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EXECUTIVE SUMMARY

The current rapid rate urbanisation in India cfillsa need to address an observed consequentobsue
the Urban Heat Island effect (UHI). It is now ren@gd that factors related to an increase in lopilt
area in urban environments cause an increase imittieclimatic temperatures of the city regions
compared to the surrounding landscape, charactgrise UHI effect. It is speculated that this efffec
is amplified as we move towards a high-rise highsity model for urban development, and has
significant effects in turn on urban energy use tedenvironment at large. Addressing this Urban
Heat Island effect is, therefore, essential folusion in a comprehensive strategy for low-carbon
urban growth in the country. This project on thepidng Study for Policy Initiatives to Minimize
Urban Heat Island Effect for Low Carbon Urban Grhoveeeks to review the current status of
research and policy on the Urban Heat Island effeat identify potential initiative areas for
incorporation in developmental directives, to Halglitate Urban Heat Island mitigation.

In keeping with the objective of the study there taree main Parts to this report.

Part 1 of the study looks at: firstly a review lo tcurrent literature on the global research on the
Urban Heat Island effect; secondly an appraisaitefnational policy documents for their dealing of
the Urban Heat Island effect ; thirdly an examioaf national government documents for their
extent of coverage of the Urban Heat Island eff@ct mitigation.

The first task, a review of the current literatorethe global research on the Urban Heat Islareteff
was conducted with the view to identifying critic@pacting parameters and the extent of their
impacts. It was found that the research in thisl fieternationally was comprehensive in identifying
the causal factors, impacts, and mitigation effdutsvever, research in India has been very limited,
although the issue has received recognition antlHieeffect documented at places. The
international studies have focussed on land plaprinilding morphology and surface characteristics
of the built environment, while lifestyle choicesdating to transportation and buildings have largel
been overlooked. Further, international researshalsn verified, increased ambient temperatures,
increased air pollution as well as higher energysamption and health and economic effects, as the
major impacts of the Urban Heat Island effect. &Beof mitigation measures too have been mostly
well documented internationally, although largedgdssed on surface characteristics of buildings and
open spaces.. Indian research has primarily higtddyonly the temperature impacts of UHI and has
only just begun to look at the relative effectivenef mitigation measures.

The second task, an appraisal of internationatpalbcuments sections for their dealing of the drba
Heat Island effect had the objective of examinimg dperational framework for addressing the UHI
effect globally, identifying mitigation measuresthvere found to be workable and scalable as
developmental instruments, as well as noting chge and issues with their implementation. The
study found that: policy recommendations for mitig)a of Urban Heat Islands are closely tied to
national and international research that was fatidwp by the governments of these nations, has
been often addressed under the larger umbrelldaifaGWarming based on the outlines laid down by
the United Nations; generally, the phenomenon igenttioroughly researched and addressed over a
longer period of time by Developed Nations; cowsnvorking toward UHI mitigation tend to
concentrate their implementation on short term o such as building energy efficiency, cool
roofs, and street surface improvements; in manytims the agenda was incorporated the central
level and its implementation structured at staggianal and city levels. It was also noted that the
potential for addressing UHI at the town planning arban design level is receiving greater
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attention. Global and trans- national institutiamsl bodies have emphasised the criticality oftheal
and environmental stress that is attendant onriheigg urban populations due to the UHI effect,
especially in the developing nations who are lat@@dominantly in the hot climate belts. They also
point out the need for further research to devédofs for urban microclimate assessment ,
integrating the UHI effect, that would inform urbplanning and development toward optimal low-
carbon futures.

The third task, an examination of national govemnumcuments for their extent of coverage of the
Urban Heat Island effect and mitigation, was airaedxamining the current legislative structure and
identifying instruments addressing the UHI in thdian context. Through the hierarchy of centre,
state, and city, it is evident that there are ¢&fftm address the UHI effect through visionary ol
documents tied to the National Action Plan on Cten@hange, the ministries of MoUD, MoP,
MNRE, and MoEF, while ULBs offer channels for implentation. Apart from governmental
institutions there are some non-governmental osgaioins as well that takes into account the UHI
and have given implementation to mitigation streegThe existing structure of policies, guidelines
and recommendations do recognize causal fact@tedeto city form, building materials, and gaseous
pollution and provide for mitigation measures retato surface treatment and building-street
orientation. However, a substantive and assemetsion of UHI mitigation strategies is as yet
lacking.

Part Il of the study has attempted to develop theking theories for future action on addressing the
UHI effect in the Indian context. This includedeBentation of a reference theoretical guiding
framework of UHI influencing parameters and thgmergistic effects; Identification of the policy
sections, sectors, and scales where UHI mitigatiap be addressed throwing light on the nature of
mitigation measures that may be feasible and ssfides

Further, a consultation meeting was held to conflienstudy findings and discuss avenues for further
work. The salient points from this Part Ill, thex&¢holder Consultation include the following:

» Urban Heat Island was agreed to be a real phenamtéabneeded to be addressed in both
extended research and efficient policy initiatirethe Indian context.

» It was pointed out that there was a need to disagge the relative impacts of the causal
factors in a context specific way to be able tokvauit the most effective mitigation
strategies.

* Concepts such as those of ‘anthropogenic heatsityewere put forth as a way of
understanding the combined effects of lifestyle design factors and examples of such
policy.

* The Ministry of Urban Development and the MinisbfyPower were identified as the
operational ministries for the implementation of lUHitigation policy.

Finally, directions for future research have beetnfprth for addressing these salient points using
combination of empirical and numerical methods emxkring the different climactic and regional
contexts of urbanizing India.
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NEED FOR STUDY

The next couple of decades expect to see a mamiicidase in urbanization in the country with an
anticipated 3-4 times growth of urban areas. Orte@tonsequences of such increase in urban
development may be the empirically observed phenomef the Urban Heat Island (UHI). In this
phenomenon an increase in the area of buildings@aub, and reduction in green cover, causes the
microclimate in cities to become warmer than regiagemperatures. Observed microclimatic
temperature increases have been recorded in the cdri-3C in the daytime and up to A2 at night

in cities. Such changes can also have consideirapkcts beyond that on the microclimate, including
those on energy use, health, and economics, anbdecamme a cause for national concern.

The trend for urbanization in India has shown goe@sion in the geographic area of the cities ak wel
as a progressive intensification of the existirty areas. Due to the pressure on the availabifity o
land on the one hand, and the desire to curtailrfsim spread on the other, the trend towards arrise
the density of urban development is becoming idWét. This trend is most prominent in the large
metropolises, which are quickly getting saturatad] is also being observed in second and third tier
cities that seem to be quickly following suit.dtnow common for planning authorities to encourage
Floor Area Ratio (FAR)(the ratio of built up ar@eot area) of up to 4, whereas FAR of 1.5 to& ar
already commonplace.

It has been noted that this increasing urban dpwedot may be strongly related to the noticeable
heating up of the urban environment. Research@subject of Urban Heat Islands has identified
several distinct factors that contribute to thergmeenon. These are — absorption of radiation by
ground surfaces as well as roof and wall surfatésiitdings; reduction of ground moisture content
from reduced vegetative cover and evapo-transpirateduction of air flow due to increased built
obstructions; heat input from anthropogenic soustes as motor vehicles and air conditioners; and
the retention of the heat by the building massrévious investigation by the authoring research
team on impacts of housing densities on urban rlionates in the composite climate zone of India
had also noted microclimatic temperature increassdensity to be compounded by vegetation
effects, the summer season, and possibly builgiagisg and anthropogenic heat; the total effect
being attributed to an interplay of radiant tempnes and air flow.

These increased ambient temperatures of the UrbanIsland effect, it is speculated, further impact
the temperatures inside buildings as well, and @il use of electromechanical systems to obtain
comfort, especially in warm climates. In paralbd,income levels of the urban population rises, the
middle classes who occupy these new high densitgldements, are further encouraged to adopt
these refrigerant based air-conditioning systerhs fend toward a desire for “air conditioned
comfort” is of major significance from the pointaew of energy conservation as air conditioning is
a high-energy consuming means of achieving comidr. process of air-conditioning further pumps
out heat from building interiors adding to the aemtiheating effect.

Furthermore, it is observed that the increasingreébility of the middle income classes also
promotes motorcar dependency, which is encourageditbent planning regulations that require
developments to provide parking for personal maédcles. The increased concentration of motor
vehicle ownership has consequences at two levaise lnd area is dedicated to hard paving for
roads and parking lots and secondly there is cdrated slow movement of vehicles in the spaces
adjacent to residential buildings. These two fegttogether, cause an appreciable increase in heat
inputs to the atmosphere and a consequent risalieat temperatures and formation of heat islands.
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This rise in outdoor temperatures has a reboursattedfs it discourages pedestrian mobility and
further encourages motorized vehicle dependency.

Lastly, most urbanizing areas in India fall predoamitly in the warm and hot regions of the country,
which may be especially prone to the impacts abduerd impacts of the UHI effect.

In sum, the Urban Heat Island phenomenon posega sravironmental threat. Recent satellite data
of surface temperatures in and around cities likthChave shown an elevation of temperatures in
dense urban centers of up to 8-10degrees abowitlying countryside temperatures. It is possible
that the benefits of compact city growth from tloénp of view of reducing transportation distances,
therefore, may have unintended consequences @asitig energy demand by encouraging the Urban
Heat Island effect instead. This relationship Iitherto, been largely been unexamined, espedially
the Indian context. The expected large scale uzbdion, particular cultural and climatic context of
the country, and the vicious cycles that can beigdty the Urban Heat Island effect, make it caitic
to address this aspect with immediacy. A comprahierstrategy for tackling the Urban Heat Island
effect needs to be factored into the overall apgrdar low-carbon urban growth in cities. This
project seeks to, therefore, document the curtatisof research and monitoring of the effect both
globally and nationally, and thereafter assessestttus of policy level recommendations at the
national level alongside a comparison with therima&onal coverage of the subject, with a view to
contributing to this larger objective.
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STUDY METHODOLOGY
The project on 'Scoping Study for Policy Initiasv® Minimize Urban Heat Island Effect for Low
Carbon Urban Growth' is divided into 3 parts asddielow.

Part | of the study has involved the following attjees:
1. Summary of the global state of knowledge on UHI edfct and estimates of its implication
on energy demand in urban areas.
This includes a collection, review, and analysithefinternational and national UHI
literature published in the past decades, withsttmpe of identifying the key parameters
affecting the Urban Heat Island effect.

Global knowledge on the subject is available inlighled reports and papers of international
organizations and peer reviewed journals. Researthe subject is also being conducted at a
number of international and national universitied mstitutions. This study has included
desk based research reviewing a total of 49 kegnsaphese sources have been cited and
their findings summarised with inferences relevtarthe context of this study.

The structure for the review draws on a classiicabvf Causal Factors, Measured Impacts,
and Mitigation Measures, relevant to the Urban Hgand,. The Indian cities citied with
respect to empirical UHI studies include: DelhinBalore, Pune, Chennai,
Thiruvananthapuram, Guwahati, Ahmedabad, BhopalpNaand Visakhapatnam.

2. Secondary research on initiatives and policies withespect to the UHI effect being
implemented in other countries
This includes a documentation and appraisal otjgsiacross global cities addressing the
UHI effect, with a view to understanding the incangtion of UHI strategies into planning
and developmental guidelines and regulations, adgénpacts, and implementation issues
in the deployment of the countermeasures.

Policy documents and developmental guidelines aandernational cities are examined
through an internet review. Secondary data threubiferature review of institutional papers
and journal articles is also covered to bring betdlobal best practices.

The structure for review considers the level oéiméntion, policy instruments, and the
mitigation measures addressed, to report findimgjseaglobal level represented by
international countries including the USA, Japard antities of the EU, covering the major
climate zones of the world.

3. Analysis of UHI effect related parameters in enviromental assessments of large
developments in India through voluntary environmentl assessment instruments as well
as mandatory environmental clearances .
This includes an examination of the ministeriatimsents guiding urban development as
well as voluntary environmental certifications, foitiatives on the mitigation of the UHI
effect. These instruments are reviewed to see hewhelp in sector level provisions of city
development and the level to which they incorpoedfterts to mitigate the UHI effect. Based
on this the direction and means of Indian polidgiventions will be recommended.
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The review incorporates the consideration of UHg@fin the National Action Plan on
Climate Change as well as the related and relewamsterial instruments that guide and
regulate urban development. Alongside, non-goventai@s well as collaborative initiatives
like Leadership in Energy and Environmental DegigiED) and Green Rating of Integrated
Habitat Assessment (GRIHA) are also evaluatedni®mieightage they give to the cause of
UHI mitigation.

The structure for the review adopts a framewor&entral Government ministries and
State/City Government legislation and their intitienships to examine the current
recognition of and recommendations for mitigatibthe UHI effect.

Part 1l of the report is based on the followingeatjves:

4. Development of a descriptive model of the interretzonships between various
parameters of urban development such as ground coragye, building density, building
setbacks, as well as parking allowances and transpation provisions, and their impact
on the UHI effect in cities
City development and planning is guided by pararadiiee land use zoning, building
morphology including ground coverage, floor spamkek, set back provisions, as well as
infrastructure such as parking, utilities, and graeea requirements. A theoretical model is
developed as an attempt to describe the dynanatiaeship between these parameters,
interactions with lifestyle factors and associatedtributions to the heat island effect as well
as rebound impacts on energy demand and exacerlodtibe effect.

The structure of the framework derives from theréiture review of the causal factors, and
environmental impacts related to the UHI. Besidescdbing the interrelationships, the
intention of the framework is also to depict theaut of the present trends of development
and identify key levers for mitigating negativertas.

5. Based on the descriptive model, identification of gssible policy instruments within the
existing governmental framework of the country ,forUHI related interventions.
There are various initiatives at national, statel @ity level governance, for addressing urban
development, environment, and energy related issueslia. Some policies and guidelines
are under preparation while others are alreaditumstl. Based on the understandings gained
from the descriptive framework, the policy instrurteeand sectors and scales at which they
can operate, can be identified for incorporating dtitigation.

The final Part Ill of the report covers of the filing objectives:
6. Conducting a stakeholder consultation and presentan of findings with subject experts

and concerned relevant government department offiais.
The consultation process had a threefold objecfirst; to obtain a confirmation over Urban
Heat Island issues, second, to communicate thessiégef the Urban Heat Island issues
being addressed in urban development guidelinestrard to invite opinion on the
appropriate approach for incorporation of UHI matign in Indian policy. The process was
intended to help in developing a road map for séps in India-specific empirical research
to provide a comprehensive basis for the developwfeurban guidelines concerning the
Urban Heat Island effect.

This consultation process also involved two emgadedcientific leaders in the field of UHI
internationally:
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1. Dr. Koen Steemers of the University of Cambridgk, U

2. Dr. Ronnen Levison at the Lawrence Berkeley Natibadoratory, California.

These experts jointly validated the proposals efitoject and reviewed findings in Part | of
the report and contributed their perspectives aminsents relevant to urbanization in India
for the Stakeholder consultation meeting.

The consultation meeting included presentatiormefreview on research and policy followed
by two open sessions covering discussion pointisdat to consider aspects of research and
policy respectively.

