soil below. These processes
will scale back numerqu nts found within the urban atmosphere, together

with material (PM), xid@s (NOX), gas (SO2), carbon monoxide gas (CO), and

ground-level gas 505

Various studi ve documented however, urban trees will scale back
pollutants. @ 6 study estimated total annual air waste product removal by
urban frees within the United States at 784,000 tons, with a price of $3.8 billion.
The st geted solely on deposition of ground-level ozone, PM less than 10
microns in diameter (PM10), nitrogen dioxide (NO2), SO2, and CO. Although the
estimated changes in local ambient air quality were modest, typically less than 1
percent, the study noted that additional benefits would be gained if urban

temperature and energy impacts from trees and vegetation were also included.
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Reduced Evaporative Emissions. Tree shade will keep parked cars—
particularly their gas tanks—cooler, that lower evaporative emissions of volatile
organic compounds (VOCs), a vital precursor pollutant within the formation of
ground level gas. Most massive urban areas have a good range of management
programs to scale back these emissions, and tree-shading progra ay be a
part of those ways. as an example, one analysis expected that@ehicle
evaporative VOC emission rates throughout state capital County educed
by 2 percent per day if the community accumulated the tree cerr parking

tons from 8 to 50 percent.

Carbon Storage and Sequestration. As trees grow, ﬁway carbon from
the atmosphere and store, or sequester, it. As tree posit litter and dust

on the bottom, carbon is discharged to the atmosphere or‘transferred to the soil.
The net result of this carbon cycle could be a s | level of carbon storage
in trees, vegetation, and soils. The net rate bi sequestered by urban trees
within the continental United States in 200 timated to be around twenty four

million tons per annum (88.5 million tonsy).

S,

Improved Human Health. By red pollution, trees and vegetation lower

the negative health consequencesyo ir quality. In addition, similar to the

benefits of cool roofs, shade tre

help lower indoor air tem@ and minimize the health impacts from
summertime heat waves.

A third health benefit.f% and vegetation involves, reducing direct

2duce heat gain in buildings, which can

exposure to UV rays. ThHe suf¥s UV rays can have adverse health effects on the

skin and eyes. High levels of long-term exposure to UV rays are linked to skin
cancer. The shad ovided by dense tree canopies can help to lower UV
exposure, althoquhould not be considered a primary preventive measure.

Enhanced” St water Management and Water Quality. Urban forests,
vegetatio soils will cut back stormwater runoff and adverse impacts to
water resources. Trees and vegetation intercept precipitation, and therefore the
exposed soils related to plants absorb water that may be returned to water

systems or employed by plants. Precipitation interception works best throughout

tiny rain events, that account for many precipitation. With massive rainfalls that
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continue on the far side an explicit threshold, vegetation begins to lose its ability
to intercept water. Further retention of rainwater varies the extent and nature of
the urban forest community. Throughout the summer, with leafy trees,

evergreens and conifers in places have been found to intercept over 35% of the

precipitations that hit them. \
Reduced Pavement Maintenance Costs. (D

Tree shade can cut back the deterioration of street pavemQxe field study
compared pavement condition knowledge supported @ pletely different

amounts of tree shade.30 The study found that sl% acing prices on a
o

residential street can be reduced by about 15 to 86, %,%ounting on the sort of

shade trees used. though the particular prices a @ ntages can vary based

on native conditions and paving practices, the study”suggests that pavement
maintenance advantages are another are k about in evaluating the
potential advantages of a street tree prog

Enhanced Quality of Life. Trees apd v, ion will give a variety of quality-of
life advantages. Adding trees and veg on to urban parks, streets, parking

heaps, or roofs will give surroundi irds, insects, and different living things.

A well-placed row of trees a will cut back urban noise by 3 to 5

decibels, while wide, dense% ature trees will cut back noise by doubly

that quantity, which migq Ce?ble noise reduction from effective main road

barriers. Urban trees andmye@etation are coupled to reduced crime,32 accrued

property values, an&@sychological and social advantages that facilitate
&

decrease stress and sive behaviour.

2.24.2 C

The primary ssociated with planting and maintaining trees or various
vegetation @ ce buying materials, initial planting, and on-going maintenance
like p@pest and welfare management, and irrigation. Various costs

embra ram administration, lawsuits and liability, root harm, and stump
removal. However, as the following section indicates, the benefits of urban trees

nearly perpetually outweigh these costs.
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Benefit-Cost Considerations

To help communities confirm the worth of investments in urban trees and
vegetation, teams have developed tools to quantify the worth of trees (see
Section 6). These tools consider the total range of urban forest advantages and
prices, like energy savings in buildings, air quality enhancements, m water
retention, property worth will increase, and also the worth of mulch%wood
recovered throughout tree pruning and removal. Some tools additi ly track
greenhouse emission emissions or greenhouse gas reduction. ols weigh

these advantages against the prices of planting, pruning, wa and different
al to notice that

maintenance throughout a tree’s life. In calculating benefit I
trees grow slowly, therefore it should take as longga years for a few

’oo gt. When 15 years, an

advantages from trees, like energy savings, to require

average tree typically has matured enough to supply the total range of

advantages.

90.00

Benefits
B Property Value
B Stormwater
B Air Quality
dco,
OEnergy

80.00

70.00+

60.00+

Costs
B Other Costs
HInfrastructure & Liability
OPruning, Removal, & Disposal
OPlanting

50.004

Dollars

40.004

30.004

20.001

10.00

0.00
Berkeley, Glendale,
ND CA AZ

Ft Collins, Cheyédiine,
co

| Annual Benefits versus Costs (Per Tree)

Fig T
Sodre: EPA Compendium of Strategies
2.3 Oth Q

s to Consider
2.3.1 Plamting €onsiderations
At Buildings
To reduce temperatures and cooling energy desires, trees planted for summer
shade ought to shelter western and eastern windows and walls and have
branches high enough to take care of views or breezes round the windows.
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In an urban setting, neighboring buildings, driveways, fences, and alternative
options will build it difficult to follow these tips for planting trees. the subsequent
are the most effective use of trees and vegetation:

e Optimize the shade coverage from trees planted in less favorable locations by
pruning tree branches to a height that blocks the summer sunfshowever lets
the winter sun through.

e Use bushes, shrubs, or vines to shade windows and walls j s wherever
trees will not match. Shrubs and bushes will shade winchwalls without

growing large or tall. Vines grow terribly quickly on vertic @ pverhead trellises

and might be utilized in places with very little accessi a or soil.

e Consider a green or garden roof additionally to%ﬁ' g around a building

Paved Surfaces

Trees and huge shrubbery can also shade ts to cut back their surface
temperatures. Q

Planting trees at regular intervals of tw to forty feet (6 to twelve meters) on

either side of a street (see Figure 1o®e as on medians may be a common

way to offer valuable shading. Trees ma ade the perimeter and interior area of

parking heaps. though end isl afie qusually used for planting trees inside
t

parking heaps, planting strips t

ton shading. \

Some communities haveﬁces that need a particular share of tree shade in
parking lots. as an e’ax is, California, and capital of California each need
50 % of the {parkir&ar |parking ton|car park|park]|lot} to be shaded inside

fifteen years once thSot Is made.

Permeable graQers may offer a number of the heat reduction advantages of
larger plan @ without absorbing area. Grass pavers will replace ancient

pavenients i low-traffic parking areas, pedestrian walkways, driveways, patios,
fire lan alternative paved areas that are rarely used for vehicu- lar traffic.

length of a parking bay will offer larger

Pavers are sometimes prefab lattice structures fabricated from concrete, plastic,
or metal that's specifically designed to let water drain to the soil below whereas
they support pedestrians and lightweight traffic masses.
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2.3.2 Maintenance

Education, skill, and commitment are necessary for planting and maintaining an
aesthetically, environmentally, and structurally effective urban landscape. By
adhering to sensible landscape style and maintenance practices, several
common issues could also be avoided. Native cooperative extensiowces will
offer further data on soil conditions and different necessary concern native
planting guides are typically obtainable from urban biological sci s@%ncies,
utility firms, arboriculture organizations, and plant nurseries. th quent are

@ aphic region,

ler, and a lot of

steps to think about once maintaining trees in associate
serving to vegetation grow quicker and live a extendeg
productive life.

e Choose the proper plants. As a result of trees a gfation that are hardy

enough to survive in a specific climate need very little maintenance,
communities would possibly wish to start o sidering native species.
Alternative characteristics to think about i e:

|Q
— The vegetation has projected height a@ pread

— Size and growth habits of the roots

e needs
It produces
will contribute to ground-level ozone

— Allergens and biogenic emiss

formation.

2.3.3 Safety  J Q

The use of trees and @on around buildings will increase fireplace risks.

Communities, particularly, those in fireplace prone areas, will realize data on tree
a

choice and placem inimizes those risks:

e The National gency fireplace Centre offers suggestions for tree
placement a @ dscape maintenance to avoid losses to wild land fires.

e The Ag<cultu2 Department Forest Service helps owners verify and minimize

fireplace m landscaping via an interactive, graphical tool.
2.3.4 Urban Forestry Initiatives
Communities can use varied mechanisms to extend their vegetative cover. These

efforts embody forming public-private partnerships to encourage voluntary action
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within the personal sector to enacting ordinances. As mentioned within the
chapter “Heat Island Reduction Activities,” communities have already got
developed a good range of voluntary and policy approaches for mistreatment
urban trees and vegetation.

Tree planting programs, used throughout several communities, ally involve

collaboration with non-profit teams and electrical utilities. Some nd urban

forestry program initiatives dedicated to addressing urban lands and
alternative community issues.