7. Formulation of a proposal to establish an empiricatata base from cities in India to
enable a quantitative assessment of the impact oHU effect and consequent guidelines
for low-carbon urban development.
The impact of UHI is considered to be influencedatset of uncontrollable and controllable
measures. The former includes regional and logaktic patterns diurnally and seasonally,
as well as topographical influenced -. The lattetides aspects of urban structure and urban
lifestyle that can be influenced to affect the itgaof UHIs.

This implies that it is not only significant to itkfy the key mitigating measures by affecting
the influencing factors and assess their relativasicts, but also to do this in view of the to
the location of the urban environment under comatiten by developing a data base across
cities in different regions.

An outline proposal for further work on assessnaémtarameters, collection of data, and
deriving UHI mitigating guidelines is presented.
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PART |
LITERATURE REVIEW

1. Overview of UHI
“Heat island” is an area specific phenomenon whisedemperature of one area is higher than th
the surrounding areas. The physical extent ofisland of heat can vary from a few metres to se
kilometres across.

As per United States Environmental Protection Agews urban areas develop, changes occi
their landscape. Buildings, roads, and other itfuature replace open land and vecion. Surfaces
that were once permeable and moist become impetenaat dry. These changes cause u
regions to become warmer than their rural surraugsjiforming an “island" of higher temperature
the landscape” (EPA, 2013).

During the day time buildings, roads, pavement, @meh ground absorb heat that is then releas
the evening and night timelowever, due to the nature of urban morphology, these elemen
form part of this released heat is restricted fromaping into the higher atmosphere, resulting in
formation of heat islands. This phenomenon is reteto as the ‘Urban Heat Isle’ effect or UHI
effect. The phenomenon of the UHI has been observed ity urban areas around the wot
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Figure 1: Natural Radiance Balance
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Figure 2: Radiation balance affected by Urban Inteventions

It is interesting to observe the Heat Island azcalllevel phenomenon (in contrast to global wagmin
which is a global level phenomenon), where onlaglp or several patches within a city have higher
temperature with respect to their surroundingsoAj®bal warming is driven by emission of
greenhouse gases whereas the UHI effect is aaasolt physical alteration of the natural landscape
and the release of waste heat (Stone R., 2007aneat Islands, however, can impact global
climate and can also affect the long term tempesatcord which is used for detecting global
climate change as many temperature recording statite located in urban areas (Douglas, 2002).

The image given delineates the intensity of hdahdin downtown areas with respect to rural and
suburban areas.
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Figure 3: Urban heat island intensity

Scoping study for Policy Initiatives to minimise UHI Page 13



Urban Heat | and types
The UHI is categorized into three distinct typegtf&ce Urban Heat Island (SUHI), Canopy Layer
Urban Heat Island (CLUHI) and Boundary Layer Urlbégat Island (BLUHI).

* SUHI is the heat island formed by heating of urbarfaces like buildings, roads, pavements,
open space, water bodies and vegetation.

» CLUHI is the heat island formed in the Canopy Layethe layer of air closest to the
different surfaces in a city after surface layed artends upwards to approximately the mean
building height of a particular area. It is thelayer where we live — from ground level to top
of trees and buildings. There is also a heat islayer described for 1-2m of the layer of air
next to the urban surfaces referred to as the Sedace Urban Heat Island or the NSUHI
which is most relevant to the occupied zone ofufiimn environment.

» BLUHI is the heat island formed in the Boundary €agr the layer above Canopy Layer that
extends up to 1 km or slightly more above duringtid@de and to hundreds of meters or less
during the night. The heat island dome extends @omahof the city and is often changed to

plume shape due to wind (Voogt J. A., 2004)(HARQ)D.

The image below depicts the aforementioned thneestyf heat island.
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Figure 4: Types of UHI
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CLUHI and BLUHI are together also referred to amAspheric Heat Islands. These together with
SUHI have a bearing on the ambient temperatureswsating buildings in urban areas. The specific
differences between Atmospheric heat island anth8aiheat island are summarised in table below.

Feature Surface UHI Atmospheric UHI
Present at all time during day and nigh Small or absent during day.

Timing Most intense during daytime and Most intense at night or just before dawn
summers. and in winters.

Peak Intensity More variations during daytime. More variationsidgrnight time.

Indirect measurements using remote  Direct measurements with weather

Measurement . . .
sensing stations or mobile measurements

Typical lllustration Thermal image Isotherm maps & temperature graphs

Source: (EPA, 2008)
Table 1: Surface and Atmospheric UHI difference

Heat Island Measurement

The UHI intensity is the difference in air/surfaeenperature between urban and rural areas. There is
very good recognition and documentation of UHI msigy globally. UHI intensity was first
documented by Luke Howard's study of London’s clienm 1818 when hefound ‘an artificial excess
of heat’ in the city compared to the country (Gart, 2008).

It has been seen that the annual mean air tempeita city with 1 million people or more can be
1-3°C warmer than its surroundings and as higl2ag at night(EPA, 2008).

The study conducted across the globe for 419 higsdnaving population of more than 1 million
indicated that the average annual day time SUHhisity is higher as compared to the average annual
night time SUHI intensity.. (Peng, et al., 2012)e%e 419 cities were divided into developed and
developing countries and its was then noticedahaual daytime SUHI intensity over developed
nations (2.1 £ 1.1°C) was much higher than the Sldtéinsity over developing countries (1.3 £

1.1°C), (Peng, et al., 2012).

An ideal way to measure an intensity of heat islartd examine regional weather patterns, both with
and without the city in place. As it is impossibderemove and replace cities, different approaches
have been identified for the measurement of h&atdsintensity (Gartland, 2008). Mirzaei and
Haghighat (2010) in their research have mentiomnedtypes of approaches to measure heat island
intensity i.e.: Observational approaches and Sitrarl approaches.

Observational approach

The observational approach measurement of UHI éitieis divided as follows:
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Field Measurement
This involves the measurement of temperature byalh@ving methods:
a. Fixed Station
It is the simplest and most commonly used methoaalysing the intensity of heat island for any
given area. Weather data, specifically temperatata from two or more fixed locations is compared
for a defined period to get the temperature difiee¢Gartland, 2008).
b. Mobile traverses
It is difficult to find many fixed stations at riglocations in any city to yield a clear two-dimensl
picture of the heat island. Setting up a tempofiaed station for study purpose can be difficult as
well as very expensive. Taking a mobile transvessan economical way to study the intensity of heat
island for an area. Mobile transverse involvesigkieadings using a single set of weather instrimen
by travelling on a pre-set path throughout a regtmpping at representative location(Gartland, 2008
c. Vertical sensing
Vertical sensing helps especially in identificatmfrBLUHIs. Methods taken up to measure the heat
island intensity includes sending instrumenteddeal$ aloft, installing monitoring equipment on
radio towers, or flying at different altitudes in sstrumented helicopter or airplane(Gartland,800

Thermal remote sensing

Fixed station and mobile transverses are used dmitoring temperatures of both the atmospheric
and surface layers, whereas remote sensing isto$ed temperatures and other characteristics of
mainly the surface. Remote sensing data helpsstaiise temperatures over large areas, however, it
is only the birde birds are used for monitoring penatures of both the atmospheric and surface
layers, whereas remote sensing is used to findgeatyres and other characteristics of mainly the
surface. Remote satelites are continuously cirdlegearth (Gartland, 2008).

Small-scale modelling

A small scale model of an urban area is developetiidy the UHI effect. The prototypes are tested
either using wind tunnels or outdoor spaces, toughsometimes hard and unfeasible to ensure
similarity between real case and prototype. Sntallessmodel can help to study the impact of limited
number of parameters of a small region or a buildin its environment(Mirzaei & Haghighat, 2010).

Simulation approach

In this approach mathematical models have beenajee to address the large scale UHI problems.
However, due to the complexity of UHI, major sinfigktions are generally required nevertheless the
advancement in computational techniques has hegsedrchers to address the urban climate
problems. Among the models worked upon energy lbalahowed the most reliable and satisfactory
outcome (Mirzaei & Haghighat, 2010).

Energy balance model (simplified model)

The energy balance equation is based on thedinsbf thermodynamics, which states that the energy
in and out of any surface must be conserved. Inddmse of a surface on the earth, the equation is
generally written as: Convection+ Evaporation+ Hetatage = Anthropogenic heat + Net radiation
(Gartland, 2008). This model considers the atmasppbenomena, turbulence fluctuations and
velocity field as heat fluxes (Mirzaei & Haghighag10).

Causal factors

Several factors have been identified which contalia the heat island effect in urban areas. Memon,
Leung and Liu divided the heat island causal factao uncontrollable and controllable variables
(Memon, Leung, & LIU, 2007) as below:
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Controllable variables

NS

Sky view factor, Green areas, Building materials Population related

N~

Anthropogenic heat, Air pollution

Urban design and structure related

73

G

bl
7

Uncontrollable variables

b

Anticyclone conditions, Season, Diurnal conditions,
Wind speed, Cloud cover

Source: (Memon, Leung, & LIU, 2007)
Figure 5: Urban heat island causal factors

The uncontrollable factors include anticyclone dtards, seasonal changes, wind speed, cloud cover
and diurnal conditions. Amongst these uncontroflafairiables it has been indicated heat island effec
is highest during calm and composed weather (Gaktl2008). One study indicated that with wind
speeds of greater than 0.8m/s there could be l@le/decrease in maximum UHI and with wind
speeds of more than 7m/s UHI of 0.3°C or less cwealdsh (Kim & Baik, 2002). Another study,

found that with a city average wind speed of 4nuisrd) night time and 2m/s during day time heat
island of higher than 1°C could still be observiégy¢ik & Fortuniak, 1999). Similarly, a study by

Oke (Oke, 1982) a established negative correlatfaH| with cloud cover and wind speed and
another by Morris indicated that the UHI intensgyapproximately the fourth root of both the wind
speed and cloud cover (Morris, Simmonds, & Plumi@@91). A previous study by the research team
for this project on urban microclimate studies gismnted to the possible reduction of ambient urban
temperatures with increasing wind speeds. On th@eathe degree of influence of uncontrollable
variables on heat island effect indicated by vagimsearch works is region specific and much more
work is required in this area.

With regards the controllable variables these amadhed by the Memon study into urban design and
structure related and population related variaf¥=mon, Leung, & LIU, 2007). Here, urban design
and structure related variables are posited taidteckky view factor, green areas, and building
materials; and population related variables antbgepic heat and air pollution. The degree of
influence by controllable factors has been widelselarched around the world. A U.S. Department of
Energy report identifies numerous research stugheablishing the relation between controllable
factors and urban heat island (EPA, 2008).

At present the study examines the controllableatdes within the broader structure proposed by
Memon et al. (2007) with some modifications. Parmgefalling under the controllable variables are
therefore delineated as:

Urban Lifestyle

» Transportation Mode(public, private) arising from preferences for mibpi
» Cooking & Appliances(burners & stoves, fridge &ovens, washers & dryarging from
conveniences for the home
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» Building Equipment(air-conditioners, lights, lifts & pumps) arisingpfn aspirations of comfort

Urban Structure

» Landuse Planning(buildings, infrastructure, industry, park, roads)
» Building Morphology (ground coverage/open space, FSl/building heigHt8Y ratio/skyview)
» Surface Character(ground cover, building material, water bodies)

These above mentioned variables contribute todhmadtion of heat islands in the following ways:

Cities have a larger surface area as built up @aed use and land cover) compared to rural aneds a
therefore more heat is stored. Low albedo matefsaiface and building thermal properties) absorb
the short-wave radiation from the sun and emibitvk/ even after sunset. Reduced usage of
permeable materials and reduced vegetation coweeliss fewer water bodies further reduces
evaporation from urban areas as well, reducinggnabsorption as latent heat. The emitted
radiation, moreover, gets trapped by multiple dftans between buildings and street surface, the
obstruction of the sky by buildings (sky view fagteesulting in a decreased long-wave radiated heat
loss from street canyons. The turbulent heat teansithin streets is also decreased by a reduction
wind speed due to buildings. Furthermore, air pimfuadds to effect by absorbing and re-emitting
long-wave radiation to the urban environment. Aoplmgenic heat is also released by combustion
processes such as traffic, space cooling and indsi$tirther adding to the heat balance contrilgutin
to UHI.

Measured Impacts

UHIs can affect a community’s environment and ualgy of life. There are some positive impacts:
lengthening the plant growing season or improvirggmal conditions in winters and in cold climates,
however, the impacts can often be negative, inopdnd not limited to: worsening summertime
discomfort, increase in energy consumption, higimissions of air pollutants and greenhouse gases,
compromised human health, impaired water quality Bte prime impact is of increased
temperatures referred to as UHI intensity in pagetescribed above.

The higher temperatures, however, also speed ughttraical reactions that lead to ozone formation.
Ozone is a result of nitrogen oxide reacting witkatile organic compounds in sunlight and at swfac
level, is a harmful pollutant. It was calculatedttfor every 0.03°C rise in temperature, pollutagid
may increase by 10%. It is however, not just ammgerature that affects air pollution, other
contributing factors include changes in the aigsvgpoint, air pressure, cloud cover and wind speed.
The rebound effects of each of the above mentiafiedts the UHI intensity. (Akbari, 2009).

With the increase in summertime temperatures, ¢lat island effect increases the use of energy in
terms of air conditioning usage and adds pressutietbe electricity grid during peak hours, which
further increases the emissions of greenhouse .geisegpeak hour electricity demands increase 1.5 to
2% for every 0.6 °C increase in summertime tempeeav/oogt J. A., 2004). The increase in
temperature and thus the energy demand also cheskls and economic impacts. It can affect

human health by contributing to general discomf@spiratory difficulties, heat cramps and
exhaustion, non-fatal heat stroke, and heat-rela@dality (EPA, 2013). Phenomenon such as heat
waves put vulnerable groups such as young chil@gmdults with health conditions and the elderly
particularly at risk from heat related illness.
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Mitigation Strategies

The intensity of urban heat island can be redugeablopting various mitigation strategies. UHI
mitigation will help in reducing the local temperat, energy demand, and €@nissions, will

improve air quality and human health and overafiriove human comfort especially in cities having
warm climates. Various strategies linked to catesetbrs like mutual shading, increasing surface
permeability, cool roofs, green roofs, cool pavetsgimcreasing urban green areas, and application o
high albedo material and finishes have been acletyed and implemented around the globe.
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1. Status of Research
This section critically examines the research weatkied out internationally and in India on the
subject of UHI.

I nternational Research

This section reviews the key international pap&esréning the causal factors, measured impacts and
mitigation strategies related to UHI.

The attached table summarizes the UHI causal fetwd significant findings of specific studies.

_ Some Significant Findings m

UHI obvious manifestation of urbanization observed in every city (Landsberg, , 1981)
UHI intensity directly proportional to population size & density (Oke, 1987)

ul

Low SVF directly related to UHI intensity esp. in the day (Yamashita, et al., 1986)
Building UHlincrease by 3% with decrease in SVF by 1% in Hongkong (Giridharan, et al., 2004)
\V/[6]70]3(6] (61s}A8 Densely arranged buildings lower wind speeds and heat dispersion (Akbari, 2009)
High rise high density areas have higher temperature for longer (Wong & Yu, 2004)

~

5-10 % lower albedos in urban areas results in more short wave radiation absorption
(Shahmohamadia, et al., 2011)

Surface Exposed surfaces have up to 27-50°C higher temperatures than air

Character (Berdahl & Bretz, 1997).

Lower evapotranspiration rates major factor in increasing urban daytime temperatures
(TahaH., 1997)

Anthropogenic heat increases the near surface air temperature (Taha H. , 1997)
Transportation use directly related to city size and role of the public transportation 2
(Shahmohamadia, et al.,2011).

URBAN
LIFESTYLE

Table 2: UHI causal factors summary sheet

Landuse planning can affect the proportion of tauill unbuilt spaces in a region. Landsberg (1981)
stated UHI as an obvious climatic manifestationrtianisation which can be observed in every town
and city. As per the United Nations World PopulatRrospects Revision Report of 2011, in 1950
30% of the world’s population lived in urban areasl by 2030 this number is expected to reach to
60%. This rapid increase in the rate of urbanigsasane of the main reasons which has lead to a
brisk transition of natural vegetation to manmangireeered structures. In the years to come, most of
the world’'s urban population growth is expecteddour in the hot and arid regions of the world
(Baker, Brazel, & Westerhoff, 2004).

In urban areas, also, because of the use of masmnatruction materials within a very small space
the ability to release heat by long wave radiaisotecreased resulting in heat storage in building
structures and thus warming of the space (Memouange& LIU, 2007). A study conducted in
Singapore indicated that areas having high risk demnsity ( low sky view factor) result in longer
retention of heat and thus higher temperaturekfger periods even after the sunset as compared to
sparsely dense areas having high sky view factan@\& Yu, 2004). Research by Yamashita et
al.(1986), through controlled sky view factor (SBky View Factor: defined as the ratio of the area
occupying the sky view to the whole sky area) imgalestablished increase in air temperatureseas th
SVF decreased. The study also noted that the daginmtemperatures showed stronger correlation to
lower SVF. Research done by Blankenstein and Kottl€2004) the other hand, found a strong
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interrelation between long-wave radiation and S\Eweak between SVF and air temperature,
concluding that the air temperature was influentmgdany other factors and thus was challenging to
predict using SVF alone. A study conducted at higd high density developments of Hong Kong
indicated an increase in UHI by 3% when SVF de@eédy 1% (Giridharan, Ganesan, & Lau, 2004).
Moreover, in case buildings are densely arrangelg,low winds are allowed which hampers the
dispersion of air and heat pollutant (EPA, 2008}{A#,2009).

Rapid urbanisation has also led to changes inaft@’s surface characteristics. Green cover has bee
largely replaced by impervious cover in cities thiare radiation in form of heat energy. On an
average the urban albedos are 5-10 % lower tharuthkbvalue which contributes to the greater
diurnal absorption of short-wave radiation in urldaeas (Shahmohamadia et al.2011). A study by
Hamdi and Schayes (2008) highlighted that increpgiermal diffusivity, surface albedo, heat
capacity, and fraction of vegetation and roof ptamtdecreases summer peak temperature during
daytime. Another study highlighted that lower eviagaspiration rates in urban areas are a major
factor in increasing daytime temperatures (Tahal997). Berdahl (1997) established that on a hot
sunny summer day the exposed urban surfaces suobfaspavements etc. can have 27-50°C higher
temperatures than the air.

The anthropogenic heat in urban areas affectsahesurface air temperature the most and plays a
role in creating urban heat islands (Taha H., 19973ome high density areas, total anthropogenic
heat release may be greater than or equal to theisput. This is owing to the excessive use of ai
conditioning/ heating systems as well as urbarsfrart operations.

Air pollution is largely contributed to by transpation use as well. Transportation use is a diyectl
related to city size and the relative role of thiblfr transportation in it. In terms of vehicle asibns

in urban canyons, studies showed that pollutadisided the traffic flow rate. Also in urban canyons
pollutants were up to 16% higher on the leeward simmpared to the windward side, pollutants can
be up to 107% higher when wind speeds are lowhewveen 2 and 4 m/s (Tsai & Chen, 2004)
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With regards the impacts of UHI studied by reseavolks internationally, these are broadly given in
the table below.

_ Some Significant Findings m

Upto 12°C UHI intensity recorded during evening/ night time (EPA, 2008)
City with population of more than 1 million may have the annual mean air 8
temperature difference ranging from anywhere from 1-3°C (EPA, 2008)

TEMPERATURE
INCREASE

Increase in temperature by 2.5°C causes 1500 MW increase in energy

ENERGUSE & (Akbari, 2002) 7
= Cities with populations over 1 million use approximately 1billion KWH per
year with each KWH creating half a pound of carbon as CO2 (Akbari, 2009)
Positive correlation between air pollutants and urban density
(Lai & Cheng, 2009)
AIR QUALITY , , ) » ) 5
CO? dome existence was confirmed and identified as being 75% stronger
than the surrounding rural area (Idso, et al., 2001)
Mortality rates increases 9% with 0.3°C increase in temperature
HEACIRIMBACTS (Ostro, Roth, Green, & Basu, 2009) 4
UHI annually costs Los Angeles $100 million in energy
SCONOMICIMPACTS (Heat Island Group, 2013) 3

Table 3 UHI measured impacts summary sheet

The Urban Heat Island effect is characterised byarease in air and surface temperature in urban
areas with respect to rural areas. Studies haveaitedl varying range of UHI intensity. A city with
population of more than 1 million may have the almean air temperature difference ranging from
anywhere from 1-3°C to 12°C more that its surrongsli(EPA, 2008). Often temperatures in the
urban areas can be up to 4.7°C more than thesuradundings (Weng & Yang, 2004)(Wong & Yu,
2004). A study in Tokyo has indicated that in 2&¥ears the total duration of time with air
temperature above 30°C has about doubled.

Rising temperatures increases the demand for gpalimich results in increased usage of air-
conditioning units and fans. In USA a sixth ofelkctricity generated is used to cool buildingngsi
air conditioners, and of this, 50% consumption ogdu cities that have been classed as urban heat
islands (Akbari, 2002). Increasing local downtowmperatures of a city have also been noted to
increase the community-wide demand for electribitys- 10%, often to counter the heat island effect
(Douglas, 2002). It is estimated that the tempeeadf Los Angeles has increased by 2.5°C since
1920 adding to 1500 MW increase in energy demaitgksGvith populations over 1 million use
approximately one billion kilowatt hours per yedthweach kilowatt hour of electricity creating half
pound of carbon in form of CO2 (Akbari, 2009). Fert in a two week intense study of the “CO2
dome” its existence was confirmed and identifietb@isng 75% stronger than the surrounding rural
area (Idso, Idso, & Balling Jr., 2001).

Studies have also indicated a positive correlatieimveen UHI and air pollutants. Lai studied air
quality and its association with urban heat islamsiag statistical analysis of real data and
simulations, he found that certain weather pattdatsriorate air quality. He found that high UHI
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intensity is correlated with the increased cona@iuns of air pollutants that gathered at night and
affect the air quality the following day (Lai & Chg, 2009) (Yoshikado & Tsuchida, 1996).

In addition, various heat-related health conditibase been associated with Urban Heat Islands. It
has been found that people in homes with dark reofsipper floors, with windows on two sides, and
of brick construction, may be particularly at rfsétm extreme heat during heat waves (EPA, 2008).
The heat wave of 2003 in Europe caused 35,000 sléatbasury, 2006). A study on the July 2006
heat-wave in California showed a daily mortalitierancrease of 9% per 0.3°C increase in
temperature, about 3 times greater than for fulireer non heat-wave seasons (Ostro , Roth, Green,
& Basu, 2009). McMichael and Beaglehole (2000) haghlighted that heat waves claim more lives
each year than hurricanes, floods & tornadoes aoeabi

Energy use and health impacts both result in ira@@conomic implications. In the US electricity
used to air-condition buildings equates to appraxety $40 billion a year in energy bills (Akbari,
2002). If half the air-conditioning usage is atirtdble to Urban Heat Islands then possible UHis
account for about nearly $20billion a year for giyerThe 2003 heat wave of Europe caused
agricultural losses of $15bn across three countrlest island formation around Los Angeles
annually costs the city $100 million in energy (Histand Group, 2013). Such losses incurred by
extreme weather events are rising, according t&tam Review: Economics of Climate Change
(Treasury, 2006).

To mitigate the above cited largely negative effexftUrban Heat Islands, various measures have
been recommended and applied internationally yihestand broad effectiveness of some of which
are documented in the table given below.

_ Some Significant Findings m

 Specific land use planning policies can reduce SUHI by almost 40%
(Stone & Norman, 2006)

» Meticulous land use planning by incorporation of good wind circulation,
combining vegetation and water installations, proper distribution of green
spaces, promoting public transit can help in countering the UHI effect (Giguere,
2009).

Building 0
Morphology

» 25%-40% increase in albedo value temperature drops by 1-4°C (Taha, Rosenfeld,
Akbari, & Huang, 1988)

Surface * Raising roof reflectivity by 40-50% decreases building cooling demand by 20%

Character (Akbari, 2005)

» Water has an average cooling effect of 1-3°C to an extent of about 30-35 m
(Robitu et al., 2004)

URBAN 0
LIFESTYLE

Table 4: UHI proposed mitigation summary sheet

11

Mitigation strategies relating to urban planningl &me built form have been somewhat limited. One
study suggests that the contribution of individaald parcels to regional surface heat island
formation could be reduced by approximately 40%ulh the adoption of specific land use planning
policies, such as zoning and subdivision regulatiamd with no modifications to the size or albedo
of the residential structure (Stone & Norman, 200&)eport by Giguere (2009) highlights that
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meticulous land use planning by incorporation addy@vind circulation, combining vegetation and
water installations, proper distribution of gre@aces, promoting public transit can help in counger
the UHI effect.

With regards to built morphology, one referencd=ycher (2008) indicated that overheating by solar
radiation in summer may be reduced with high ratiostreet height to street width. However, this
may also reduce air flow, lower the SVF and pronmotgtiple solar reflections leading to the trapping
of heat. Shading buildings with trees and greenswaihich are green in summer and transparent in
winter, may be a better alternative. Another stsuglggested that the orientation of streets takita in
account the solar and wind orientation could alstépful but could bring some design challenges
(Kleerekoper, Escha, & Salcedob, 2012). Brian (&t&n 2007) in his report outlines a set of design
strategies which have proven successful in mitigatirban heat effect.

Surface character, however, has received the lacgesrage amongst the mitigation strategies. Taha
et al.(1988) established that a 25% to 40% incrernesibedo values in a city will result in a
temperature drop of 1-4°C. Simulation results aidicated there can be a reduction of 62% in
cooling energy demand when both the city-wide adbead building albedo are increased. Akbari
(2005) identified that there can be 10%-40% reducin energy use by application of reflective
coating on building roofs and pavements. Anottegearch project in Singapore focussed on the
difference in temperature on building facades dugark or light colours. A maximum temperature
difference of 8C to 10-C on the external wall was measured during 13.@01&x00h (Kleerekoper,
Escha, & Salcedob, 2012). Reports on strategigstigate UHI in London and in Quebec highlight
the use of high albedo materials to curtail the Effiéct (Greater London Authority, 2006)( Giguere,
2009). The application of cool roofs/ green roafrdfore has huge potential of lowering the surface
temperature as well air temperature and thus edsslates to large energy savings. UHI mitigation
strategies adopted by London, Quebec, and Cal#drigihlight the use of cool roofs (Greater London
Authority, 2006)( Giguere, 2009) (USEPA, 2009).

Vegetation cover has been identified as an impbrtatigation strategy. One study highlighted that
on a sunny day the evapotranspiration of a treésaoith a power equal to 20—-30 kW, a power
comparable to that of more than 10 air-conditionings (Kravcik et al., 2007). Another research
study suggested that a 25% reduction in the impasvcover of an average single-family parcel is
associated with a 16% reduction in the net blaaky/lftux. It also indicated that for the average
single-family parcel, an increase in tree canopyecérom 45% to 60% reduced the parcel net black
body flux by 14% (Stone & Norman, 2006). It hasméound that vegetation cover spread over an
urban area of 100-1000sgm has an average coofecf ef 1-4.7-C, although this is dependent on
the amount of water the plant or tree has availabtbe emissivity value of the green cover (Schmid
2006). Another study found that greening leadsntaxserage decrease of 0.2—4C2in the near-
ground temperature and cooling energy savings 40%-(Yukihiro et al., 2006). According to a
study, a park of 0.15 ha had an average cooliregefff 1.5C with noon-time difference reaching 3
-C (Shashua-Bar and Hoffman, 2000). Another studyadteborg established that a large cooling
effect is produced by a larger green area and medisumaximum difference of 5.9°Cin summer by
156ha green area (Upmanis , Eliasson, & Lindgui$98).Research has highlighted that
incorporating green areas within London city magldbe city by as much as 2 or 3°C (Barlow,
2010).

The use of water itself has also been identifiedrasffective strategy. It has been establishetd tha
water has an average cooling effect of 130 an extent of about 30—35 m. A study condutied
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examine the cooling effect of a pond of 4m x 4nidated that the cooling effect was abouClat a
height of 1 m, measured at a 30 m distance fronptinel (Robitu et al., 2004). The effect of the wate
system can be felt (from 14.00 to 15.00 h) up 3 an distance (Nishimura et al., 1998).

Overall strategies such as increasing vegetatiorercby planting trees for shading, providing
evaporative cooling, and increasing reflectivity tbé exposed surfaces such as roofs in order to
reduce the amount of radiation absorbed, haveweddhe most attention worldwide (Rosenfeld, et

al., 1995).

Research in India

A fair amount of research has been conducted i lowl building energy demand, vehicular increase,
as well as climate change related to urbanisalibe.Urban Heat Island has, however, remained
among the less researched issues. Dedicated resgatice heat island effect in India has primarily
covered the observation and documentation of tieetefity-wise in the country
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Figure 6: Observed UHI intensity by various researb works.
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This section reviews the causal factors, measunpddts, and mitigation strategies related to UHI
identified by the research efforts in India is suanized in the table below.

Bangalore
Thiruvananthapuram
Guwabhati
Ahmedabad
Visakhapatnam

lendusePlanning | | | [l | |
BuildingMorphology . | | ||
]

Surface Characteristics

URBAN LIFESTYLE ]

Temperature Increase | | | ||

Energy Use& CO2 Emissions
Air Quality

Health Impacts

Economic Impacts

Landuse Planning

Building Morphology

Surface Characteristic -
URBAN LIFESTYLE

- Identified factors in particular study.
Table 5: Status of research conducted in India

Studies carried out in the some of the major citidadia have shown that urbanisation has had an
extreme effect on the climate of these cities ahd idtensity(Deosthali, 1999) establishing
increasing urbanisation and associated charaatsrtstbe closely linked to the formation and ekten
of heat islands.