In addition, communities have enacted varied ordinancfos er the urban

forest, together with those targeted on:
e Tree protection
e Street trees Q

e Parking lot shade

e General landscaping

2.4 Measurement Techniques arious Forms of UHI

2.4.1 Atmospheric Urban Heat Islgn

Warmer air in urban areas comp t oler air in nearby rural surroundings
defines atmospherically urban . Specialists typically divide these heat

islands into two different types:

Mesoscale o N_ _;_’p_!j___dv_‘(}__ [‘\HS B

— Urban “plume”
-
- Warmar, more P

) polluted urban ﬂm>
i Addition of heatfrom roofs boundary layer

and tops of urban strest
Addition of anthropogenic
~ heatfrom chimneys and -

_;’{_r‘ wents . // :
lll ‘ 'I ~~ Rural BL
| (][] ] Ve Y
. Rural
i
— —_—
Insulated zurfaces Obstructad Addiion of
lead to high wiew of shky: anthropogenic — —
daytime surface trapping of heat, humidity /r
ternperat.ures radiation heat and pollutants. — Winds » -

\ —1 -
sundnn, sufscs 4 f slawed, ’
* ". turbulence N
" - increas ed .:("\3 Tre,

Impermeable surfaces — Irigation of
reduced surface moisture select
and ewvapotranspiration zurfaces

Increase ofstored heat by thermal
properties of urban materials and
increas ed suface area

Figure 17: Different Types of UHI
Source: UETAE, IIT Mumbai
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Canopy layer urban heat island

Canopy layer urban heat islands exist within the layer of air wherever people live,

from the ground to below the tops of trees and roofs.

a) Mesoscale
— - -
-
| I "» //// ‘
PBL 7 |
H /
Y UBL
st |
e ——
Y el W
Rural

i H ;
- /Q
=t Dunilanen. o 'avef/d

-

///;;@-&--L%&
‘O

Mixihg layer

Urban

Figure 18: Different Types of UHI
Source: UETAE, IIT Mumbai

Boundary Layer Urban Heat Island

Boundary layer urban heat islands begin f
and extend up to the purpose wherever urba

atmosphere. This region generally extefid

©

the surface.

2.4.2 Studying the Effect of UHI

The earlier studies used the una

the earth science data that g
Thermometer networks wit

the surface for the regi

e prer side and treetop level

dscapes no longer influence the

ore than one mile (1.5 km) from

activity using the knowledge procured by
sed observations taken from are mounted
itation that it cannot give the continual info of

y. With the appearance of thermal remote

sensing technology, re observation of UHIs became possible using satellite
and aircraft platfor have provided new avenues for the observation of
hei

feet through the mix of thermal remote sensing and

UHIs and the stu
concrete micro gy. (Voogt and Oke, 2003b).

O
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SUBSTRATE

Modified sifer (ke (nere comim

Types Sub-types
UBL Fixed Traverse Remote A
(BLUHI) tower aircraft sodar
depends on
ucL Fixed Traverse observation
{CLUHI) screen automobile thod
I_I_I
Standard Non-Standard
grass roof, roadside A 4
Remote
AL
e
True3-D | | Bird's-eye2D Zero-plane
{Complete) aircraft, satellite mode! output
€——— dlepends on definitio

ayer Urban Heat Island
ayer Urban Heat Island
SUHI Surface Urban Heat Island

Figure 19: Measurement Techniques
Source: UETAE bai

2421 Canopy Layer UHI

erent types of UHI

| Fizxed I
| SCreen |

(CLUHI)

Traverse
automohile

| | T

Standard
grass

Non-Standard
roof, roadside

Networks of sensors rd or screen-level (~1.3 m)

n is critical in urban environments

asurement site?

« Network desi. w nsider the Lowry (1977) conceptual model —
particularly respect to locating urban and rural sites.

. Sensors must Be adequately shaded and ventilated in order to provide
reasonab ements

there multiple rural — non-urban types surrounding the city?

Figure 20: Process for canopy layer UHI measurement

Source: WMO / Oke (2006)

Page 41




CONSERVATION OF URBAN FOREST FOR REDUCING THE IMPACTS OF URBAN HEAT ISLAND

2.4.2.2 Surface UHI Measurements

True 3-D
(Complete)

Bird’'s-eye 2-D
aircraft, satellite

<«€— depends on definition of the surface

Tokyo — dense housing and
Shinjuku business district

» Thermal remote sensing — uses non-contact instruments that sensg
longwave or thermal infrared radiation to estimate surface tempesa

» Clear weather limitation (for satellites) —

« Spatial view of the urban surface
(although not all surfaces seen)

« Relative temperature measurement —
for comparison between images may require
correction for atmospheric and surface effects

Figure 21: Process for surfa ¢
Source: WMO / 06)

2.4.3 Platforms for thermal re ing for urban areas

Platform | Sample S
Image

sive spatial coverage; temporal
overage may be limited. Impacted by

| Weather and atmosphere. Spatial resolution
be limited.

Satellite

Higher resolution, more detail of urban
features. High cost, irregular coverage. Non-
standardized product.

Aircraft

May provide unique perspective of some
urban features. Possibility of high temporal
resolution, can avoid corrections due to
atmospheric influence.

Figure 22: Platforms for thermal Remote Sensing
Source: WMO / Oke (2006)
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2.5 Case
2.5.1

Studies

International Research

The table below provides additional resources on urban heat island formation,

measurement, and impacts. The key international papers and journals give the

general information of the journals and publications with its web IiMn in table
No.1 m
NAME | DESCRIPTION L JWEBLINK
General Information Q
Heat Island | Through this web site, EPA provides backgra
website of | data, publications, reports, access to i <www.epa.gov/
EPA webcasts, a information of urban h heatisland>
activities, and links to alternative
assist communities scale back urban
International | This international web site is the m during | <www.urban-
Association | which urban climatologists commtinicate. Urban | climate.org>
for Urban | climate resources, together bimonthly report,
Climate and data on approachi ferences may be
(IAUC) found here.
Lawrence <http://eetd.lbl.gov/
Berkeley| LBNL provides bag % d) data on urban heat| Heatlslan>
National| islands and their impacts through this web site. It
Laborator| additionally présentSsazaumber of the impacts heat
(LBNL) He| island reductio gies will wear temperature,
Island Grol energy co ptien, and air quality.
National Arizoﬁ e University's National Center of | <www.asusmart.com
Center of | Exc collaborates  with  industry and | urbanclimate.php>
Excellence - | g ent to analysis and develops technologies
SMART omscaleYback urban heat islands, particularly in
Innovations i% climates. Its web site provides background
for Urban grMation on urban heat islands.
Climate a .
Energy
<www.actionbioscien
Urban Heat org/environment/vool
Islands: Presents solution to mitigate UHI html>
Hotter Cities
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Measuring heat islands and their impacts
National The Landsat program is a series of Earth-
Aeronautics | observing satellites accustomed acquire pictures | <http://landsat.gsfc.
and Space | of the Earth’s land surface and encompassing | nasa.gov/>
Administrati | coastal regions. These pictures give data from
on (NASA) | which researchers can derive surface
and the U.S. | temperatures and judge urban heat islands.
Geological \
Survey
Landsat
Program
The National Weather Service may be a source
for air temperature measurements, climate and s.noaa.gov/>
National weather models, and past and future climate
Weather predictions. the location conjointly has links to
Service excessive heat outlooks, fatality statistigs
historic knowledge on major heat
drought data, and recommendation on aV
minimize the health risks of heat waves.

Table 1: Urban Heat Island Resources and International Research

Source: EPA Compendium

2.5.2 Researchin India

Year @

Author Methodology
S. Sundersingh et al 1991 nai) Mobile Observations
[5]
Deosthali et al [6] 1999 ne Mobile Observations
Kiran Chand et al [7] 20 derabad LST
M. Lei et al [8] Mumbai Simulated
System(RAMS)
Devadas et al [9] 009 Chennai Mobile Observations
Rose et al [10] @ Chennai Thermal Comfort Index
T. Ramachandran et% Bangalore LST
[11] ,&2
M. Mohan et al [1 012 Delhi Stationary
measurements and
Remote Sensing(LST)
Bothrakur et & 2012 Guwahati LST
Arathyram e 2012 Western Corridor LST
D. Bajaj e 2012 Ahmedabad LST
G. Thopas [16] 2014 Kochi Local climate zone
(LCZ) classification
based method
R. Agarwal et al [17] 2014 Nagpur LST
Rajeshwari et al [18] 2014 Dindigul LST

Table 2: Summary of the UHI Case Studies Conducted In India
Source: International Journal of Multidisciplinary and Scientific Emerging Research

Page 44



CONSERVATION OF URBAN FOREST FOR REDUCING THE IMPACTS OF URBAN HEAT ISLAND

3. CITY PROFILE

3.1 Overview

The study area comprises of Guwahati City whivh is located in the northeastern
region of India and situated between 26°5' to 26°13' N latitude_and 91°35' to

91°52' E longitude, on the banks of the river Brahmaputra. For dy, area
under Guwahati Municipal Corporation(GMC) was considere ch comes
under the jurisdiction of Guwahati Metropolitan Development ity (GMDA).

GMDA extends over an area of 262 sq.km and the area wi
3.2 Topography
The topography of the city is undulating variable in tion from 49.5 m to 55.5

m higher than Mean sea level (MSL). The | is.interspersed with an oversized
range of hills. The central a part of the city hasflittle hillocks specifically Sarania

comes at an

area of 216 sq.km.

hill (193 m), Nabagrah hill (217 m), Nil hill' (193 m) and Chunsali hill (293
m). The Buragosain Parbat within thesEas the hills of Rani and Garbhanga
within the south form the most imp t hill formations of the city. These hills

create contiguous formations ills of Meghalaya. There are total of

eighteen hills within the town. eported area covered by hills in GMDA

area is 68.81 sq.km. The egOf forests within the city is essentially

confined to the Hill areas.
The Hills within Guwah% The Forests within Guwahati City

N

Legend

CONTOLR_SMCOTH_GHC scction
nwm. GHC Beundary m wmm GIC Soundary
Kl.mts = Kl.mts =l

0 07515 3 4.5 Bt 0 0.75 1.5 3 4.5 Brchmoputia

Figure 23: The Hills and Forests within the GMCA area
Source: Yadav and Barua, J Ecosys Ecograph
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3.3 The Forests of Guwabhati

The hills are mostly covered, barring the rocky outcrops, with forests of various
formations ranging from Sal forests, mixed moist deciduous Forests, Evergreen
Forest, Bamboo Brakes and Secondary Scrub Forests. The forests in and round
the city fall within the jurisdiction of the Kamrup (East) Forest DM The

management of the forest tracts is carried out as per prescripti of the

operating Plans. As per the working plans, there are a complete
Forests (RF) among and on the immediate bound of the city area: overall RF
area involves 33342.55 Ha comprising of Rani RF, Maliata Rhuri Hill RF,

Garbhanga RF, Garbhanga first Addition, Fatas% Amchang REF,
SouthAmchang RF, Hengrabari RF, Gotanagar RF, Safania , South Kalapahar

RF, and Jalukbari RF. The forests on the souther ‘4@ of the city have Sal

formations mixed with patches of Evergreen and bamboo formations. The forests

within the city show moist Mixed Deciduous rmations. Where soil is

shallow and poor, scrubby growth of bambo sChub occur.
The operating set up records over the yea ow that the density of the forests
has more and more declined. Existing lassed State Forests are being

jhumed extensively, are and being_rapi preoccupied for cultivation by
immigrants from Bengal as w the indigenous folks and are
deteriorating rapidly underneath u led exploitation of forest turn out given
liberal to settlement holders and g.