DELHI

A study conducted by IIT Delhi in Delhi has fourtd tmaximum and minimum heat island intensity
to reach temperatures of 8.3°C and 4.7°C respégtiso it has been exhibited that the UHI
intensity tends to be maximum at night around 9yM\én the temperature increases range from 2.8
°C to 8.3 °C, and in the afternoon hours aroun®3a#th temperature increases of 3.8 °C to 7.6 °C
compared to early morning hours. Considering thaferiod of temperature measurement was
moderate temperature condition the heat islandgitieobtained was very high at different time
intervals of the day (Mohan et al., 2012).

BANGALORE

A study carried out by IISC Bangalore at Greatendgdore shows an increase of ~2°C to 2.5°C in air
temperatures in the past decade. The study alsesshgrowth of 632% in urban area of Bangalore
from 1973 to 2009 and a 76% and 79% decline inte¢ige cover and water bodies respectively in
Greater Bangalore (Ramachandra & Kumar, 2010). tercstudy conducted by TERI for the city of
Bangalore highlights 1.5°C higher temperature im8ercial Street, a high density area as compared
to city outskirts having low density. The studyaalgghlights a 1.5°C- 1.9°C reduction in peak air
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temperature by use of reflective roof or green @ by the use of reflective roof material for
commercial buildings and suggests that by improwingro climate there can be an expected saving
of 1642MWh/yr (SANEI, 2012-2013).

PUNE

Studies conducted in Pune have showed the formafilamge high intensity urban heat islands in the
core of Pune city covering 8% of the total citya(®46 sgkm) and accommodating 33% of the city
population (1.5 million), including isolated warrogkets distributed over the city (Deosthali, 1999).
Another study highlighted a 32.68% per cent incedaduilt up area, 10% decrease in agriculture
land, and 21.91% decrease in barren land from 1®92909. Also a rise of 1°C-6°C has been shown
in land surface temperatures from the year 192966 (Patki & Alange) . These studies cited for the
context of Pune city, again point to the elsewherted relation between increasing urbanization and
the heating up of the city environment.

CHENNAI

The existence of heat islands has also been olastawéhe city of Chennai. Increasing temperatures
have been noted from the suburbs towards the eityre in a radial pattern indicating the existeoice
heat island/ dome. The mean maximum heat islaedasity observed has been 2.48°C during
summers and 3.35°C during winters (Devadas & Rqsz089).

THIRUVANANTHAPURAM

At Thiruvananthapuram, a maximum UHI intensity dfZ was recorded for the city centre, in
comparison to the city suburbs. In this case, dk thie regions exhibiting the higher temperatures
fell under high density categories of the builtiemwyment, including compact low rise and compact
midrise developments. The major physical charesttesi of these developments include densely
packed buildings of 1-3 stories (low rise) or 3t@&®s (mid-rise) with narrow streets. The study
identified that due to the parameters of sky viaetdr and building height to street width ratio
offered by the above typologies, the city demonssra cooling rate of about 1.5°C/hr at the
maximum as compared to 3.4°C/hr in the rural a¢dasar, et al., 2012), indicating impacts of the
built form aspects of urban structure as impligaion the city heat islands.

GUWAHATI

The study conducted at Guwahati shows areas of iimtervention, such as towns and cities to be
characterized by closed isotherms indicating pac&ésurface warming. Studies have also
documented a decrease of 26% in dense vegetatartreyyears from 2000 to 2009, a 23% increase
in high density settlements, and a 16% decreaspean space. These have found that as the low
density area converted to a high density over mg@f 10 years area, there has been a corresppndin
recorded temperature increase of 6°C. In additiermassive decrease of vegetation cover in the
hills and reserve forest areas have caused a tatapeincrease of 3°C and more in the surrounding
city (Borthakur & Nath, 2012).

AHMEDABAD

Surface temperature images of Ahmadabad for thies B3890, 2007 and 2010 have clearly shown
Urban Heat Island formations over the city as witlese have also indicated an increase in
temperatures from the outskirts of the city to¢hee of the urban area and have attributed theae to
increase in densification and reduction in opercepaowards this area. The study further also
implicates the increase in the extent of the UHtlanincrease in urbanization. UHI intensity has
been indicated as 1.51°C, 1.62°C & 1.95°C for thary2000, 2007 & 2011 respectively highlighting
the increasing UHI intensity with increasing urlsation (R.S & Raoa, 2012)
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BHOPAL

Areas in old Bhopal have also been found to hawenprent Urban Heat Islands of high intensity
with areas of high green cover or light surfacethwigh albedo material with reduced intensities.
The study highlights vegetation effects in tempaeateductions of about 2°C-3°C (Gupta, Dey, &
Goel, 2009) implying its possible role in mitigagithe impacts of heat islands.

NAGPUR

Studies carried out at Nagpur have indicated tfieance of landuse and landcover of an urban area
on the air temperature of the city and this UrbaatHsland formation. The temperature differerfce o
7.5°C is highlighted by mapping the air-temperatoetours within the city. landcover types like
water and vegetation were identified to have lotgerperatures and high density areas to have higher
temperatures (Katpatal, Kute, & Satapathy, 2008 ireimplying possible roles in reducing heat
islands.

VISAKHAPATNAM

A study conducted for Visakhapatnam region revetdiatdurban heat islands could be complicated
zones with multiple cores corresponding to the mintbarphology. It was observed also that heat
islands were noticed over the thickly built up @redth intensities varying from 2°C to 4°C. It was
also observed that the rate of decrease of temyerdtiring winter nights was 0.30C/hr in urban
areas compared to 0.50C/hr in rural areas (De@6R(ossibly contributing to the observed high
intensities in the former areas.

SUMMARY

The research internationally has taken into accthntvarious factors involved in the formation of
UHI, the impacts of UHI and how to mitigate theeeff however, research conducted in India has not
as extensive.

Internationally the maximum UHI intensity is receddas high as 12°C, and landuse and landcover,
building density as well as morphology, and liféstelated anthropogenic emissions are considered
as the prime contributing factors. In India the imaxm observed UHI intensity is of 8°C and the
research conducted for highlights city density Eamdluse type (residential, commercial, green cover,
etc) as the major causes of UHI intensity. Lifestglated anthropogenic emissions ( heat &
pollution) have not really been focused upon inltitkan studies.

With respect to a documentation of the impactshiefWHI, while International research indicates
higher energy consumption, increased temperaturegased air pollution and health and economic
impact, Indian research largely highlights only pemature increase as a UHI impact. Studies
conducted in different Indian cities highlight timensity of heat island varying with the city tt
and its impact on energy demand, air quality, heatid economy is missing.

Moreover, internationally strategies proposed togaie UHI are incorporated into urban planning
guidelines, building construction codes, etc., whsrindia is still on the stage of discovering the
urban heat island phenomenon. Only a couple ofeguthve even begun to consider the relative
mitigation impacts of strategies. That said, theégation strategies internationally have primarily
focussed on surface character changes while aspfgaisnning and built form get less emphasis and
those of urban lifestyle are mostly taken as giVkis probably derives from the status of research
and empirical evidence on each of aspects anddbsibined effects as well as implementation
feasibilities.

Scoping study for Policy Initiatives to minimise UHI Page 28



Overall, although globally there is good coveragjighe Urban Heat Island parameters, the relative
degree of influence of the various parameters kel tombined effects is still unclear. It is apgrdr
that UHI intensity varies with the climate typetyailensity, and city energy consumption and the
region/ area specific degree of influence by vasitactors will need to be considered. In India @hil
the studies indicate the presence of UHI and alsgider it as an environmental issue the degree of
influence of various factors will have to be esti#d. Besides, increasing energy demand,
increasing air pollution, deteriorating health, @udh aspects need also to be researched and their
empirical relation with UHI needs to be establisiredrder to propose mitigation strategies
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INITIATIVES AND POLICIES

1. International Policy Framework

This survey looks at policies with respect to Uldivdloped by transnational, global institutions or
multinational, regional institutions and by natibbadies and governments in different parts of the
world.

1.1 General

The recommendations and programs of all internatimstitutions flow from the mandates adopted
from the United Nations Framework Convention om@lie Change (UNFCC), the most recent being
the Durban Platform for Enhanced Action (2012). iRapbanization in the developing economies is
identified as the emerging arena for mitigatingimmmental impacts, especially with respect to an
anticipated increase in GHG emissions by a mudtigifect of growing global populations shifting to
urban habitations. The institutional framework &dloption of UHI related policies at regional and
national levels follows varied models. The Europ8aion, under its European Environment Agency
has a program with a special focus on UHI, whigbpsuts implementation of pilot projects backed
by research and documentation. In the United Stdt&snerica, implementation initiatives are under
the purview of state governments and urban locdigso Some local bodies have instituted by-laws
with regard to UHI mitigation. The federal govermmenay adopt policies based on research and
recommendations of the Environment Protection Agemz make financial provisions or give fiscal
incentives. Japan has established a comprehemsegrated model to address UHI specifically.
Similarly, Israel has instituted a broad basedaegegroup on UHI.

All voluntary environmental certification prograrsgch as LEED and BREAM, and similar programs
which are used in many parts of the world, do asklkéHI. Their limitation, however, is that they are
limited to discrete projects and do not addresstplainning strategies or development controls
which have a determining influence on urban miénoates.

1.2 United Nations

Under the UNFCC the Parties to the Convention (C&Rblished the Global Environment Facility
(GEF) as an entity entrusted with the financial hagism of the Convention, on policies, programme
priorities and eligibility criteria for funding pjects. Amongst other environmental issues, the GEF
also supports projects to reduce GHG emissions olt interest to note the GEF has supported a 30-
year project toward reduction of Urban Heat Islaffdct in the city of Delhi by measures of
afforestation in the surrounding areas of the NaticCapital Region. This project was taken up
though the Department of Forests and Wildlife ididn The project recognizes the impact of loss of
vegetation on the Urban Heat Island effect in ibyg and the need to increase green cover to asldres
the same. However it remains to be seen if affatiest in surrounding areas helps mitigation within
the city.

Intergovernmental Panel on Climate Change (IPCQx%20

The IPCC, which is constituted under the Unitedidtes Environment Programme, brings out an
annual report on Climate Change. The latest rdmasta chapter dedicated to UMhe report
recognizes research that confirms the coincidehtiHb with urban densification due to changes in
surface characteristics, reduction in vegetatiweecand increase in anthropogenic heat. UHI
mitigation is seen as a necessary strategy towaitilg GHG emissions in urban areas.
Interestingly, focus is seen to shift from mitigetimeasures at the level of buildings towards urban
design and urban development controls. Urban mdogkdhat allows flushing breezes and
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distributes soft ground, biomass and water bod@mddvproduce cooler urban microclimates. This
would be particularly applicable for rapidly urbaing economies where urban extensions and new
towns are being built. Also, it is noted that desagnd environmental strategies that mitigate UHI
have parallel benefits in safeguarding health antepting biodiversity. The report also flags the
need for further research regarding urban systemsheeir cumulative impact on GHG emissions in
order to establish reference baselines and haveursdde targets for GHG reductions.

World Bank

The implications of Climate Change and Global Waigrare sought to be addressed in the World
Bank’s development programmes. In the Bank’'sdli@e discussing development challenges UHI is
considered as one of the risk factors that aretartticipated with urbanisation and increasing
densities. Rising temperatures in urban areasaludit are identified as a health risk for poor
populations, and especially the young and the lgider

The report Turn Down the Heat, Climate Extremes, Regional ktgand the Case for Resiliefice
brought out by the Bank in 2013 assesses the \ability of Africa, South East Asia and South Asia
to Climate Change. It points out thdtigh levels of growth both urban population and G@@Rther)
increase exposure to climate change impacts irethesas . Further, the effect of heat extremes are
also particularly pronounced in urban areas dudhe Urban Heat Island Effect, caused in large part
by the density of the buildings and the size otities” (Postdam Institute for Climate Impact
Research and Climate Analytics, 2013)

The report of the'BUrban Research Symposium on Cities and Climate@ha Responding to an
Urban Agenda (2009) highlights ho@limate Change and Urbanization are convergingreate
one of the greatest challenges of our tinhe'their paper ‘Urbatieat Islands: Sensitivity of Urban
Temperatures to Climate Change and Heat ReleaBeun European Citiéspresented at the
symposium, McCarthy and Sanderson focus on thenthibat island effect, pointing out that the
effect is created by heat released through humiantgcsuch as heating and cooling of buildings,
traffic exhaust and even human metabolism anddurthution that:

“Some mitigation options may exacerbate urban valnibty to climate change. For example,
although increasing urban density may contributgard reducing emissions from transport, this
will have negative implications for adaptation, Buas intensifying the urban heat island effect
and posing problems for urban drainage. Improving onderstanding of the synergies, conflicts,
and trade-off s between mitigation and adaptati@asures would enable more integrated and
effective urban climate policy” It further statdsat due to UHI urban populations “are therefore
exposed to both urban-induced climate modificaind larger-scale climate change resulting
from increasing greenhouse gas concentrations. fderstanding of current and possible future
changes in the magnitude of the UHI is thereforeeseary for planning and developing of
adaptation and mitigation strategies. Future heaves may be underestimated if finer features
are not included in model simulations” (Hoornwkgeire, Lee, Bhada-Tata, & Yuen, 2011)

1.3 European Union

In Europe, the State of the Environment report e Ebropean Environment (SOER-2010) published
by the European Environment Agency (EEA) coversethitire European Union. At the regional level,
the European Commission and EEA provide guidelooe®ring overarching topics such as
Sustainable Cities and Air Pollution. UHI is aga&en as one of the factors of climate change and
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mitigation strategies are integrated with moredimiassessments and strategies for improvement of
environmental quality and addressing Climate Change

Europe had adopted the mitigation of UHI whole tesdly in response to increasing mortality and
health concerns and a perceived reduction in thétguf life in urban centres due to temperature

rise and pollution, particularly during warm andncageasons. These are the main concerns that have
propelled the European Government to action.

The Central Europe Programme co-funded by the EamRegional Development Fund (ERDF)
which is set up to strengthen ties between somegate@ountries of the European Union, creates
opportunities for collaboration between public auities, institutions and private businesses, by co
financing projects and initiatives under six diffiat mandates, one of which is ‘Environmental Risk
Management and Climate Change’. There are twemydiojects listed for funding on the Central
Europe website. Under this mandate, one projettgiacussed on UHI UHI - Development and
application of mitigation and adaptation strategeasd measures for counteracting the global Urban
Heat Islands phenomenotThe project is led by the Regional Agency for iEmvmental Protection
(RAEP) in Emilia-Romagna, Italy. This project aitogprovide a virtual tool for dealing with UHI by
raising awareness about the factors and mitigaticghe same. The virtual tool is supported by eight
pilot projects that have been initiated at diffédecations in the region to investigate and prepos
policy and measures to be taken tadéveloping policies and actions for preventing, @tday and
mitigating the natural and man- made risks arisfrgm the UHI phenomendn(UHI Project, 2014)
The projects are distributed over a wide regiorugng different climate types as well as a range of
urban configurations on which to study the phenamesf urban heat islands.

Europe had adopted the mitigation of UHI whole telly in lieu of increasing mortality and health
concerns and a perceived reduction in the qudlitifeoin urban centres. These are the main corgern
that have propelled the European government toracBientrally motivated action has been taken
through pilot projects as well as funding towamddwation. The management is on the central level,
but the action has been taken by involving staladrslion a participatory and local scale. Because of
this, the mitigation strategies address varioukesaat planning and design — as well as lifestyle
changes including alternative mobility. Also théopsuggests that the existing structure of
governance be revisited to include environmentatems such as UHI in its processes.

Scoping study for Policy Initiatives to minimise UHI Page 32



UHI-3TRAT Vienna - Structure and worklow of the project

Organisation of collaboration and

networking
o LBl Consomiim o
dHI - Praject pﬂ.ﬁ:ﬂd: Ll TV Wnaa—
parr=t i Hmtipt:z? Evsisiing Physics

i ¢

Progect tearn UHL-STRAT WVienna

Cowe team BOEY Vienna
sttt of Langszaps Desloprant, Fecoeatian and Sanseredon Plaomng
Izttt ol | sl Flarme g
Insibres far Susimrabs Doorares Dleuvnlosnrond

]

Consultative aapert team SOKELD Vienna

IreTtein of Mobrorodogy
rediura of Sod Bcarngnoerning snd Lok o Conednuction

! i 3 ,

Liwirnag Laby to ewabuobe the meosones, espert, intervews ond platfenm

Y e
e G sl
LIS [ ST 6T 5 ERmrEal S pins
ViR

Source (UHI Project, 2014)
Figure 7 - Regional Agency for Environment Protectia project in Vienna- Organisation Chart

=
|
g
E
E
:
=
x
E
G

B

=
)
5
o
o
=
=

Master plans and urban
planning concepts

flaster plans and urban planning
concepts
* Essarhal impact on usher planning
and piajecl sheps
= Nifierend pabdie ol presale sibeeests
eroilinahed

* Cordilicrns craghas tar fher
Ay saps

Ex. Urban planming competition of
Ideas Herdbahnhof Hardbahnstraba
— Inrestrafte
FImS IR NG GreRn o apn
s ceaciledy 8.0
* Heduchon of sol seaing
= Irdedralive considaralion of urkan
elerale anpecls
EsUn's hadowsnsincl iumicity

Figure 8 - Regional Agency for Environment Protectia project in Vienna - Master Plan concepts

Scoping study for Policy Initiatives to minimise UHI Page 33



1
I

Source (UHI Project, 2014)
Figure 9 - Regional Agency for Environment Protectia project in Venice - Proposal for Building Envelope
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MITIGATION MEASURES

PROPOSED

AGENCY  ACKNOWLEDGEMENT INTERVENTION
& INSTRUMENT LAND USE BUILDING SURFACE URBAN
PLANNING MORPHOLOGY CHARACTERISTICS LIFESTYLE
EUROPE
GREEN SPACES STRATEGIS TOOLS
AND LEGAL BASIS
GREEN MASTERPLAN AND
SPACES SHADING MOBILITY URBAN PLANNING
ALBEDO CONCEPTS
ZONING AND
DEVELOPMENT
cenTRaL UH!- PILOT PROJECTS PLANS
IN 8 CITIES SPANNING
=Ll THE REGION
DEVELOPER
DE-SEALING GUIDELINESCOMPETITIONS,
HOUSING
MOBILITY  BUILDINGS INITIATIVES AND
HOUSING PLANS
PUBLIC UTILITY
SHADING WEB TOOLSBUILDINGS
SUBSIDIES
FUNDING FOR
RESEARCH - INNOVATION: HEAT
ENVIRONMENT, REFLECTIVE
ENERGY USE TECHNOLOGY
REDUCTION
LIMITING
URBAN
Sl Climate change
ggigﬁgg;gﬁfgrr:dologlcal Climate resilient city ~ Greening public and
SEVENTH Demonstration under grai  change plannlng and _prlvate green
FRAMEWORKagreement no. 282834 resilientgcit Climate Neutral infrastructure
: =N CY " nfrastructure
planning ant
Climate
Neutral

Infrastructure

The "TURAS" initiative:
communities, businesses
local authorities and
researchers for new
solutions.9 "work
packages" in 12 regions

Table 6: -Review of UHI mitigation and intervention in Policies in Europe

1.4 Other Developed Nations

Some developed nations have been working on UHgation for more than two decades now. The
factors that contribute to UHI, and the effect&Jbfl are manifold and interrelated. Due to such an
interrelated nature of environmental issues thatesgies for UHI are often subsumed under other
objectives such as green roofs to reduce energpigeior pervious pavements to reduce flooding.
Programmes for addressing UHI directly are few.

In nations where there are programmes to dealWithas a primary concern the policy framework is
, as one would expect, based on their respectivergmental structures. This is brought out in the
tablesdescribing policy frameworks discussed below.
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Japan

In Japan, the first step in the direction of UHtigation was taken with the identification of UHItv
air pollution and increased mortality. Since then, aveeriod of five years, eight model areas
development havieeen selected where UHI has been stu

The action toward the formation of policy framewdiniat dealt with UHI mitigation was taken
TheMinistry of Environment and the Cabinet Secret—which set up an inter ministry coordinati
committee known as ‘The Liaison Council’ to mitigdteat islands. The result of these actions
the subsequent policy framework established, irezl

Anthropogenic heat reducti
Improvement of urban surface co\
Improvement of Urban Structt
Enhancement of Lifesty

pPwnNPE

This chart shows the different agencies involvetheaformation of Japan'’s policy related to UHI.
can be seen from the chart, in iry top-down approach, the Japanese Central Governmeteka
proactive in setting up the governance infrastmectar research and mitigation of UHI in Japar
cities. Pollutionand mortality have been the greatest concerns atigtators toward ceral
involvement through Projects and Schel

The proposed mitigation measuaddress all scales of interventiofrem the use of appliances a
energy efficiency in buildings, to street desigd &lvban Planning. Also important to note is
recognitionof lifestyle changes, e.g. preference for pubbBmgport over individual motorize
transport and clothing styles for comfort, as apantant factor of UHI mitigation strate
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Figure 1C - Proposed measureto mitigate the UHI effect in Shinagawi
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Air Pollution
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. Deregulation”
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July 2002 "Basic
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Renaissance" are fram:
The Ministry of urban urban structure: artificial urban surface 1.
Land, . structure:  placementand covers anthropogeni
Infrastructure Established Inter placement orientation of heat release "Outline of the

Ministry Co-ordination

and Transport, : and buildings Policy Framework
L Committee known as . . .

The Ministry of “The Liason Council" orientation 2. light to Reduce Urban

Economy, Trade of buildings, clothing Heat Island

to Mitigate Urban Heat

and Industry Islands with respect ,Idling of Effects"
and the Cabinet to water automobile
Secretariat bodies engines

Ministry of "Guidelines for

Land, Architectural Design to

Infrastructure  Mitigate the UHI Effect’
and Transport

Urban Eighth Urban
Renaissance  Renaissance Project
Headquarters of adopted

the Cabinet

Secretariat

(headed by the
Prime Minister)

"CO2 emissions must

be reduced by

improving the thermal

environment through
The Kyoto urban heat island
Protocol is mitigation measures
adopted by the such as greening."
Japanese Govt.

MODEL AREAS

CASBEE-HI
EVALUATION TOOL

Table 7 -Review of UHI mitigation and intervention n Policies in Japan
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United States of America

The United States Environmental Protection AgeltiyA) is the central agency for federal research,
monitoring, standard-setting and enforcement dig/to ensure environmental protection. In its
standard setting and enforcement activities it dmggleal with urban development and buildings.
However, EPA hosts an informative website on Hslainld effect and also runs a Heat Island
Reduction Program. It has undertaken an Urban Idkatd Pilot Project (UHIPP) in which five cities
have participated. The purpose of UHIPP wasAssist cities in efforts to adopt and evaluate heat
island reduction strategies and programs

. Encourage research, education, and communication;

. Demonstrate and document successful heat islandtied projects that may be
adopted in other communities; and

. Build community support and understanding of hslaind reduction strategies.

EPA selected these cities based on the magnitutie dbcal ground-level ozone problem, the
likelihood that the city could benefit from hedtisd reduction measures, data availability, andlloc
interest in advancing heat island reduction stiateg

EPA has played an active catalytic role in prongtiesearch and disseminating information and
knowledge about UHI.Reducing Heat Island: A Compendium of Stratégeblished by EPA
brings together the examples and experiences of toaal urban bodies in their voluntary and
regulatory programmes for UHI mitigation and alsscdsses the potential of zoning and planning
regulations, in addition to building codes to reglheat islands. (EPA, 2008)

Many cities have initiated awareness programmesratiduted policies related to reducing heat
island intensities. These cities are principallyhiasouth-western and central regions of United States
of America where the rise in summertime temperatige concern. Strategies that reduce heat island
intensities are seen to have the benefit of réoluim negative health impacts by reducing air
pollution and heat stress on vulnerable populafionaddition to avoiding increases in electricity
consumption and peak electricity demand for aiditioning. There is an awareness that issues such
as air pollution cannot be handled at a micro/ leitel alone and are dealt with through State
Implementation Plans. These plans are federallyoaed and enforceable by the state. This is a
promising example of how policy structures can @ayarious levels of governance; city, state and
region to achieve positive results. Although sormthese policy instruments are not directly focused
on UHI mitigation, their implementation has a dirggpact on temperature reduction. Because of the
city authorities’ involvement in the mitigation ategies, the policies are well integrated into the
governance system and city level building codesvéi@r the mitigation strategies tend to lean
toward the smaller - building design and streetgilescales. City planning and design do not seem to
reflect any other strategies, other than tree ataont, toward heat island reduction specifically.
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Table 8 Review of UHI mitigation and intervention ofPolicies in America
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Israel

Israel has set up ICCIC — Israel Climate Changerin&tion Centre by the Ministry of Environmental
Protection. The work of the ICCIC will serve aslatform for developing a national plan for climate
change adaptation, in accordance with a GovernResolution which was adopted in June 2009.
The ICCIC team consists of academic experts inflises ranging for, economics, town planning
and architecture, geography, ecology and envirotahstudies to public health, each leading a
research group. In the recommendations of theorskceport of June 2012 the Climate Team calls
for “Enhancement of pollution monitoring in urban cemsteand monitoring and mapping of the
urban heat island annually, with particular focus the function of urban parks in the mitigation of
heat and pollution concentrations(Israel Adaptation to Climate Change Informatiomtee, 2012)

London

In the wake of heat wave of 2003 the Mayor of Landommissioned a technical study to investigate
London’s Urban Heat Island. The Mayor, Ken Liviragst, considers the report to be

“an important first step in understanding the redaship between London’s microclimate,
development and the predicted changes to our ofimat.. It is essential that we address the Urban
Heat Island through better planning and design wgevelopment should not intensify the problem,
opportunities to offset the Urban Heat Island slidog taken, and our vulnerable communities should
be safeguardetl (Greater London Authority, 2006)

The report London’s Urban Heat Island : A Summary for Decisiakers was prepared by an
inter-disciplinary team of climatologists, meteamgikts, geographers, engineers and public health
experts have contributed to the study. The regatmed at ‘decision makers’ - planners, architects
urban designers, developers and public healthprafessionals. The report brings two important
perspectives that have not been addressed as ntih@énghe other example$he first is the
differentiation between existing urban contexts aed developments with an eye to developing
strategies appropriate to each. Secondly, it recemaisiimproving available data about the UHI
phenomenon, and developing modelling tools to kenatban planners to evaluate plans to enhance
urban micro-climates. Nations situated in hottenates — which also tend to be developing nations,
show very little activity in the area of Urban Héslaind identification and mitigation. (Greater
London Authority, 2006)

1.5 International Alliances for exchange and collabration between City Governments

Although developing nations, which are also pred@ntly located in the warm climatic regions,
have paid little attention to Urban Heat Islandhidfecation and mitigation, in recent years intéyci
alliances have provided a platform for mutual exggaof knowledge and practice between city
governments. The C40 Cities Climate leadership end ICLEI- Local Governments for
Sustainability and Global Cool Cities Alliance areouple of such alliances.

C40 is a global network of large cities taking astto address climate change and has partnered with
Global Cool Cities Alliance specifically for tackty UHI. (About Us: C40 , 2014) Membership is
across the globe from all continents with New Délding a member.
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ICLEI is a network of local governments with a merghip of over 1000 municipalities representing
all continents and cities of all sizes. ICLEI Indias membership of 50 cities.

ICLEI conducts an annual global fordResilient Cities! UHI was a focus area for discussion at the
2010 forum. In its work with local governments éshit has promoted collaboration with institutions
such as the Lawrence Berkley Lab and EPA. Howe\aiyas not have a programme dedicated to
UHI.

UHI in International Green Rating Systems

Voluntary green building rating systems have ackedged UHI. The importnce given to UHI in the
various rating systems varies. It is to be noted $ince such rating systems are intended to rate
discrete projects, they accept the pre-eminentieeadiictates of town planning and development
control provisions as a given. They, thereforendbaddress the fundamental causative factors of
UHI attributable to rising urban densities and miated traffic intensity. They restrict their rating
credits to palliative measures such as, green madgpermeable pavements.

(USGBC) Leadership in Energy and Environmental e$LEED) Green Building Rating System
offers two points for action taken toward reductadreat islands by minimizing impacts on
microclimates and human and wildlife habitats. @sealssociated with reflective roofing or planted
roofs can help a building achieve LEED certificatiBuildings also receive credits by providing
shade. Also in its Neighbourhood Development Ratiygjem it offers one point toward heat island
reduction. The Green Building Initiative (GBI)'s &m Globes program, which is active in both the
United States of America as well as in Canada asvaothts to sites that take measures to decrease a
building’s energy consumption to reduce the hdahieffect. As many as ten points may be
awarded to sites with roof coverage from vegetathiighly reflective materials, or a combination of
the two.

The German DGNB rating system, which is now aativeeveral countries around the globe has
included Changing Urban Microclimateas a criteria under Global and Local Environméhtgpact
for rating Urban Districts. The Green Star ratiggtem developed in Australia has separate rating
systems over various scales of development. Um#@e€Communities rating, Heat Island Effect is a
separate credit, on meeting which one point is degito the project

SUMMARY

While UHI is a localised phenomenon, it is beconargjgnificant aspect of Climate Change
mitigation and adaptation as global populationsanite, especially in the developing countries that
lie in the warm climatic belts. The global instituts - UNFCC, UNEP,IPCC and the Word Bank, all
draw attention to the challenge of urbanisation tartthe environmental stresses in cities, including
UHI, impacting the urban poor the most. They alspleasise the need for further research on urban
systems and climate change to enable integratethyrlanning for mitigation. The UNFCC provides
the impetus for most policy action while UNEP aRe€C lays out the frameworks and an informed
basis for policy design. Research by various wistihs and researchers is brought together toanelic
strategies.

European Union and America, backed by substamsaarch, have made a head start towards UHI
mitigation. Programmes for UHI research and pilajgcts are instituted through the European
Union. This is a largelyféderal initiative. The EPA in America plays a similambrella role. Policy
and legislation, however devolve to state goverrimand city authorities and some building and
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planning codes have included UHI mitigation paii@atmeasures. In Europe, though, the policy thrust
is more strategic as it seeks to develop town ptenand urban design principles to minimise UHI.