It is, therefore, only a matter@efore this type of forest is drained.” Increase
in population is one amon ost important parameters resulting in forest
depletion.The current af¥: %known nine landscape elements that are out
there inside the notified #@rest boundaries of GMC area.

In addition, the current'analysis has additionally known the distribution of those
landscape elemerQev al notified areas of the district. These are:

a) Moist mixeuous forest (dense)
b) Moist mixed @eciduous forest (open)
c) Salfor

d) Scrub Forest

e) Degraded Forest

f) Grassland

g) Shifting Cultivation

Page 46



CONSERVATION OF URBAN FOREST FOR REDUCING THE IMPACTS OF URBAN HEAT ISLAND

h) Water Bodies

i) Non-forest areas.

Moist mixed deciduous forest (dense)

The current researchThe distribution of this class of forest is a Iot r less found

in all the notified forest areas of the study area. In Rani R.F. thms of forest
e

covers 22.63% of the whole geographic region. In Garbhang share of
this class is 17.56%. Among all the notified forest a e maximum
concentration of moist mixed deciduous forest (dense) is fa @ tapahar R.F.

Out of the whole geographic region, 365 days area js ed with this class of
tiomy O ist mixed deciduous

‘@ six.13% of the whole
geographic region is coved with moist mixed deciduoUs forest (dense). Besides
these a major share of this class of forest Tnally found in Hengerabari
R.F. (20.85%), Apricola East (18.83% Amchang WLS (16.55%), South
Amchang R.F. (15.80%). The table thr ws the percentage of distribution of

moist mixed deciduous forest (densef) a he notified forest areas of Kamrup
Metropolitan district of Assam. has Copjaihtly known the distribution of those

forest in Motapahar R.F. very cheap concentra

forest (dense) is found in Gotanagar R.F. He

ified areas of the district.

landscape components in nume

Moist mixed deciduous for

This class of forest in fowther the notified forest areas of the study area.
the most concentration c

0

lass of forest is found in Apricola East. Here
38.33% of the overall ical area is covered with moist mixed deciduous
forest (open) class. g% .F. 28.15% of the overall geographical region is
covered with this cl forest. In Garbhanga R.F. 25.67% is covered with this
class of forest. o] concentration of this class of forest is found in Sarania

R.F. Here so % of the overall geographical region is roofed with this

category of

Sal foO

The distribution of Sal forest is just found in 5 notified forest areas. These areas
South Amchange R.F., Khanapara R.F., Apricola East PRF and Apricola West
R.F. and Marakdola R.F. The maximum concentration of Sal forest is found in

Marakdola R.F. Here 13.24% of the whole geographical area is covered with Sal
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forest. In Khanapara R.F, 9.52% of the whole space is covered with Sal forest.
similarly the concentration of Sal forest in South Amchang, Apricola West R.F.
and Apricola East PRF are 7.80%, 6.19% and 4.79% respectively.

Scrub Forest \

The scrub forest is found in all the notified forest areas of the@
Maximum concentration of this forest is found in South Kalapahar. t of the
entire geographic area of the R.F 35.06% is covered with Qjorest. In
Gotanagar R.F 21.23% of the entire geographical area is @

forest similarly in Motapahar R.F. 200th of the entire gepg iC area is covered

area.

ith scrub

with scrub forest. The distribution and concentration ofgsgrubdgrest is additionally
high in Hengrabari R.F., Amchang wildlife Sanctu sil R.F., Khanapara
R.F.

The degraded forest is conspicuously foun rowani R.F. Here 25.8% of the

ded forest. the other notified

Degraded Forest Qaz
a

overall geographical area is covered Wi
forest areas wherever degraded forest rgfminently found are Chamata R.F.
(13.33%), Marakdola R.F. (10.4 ohora PRF (12.82%). In rani and
Garbhanga R.F. the share of degra is 4.85% and 4.37% respectively.

Grassland

Grassland is found in largely4 anager R.F. Here 30.66% of the entire region

is covered with piece ofsgr ually in Amchang wildlife Sanctuary 14.36%
%d. In Fatasil R.F about 24.63% of the entire space

space is covered with ggﬂ
is covered with piece OEO d.

e

Shifting Cultivatmq

In Kamrup Metn istrict the most shifting cultivation is found in

Apricola West . Here 11.96% of the overall region is covered with shifting
cultivatiorwes this shifting cultivation is additionally found in Marakdola R.F.
(9.8%), Rani R.F. (6.27%), Garbhanga R.F. (8.12%), Khanapara R.F., (4.36%)
Apricola East PRF (3.83%).
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Water Bodies

Water bodies are found altogether the notified forest areas. This includes all the
rivers, wetlands, ponds, etc among the notified forest areas. most water body is
found in Teteliguri R.F. Here 55% of the entire geographic region is covered with
water body. This forest area is usually lined with wetlands. \

O

Non-forest areas
A non-forest area among the forest boundary is additionally Qn most of the

notified forest areas. Q
Maximum non-forest areas are found in Jalukbari % arania R.F. These
(o) a

non-forest areas are in the main consisting of barr nd stony waste) and

settled areas (mainly encroached areas)

3.4 Demographic Profile
3.4.1 Guwabhati City Population Grow

The Guwahati city population was calcu at 8394 in 1891 (GMDA, 2005). The

population of the city at different perigds gftime is given in Table
Guwahatig€ityypopulation growth
Year P ‘?& 0 Decadal growth rate (%)
1891 3394/
1921 25.21
1961 86.52

93219 46.99

1971

1991 & 46169 48.45

2001 890773 37.85

2011 : 968549 8.73
Qle : Population of the city at different periods

Source: Yadav and Barua, J Ecosys Ecograph
The decade @ owth rates shown in column 3 of the Table 3 are based on the

previoSs r02 entries within the table, and should disagree from the official
dedad

Since the population census unit for the city was different completely different at

wth rates revealed supported Decadenal census.

different times as municipality, Guwahati Municipal Corporation (GMC) and
Guwahati Metropolitan space (GMA) beneath the GMDA, the figures are not

precisely comparable. City rate of growth for future projections was taken to be
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3.81% every year supported all india urban rate of growth. Based on the above
growth rates, the subsequent population estimates have been fell upon for the

Guwahati city for additional analysis.

Population Projection of Guwabhati City

Year Population
1911 13785
1967 255724
1986 557932

2010 963255
2015 1097 gﬁ

Table 4: Population estimates of Gu
Source: Yadav and Barua, J Ecosys Eco

3.4.2 Guwahati city Built-up growth ?
Built up area of the Guwahati city was calc fomthe years 1911, 1967, 1986

and 2010. The year wise built up area, the e sion in built up from 1911-1967,

1967-1986, 1986-2010 and 2010-2015®ref0re the corresponding growth
rates are tabulated in Table seven.

Guw 1@ It up growth

Built up Gr Growth rate Growth rate 1911
Year area (sg.km per K

(sq.km) m year) (sq.km per year)
1911 8.59
1967 54.48 | ¢ 5.89 0.82 0.82
1986 90.65 \ 36.17 1.9 1.09
2010 142.75 52.09 217 1.36
2015 176.1 33.44 6.69 1.61

able 5: Built up Area of Guwahati City
rce: Yadav and Barua, J Ecosys Ecograph
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The Built Up Area Growth Rate of Guwahati City

(1911-2015)

B.
?.
@ 9
2 4
& 3-
T 2
31/+ HQ—‘
0
1911 1967 1986 2015
Year

== ‘Year to Year Rate of Growth (Sq Km) =——#=— Growth @1 Baseline

Figure 24: The growth rate of the built area of the ci m the 1911 baseline
Source: Yadav and Barua, J Ecosys Ecograph

The built up area within the Guwahati

years ranging from 1911 to 2015 from

rate of about 1.61 sgq.km each year.
throughout the amount is shown in Figur; 0.

t 8.59 sq.km to 176.19 sq.km at a
ap of the expansion of the city
27

QjZature among the span of 100
S

N

A

Legend
smmmesn - GVIC Boundary

| Builtup_2010

Builtup_1965

B suitup_1911

Builtup_1982

[ Builtup_2016

Brahmaputra

0 07515 4.5

3

Figure 25: Map showing growth of the Guwahati City
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3.5 Guwabhati city decline in forest ecosystem (1911-2015)

The changes in land use from forestry to settlements over a amount of a hundred
years have been studied to gain the degradation of the city forests, with an
attempt to know the forest footprint. Prior to independence the Forest
Department, Government of province didn't reserve any of hill areas ng the
town limits. the primary Reserved Forest to be established was K‘a&ra RF
within the year 1953, with a notified area of 994 HA, followed il RF in
1996 with a locality of 669.02 HA and Hengrabari RF in 1972 Qlocality of
579 HA, totalling to a locality of 2242.02 ha.

The Amchang RF (part of that falls among the a) was conjointly
notified in 1972 with a locality of 5318 HA As per Forest Regulation
1891, all forest areas that aren't reserved area unit to be thought of as Unclassed

State Forests (USF) wherever in virtually eac y is permissible unless
specifically prohibited by an order by the g mept that is in distinction to the

standing of a Reserved Forest wherever activity by public is prohibited
unless specifically permissible. @

Therefore, before 1953, all the hi egtéd tracts of the Guwahati city area
were falling underneath the class o The USF areas may be simply diverted

for any non-forestry functions. M abitation started changing these tracts

into permanent habitation ? first part of the century. The trends of

occupancy of the hilly-fores s continuing. the expansion of settlements in

these tracts from 1911 m% ort of exponential. Supported the settlements
io

at completely different within the forested hill tracts at intervals the city

limits, the rate of loss oE&Eeorest areas was acquired.

O
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p ¢, HILL/ FOREST LAND USE/ LAND COVER OF GUWAHATI CITY, 2015

Figure 26: Composite land use / land cQyer the hilly tracts of Guwahati
Source: Yadav and Bar cosys Ecograph

The rate of forest loss is diagramma%nresented in Figure 21. The loss in

forest area and cumulative loss in_for area are acquired after totaling the
dense and degraded forest co
couldn't be disbursed for 1911,
the purpose was geography . The total area of the hills falling inside the
GMDA boundary involveQ sq.km of which, as of 2015, 44.5950 sq.km is
occupied by human ha i This amounts to 64.42% of the hills presently
being below the scope % occupation. Clubbing the great forest areas on

With degraded fores% the per capita forest area was calculated. The drastic
reduction within theNper capita availability of forests within the Guwahati city
seems to purp ithip the direction of adverse supply and sink relationship of
the forestry s Qervices. The contribution of forest area in urbanization (built
up area) 'use of Guwahati city in 2015 involves 25.31%.

nalysis of dense and degraded forest

986 because the primary data used for
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Figure 27: Rate of forest loss i
Source: Yadav and Barua, J Eco

i city
cograph

Year Dense Degraded d Rate of Cummulative
forest (Ha) forest forest loss | rate of loss of
(Ha) a (Hayr -1) | forest (Ha yr-
1)
1911 6708.63 .63 0 0
1967 6158.44 .82 9.82 9.82
1986 5619.44 1261.82 28.37 14.52
2010 1722.84 q@ 3657.80 99.83 35.20
2015 1438.49 . 4459.50 160.34 41.22
] sg of forest in Guwabhati city
So{&d and Barua, J Ecosys Ecograph
nhabited | % Share | Per capita | Per capita
forest of forest built up inhabited
area in built area forest area
(Ha) up (sq.m) (sq.m)
172.63 20.10 623.14 12 5.23
722.82 13.27 213.04 28.27
1986 9065 1261.82 13.92 162.47 22.62
2010 14275 3651.80 25.58 148.20 37.97
2015 17619 4459.50 25.31 160.50 40.62

Table 7: Share of forest area in built up area of the Guwahati city
Source: Yadav and Barua, J Ecosys Ecograph
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4. Data Collection and Methodology

The estimation of Urban Heat Island of Guwahati City and its analysis is done by
analysing Landsat Imageries for the temporal years 2001, 2011 and 2016 at
summertime for the month of April. The analysis consists of the calculation of
Normalized Differential Vegetation Index, (NDVI) and Land Surfacherature,
(LST) and thereby the Urban Heat Island (UHI) map has been cr

%-04-1 2

Acquisition 2001-04-03 2011-04-07
Date
Satellite "LANDSAT 7" "LANDSAT_ 54 "LANDSAT_8"
Sensor "ETM" "T™M" "OLI_TIRS"
Resolution 30 M 3 30 M
in meter
Path 137 37 137
Row 042 : : ;042 042
Projection "UtTMm" "UTM" "UtTm"
and and and and
Datum "WGSS% "WGES84" "WGS84"
Cloud 1. 4.00 2.00
Cover .

Table 8: Landsat Data Specifications
Source®mage courtesy of the U.S. Geological Survey

4.1 Metlo y Adopted

For thg estimation of land surface temperatures and urban heat island maps of
the st@, we need to have a particular methodology amongst the various
techniques mentioned in the previous content of “Measurement Techniques” in

2.4. The following are the detailed steps of the methodology adopted in the
research.
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4.1.1 Assembling Satellite Imageries

Landsat data for 2001, 2011 and 2016 for the month of April has been utilized in
this study and is downloaded from the relevant web site of United State
geological Survey (USGS).

4.1.2 Image Classification

Image classification denotes to the piece of work of extracting informati asses
from a multi-band raster image. The ensuing raster image classifi can be
used to produce thematic maps. Depending on the interaction be the expert

and the computer during the attributions, there are two typ @ classification:

supervised and unsupervised. Using these classification ea of the classes
from generated NDVI could be computed.

In this study Image, classification has been execut@nbination of Band 4
(NIR), Band 3(Red) and Band 2 (Green) for all the images*to classify Normalized

Difference Vegetation Index (NDVI) map for 200 nd 2016.
4.1.3 Normalized Differential Vegetation VI) Estimation
NDVI is estimated by the visible and infrared light reflected by the

vegetation. Healthy vegetation absorbs% e visible light that strikes it and
r

reflects much of the light in the near in nhealthy vegetation or radiance

reflects the most visible light and |

the near infrared. The figures below

utfthe actual vegetation is much more

O0-008) i 04-030) &
(0.50 + 0.08) (0.4 + 0.30)

Figure 28: lllustration of NDVI
Source: Earthobservatory, NASA
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Almost all indices of vegetation use this formula difference to quantify plant
growth density on Earth - near infrared radiation less visible radiation divided by
radiations of near infrared radiation more visible. The result of this formula is

called - Normalized Difference Vegetation (NDVI).

Mathematically, the formula is: \
NDVI = (NIR-R) / (NIR + R) (D

NDVI calculations for pixel data are always in a number g ;om less than

one (-1) plus one (+1)
However, any green leaf gives a near zero. A Q S no vegetation and

reen leaves.
4.1.4 Land Surface Temperature Estimation
Step 1: Calculation of Normalized Differe etation Index (NDVI) and
Proportional Vegetation (Pv) 2

Normalized Differential Vegetation I@;) is calculated as —

NDVI = (NIR-R) / (NIR + R)

close to +1 (0.8 to 0.9) indicates the maximum de

Where, NIR - near infrared ban —/Red band
NDVI calculations for pixel o% ays in a number ranging from less than

one (-1) plus one (+1) ?
However, any green leafagi a near zero. A zero means no vegetation and

close to +1 (0.8 to 0.9).i the maximum density of green leaves.
Proportional Vegeta@/) deals with the relationship between the amount of

vegetation present Ni
Q NDVI — NDVI,,;, 1
o~ |

a pixel and the pixel's emissivity.

NDVI,,., — NDVI,;,

Step Z.Qdation of Emissivity

Sobrino et al., (2004) has derived a formula for calculating emissivity using NDVI
and Pv as inputs. The final expression ws given by:
Erme = 0.004P, + 0.986
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Step 3: Conversion of DN to Radiance
The third step is to convert the DNs to radiance, the method depends on the
scene calibration data available in the header file. One method uses the Grain

and Bias (or offset) value from the header file and the longer method uses the
Lmin and Lmax Spectral radiance scaling factors. \

O

L — Ly
Where,

L : Spectral radiance. Q

Qcal : Quantized calibrated pixel value in DN

L.in :Spectral radiance scaled to Qc
Lahax . Spectral radiance scaled t |
Qcal,,;,: The minimum Quanti iorated pixel value in DN = 1

Qcal,,..: The minimum Quantized gal pixel value in DN = 255

Calculate brightness temperatur

Step 4: Calculation of Land SurfN erature (LST)
Computation of Land Surfac mpeyature (LST) including brightness

temperature and emissivity i OWS:
4
Q: eg z 273
=21
% ll’l[ L + 1]

Where, Qh
Tsat is the brig perature. The coefficients K1 and K2 are the constants

of calibratigAvgi y the manufacturer of the sensor, for Landsat 7 TM sensors
K1 and are fespectively equal to 666.09 watts/(m2 * ster* m) and 1282.71

Kelvin(-273 to convert Kelvin to Celsius).
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Land Surface Temperature (LST) is again given by:

BT/1+w*(BT/p)*In(e)

Where,
BT = satellite temperature H = Planck’s constan
W = wavelength of emitted radiance C = velocity of light m

P=h*cls e = emissivity
Here p is taken as value - 14380 Q

Step 5: Urban Thermal Field Variance Index
Urban thermal Field Variance Index (UTFVI) is usedste qUaptitatively describe the

Q@ e equation as below:

urban heat island effect. UTFVI can be calculated

AN

TS
UTFVI =
EA

Where,
UTFVI is the Urban Thermal Field Vagiafice Index, Ts is the LST of certain point in
Kelvin and Tmean is the mean LS ure of the whole study area in Kelvin.
To reflect the changes of urba @ ;

further divided into six Ie ordance with six different ecologicalk
Y

evaluation indices. Table%

e specific thresholds in the six UTFVI levels.

Phenomenon | Ecological Evaluation Index
None Excellent
Weak Good
Middle Normal
Strong Bad
Stronger Worst
Strongest Worst

Table 9: Urban Thermal Field Variance Index
Source: Urban Heat Island Analysis — Lin Liu
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5. Analysis and Results

This chapter demonstrates about the analysis and results drawn from the study.
At the first section, it presents the analysis of Normalized Difference Vegetation
Index (NDVI) variation for the temporal years 2001, 2011 and 2016 and variation
of Land Surface Temperature (LST) in Guwahati City. \

In the next section, it presents about the behaviour of modific@n land
use/land cover and land surface temperature and relation betwee .

Finally, it has been demonstrated about the variations of urb:@ land effect

a

in Guwahati on the same temporal years and selection crit micro area
where UHI effect is severe.

In addition, these three factors namely NDVI, LS deUHI have also been
calculated for all the notified forest within the Guwaha to know the present

scenario of the urban forests, which is on the degraded hilly areas of the city.

5.1 Normalized Difference Veget Indlex (NDVI)

In order to review the spatial-temporal nges in Land Surface Temperature
(LST) and the Urban Heat Island (UHI) , study of vegetation as a parameter

becomes important. It permits decidi sity of green on a patch of land.

The NDVI map has been classifie

Vegetation, Dense Vegetation aﬂ\ il.
Through the analysis of NDVI it been estimated and observed that the

quantity of Dense Vegetation"has decreased and Bare Soil has increased over

istinct classes, those are - Sparse

the temporal years from 2 016. Thus, there is loss of vegetation due to

various human induced

April
Year
Max. Min.
2001 0.60 -0.47
011 0.56 -0.18
0.55 -0.05

Table 10: NDVI values from 2001 — 2016
Source: Generated from Landsat image
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NDVI 2001

L

------ - GMC
[ ]Hins
[ ] Fatasil_Hi
NDVI_2001.tif

<VALUE>

[ | -0.473684222 - -0.22404716
[ | -0.22404716 - -0.170999285
I -0.170999285 - -0.121071872
I -0.121071872 - -0.049301217
I 0049301217 - 0.063035461

B 063035461 - 0.5 N N

® Bare Soil / No vegetation

Sparse Vegetation

m Dense Vegetation

2001 Classificatio getation of GMC Area (216 sq.kim)
Area
Bare Soil / No vegeta 33.907
Sparse Vegetati 54.723
Dense Vegetati 30.612

Figure 29: NDVI of April 2001
ource: Generated from Landsat image
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NDVI 2011

L L

|KImts

[ ] Fatasil_Hil

NDVI_2011.tif
<VALUE>

| -0.189873412 - 0.060084393
| 0.060084393 - 0.124779354
|| 0124779354 - 0.183592955
I 0183592955 - 0.245347236
I 0.245347236 - 0.330626958
I 0330626958 - 0.560000002

m Bare Soil / No vegetation
Sparse Vegetation

H Dense Vegetation

2011 Classificatio etation of GMC Area (216 sq.klm)
Area
Bare Soil / No vegetati 63.907
Sparse Vegetation 43.872
Dense Vegetati 21,612

Figure 30: NDVI of April 2011

O ource: Generated from Landsat image
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NDVI 2016

|KImts

NDVL.tif

<VALUE>

~ -0.05530718 - 0.109280203
.~ 0.109280203 - 0.149372001
| 0.149372001 - 0.18524361

I 0.18524361 - 0.235885882

I 0235885882 - 0.309739195 A\
B 0.309739195-05 Q

m Bare Soil / No vegetation
Sparse Vegetation

m Dense Vegetation

2016 Classificat egetation of GMC Area (216 sq.klm)
x Area
Bare Soil / No vegetat 76.907
Sparse Vegetati 31.379
Dense Ve n 8.612
Figure 31: NDVI of April 2016
O Source: Generated from Landsat image
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5.2 Spatial Variation of Land Surface Temperature
The April 2001, Land Surface Temperature varied from 23.29°C to 33.17°C. Mean

Land Surface Temperature for the same period is 28.23°C.