The example of Japan, which has comprehensive ammoge devoted to minimising UHI effects, is
instructive. It brings together various ministriesjels of government and research institutions to
build the policy and implementation programssisignificant that both in Europe and in Japan the
critical driver for UHI mitigation is risk to hedtdue to high temperatures and pollution duringncal
seasons. In America, as UHI is a greater issueemiarmer cities of the subcontinent, the concern f
increasing energy demand due to UHI is also imporiehis is beginning to be counted in Europe
too where air conditioning is being resorted togoessively. The recommendation of the ICCIC of
Israel for a policy to monitor and map UHI annualtyas to inform mitigation policy is particularly
instructive. Although UHI is mentioned as a condamthe rapidly urbanising developing countries,
there do not appear to be governmental programnagsitdress UHI. A window of opportunity is
provided by global inter- city alliances such a®@#d ICLEI.

All Green Certification Programmes, irrespectivetair origin address UHI, but this remains
confined to the level of discrete projects and dumsaddress the potential of town planning
strategies. Ironically it is through the growingaptance and spread of these certification
programmes that UHI is being introduced to the iaects and planners in the developing world. The
criticality of doing systematic research on UHIdantegrating it into town planning and urban
management of the rapid urbanisation in developmgtries is succinctly expressed by Mc Carthy
and Sanderson in their paper presented' atrban Research Symposium on Cities and Climate
Change:

“Some mitigation options may exacerbate urban walhiity to climate change. For example,
although increasing urban density may contributeaal reducing emissions from transport, this will
have negative implications for adaptation, suclingsnsifying the urban heat island effect and pgsin
problems for urban drainage. Improving our undengtimg of the synergies, conflicts, and trade-off s
between mitigation and adaptation measures wouddbkenmore integrated and effective urban
climate policy ...... "(Hoornwig, Freire, Lee, Bhada-Tata, & Yuen, 2011)

An understanding of current and possible futurengka in the magnitude of the UHI is therefore
necessary for planning and developing of adaptat@hmitigation strategies.
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Policies in India

Organizational Structure

Under the Indian governmental structure, along wifious other functions, organizations are set up
under the purview of Acts and Ministries at the tCa&nGovernmental level to oversee specific
aspects and ensure their smooth functioning. Besidtting up organizations, ministries also
formulate or undertake policies to provide for fatwision and direction as well as guidelines which
may be followed by the States. In addition, theisties establish mandatory provisions that all
states and cities are bound to follow.

The State Authorities are empowered through therddtructure of the constitution to work on
subjects under the state list. The guidelines atidips formulated by the Central Government
Ministries provide for direction to State Authoeii to formulate the state specific actions. Furtier
mandatory provisions ensure implementation as emesl at the central level.

Non-governmental organizations (NGOs), throughctiennel of governmental policies and their
visions, collaborate with the authorities at alldks of governance to provide assistance in making
action plans, capacity building, research actisigéc.

The figure below delineates the basic organisatistnacture of Government, relevant for the purpose
of this study

Present conditions , Needs and future Five Year Plans
concerns at National or International Level
Non- Governmental
Organizations (NGOs)
P —->-
1
1
T
1
] State &Cities
i/ l/ \l, : Can formulate organizations,
o S programs, mandatory provisions for
‘H Policies — subjectsunderstate list.

I © oo D N e =
DlelgCh. - | 000 koo \
Eg: Based on National Urban
TransportPolicies (NUTP), cities
formulate City Mobility Plans, in

partnership with non

pm— overnmental organizations
Mandatory I ganzations i
E— "

Provisions

i EgEnergy Conservation Building Code

(ECBC) for Commerecial Buildings

. Camm— EgBased on Urban and Regional
— "
Guidelines DevelopmentPlanning

Eg. URDPFI guidelines are formulated Formulation and Implementation

! by Ministry of Urban Development to (URDPFI) guidelines, cities can
! streamline Urban Development formulate MasterPlans. TERI etc

e e e e developing Solar city Master Plans

B mm<——  TTttomoooommomommmmmmmmmemeedd
—EmmER— e
Eg State Pollution Control Board,

State Environment Assessment

Eg. Bureau of Energy Efficiency was
formed underthe Energy Efficiency Act
and is a statutory body under Ministry
of Policy

Authority

Table 9 Governmental and Non-Governmental organisabinal structure and Legislative Framework
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There are numerous acts and ministries in Indied&ghmental setup, but here we will focus on
acts dealing with and thministries of Environment and Urban Planning in partict

Constitutional Provisions Cant-al Lzuel Seate Lesaz| City Level
State List : Entry 17 Land ‘wollC as Hodzl Agetos —
Concurrent List : entry 21 Economic and Socia ﬁ-‘c:un_and Courk:y 1 Developr:lent/
Planning Zn-ing b= Master Plans
Local Area Plans
~ [ wo1d itz provection aciagrz. -+
5 l
& . — MEF
g Constitution 42nd Amendment Act, 1976 Nialer Ack 1079 -
[
,g Protection and improvement of Environment | Foras: Consermation Ack L350 | ::::_- -
& | | Article 48-A: (State’s Responsibility) SETENC - Responsibilities and power for
£ | | Article 51-A (g): (Citizens’ Duty) ‘air el 1281 'urfnulatmg and lmplerflentlng
] Article 21: Fundamental right to life reinterprezazas - - aciions related to certain aspects
% | | life to healthy environment also [ e (s under the Act
8 bl
wv
B THE BE O 03K al CIVERSITY
Constitution 74th Amendment Act 1992 GLT, 2003
Article 243W allocates to Power of Urban Plan=irg
and land use and building construction contral == Responsibilities
Urban Local Bodies (ULBs) and power
12th Schedule Entry 8 :function of Urban
forestry, protection of the environment. and
promotion of ecological aspects to ULBs

Table 10: Legislative framework for Environmental and Urban Planning

The approach of sustainable development has wadity been an integral part of India’s cultt
Changing times have, however, brought forth mangt&of environmental issues glob which
need addressing at the national level as well.divess these emerging is< the United Nation:
Conference on Human Environm¢Stockholm 1972) brouglibrward the issues related
environment in the process of development and Isgarticipdion in the event was a stepping st
towards inclusion of environmental concerna concrete manner at thational leve

In 1976,in the wake of Stockholm conference and the adopifdts principles in Ul-Conference on
Human Settlements, the Indiaanstitution underwent its 42nd Amendment. Thisoidticed Article
48-A and 51A(g), that form part of the Directive Principles$fate Policy and Fundamental Dul
respectively.

Article 48-A: By Constitution (42nd Amend) Act, Sec.10 (w.&f1.1977 Protection ant
Improvement of Environment and Safeguarding of &srand Wild life: The State shall endeavc
to protect and improve the environment and to saded)the forest and wildlife of the cour”.
Article 51-A (g): By Constitution (42nd AmendAct, Sec.11 (w.e.f. 3.1.1977It'shall be the duty ¢
every citizen of India to protect and improve tla¢unal environment including forests, lakes, riv
and wildlife and to have compassion for living dreas”. (R. Balamurugan).

The Environmental Ptection Act of 1986 further laid down the defioit of the tern
"Environmeritto include water, air and land and the i- relationships which exists among ¢
between them and human beings, as well as otheg loreatures, plants, mic-organism an
property. This definition through legislation hagem wide coverage to environmental concerns
enabled the functioning and origin of various pergs, policies and institutions. In addition to
environment, urban planning concerns obtain stgistatus from two entries i.e. Entr- Land and
Entry 21 -Economic & Social Planning, mentioned n the statk @ncurrent lists, respective
Further, the 74th Amendment Act strengthened tlpitance of environmental concerns in ur
development througEntry 8 (Urban Forestry, Protection of the Enrim@nt and Promotion «
Ecological Aspects) and gave power of planningemdronmental safeguard to Urban Local Bod
The complete implementation of the provisions, tiitin processis yet to be see
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Framework Review of Central Government Ministries

The framework of the Central Government Ministoé&Environment and Forest (MoEF), Urban
Development (MoUD), New and Renewable Energy (MNB®Ed Power (MoP) are reviewed
below from the perspective of the inclusion of Uflect in their programmes and policies.

UHI is understood to be a causal factor of airygah and research has pointed out connections
between UHI and climate change. Since MoEF iswtital agency for dealing with environmental
issues, we look at MOEF's policy and programac&iUHI is an urban phenomenon caused by the
nature of urban structure, the MoUD becomes, pesithp ministry most concerned with the UHI
effected , as this ministry is responsible for plaécy for growth and development of future and
present cities. UHI has been proven to impaconbt temperatures but also lead to higher energy
consumption by virtue of rising temperatures ifesitthus it becomes relevant to look at policy
framework of MNRE and MoP as they have a stal@eiising policies and programs for energy
conservation, especially in the context of deveiggow carbon cities.

1. Ministry of Environment and Forest (MoEF)

The Ministry of Environment & Forest is the nodgkacy in the administrative structure of the
Central Government for the planning, promotionpcdination, and overseeing the implementation of
environmental and forestry programmes and polidibs. Ministry's main activities include
conservation and survey of flora, fauna, forestswitdlife, prevention and control of pollution,
afforestation and re-generation of degraded apratection of the environment, ensuring welfare of
animals, as well as research related to thesatadivcollection and dissemination of environménta
information and creation of environmental awareness

1.1National Environment Policy (NEP)

The National Environment Policy 2006 was formulaeda response to the national commitment to a
clean environment mandated in the Constitutionyelsas to various international commitments to
mainstream environmental concerns in the develophprocesses.

The policy considers environmental protection agttireg up of environmental standards as its main
principles and works towards streamlining and atir@tion of multiple agencies involved in this
process. It covers almost all aspects of environiilen ecosystems, biodiversity, heritage, potuti
climate change and lists strategies for easlhstiess is on preparation of action plans andoigpa
building.. In the context of the urban environmehg policy targets pollution relating to waterr, ai
land, and noise, resulting from increasing urbarmnaand urges monitoring , setting up of standard
and city level action plans through public- privagtnerships, (Ministry of Environment & Forest,
2006)

The Ministry has mandated Environmental Clearafoe Large Development Projects through an
environment impact assessment process as one stiltiseantive reforms for protection against the
degradation of the environment (both Rural and blyl#dthough this does not take into account the
component of UHI directly, but being a far-reachpadicy for prevention of environmental
degradation, it provides us with an umbrella toadtice UHI effect as a degrader of urban
environment in the implementation measures anddpgse more research on the subject.
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1.2 National Mission on Green India (NMGI)

The National Mission on Green India is one of tiglnemissions under the National Action Plan on
Climate Change, an initiative in the wake of glothaiist on addressing climate change endorsed by
the Intergovernmental Panel on Climate Change (PTIi: mission talks about increasing green
cover for climate change adaptation and mitigaéind sets targets for the same. In context of urban
areas it talks about increasing urban forest cal@reloping parks, and greening of institutional
lands. (Ministry of Environment & forest, 2010)

Though it does not mention UHI effect directly bl objective to enhance green cover (in Urban
Areas in particular) is an indirect mitigation ségy, which will be beneficial in case of addregsin
UHI The mission is important from the UHI perspeetas it provides for a quantum of open space
required; it can be integrated in the Master ptarcities and distributed according to the builtssa
to counter the UHI effect.

1.3 National Conservation Strategy and Policy &tat# on Environment and Development

This policy document formulates guidelines withision to direct development that incorporates
environmental considerations, and stresses thgratien of environmental safeguards in
development policies. It states that the procesewélopment, the status of being under-developed
combined with poverty as major environmental protdelt suggests various legal provisions and
institutional arrangements. The legal instrumergaly relevant to urban development is the
Environmental Clearance for Large Development Rtejeenforced through the Environment
Protection Act. (Ministry of Environment and Forek992)

In general the policy talks about pollution abagdatthrough setting standards, monitoring levels,
safeguarding of forests, wildlife and ecosystemd.tBere is no specific mention of urban
microclimate or UHI.

1.4 Environment Clearance (EC/EIA)

The process of Environment Clearance implementexdigih Environment Impact Assessment (EIA)
Notification 2006 for various projects, assesdedyiimpacts of a development on the components of
environment, where the primary concern is the bilita of the site and its surrounding environment
for the proposed activity.

Environment Impact Assessment for building & comstiion projects and township &area
development projects are of specific concern wafienence to UHI as a phenomenon of the urban
environment. The EIA Manual on Norms and Standéd&nvironment Clearance of Large
Construction Projects is a guideline that indicéitesaspects of importance which should be taken
care of with respect to environmental protectiothimimplementation of such projects. In the manual
UHI is directly acknowledged (through stating temgbere variation between urban and surrounding
rural areas) as a contributor of air pollution.f&ce material properties and built up density saed

as causes of UHI. Mitigation measures for UHI dffee stated under ‘Mitigation measures for dust
control’ and suggested in terms of reducing heat lgg increasing reflectiveness of exposed surfaces
increased vegetative cover and through considetimgr design methodologies that address the UHI
effect.

The Environment Impact Assessment under Environt@@drance incorporates steps to address the
UHI effect indirectly by encouraging open spacesypus surfaces and tree cover. It acknowledges
that current development patterns are tending tsvamore energy intensive lifestyle and
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recommends increasing green areas and green ¢wwagh parks and urban forestry,
decentralization of urban centres, and propengittif industries.

Under the columns for Air Pollution of form 1A (mdatory for EC of Large Projects) the following
clarifications are sought:Will the Project increase atmospheric concentraidigases and result in
heat island’'Give details of background air quality levels wittedicted values based on dispersion
models taking into account the increased traffieegation as a result of the proposed constructions.

The point of observation is that although this iezgithe prediction of heat island due to the
proposed development, the empirical data it asksdncerns air pollution which cannot be used to
predict the UHI effect of the said development.

Nevertheless, on the whole the EIA is one of thedatory provisions in the governmental
framework addressing urban environmental issueshwtivers UHI effect in some detail..

1.5 Central Pollution Control Board (CPCB)

The board set up though the provisions of Air AG81) and Water Act (1974) provides technical
help to Ministry of Environment and Forest. Theds@reas of the Board are the prevention, control
and abatement of water pollution and air pollutibmas also worked towards safeguard of land
resource through its ‘Zoning atlas for siting ofllistries’. . The compatibility of industrial
development sites is determined on the basis oh@mation matrix of environmental factors like
slope, proximity to national park/sanctuary, proikjyno eco sensitive zones, existing air and water
pollution levels, agricultural suitability of sitejatershed suitability etc.

From UHI perspective- it does not deal with pheanon directly but its focus area of monitoring
pollution levels, suggests a possibility of theamgation’s role in monitoring UHI standards
developed through research.

2. Ministry of Urban Development (MoUD)

The Ministry of Urban Development is the apex atitiiaf Government of India at the national level
that formulates policies, sponsors and supportgrpmmes, and monitors programmes on all issues
of urban development in the country, as well agdioates the activities of various Central
Ministries, State Governments, and other nodalaitibs in this regard. (Ministry of Urban
Development, Govt. of India.)