The April 2011, Land Surface Temperature varied from 22.49°C to 34.688C. Mean
Land Surface Temperature for the same period is 28.57°C. m

The April 2016, Land Surface Temperature varied from 24.2 36.76°C.

Mean Land Surface Temperature for the same period is 30.51

The table below show the land surface temperat Qvahati Municipal

Corporation for 2001, 2011 and 2016 for the tempora t the month of April.
Date Minimum LST Maxil T Mean LST

(°C) ( (°C)
April 2001 23.29° QJ.W 28.23
April 2011 22.49 34.65 28.57
April 2016 24.27 36.76 30.51

Table 11: Land Surface T e r the years 2001, 2011 and 2016
Source: G from Landsat image

It has been observed that Qage temperature has exaggerated from 2001
to 2016 for all the three® | years and therefore the hottest month is April
with an average temper% 28.23°C in 2001 and 30.51°C in 2016.

The Classified La rfaba Temperature of Guwahati for the years 2001, 2011

and 2016 is sho elow:

O
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Land Surface Temperature 2001

(—— G M C m Area(sq.kl)

E FataS"_Hl Very High Temperature |
|:| Hills
B1_LST.tif
Value’

- 33.1789

26.5183
B 932929 Q

| ahati Land Surface Temperature

High temperature

Temperature

|
10.00 20.00 30.00
Area

40.00 50.00 60.00

Type Area(sq.kl) Temperature(degree celcius)
Less Temper 37.74 23.29
Moderate t re 53.25 25.81
High t 54.26 26.51
Very Hi rature 28.15 3317

Figure 32: erace Temperature of Guwahati Municipal Corporation Area, April 2001
Source: Generated from Landsat image
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............. - GMC

Hills
. . Very High Temperature
Fatasil_Hill
[
- =]
LST_2011.tif =
- g
Value ks
- 34.6578
I 272869 10‘,00 20;00 30:00 40;00 50:00 60.00 70.00
WS 22,4998 Area
L 4
11 ahati Land Surface Temperature
Type Area(sq.kl) Temperature(degree celcius)
Less Tempera 41.74 22.49
Moderate te 59.25 25.61
High tem 60.26 30.21
Very High 32.15 34.65

Figure 33: d ce Temperature of Guwahati Municipal Corporation Area, April 2011

Source: Generated from Landsat image
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o —

Legend

Fatasil_boundary u Area(sqX

GMC Very High T rature
Hills _,% igMtemperature
LST_B10_B11.tif &

T

perature
Value 55\,

- 36.7627 Q Less Temperature
- 27.3564
—

0.00 20.00 40.00 60.00 80.00

242775 &
\ Area
016 Guwahati Land Surface Temperature

i Area(sq.kl) Temperature(degree celcius)
Less Tempera 37.74 24.27
Modera 63.25 26.21
igjstey) Pakature 60.26 30.56
mperature 35.15 36.33

Source: Generated from Landsat image
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5.2.1 Estimation of Land Surface Temperature of Forest Areas of Guwahati
Municipal Corporation Area (GMCA)

Overall topography of the GMCA area varies from plain to undulating. The fringe
area of the Meghalaya is steep undulating joining to flat terrain towards the river
Brahmaputra River. The terrain is dotted with tiny hills to residual hillo

Here, in this study, the notified forest areas were considered t@ss the
current pattern forest cover in the district. There are as many as ei notified
forest areas covering 25.34 km? within GMCA. The names of tQﬁed forest
areas with their area of extent are mentioned in the Table@The figure 29

shows the location of all the notified forest areas withi wahati Municipal

Corporation Area (GMCA). Q
N

& £

Kl.mts
0 07515 3 4.5 .

Legend

mmmmi GMC Boundary

- Narangi Forest

- Khanapara_Forest

[ Japorigog_Forest

- Sonaighuli_Forest

- Jalukbari_Forest

- Silapahar_Forest

- Fatasil_Reserve_Forest
Brahmaputra

Figure 35: Notified Forg eas within Guwahati Municipal Corporation Area (GMCA)

SI.No Area [Sq. KImts]

1 1.616
2 7.572
3 tasil Forest 7.061
4 Silapahar Forest 2.792
5 hanapara Forest 5.085
6 Jalukbari Forest 1.223

Total 25.349

Table 12: Notified Forests of Guwabhati City with its area
Source: Yadav and Barua, J Ecosys Ecograph
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5.21.1 Land Surface Temperature of Forest Areas of Guwahati Municipal
Corporation Area (GMCA) — 2001
2001 Land Surface Temperatures Of Forest Areas Of Guwabhati
,\?(l)' Forest Name Min. Temp (°C) Maxemp (°C)
1 Sonaighuli Forest 24.85
2 Hengerabari Forest 23.32 8
3 Fatasil Forest 24.34 1.21
4 Silapahar Forest 23.8 0.72
5 Khanapara Forest 23.83 29.33
6 Jalukbari Forest 24.34 29.11
Table 13: 2001 Land Surface Temperatures of &gs of Guwahati
Source: Generated from Landga
5.2.1.2 Land Surface Temperature of Areas of Guwahati Municipal

Corporation Area (GMCA) — 2011

2011 Land Surface Temperatu f Forest Areas Of Guwabhati
Sl. No. Forest Name @Temp (°C) Max. Temp (°C)
1 Sonaighuli Forest 249 30.24
2 Hengerabari Fore 23.87 29.86
3 Fatasil Forest 25.22 32.72
4 Silapahar For 23.86 31.69
5 Khanapara Fores 23.96 29.85
6 Jalukbari fefes 25.1 29.26
Table 14: 2011 LangS ce Temperatures of Forest Areas of Guwahati
% Generated from Landsat image
 /
5.2.1.3 Land face€ Temperature of Forest Areas of Guwahati Municipal
Corporation Area (GMCA) — 2016

rface Temperatures Of Forest Areas Of Guwahati

Sl. No. orest Name Min. Temp (°C) Max. Temp (°C)
1 onaighuli Forest 25.85 32.81
2 engerabari Forest 24.78 30.46
3 Fatasil Forest 26.43 35.11
4 Silapahar Forest 24.31 33
5 Khanapara Forest 24.83 29.9
6 Jalukbari Forest 25.34 29.71

Table 15: 2016 Land Surface Temperatures of Forest Areas of Guwahati
Source: Generated from Landsat image
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5.2.2 Change in Land Surface Temperature Over the Temporal Years in the
Forest Areas of Guwabhati

It has been determined that:

* Dense vegetation of GMCA has been decreased from 26% to 7% i.e. a change
of 19% from 2001-2016.

» Land surface temperature of GMCA has been increased from 28. C) to

30.52 (°C) from 2001 to 2016.
* This results in increase in UHI effect in Guwahati city as well a@the forest

areas

5221 Change in Land Surface Temperature Over emporal Years in
the Forest Areas of Guwahati from 2001 — 2011
Change in Land Surface Temperature from ;001 - 2011

Sl. Forest Minimum

No Temperature (°C)

1 Sonaighuli Forest 0.05

2 Hengerabari Forest 0.55

3 Fatasil Forest 0.88

4 Silapahar Forest 0.06

5 Khanapara Forest 0.13

6 Jalukbari Forest f AN0) 0.76

Table 16: Change in Land Surface Te V |f the Notified Forests from 2001 — 2011

Source: om Landsat image

5.2.2.2 Change in Lan ce Temperature Over the Temporal Years in
the Forest Areas of Guwgah 011 — 2016

N

Change in Band*Surface Temperature from 2011 - 2016
Sl. Fo Maximum Minimum
No Temperature (°C) Temperature (°C)
1 Son i st 2.57 0.95
2 H i Forest 0.6 0.91
3 Fatasil Forest 2.39 1.21
4 ilapahar Forest 1.31 0.45
5 Khanapara Forest 0.05 0.87
6 Jalukbari Forest 0.45 0.24

Table 17: Change in Land Surface Temperature of the Notified Forests from 2011 — 2016
Source: Generated from Landsat image
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The highest change in land surface temperature has been found mostly in the
forest of Fatasil Hills i.e. 1.51 °C from 2001 — 2011 and 2.39 °C from 2011 -

2016. Thereby probable effect of Urban Heat Island in these areas would prevail

AN

5.3 Relationship between Land Surface Temperév (NDVI)

and Land Surface Temperature (LST)
Vegetation cover incorporates an important influence Land Surface

Temperature (LST) distribution. The correlation betwe T and NDVI is

due to various factors.

represented in the Figure No. 38 below by plotting t lu f NDVI and LST of

haphazardly selected points.

0.35 50.00
0.30 45.00
40.00
0.25 35.00
0.20 30.00
25.00
0.15 20.00
0.10 15.00
10.00
0.05 5 00
0.00 L 0.00

Figur jonship between NDVI and LST
Source: World Bank

?
Thus, this is distin

correlative with N

ting that the LST is strongly and negatively
hus, areas with very less vegetation are experiencing

higher land surfa eratures.

54 Spap hation of Urban Heat Island (UHI)

The G h etropolitan area has shown a recognized heat island from the
year 2001. The high dense settlement areas have a greater effect in the heat
island formation. New industrial areas came upon along the National highway 37
has conjointly exaggerated the surface temperature within the boundary of the
city. A patch of high surface temperature zone can even been traced around the

new modernized LGNB International field.
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The Classified Urban Heat Island effect of Guwahati for the years 2001, 2011 and

2016 is shown as below:

Urban Heat Island, GMCA - 2001

UHI_2001.tif

Value
mm High : 0.17508

B Low :-0.228683

uhi_2001 ® None
<VALUE> = Weak
B oo7-0

g = Middle
‘——] 0.06- 0.1 m Strong

( ] 0.11-0.15 m Stronger
B 0.16-02 w Strongest
IR

L 4
Figure 3 N eat Island of Guwabhati City — 2001
ce: Generated from Landsat image
Guwahati UHI Classification
| fi

Sl. Urban d Urban heat island
) Area
No vari ex phenomenon
None 39.527
.05 Weak 21.427

1
2
3 05-0.1 Middle 30.353
4 .1-0.15 Strong 29.990
5 0.15-0.2 Stronger 37.350
6 0.2-1.00 Strongest 14.754

Table 18: Classification of Urban Heat Island of Guwahati in 2001
Source: Generated from Landsat image
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Urban Heat Island, GMCA - 2011

UHI_2011.tif

Value
mm High : 0.213085

B Low £ -0.212469

uhi_2001 a None
<VALUE> Weak
= Wea
B oo7-0
B 001-005 = Middle
] 0.06-0.1 m Strong
L Jo1i-01s = Stronger
- e m Strongest
o2 -
011 Guwahati UHI Classification
Sl. Urbamthermal field Urban heat island
. Area
No e index phenomenon
1 None 27.527
2 —-0.05 Weak 25.437
3 0.05-0.1 Middle 32.286
4 0.1-0.15 Strong 30.789
5 0.15-0.2 Stronger 41.098
6 0.2-1.00 Strongest 21.369

Table 19: Classification of Urban Heat Island of Guwahati in 2011
Source: Generated from Landsat image
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Urban Heat Island, GMCA - 2016

| T—

UHI_2016.tif

Value
e High : 0.133567

B Low : -0.210087

uhi_2001
<VALUE>
Bl oo7-0
B 0.01-005
| Joo6-0.1
[ Jon-.o1s
B o.16-02
o2 -

= None
= Weak

= Middle
m Strong

= Stronger

m Strongest

Sl. Urban heat island

No phenomenon Area
1 None 23.527
2 Weak 26.396
3 Middle 30.353
4 Strong 33.683
5 Stronger 45.329
6 Strongest 29.286

Table 20: Classification of Urban Heat Island of Guwahati in 2016

Source: Generated from Landsat image
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5.4.1 Estimation of Urban Heat Island of Forest Areas of Guwahati
Municipal Corporation Area (GMCA)
Here, in this study, the notified forest areas were considered to assess the

current pattern forest cover in the district.

54.1.1 Urban Heat Island of Forest Areas of Guw@unicipal

Corporation Area (GMCA) — 2001

2001 Urban Heat Island Effect Of Forest Areas O

Urban )
sl. therma fieiq | Urban heatl | ) Ecologica
Forest Name . evaluation
No variance .
) phenoime index
index
1 Sonaighuli Forest 0.044 Good
2 Hengerabari -0.064 Excellent
Forest
3
4
5
6

Fatasil Forest 0.121 iddle Normal
Silapahar Forest 0.039 eak Good
Khanapara Forest 0.112 iddle Normal
Jalukbari Forest -0.062 None Excellent
Table 21: Urban Heat Isla ogest Areas of GMCA - 2001

F
Source: Ge ed Landsat image
UHI among all the forest within e Fatasil Forest has found to be more
with a value of UHI - 0.116 havi Ecological Evaluation Index.

5.4.1.2 Urba@sland of Forest Areas of Guwahati Municipal
Corporation Area (G@l

2011 Urba’ d Effect Of Forest Areas Of Guwahati
Urban )
sl. thermal field | Jroan heat Ecological
Forest Name . island evaluation
No variance A
. phenomenon index
index
1 Forest 0.043 Weak Good
2 g™ 0.059 Weak Good
3 0.151 Strong Bad
4 ahar Forest 0.068 Middle Normal
5 | RAahapara Forest 0.121 Middle Normal
6 Jalukbari Forest -0.088 None Excellent

Table 22: Urban Heat Island of Forest Areas of GMCA - 2011
Source: Generated from Landsat image
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Change in UHI of Fatasil Forest from 2001 - 2011 has been determined to be
0.035, increased from 0.116 to 0.151 i.e. Ecological Evaluation Index - from
Normal to Bad.

5.4.1.3 Urban Heat Island of Forest Areas of Guwahati Municipal

Corporation Area (GMCA) — 2016 \

2016 Urban Heat Island Effect Of Forest Areas Of Gu ll

Urban Urban heat c% ical
sl Thermal field gl
Forest Name : Island aluation
No Variance :
; Phenom index
index
1 Sonaighuli Forest 0.088 W Good

2 Hengerabari 0.124 Mi Normal
Forest
3 Fatasil Forest 0.187 Stronger Worst
4 Silapahar Forest 0.097 Normal
5 Khanapara Forest 0.141 ong Bad
6 Jalukbari Forest 0.047 ak Good
Table 23: Urban Heat Island qif F reas of GMCA - 2016
Source: Generate Lafdsat image
Change in UHI of Fatasil Forest f 14 - 2016 has been determined to be
0.036, increased from 0.151 to 0¢ e. Ecological Evaluation Index - from Bad

to Worst. Q
5.5 Micro Study a?e@nalysis

For further digging int Urban Heat Island effect within the Guwahati city’s
urban forest, the U omenon of all the forest areas are analysed and the
most affected fore a has been selected as the detailed study patch for this

research.

This micro @y area is selected to study the relationship of UHI with the
native p@ and context. The micro study patch will be selected on the
basis of mo tensified urban heat island effects on the forests of Guwahati. A
buffer area will be considered along with the forest area to break down the urban

heat island phenomenon in details.

Page 76



CONSERVATION OF URBAN FOREST FOR REDUCING THE IMPACTS OF URBAN HEAT ISLAND

N e _,_.,......\'
A TN

“anmy
Kimts
0 2 4 8

- Fatasil Reserve Forest

- Forest

Figure 40: Micro Study AreQFZst Ward no. - 12
rest

Fat

Year Vegetation (Area sq.km LST (*C) UHI

Max. Min
2001 3.66 31.21 24.34 0.121
2011 4.6 32.72 25.22 0.151
2016 3.2 N 35.11 26.43 0.187

Table 24: Land Surface Tem@and Urban Heat Island of Fatasil Forest in 2001, 2011
and 2016

pe
The Forest area wijthi %: il Hills has an increasing UHI effect and has
increasing values of: NO and 0.036]

Change in Temperature
2001 - 2011
SI. No Forest
Max. temp Min. temp
1 Sonaighuli Forest 0.43 0.05
Q Hengerabari Forest 0.08 0.55
Fatasil Forest 1.51 0.88
4 Silapahar Forest 0.97 0.06
5 Khanapara Forest 0.52 0.13
6 Jalukbari Forest 0.15 0.76
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Change in Temperature
2011 - 2016
SI. No Forest
Max. temp Min. temp
1 Sonaighuli Forest 2.57
2 Hengerabari Forest 0.6
3 Fatasil Forest 2.39
4 Silapahar Forest 1.31
5 Khanapara Forest 0.05 0.87
6 Jalukbari Forest 0.45 0.24

Table 25: Highlighted rows are the LST for Fatasil Forest, which is e ated and observed to be
more among the other forest area
Source: Generated from La

Thus, the Ecological Evaluation Index for £ il FOrest area is ranging from -

Normal to Bad a hemyto Worst.
Thus, the Fatasil forest has been obse severly affected area among the
other forest area in context to land emperature and urban heat island
and hence more affects that area. arded as the micro study patch for
this research which falls under war, 12 of GMCA.

5.5.1 Micro Study Area An IS

The study patch is located >.8'36.033” N, 91°.42’31.94”E] within Guwahati
4

Municipal Corporation Ar. ) Area.

For better analysis o rest area, the overall ward number 12 is taken into

f
account to observe %d use of the area. The area of ward number 12 is -
7.06 sq. km. Q
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5.5.1.1
2001

Analysis of Vegetation Index of the Study Patch [Ward no. 12] -

Kilometers
3.6

5.58

o
L 4
|

5:12

egefati
ense Vegetation 2.21
Figure 41: N ed Difference Vegetation Index (NDVI) of Ward No. 12- 2001
ource: Generated from Landsat image

X
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55.1.2 Analysis of Vegetation Index of the Study Patch [Ward no. 12] -
2011

Kilometers

Area (sq.km)
3.66
7.05
2.16

FiguRg42: N@rmalized Difference Vegetation Index (NDVI) of Ward No. 12- 2011
Source: Generated from Landsat image
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5.5.1.3 Analysis of Vegetation Index of the Study Patch [Ward no. 12] -
2016

Kilometers

Bare Soil 6.47
Q parse Vegetation 4.11
Dense Vegetation 132

Figure 43: Normalized Difference Vegetation Index (NDVI) of Ward No. 12- 2016
Source: Generated from Landsat image
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55.14 Analysis of Land Surface Temperature (LST) of the Study Patch
[Ward no. 12] — 2001

Y ward No.12
wmmm GMC
B1_LST Clip

Value
33.178¢

- 26.5183
23.2929

Kilometers

a
0 045 l .8 2.7 3.6

Figure 44! rface Temperature (LST) of Ward No. 12- 2001

u
QSO e: Generated from Landsat image
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55.15 Analysis of Land Surface Temperature (LST) of the Study Patch

[Ward no. 12] — 2011

0
g

O

Q>

egend
i_-:] Ward No.12

| Wards

LST
alue
34,6578
27.2869
224998

-

Kilometers

Land Surface Temperature (LST) of Ward No. 12- 2011
Source: Generated from Landsat image
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5.5.1.6 Analysis of Land Surface Temperature (LST) of the Study Patch
[Ward no. 12] — 2016

grmm

i -:J Ward No.12

Value
— High : 36.4142

B | 250458

Kilometers

0 045 s 1.8 2.7 3.6

Figure d Surface Temperature (LST) of Ward No. 12- 2016

O ource: Generated from Landsat image
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5.5.1.7

Analysis of Urban Heat Island (UHI) of the Study Patch [Ward no.