2.1 National Mission on Sustainable Habitat (NMSH)

The National Mission on Sustainable Habitat waothiced under the National Action Plan on
Climate Change to address vulnerabilities and thrieecities from increasing urbanization. The
NMSH is meant to target urban areas to make theifiera to climate change and protect them from
environmental degradation. It covers the extensfadhe Energy Conversation Building Code 2007,
better Urban Planning with modal shift to Publi@aisport, and Waste Management initiatives
combined with Recycling of Materials with Alternags for Energy Generation. A reduction of the
UHI effect is mentioned as one of the strategieduidilling the overall objective of the mission.

The mission document acknowledges that the UHEe#dds on to and intensifies climate change
and takes note of the cycle created by rising teatpees due to heat island effect resulting in
increased demand for cooling and use of air-camtitg equipment, thereby generating more heat
and adding to the rising temperatures and greegsehgas emissions. The mission condemns these
lifestyle trends of increasing air-conditioner usied suggests the formulation of various well
designed policies in support of energy efficien@asures.

Scoping study for Policy Initiatives to minimise UHI Page 47



The mission also points to the loss of vegetatonec as a causal factor of the UHI effect and
suggests mitigation measures through good urbamiplg: such as increasing green cover, using cool
roofs, and adopting other appropriate urban desigasures. Under the head of Urban Planning, the
mission relates increasing vehicular count wittlhgCO, and Green House Gas levels and stresses on
promoting public transportation to reduce emiss@ms save on road space. The mission also
discusses here the concept of low rise high dedsiglopment proposed by the National
Commission on Urbanization in 1988, without arrgymt a conclusion in favour of or against the
concept. Further, towards its vision of better arpkanning, it seeks formation of a National Urban
Palicy that supports and encourages sustainabkdajawent at regional and city levels. The Mission
proposes the making of sustainable habitat stasdardhe implementation of its goals, which it
proposes to integrate in the National Building Cdglgilding Bye-Laws, Development Control
Regulations and into mainstream planning throughagbpropriate legal framework. It also proposes
to modify Town & Country Planning 2010-11 Act / D@& promoting environmental management

s. The mission proposes to use the City DevelopRlkamts (CDP’s) formulated under Jawaharlal
Nehru National Urban Renewal Mission (JNNURM) apecific tool for implementation of its
envisioned standards.

The suggested strategies for implementation proaideannel to integrate UHI measures into the
mainstream policies and ensure their implementafibe ground status of the mission is, however,
yet to be reviewed.

2.2 National Urban Transport Policy (NUTP)

National Urban Transport Policy was formulatedna backdrop of the issues of urbanization, to
address the needs of economic sustainability throig flow of goods and services, limited road
space as compared to vehicular count, increasimgsgms and air pollution from the increasing
vehicular count, increased costs of travel, expandities and sprawl making non-motorized modes
less usable etc. The policy was formulated to enguick, safe, affordable and sustainable access to
public transport for all; with a vision to makerisportation people centric and city specific.

To meet its agenda, the policy focuses on intedrated use- transport planning, integrated-
connected multi modal transport, efficient pubtenisport, non-motorized transport, equitable road
space and cleaner transport-fuel technologieswis®ons liveable, people centric cities, whoserfor
responds to their geographic location and is suygoof their economic base. The policy vision and
focus is demonstrated through various implementétols like city mobility plans, DDA-
UTTIPEC's Street Design Guidelines etc. (Ministiyusban Development , 2006)

The recommendations for use of alternative fueljokr technologies and promoting use of non
motorized transport and integrated land-use tramgb@nning to cut down travel distances, can be
read as an indirect UHI mitigation strategy.

2.3 Urban and Regional Development Plan Formulaimh Implementation (URDPFI)

Urban and Regional Development Plan Formulationlamgdementation guidelines 2013 (currently
draft report), a revision of 1996 guidelines, angisioned to incorporate efficient implementatioma
innovative techniques for planning. These are dinde covering both the regional and the urban
planning approach, on various components of planwimich can be detailed further as per specific
conditions and requirements

Under the head Regional Plan, these guidelindsadtbacontrol and regulation of activities that
impact the environment. The regional plan focusemtegrated development, recommending
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conservation of environmental resources, proteaif@ensitive areas, and maintenance of green and
forest cover. Under the Urban Plan the guidelings alternative solutions in the wake of challenges
of environmental (un)sustainability and changing@pheric conditions. It suggests that low rise
high density development as mentioned in the NM&tdl (derived from National Commission on
Urbanization, 1988) and redevelopment, to redumeetrdistances, can be considered as an urban
planning measure for sustainable development.

It attributes UHI effect to the basic form of ouban centres and suggests green cities, smas,citie
and compact cities as alternative approaches tewatgplanning. As part of these suggestions it
stresses the need for open spaces and for pronr@imgnotorized transportation etc., which although
not mentioned in direct context of mitigating thellLéffect, can be considered as suggestions for the
same. Under the head of ‘Micro-climate’ in Greety@oncepts, the document lists concepts like
green roof and open spaces directly to cater t&JHhieeffect, and also strategies such as planngng a
per solar and wind orientation, green buildingstewaodies and open spaces; which can also be
considered to contribute towards mitigation of tileat island effect.. (Mott MacDonald, 2014)

URDPFI guidelines acknowledge the phenomena of éffélct and identify the cause to be related to
urban structure. For mitigation it proposes sgi@® relating to surface characteristics, land use
planning and urban design. The strategies relatedrface characteristics are more specific whige t
ones relating to urban design and planning are gemgral in nature.

2.4 Jawaharlal Nehru National Urban Renewal Mis§iiNURM)

The Jawaharlal Nehru National Urban Renewal Mistamgets efficient and fast track development

of cities particularly with respect to aspects dfan infrastructure and services for the urban poor
One of the objectives of the mission is also tlempéd development of identified cities, that inelsid
the peri-urban areas, outgrowths and urban cosjdanich have lead to dispersed urbanization of the
cities. The National Sustainable Habitat Missioogmses to implement the vision of the Sustainable
habitat Standards through the channel of city dgraknt plans which currently focus primarily on
infrastructure. (Jawaharlal Nehru National Urbamé&eal Mission- Overview, 2005)

The tool of CDP under the mission can act as aftwomplementing UHI mitigation strategies at the
city level, particularly in existing cities.

2.5 Model Building Bye Law

Model Building Bye Law is a guiding document in MDW$ framework, based on which State
Governments develop their own building bye-lawse Tiodel building bye law states that
municipalities have the power to undertake or perfearious functions under certain spheres, one
such sphere being environmental protection. In @&tapter 29 under the duties of municipalities,
mentions management of urban environment, whestatiés that municipalities can engage public or
private organizations for research . In relationfoan environmental management the Municipality
can, either by itself or through any other agencyertake functions relating to matters like cantro
of air pollution, area improvement and resettlempramotion of urban agriculture and urban
forestry, development of parks, gardens and opacesp and such other matters as the Municipality
may consider necessary.

Although UHI is not mentioned specifically as d&jgat, the general statement provides us with a
channel to introduce UHI related strategies. itestaghat the Chief Municipal Officer shall prepare
and submit a report on the environmental statubeomunicipal area at the time of submission of
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budget estimates, which provides an additiongestd which UHI can be made a component in
reporting environmental status.

3. Ministry of New and Renewable Energy (MNRE)

The Ministry of New and Renewable Energy (MNREjhie nodal Ministry of the Government of
India for all matters relating to new and renewadsergy. The broad aim of the Ministry is to
develop and deploy new and renewable energy fqleogenting the energy requirements of the
country. (Ministry of New and Renewable Energy). RENhas investgated the potential of building
integrated solar photo voltaics to supplement gnsogply in cities. This has a symbiotic relatiapsh
with UHI mitigating strategies of cool roofs.

3.1National Solar Mission

The National Solar Mission was introduced undermigonal Action Plan on Climate Change
(NAPCC) as an effort towards promoting ecologicaitainable growth and addressing energy related
challenges. Solar City Master Plans were introduseter this mission as a concrete action with a
specific target of 10% reduction in the projectedhdnd of conventional energy in the next 5 years,
by enhancing supply through renewable energy aatygrefficient measures. The guidelines for
Solar City Master Plans suggest that building layeslshould be modified to achieve energy
efficiency. (Ministry of New and Renewable Energy)

As the literature review has brought out a relafop between UHI and increasing energy demand,
the tool of solar city master plan and proposedraiment of building bye-laws under it presents a
possibility of introducing UHI mitigation strategeelated with achieving energy efficiency.

4. Ministry of Power (MoP)

The Ministry of Power is responsible for the deyah@nt of electrical energy in the country. The
Ministry is concerned with perspective planningljgoformulation, processing of projects for
investment decision, monitoring of the implememtaf power projects, training and manpower
development and the administration and enactmelegidlation in regard to thermal, hydro power
generation, transmission and distribution. The Btiyi of Power is responsible for the administration
of the Electricity Act, 2003, the Energy ConsergatAct, 2001 and for undertaking such
amendments to these Acts, as may be necessaryifn@no time, in conformity with the
Government's policy objectives. (Ministry of Powelhe Burueau of Energy Efficiency, which has
also brought out the Energy Conservation Buildingi€for large commercial buildings is instituted
under the MoP

4.1 National Mission for Enhanced Energy EfficiefiS\MEEE)

The National Mission for Enhanced Energy Efficiefioguses on enhancing cost effectiveness of
improvements in energy efficiency in large indwestrand facilities, through certification of energy
savings that could be traded. It also works towaatelerating the shift to energy efficient
appliances in designated sectors through innovateasures to make the products more affordable.
By creation of mechanisms the mission also seehkslifpfinance demand side management
programmes in all sectors by capturing future ensayings. And further by developing fiscal
instruments to promote energy efficiency.

4.2 Bureau of Energy Efficiency (BEE)
The BEE operates under the legal mandate of thegii@@onservation Act, 2001 and has the role to
develop policies and strategies, with a thrustedfiregulation and market principles, for the prigna
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objective of promotingmergy saving measures and reducing energy inteositdian economy
BEE has initiated projects and programmes to aehisvgoal, such as Demand side Managen
Energy Efficiency in Building and Establishme and theEnergy Conservation Building Ce.

Energy Conservation Building Code (ECL

The Energy Conservation Building Code recommendsihg envelope, HVAC, lighting criteria fc
commercial buildings having connected | of more than 100kW or contract demand of more
120kVA. Estimates based on computer simulation miodiécate that ECBC compliant buildings ¢
use 40% to 60% less energy than conventional ImgigdiAs the building sector represents about
of electicity consumption in India the energy use redudirom ECBC compliance can contribi
significantly to UHI risk from increased energy samption. In addition the ECBC also direc
stresses the use of cool roof to mitigate UHI. EBBC also acknowleges the phenomenon UHI
in its user guidelines.

5. National Building Code (NBC

The National Building Code guidelines highli various parameters to be considered for plani
design, construction, operation and maintenandriitdings and reling to land development fro
sustainability point of view. NBC acknowledges gfeenomenon of UHI but no mitigati measures
are proposed.

Non-Governmental I nitiatives

Energy Efficiency Climate Change

IGBC — LEED ICLEI
SDC SSEF
UNDP IRADE
CEPT World Bank

TERI ADB
SSEF TERI

Figure 11: Non-Governmental Initiatives

There are numerous nogevernmental organizations like The Energy Resekmstitute (TERI),
ICLEI, ATKINS etc which are working in collaboratiovith central, state and city level authori
on various aspects which can be put under the twdrthnt heads Energy eflency and Climat
Change under the domain of SustainabilityLEI, for example, is working ahecity level on
different concepts like resilient cities, sustaieatities andlow carbon cities. TERI is working ¢
developing rating systems for builgs, providing research &gtelopment on various polic
concerns. ATKINS as an institution is involved erious sector one relevanprojec being the
development of aarbon master planning tool and developme thelow carbon master plefor the
cities ofMadurai and Mysore in collaboration with city mupalities. WWF has worked on ci
level action plans for Kanpur and Meerut. Manyhadde organizations are providing support
preparing solar city master plans under the N

TARU (an NGO),in collaboration with ACCRI, did an Urban Heat Profile féie city of Surat. The
study was carried out at 6 different areas withura§city. The selection of sitesas based on
parameters like areas builp density traffic density, green as, building type (roof, age materic
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road conditions and distribution of different smeiconomic groups. The study recorded maximum
UHI intensity of 6 deg.C.. The study highlightsttiaath the changing climatic zones in case of Surat
and Indore different UHI mitigation strategies néede adopted. This shows that UHI effect varies
according to the particular characteristics if egagfion or city area.

The fact that many NGOs are in the process ofectiig data, indicates that there is need for more
structured research across the country in diffecimiatic zones to build a substantive database to
enable policies for UHI mitigation to be made.

Green Building Rating Systems

1. Green Rating for Integrated Habitat Assessn@RildA) developed by TERI

Green Rating for Integrated Habitat Assessment HARIs a national rating tool for green buildings
developed by Association for Development and Rebealr Sustainable Habitats (AdaRSH) and
endorsed by MNRE. The rating classifies the bugdas a green building if the its building design
and construction aspects fulfil various GRIHA aiiie GRIHA aims to reduce the building energy
demand, thus indirectly GRIHA rated green buildimgt supply less detrimental form of energy into
the environment. The rating system broadly compragenine different environmental categories—
site planning, health & well-being, building plangi& construction stage, water, energy - end use,
energy - renewable, recycle recharge and reusatiand waste management..The rating system
directly addresses the heat island phenomenorerark of GRIHA focuses on the reduction of heat
island effect by reducing total paved areas, irgingagreen cover and also by application of high SR
coatings on exposed materials. The rating systemaalvises application of cool roof/green roofs to
reduce building heat gain through roofs. Thoughréukiction of uhi effect in not among the
mandatory criteria of the rating system, yet aaraftt has been made to identify and reduce the heat
island effect. GRIHA rating has now become mandaftar government buildings.