12] - 2001

Legend

UHI 20\

-

_____ _i Ward No.12
mmmmmn G\ C

|:| Wards

Uhi_Fatasil

Value
— High : 0.107414

— Low : -0.155731

0

0.45 0.9 1 27 3.6

Kilometers

L 4

Figure 4@1 at Island (UHI) Map of Ward No. 12 — 2001
So

S

rong

==
==
_—--

iddle EE————————,——————————————————
_---——-
_—

Weak
None |

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

None Weak Middle Strong  Stronger Strongest
‘ m Area[sq.kl] 2.28 2.68 3.21 1.67 0.42 0.59

Figure 48: Area estimated for UHI phenomenon at ward no. 12 in 2001
Source: Generated from Landsat image
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5.5.1.8 Analysis of Urban Heat Island (UHI) of the Study Patch
[Ward no. 12] — 2011

A

i i Ward No.12

Wards
HI_2011_Clip

Value
e High : 0.128224

M Low : -0.136154

Kilometers
0 045 0.9 1.8 % 3.6 2011

L 4

Figure 49: U Na land (UHI) Map of Ward No. 12 — 2011
rce’ Generated from Landsat image

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

None 7 Weak 7 Middle 7 Strong VStronger VStrongest
m Area[sq.kl]  0.75 3.08 2.82 1.67 2.92 1.67

Figure 50: Area estimated for UHI phenomenon at ward no. 12 in 2011
Source: Generated from Landsat image

Page 86



CONSERVATION OF URBAN FOREST FOR REDUCING THE IMPACTS OF URBAN HEAT ISLAND

5.5.1.9

Analysis of Urban Heat Island (UHI) of the Study Patch
[Ward no. 12] — 2016

3.6

@ p.06 - 0.1
= | 011-0.15

L _J

ET IS
= =
H H

= H
H H
LTI

N

A

Lege}\
7-0
L Nooi-00s

10.16-0.2

B o2 -

T Ward No.12
GMC

D Wards
UHI_2016_Clip
Value

g High : 0.12113

B Low : -0.10615

® Area

enerated from Landsat image

0.00

Stronger  Strongest Strong

3.93

1.00

2.33

T

2.00

3.04

3.00

Middle
2.40

4.00

None
0.08

t Island (UHI) Map of Ward No. 12 — 2016

5.00

Weak
1.13

Figure 52: Area estimated for UHI phenomenon at ward no. 12 in 2016
Source: Generated from Landsat image
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6. Proposals

In this chapter, two of the components for reducing the urban heat island through
vegetation have been concentrated. Those are - Identification and Propose

appropriate conservation measures for reducing UHI in the study patch.

6.1 Literature on Afforestation (D
O

6.1.1 Interventions on sloping lands in Asia: Selected obses

Governments and non-government agencies promote policim orestation,

afforestation, forest management, and agroforestry on slopin to -
¢ Mitigate soil erosion, water loss, land degradation, Q
e Enhance specific ecosystem goods and s (often for people

downstream)
e Conserve biodiversity
e Promote sustainable development Q
6.1.2 Examples of Interventions Q
e China: Conversion of Cropland to Fo@ram (CCFP)
India: dam building, cash cro roguction in the North and northeast,
biodiversity conservation in the @outhwest
Thailand: Water provision for lewl ie€ cultivation

Indonesia: Reforestation f@ber production

6.1.3 Forest Legislatign i

&Legislation

Forest Act (IFA)- Forest control and management for

6.1.3.1 Colonial
e 1865, 1894, 1927;
timber extracti
forests (RF)
e 1878: Borest —communities could seek concessions to use forests (for
NTFPs'such as fuel, fodder, etc) in Village Forests (VF)

ests designated as Protected forests (PF) and reserve

6.1.3.2 Forest Legislation in Independent India
e 1952: National Forest Policy - Afforestation, reforestation, regulation of
shifting cultivation (60% forest cover on of slopes,20% on plains)
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1988: National Forest Policy, manage forests to provide fuel wood, fodder,
timber and non-timber forest products to meet the needs of local people living
adjacent to forests

Also encourage community or social forestry, and “farm forestry” to meet local
needs. \

1990: Joint Forest Management (JFM) rural forest dependen(cgwunities to
“‘partner” with Forest Department to plant, restore and degraded
forests. Q

Working Group on Forests, 11th Five Year Plan (200 @ 2): emphasis on

Forest Policy (increase forest cover to 33% area).

the inclusion of other natural ecosystems (includ%ss areas and trees

outside forests) to forest cover to achieve th r set in 1988 National
B

It also recommended that tribal farmers should take up farm forestry; support

should be provided to farmers for extensi roforestry and farm forestry

so that the fuel wood demand can be romythem

2014 National Agroforestry Policy

6.1.4 Interventions in upland a il eas in India

e Watershed Development to degradation and watershed restoration

e Hill Area Development and Western Ghats Development
Programme: infrastructure pment for the local communities to focus on

eco-restoration and e evelopment.

e Farm Forestry Progr , and later social forestry programs to grow trees
to meet the fuel, % - needs of rural people

e Agroforestry: iple goals including increasing forest cover, meeting
subsistence n and supplying commercial products.

6.1.5 Nort Region Community Resource Management Project for

Upland Are

Joint Program between North East Council, International Fund for agriculture
Deve ent and ICIMOD. Designed from 1994-1997.

Project villages selected on the criteria such as dependence on jhum, small
farm acreage, rainfed cultivation and prevalence of disadvantaged families.
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e Objective was to improve livelihoods through better management of natural
resources.

e Reduction in area under jhum cultivation, development of terraced and
irrigated lands and uptake of diversified cropping particularly horticultural
crops have been some of the achievement of the program. \

National Policies m

Afforestation in Hilly Areas was recently more focused to the IQarliament

on July, 2016. The Ministry of Environment, Forests and CIiange (MoEF

& CC) is implementing a centrally sponsored “National %ﬁon Programme
<]0

(NAP)” scheme for regeneration and restocking o ‘ d forests in the

country. The scheme is implemented in participato o der the Joint Forest

Management by State Forest Development Agency (SFDA) at the State level,
Forest Development Agency (FDA) at the foreTn/district level and Joint

Forest Management Committee (JFMC) a ge level. The Scheme is
implemented in 800 FDAs including 248 Qlling in hilly forest areas of the
country. Under NAP, the grants are re@to SFDAs and implementation is
monitored at the state level.

6.2 Interventions at the st
6.2.1 Identification of patches orestation

The identification of patches@station within the study area of ward No. 12
will be accomplished throug n

e The areas having’t\ Land Surface Temperature (LST) and strong
HI

t stages of exercises. These are as follows:

in the present time.

Urban heat islam&
¢ |dentification %al Streets for avenue plantation.
. Identificatier

6.2.2 Classifi of the study area for estimation of areas of UHI
phenom
Ward No.

UHI Map of the study area. Further, the area of these categories has been

having Bare Soil and Sparse Vegetation.

s been classified under six categories of UHI from the generated

calculated in GIS and thus from the table it could be observed that the stronger
category has the highest UHI.
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__ Legend
e /T warg ﬁ'o.’127
y ~EJemc
g / s ™
/ ok
\\ 4 I None

Figure 53: UHI @la tion of Ward 12
Source: Gener frogy Landsat image
UHI Ph on Classification

Name Area [m?]

Stronger, 3.93

Strongest& 2.33

Str 3.04

2.40

0.08

1.13

< -‘ ; =1
S e

Figure 54: Vacant land left for few years could be used as a forest stand and thereby used
for its valuable benefits
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6.2.3 Identification of patches in the Study Area
The afforestation should be done after the identification of certain patches of land

in the study area patch i.e. in ward no. 12. The possibilities for selection of land
for plantation has

6.2.3.1 Major roads and internal streets \

Legend
....... GMC Boundary
(7771 Ward No.12
SymbollD
N —0
i Roads
type
7 NH37
primary
el
secondary
tertiary

Qigure 55: Blow- up of ward no. 12 with its major roads
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6.2.4 Planting Measures

Selection of trees for afforestation in the identified patches in the study area

depends on :

e |dentification of Native tree species: The management and protection of

forests and afforestation of barren and deforested lands with urpose of
helping in the environmental, social and rural development. @

e Tree species with high Leaf Area Index and Foliage y: Shading
criteria is achieved through this parameter and thus the ev nspiration will

be improved thereby giving more cooling effect in the suing area.

The vegetation of Guwahati is predominant Qpical one and can
broadly be classified as follows:

SI.No

o=y

O o~NOULAWN

Tropical
Sub-tropical
Vegetation of Aquatic and Marshy at

Climbers and Thinners

Parasites @
Epiphytes

Hedge plants

Process @
|dentification of predorMpecies of Guwahati

Average Leaf Area@Al] of those species

Type [Evergreen iduous] and their identification
L 4
Use of more e ecies
Leaf Area Index in Plant Species: Assam
Dominant speci Common Name LAI Method Type
Dendrocalam Solid bamboo 4.08 Several direct S-DECID
RS Rubber tree 4.34 LAI-2000 EVER
Clumping bamboo 231 Hemispherical photograph S-DECID
Indian kino tree 3.76 Allometry S-DECID
Peepal tree 7.58 Destructive EVER
Teak 5.26 Destructive S-DECID
Shala tree 6.11 Destructive EVER
Gm Gambhar tree 231 Hemispherical photograph S-DECID
Mangifera indica Mango Tree 6.31 Hemispherical photograph S-DECID
enia indica Elephant apple 231 Hemispherical photograph S-DECID
Terminalia arjuna Arjun tree 431 Hemispherical photograph EVER
Mesua ferrea Indian rose chestnut 3.76 Allometry S-DECID
Cassia fistula Golden rain tree 3.76 Algometry EVER
Bauhinia acuminata White orchid-tree 3.76 Allometry S-DECID

Table 27: LAl of plant species in Assam
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Source : The Oak Ridge National Laboratory Distributed Active Archive Center (ORNL DAAC) for

biogeochemical dynamics is one of the NASA Earth Observing System Data and Information.

6.2.5 Planting techniques

Two major models has been considered for detailing out planting techniques and

best practices. \
6.2.5.1 Assisted Natural Regeneration (ANR) (D

Assisted Natural Regeneration (ANR) aims to accelerate, ratr‘Qn replace,

natural successional processes by removing or reducing barri ural forest

The benefits of using Assisted Natural Regeneration (ANR):

¢ A cost efficient way of regenerating forest QQ

e Contribute to strengthening biodiversity
¢ Increase carbon sequestration and carbon si hich contribute to climate
change mitigation.

Assisted Natural Regeneration (ANR) Mg 4@ further sub divided into:

native species will be taken up.

e Planting Technique: \

i.  Protection through tion of cattle proof trenches @ 72 RMT/ 90
CMT per ha.
4
i. Sowing of see NI cidia, Planting of Agave suckers on the CPT

mounds in op a and Duranta cuttings on the CPT mounds in
partially sh ea in high forest locations.
d

1. Eco-Restoration Model %
e Core Species: No planting is pr is model. Only dibbling of seeds of

iii. Watch a or every 50 ha.
iv. s of Sandal, Neem, Seetaphal, Honge and other native
V. earing unwanted growth, Climber cutting, Tending, cutting back of half

cut stumps / stools to get good coppice growth and singling of coppice
growth @ 400 plants/ha. The training of local community/ VFC members
and sharing of biomass and its documentation shall be made in this

operation.
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2. Supplemental Planting Model

Species Proposed

HE=Ooo~NSNOOOUPh~ WM
HO... - = = o= - o=

—
N

13.
14.

Bevu
Tapasi
Seetaphal
Honge
Kamara
Bage
Ficus
Sisso
Ailanthus
Hale

Ude

Dhupa

Nelli
Honne

Azadiracta indica

Holoptelia integrifolia

Annona Squamosa
Pongamia pinnata
Hardwikia binata
Albezzia lebbek
Ficus bengalensis
Dalbargia Sisso
Ailanthus excelsa

$
O

Writia tinctoria
Steriospermu@
chelanoid

Boswella

Serrata

Emblica officinalis

Moist Deciduous Forests

Teak

Nandi

Honne

Mathi

Shivane

Kindal

Beete

W0 RN O U R 0 I

€a monosperma

Madhuca latifolia

Santalum album

Emblica officinalis

Sizyzium cumini

Grevia tilifolia

Careya arborea

Terminatia chebula
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Planting Technique:

1. Identified area is demarcated and surveyed and area will be closed with CPT /
barbed wire fence.

2. The SMC works are taken up from ridge to valley concept. SMC treWOf
5X1X1 mts. across rills with spill ways and nala bunds are createm

3. The young regeneration is protected, the coppice growth is pro

cutting back of stumps, singling of multiple shoots. Training of ommunity
/ VFC members for singling, pruning, cutting back, sharing as and its

documentation is done. This to be done by watch and rsons.
4. Advance work is done by digging upto 200 pits of 75em3 ry zones, upto

400 pits of 60cm3 in other zones avoiding pitting

regeneration.

5. Sowing of seeds of Prosopis, Glyrecidia in dnﬁle. Planting of Agave
suckers on the CPT mounds in open area Duganta cuttings on the CPT
mounds in partially shaded area in high locations.

6. At least 12 month old seedling in 10” y hene bags in dry zones and 10
months old 8” X 12” / 6” X 9” ( for teak

for planting.
7. Planting with Agave, Suckers/ b b d Sowing of seeds of Bamboo, Sandal,
Wetinds of SMC trenches and on Cattle

Proof Trenches is done. Q
8. If necessary, further tendi ot suckers, cutting back stumps, singling of

coppice growth and seil

ene bags in other zones are used

Glyrecedia, Cassia, honge et

p to 400 plants/ha. is done during 3rd year

involving local comm m members with documentation.

6.2.5.2 Artifi e;neration Models (AR)

Artificial regene Qaken up on barren, open areas, waste lands, blanks and
laterate patche forest areas where the canopy density or root stock is less
than 10%. The site preparation is normally done by ripping by D-80 / D-120
dozers in d transitional zones and pitting is also done in the patches where
ripping cannot be taken up in rocky patches, rugged nalas up to 100 pits per

hectare with pit size 75 cm®.
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AR model for low fertility, eroded and rocky areas -

Area Description:

These are rocky eroded areas with very little or no top soil (less than 30 cm). The

rainfall is scanty and ill distributed with high mean annual te tures. The
strategy for such areas is primarily to check the further degradm sites and
create a green cover using pioneer, colonizing species like Gl , C.Siamia,

Agave etc., with a suitable mixture of hardy local species: fast growing

species like Glyrecedia cover up the site in 2-3 years and i @ en to compliment
and facilitate the growth of inter planted local hardy s@ course of time.

Core Species and Planting Pattern: @
o In the locations where there is no chance of “getting roots sucker and

regeneration after ripping, the planting densivllows:

1. Glyrecedia, C.Siamia, Agave 1400 plants / ha.
2. Honge, Seetaphal, Tapasi 100 plants / ha.

Table 28: Plant species When g¥ot suckers is not found

° In the locations where hances of sufficient roots sucker and

natural regeneration after rippi e Tollowing core species-planting pattern shall

be followed. Q

1. | Glyrecedia, C ﬁi Agave 800 plants / ha.
2. | Honge, Seetapltall_Japasi, Ficus 200 plants / ha.

Tab 'NR9:

X

Plant species when root suckers is found
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AR model for poorer sites in transitional areas —

a) Area Description:

These areas also have little or no top soil, eroded, rocky and of low fertility.

However, the sites are located in “better rainfall and moderate temperature and

weather conditions”. \
b) Core Species: (b

1. Auriculiformis in >1000 mm rainfall areas 1 s / ha.
2a. C.Siamia, Sisso, Sterospermum, Seemaruba, 1 ants / ha.
Kamara
Honge, Tapasi, Ficus, Nelli, Cashew, Bevu. 0 plants / ha.
2b In the locations where there are chances of
sufficient roots sucker and regeneration after
ripping the following core species planting
shall be followed:
A
C.Siamia, Sisso, Sterospermum, Seg @ pa, 800 plants / ha.
Kamara
Honge, Tapasi, Ficus, Nelli, Ca , Bévu 200 plants / ha.
erate temperature

Table 30: Coe spégci

N
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AR model for high fertile areas in transitional areas —

a) Area Description:
The sites are having better soil depth (30-60 cms) and are situated in better
rainfall and moderate weather conditions, conducive for raising productive

plantations of fuel and small timber. Very fertile areas in this zon e put under

NTFP / Fruit Orchard Model. (D
b) Planting Pattern Q
Fast growing species like Kamara, C.Siamia, Sisso etc., @gle species rows

and species like Mango, Nerale, Nelli, Cashew at 1 ing but in the ripped

line only, without resorting to excavation of separatemits.

1. | A.auriculiformis in better rainfall areas 00 plants / ha.
and JFPM areas.

2a | C.Siamia, Sisso, Sterospermum), 1100 plants / ha.
Seemaruba, Kamara

Bamboo, Shivani, Nelli, Mango, , 400 plants / ha.
Cashew, Bage, Honge, Tapasi, Fi

2b. | In the locations where there are s
of  sufficient roots and
regeneration after ripping =following

core species planting patts be

followed. N

C.Siamia, Siss terospermum, 800 plants / ha
Seemaruba, Kamara

Bamboo, Shivgni, T@ Mango, Nerale, 200 plants / ha.

Cashew, Bage,

lable 31: Coe species having better soil depth

6.3 Coslysis for plantation

e Trenchin@yin ordinary soil up to a depth of 60 cm including removal and
stac of serviceable materials and then disposing of surplus soil, by
spreading and neatly levelling within a lead of 50 m and making up the
trenched area to proper levels by filling with earth or earth mixed with sludge
or / and manure before and after flooding trench with water (excluding cost of
imported earth, sludge or manure)
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ICD No Description Unit Qty Rate  Amount (Rs.)
LABOUR:
0114  Beldar day 071 368.00 261.28
9999  Sundries LS. 273 1.73 472
0115 Coolie day 0.35 368.00 128.80
TOTAL 394 .80
Add Water Charges @ 1% \ 395

TOTAL 398.75

AddCP &0OH. @ 15% 5981
Cost of 10 cum 458.56

4586

Cost of 1 cum
Say 45.85

Source: Delhi schedule of rates, analysis of rates and specifications (horti & landscaping)

e Supplying and stacking of good earth at site includi and carriage upto
5 kms. Lead complete (earth measured in st be reduced by 20%

for payment).

Details of cost for one cum
ICD No Description

Excavation: 2
0114 Beldar @ day 0.177 368.00 65.14

Unit Qty Rate  Amount (Rs.)

0115  Codlie day 0.167 368.00 61.46

0979 Royalty for good earth cum 100 3000 30.00

2241  Carriage of good earth cum 100 12971 129.71
by mechanical transport upto 5 kn#'l

Ll 286.30

Add Water Gha % 2.86

¥ TAL 289.17

. . @ 15% 43.37

ost of 1 cum 332.54

Say 332.55

Source: Delhi schedule of rates, (@ of rates and specifications (horticulture & landscaping)
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7. Conclusion

During the last 15 years, the Guwahati Metropolitan Area has undergone
phenomenal change in urban landscape that resulted in the loss of natural land
cover. As a result, the surface temperature of the city has increased and a
prominent urban heat island is formed in and around the settlewreas. All
these have severe environmental and health consequences land use
regulation plan of GMDA"s Mater plan can be a tool for sus ility of natural
land cover. But the continuous intervention of human settlgm o natural land
covers in Guwahati metropolitan area has revealed the fai Q land use zoning
and regulatory action. The metropolitan developm@rities should have
strict regulation in the green belt and eco sen s of the city. Social
forestry in the green belt areas, light colour s in residential units,

plantation in the roof of buildings and trees along by the roads, may be some

countermeasures of the heat island effect in Wi.

The forest reserves within the city limit wahati have declined with increase
in urbanization. Almost 4287 ha of for d use land cover have been lost to
permanent habitation and cuttin ills®Since 1911. The forest footprint of the
urban built up of Guwahati cit ed to more than 0.25. The impacts of
forest depletion manifest in t of increased flash floods in the city,

landslides and air pollution Ne city has been witnessing too often these
days [41]. The situation c@nitigated by creating production forestry stands
of high carbon sequeste leties capable of sequestering 4-6 t eq C ha -1 yr-
If such stands are 3r@the urban and peri-urban areas, the ecological

footprint could be r. ed considerably. Adopting efficient natural resource use

and land use, w. cycling, efficient energy use, large scale afforestation and
conservation o ingfnatural ecosystems in and around the city would ensure
the city dwel tter quality of life. By reducing the deficit in carbon emission
and seques , the city of Guwahati could become an eco-city.
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