2. Leadership in Energy and Environmental DesidgeED) developed by Indian Green Building
Council (IGBC)

IGBC’s LEED rating system is a voluntary schemeramote sustainable design for buildings. IGBC
— LEED offers rating system for residences, matiily high-rise buildings, factories, offices, réta
malls, institutions, hotels, hospitals, landscdyalth-care facilities and SEZ's . The LEED rating
system comprises of five different environmentdkgories—sustainable sites, water efficiency,
energy and atmosphere, materials and resources@dmnor Environmental Quality (IEQ). Rating
systems for Green Homes, New Construction and Tiohgrisclude criteria for Urban heat island
effect (roof and non roof) under Site Selection Rfahning/ Sustainable Sites, thereby directly
addressing the issue. The intent is to cut dowheaat island effect through use of high reflective,
high albedo materials, vegetative cover and shagades. The IGBC rating for townships under its
SSP 6 provides maximum of 8 points for having 95%more exposed/impervious surfaces under
either tree cover/shade or with reflective matsri#hereas the rating system for green homes
provides maximum of 6 points under SSP 3 (UHI maf)rand SSP 4 (UHI roof) for having
minimum 50% roof area and 50% non roof area (rdadgpaths, pathways, parking etc) under either
shade, vegetation and or high reflective mater@tieria like Chloro Floro Carbon (CFC) free
equipment, minimum energy requirements, energyngavieasures in appliances under the head of
Energy Efficiency and criteria’s like preservingsting trees & water bodies and minimum 25% area
under landscape are indirect measures towardsitise ©f UHI effect. On the whole the rating
system attempts to address UHI fairly comprehehsive
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SUMMARY

. Acknowledgeme Identification of Causal Factors Implementation
Policy Instruments nt of UHI effect Suggestions

Suggested Mitigation Measures

Land-use |Building Surface Urban Lifestyle
Planning |Morphology |Characteristics

MoEF

National Environmental Policy

National Mission on Green India

National Conservation Strategy
&Policy Statement on Environment &
Development

Environment Clearance (EC/EIA)

MoUD

National Mission on Sustainable
Habitat

National Urban Transport Policy

Urban and Regional Development
Plan Formulation and Implementation

INNURM

Model Building Bye Law
MNRE-

National Solar Mission
MoP-

National Mission for Enhanced Energy
Efficiency

Bureau of Energy Efficiency

Energy Conservation Building Code
(ECBC)

Local Govt
DDA- UTTIPEC

StreetDesign Guidelines ‘for equitable
distribution of road space’

Suratand Indore Municipalities
(Supported by TARU)

Rating Systems
ICBC (LEED) Rating

GRIHA

Direct mention/ addressal UHI indirectly Implied

Table 11 Summary of Indian policy review

Through the hierarchy of centre, state and citi guite evident that there are efforts to addeess
incorporate rising environmental issues in the framork of spatial planning.

In the governmental framework of the four minisdrieviewed, certain instruments acknowledge and
address the phenomena of UHI, its impacts, caastdifs and mitigation strategies directly. While in
some we can indirectly imply a link towards UHIlexft. .

Under the framework of MoUD, due recognition hasibgiven to UHI effect. UHI’s link with
climate change and increasing energy demand arsihcgenvironmental impact is being talked
about. In particular NMSH covers the causes, ingantl mitigation measures of UHI and
acknowledges the viscous cycle of energy demanddRHR guidelines also cover the causes and
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mitigation measures under its guidelines for envinental and sustainable planning. The proposed
mitigation strategies are inclined towards surfett@racteristics are more specific in nature, witée
ones under the heads of building morphology ormgdanning are very genera..

Under MoEF’s framework NEP gives a broad visiongoevention of environmental degradation,
which we can assume to include UHI. While NMGlailngh promoting green cover indirectly,
provides mitigation for UHI. The mandatory requirm of of environmental clearance, identifies
building morphology and surface characteristiceaassal factors. Specific mitigation measure are
given for surface characteristics, while the omedfiiilding morphology are unclear, hinting at a
possible bias in the current research in India

The framework under ministries covering the enexggtor gives due acknowledgment to the UHI
effect . Through promoting use of energy efficiappliances and energy efficient building, the
ministries are targeting the viscous cycle of eperge thereby impacting the causal factors of urban
structure at the building level and also the faofaurban lifestyle.

Although an integrated approach for response to igldbsent, however the example of collaboration
of Surat and Indore’s municipalities with TARU w@rk out a plan for their city with respect to UHI
effect is showing a way forward.

Voluntary rating systems like LEED, GRIHA, and rdatory Environmental Clearance(for large
projects) encourage the use of materials with Idveatt gain factor and high albedo along with
shading of exposed surfaces such as parking, pgshete.

The aspect of open green spaces and shaded sufdeas design) is determined by default |
through the provisions of the master/developmesmgpcombined with building bye-laws. This is an
area where research could introduce the considasator minimising UHI effect in master plans and
building bye laws.

It can be inferred that the policies share a ratethip with the status of research. In the backdfop
rapid urbanization in the country with the concdiorsenergy consumption and with the aim of low
carbon urban development futures, it becomesratipe to push for more research on the subject to
be able to address UHI effect in the existinggydiramework.

Visionary documents like NSHM combined with NEPyide us with a channel through which UHI
effect can be introduced into implementable actidesCDP, Master Plans, Building Bye-laws, EIA
backed up by the responsibility and power of emuimental protection and urban planning entrusted
to urban local bodies..
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PART I

DESCRIPTIVE FRAMEWORK

1. Structure of the Framework

This part of the study takes on from the infererafetbe literature and policy review of the Urban
Heat Island effect nationally and internationaltyproposes a theoretic framework that describes th
interrelationships between the causal factors@ihll effect and its impacts on the same with avwvie
to be able to identify possible measures for irgetion and incorporation in policy. The relationmhi
are described as dynamic ones, whereby change®ifaotor can impact and interact with one or
more other factors, resulting in cumulative infloes on the overall effect. This overall urban esti
effect itself has rebound interactions and impantshe factors considered to start with, as well as
others, setting up a cyclical process of influendé&& magnitude of the impact of individual factwr's
not expressed in numerical terms but rather digclgsalitatively and considered significant more in
terms of the breadth of the influence.

1
1
I i
L

. . . radiant convective flow surface moisture
UHI anthropogenic heat air pollution o . ; .
temperaturerise  impeded reduction

 §

ELECTRIC GENERATORS

wind speeds & vegetation
air movement cover & water

ground coverage | groundcover
Floor AreaRatio | building material
H:W ratio water bodies

public air-conditioners | burners &stoves
private lights fridges &ovens
lifts & pumps WEMIES

transportation

&dryers t
infrastructure
industry

mobility comfort home
preferences aspirations conveniences parks
URBAN LIFESTYLE ® URBAN STRUCTURE

Table 12 Descriptive Framework for Urban Heat Island(UHI) Effect

The descriptive framework derives from the struetoirthe methodology for the literature review,
dividing the causal factors into uncontrollable aodtrollable parameters, after Memon'’s chart
(Memon, Leung, & LIU, 2007):

1.1 UNCONTROLLABLE FACTORS

Climate

The regional patterns of variations in environmkfatetors such as temperature, humidity,
precipitation, wind, atmospheric pressure, andratieteorological variables over long periods of
time.
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Weather

The temporal patterns of variation, in environmefaetors such as temperature, humidity,
precipitation, wind, atmospheric pressure, andratieteorological variables over short periods of
time, including seasonal and diurnal variations.

Topography

The nature of the ground surface, including foremture, and features in a given locality. This may
be considered to directly or indirectly influenbe tvariations in environmental factors over theare
in the long or short term or both.

1.2 CONTROLLABLE FACTORS

Urban Lifestyle

- Transportation Mode (public, private)arising from preferences for mail

- Building Equipment (air-conditioners, lights, lifts & pumps)arisinggfn aspirations of comfort

- Cooking & Appliances(burners & stoves, fridge &ovens, washers & dryamising from
conveniences for the home

Urban Structure

- Landuse Planning (buildings, infrastructure, industy, park, roads)

- Building Morphology (ground coverage/open space,$/building heights, H:W
ratio/skyview)

- Surface Character(ground cover, building material,water bodies)

The descriptive framework illustrates how the uricaiable and controllable factors combine to
produce microclimatic impacts that together produbat is referred to as the Urban Heat Island
effect. Further, the two aspects of controllabktdes, namely the, urban lifestyle factors and nrba
structure elements may interact in a significany veagive rise to the microclimatic influences tie t
environment. It may also be considered that thamstructure and urban lifestyle also multiply with
each other, in that, as the structure’s populatamcentration increases, so do the extent of yifiest
factors increase as many fold.

The framework further lists the impacts of the eddiactors as:

Those arising from the urban lifestyle:
O  Anthropogenic heat:
Generated by transportation, cooking, and air-a@mng use and emitted into the local
atmosphere. Standby generators used for electgoitjuction and use for home appliances
or building equipment may also contribute.
0 Air pollution:
Emitted by transportation use, cooking, and genesatsed for home appliances, and other
electrical equipment. Includes noxious gases afldtpots that retain heat in the atmosphere
and prevent it from being released.
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Those arising from the urban structure:

[0 Solar exposure: affecting radiant temperature
Most directly influenced by building density busalby landuse zoning allocation of the built
mass as well as the character of vegetation cavepen ground. The building density is
manifest in the extent of ground coverage, theaadlde floor area ratio, and the ratio of the
height of buildings to the width between them Tihftuences the shading of the solar heat
during the day affecting gain and radiative hess lat night due to the related parameter of
sky view factor.

O Wind speeds: affecting convective transfer
Again, the built areas, their density, and textaféect the larger wind patterns in a region,
modulating it to produce the localized wind patsewhich influence the flushing of stored
heat.

O Vegetation cover : affecting surface moisture
Based on the allocation of green areas, coveragpesf areas, and character of the green
cover, the comprising vegetation affects the antlnaristure content due to evapo-
transpiration affecting heat retention by the latahosphere.

These microclimatic impacts have a cumulative ¢ffed are responsible for generating the Urban
Heat Island effect or a heating up of the atmosphbove open surface and rural areas. The extent of
heating up may differ based on the differential actpof the various uncontrollable and controllable
factors as well as the interactive impacts betvikem.

In addition, the controllable factors themselvey tm@ not only cumulative but also interactive. This
means that certain urban lifestyles impacts mapéagn certain urban structures and vice a versa.
For.e.g lifestyle choices of transportation mayalresult of provisions for public or private trandp
through landuse planning decisions or a resuludfling densities that increase transportation use
intensity. Similarly, impacts of lifestyle factossich as use of air-conditioners may be influenged b
building densities that impede air flows or surfabaracter that reduces atmospheric moisture and
thereby evapotransiration impacts.

Finally, the heating up of the atmosphere throlighUrban Heat Island can also have rebound effects
in terms of changing the so called uncontrollabledrs such as weather patterns and even
contributing to climatic change through global wargnbesides affecting the controllable lifestyle
factors. The latter may entail an increase in pesfee for private transportation use, and in
aspirations for building air-conditioning, to avdlte atmospheric heat. Such changes in lifestyle
patterns hold the risk of further heating up theroélimate and setting up a viscous cycle of nggati
influences. Moreover, the increased energy consompssociated with these uses, increases not
only the heat inputs into the atmosphere locallydiso globally.

These possibilities are illustrated in the figupeasext page:
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Table 13 Descriptive Framework highlighting interacion between Transport Use and elements of Urban Stoture

radia convective fl cem

anthropogenic heat air pollution

ELECTRIC GENERATORS

temperature rise = impeded reduction

wind speeds & vegetation
air movement cover & water

o transportation ground coverage | ground cover
Iy infrastricture Floor AreaRatio | building material
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Table 14 Descriptive Framework highlighting interacion between Air-conditioner Use and elements of Udn
Structure

public air-conditioners | burners &stoves
private lights fridges &ovens
lifts & pumps washers
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The above described trend is significant and igimicg commonplace in many metros and large
cities and also for rapidly developing tier 2 &3es, and is especially significant from the paht
view of new cities to be built in the country.

Identification of key intervention areas basedos tlescriptive framework for informing policy
instruments therefore becomes especially pertidentity planning is guided by many of the
parameters listed as causative factors of UHI, sssdland use zoning, building density including
ground coverage, floor space index, set back pangsas well as infrastructure requirements ssch a
parking, utilities, and greens, that affect surfelsaracter, this framework can be used to suggest
recommendations for these aspects in developmeoliales. The framework also suggests that such
interventions may be able to also influence lifessthanges ( e.g. lower transport use if zoning is
appropriate, or lower air-condition use if densiteand ground cover permit less heat retention etc.)
thereby having the potential to alter the cumutasifect, as well, in more meaningful ways. What
this emphasizes is the urban structure works idetanwith lifestyle factors to generate the heating
effect in Urban Heat Islands by producing anthregmg heat and air pollution which is trapped by
the impacts of the urban structure. Therefore vetations in elements of the urban structure may not
stand alone as developmental policies that willgate the environmental effects but these strasegie
need also to target lifestyle factors such as disggng vehicle usage and air-conditioning use.

The descriptive framework illustrated in this senttherefore presents a tool that helps identiéy th
key levers for informing policy on mitigating thegmative trends of development.

Discussion of Implications

The descriptive framework provides the basis fentifying the implication, and extent of
implications of various causal factors, which carpbojected for various contextual situations. A
range of implications for the Indian context arsatéed below.

UNCONTROLLABLE FACTORS

Climate

India is divided into five climate zones:

1. Hot and Dry

2. Warm and Humid

3. Temperate

4. Composite

5. Cold

It is apparent from the descriptive framework ttinat heating effect of the Urban Heat Island may be
exacerbated in a situation where the regional ¢immdi are already warm. This may include climatic
types especially of 1. Hot Dry 2. Warm Humid 4 ngaosite. Incidentally these zones also
correspond with the locations where the highestidrowth is projected over the coming years.
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Climate Zone Map Of India

Sowrce: National Building Code XI5, Part B, F. 2
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Figure 12 Climate Zones of India (Source ECBC, 200%€ompared with projected urban growth for 2031 (sotce:
lIHS)
The variations between these climatic types mdyemnice the UHI character and behaviour due to

other environmental parameters such as in humédityprecipitation etc. Therefore, , hotter climates
may exacerbate the UHI intensity more than coabespandhere may be a different level and time
of criticality in different climatic locations, fag.g. say in Chennai the highest UHI intensity may
occur at 4pm in April while in Delhi it may be gb® in June.

Weather

The primary seasons in most of the country are:

- Summer

- Winter
There may also be intermediate seasons such as:

- Spring

- Monsoon

- Autumn
Weather patterns may also change diurnally between:

- Day

- Night
Or also between:
Afternoon
Evening
For example, warmer seasons with still air conditimay see a greater increase in temperatures
compared to colder ones where thermal inversion soayetimes be possible, especially in polluted
environments. Also it is apparent from global UlBkervations that the UHI Intensity is highest in
the night time, i.e. the increase in air tempeegtun urban areas over the open land is the laagest
that time. This may also correspond with the tirhbighest energy use for air-conditioning. This is
characteristic especially of the cultural transitibat we are going through in India with respect t
comfort expectations. A significant feature of ttie popular demand for comfort that occurs during
the evenings and first half of the night - as slae@ rest and night being most valuable. On theroth
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hand hotter climates and seasons could also soegtge greater heat during the daytime versus the
night time due to the larger impact of radiant aceftemperatures during the day because of the sola
heat.

Topography

Physiologically, the country can be divided inte tbllowing areas:

- The northern mountains of the Himalayas

- The Indo-Gangetic Plain

- The Peninsular or Deccan Plateau

- Central Highlands

- West Coast

- East Coast

- Thar Desert and Rann of Kutch

- The Northeastern mountains

- The Brahmaputra River Valley

- The Islands of the Bay of Bengal and Arabian Sea.

Most of India where the greatest urban growth isdeen lies in the plains. However, urban grain
and texture derived from building massing and famay give rise to an urban topography which
would interact with existing wind and radiation teas$ to influence heat storage and flushing.
Locations with low wind-speeds such as those dedgnid and landforms that are more closed than
open may accumulate more heat may suffer and Huee thear the coast such as on the western
boundary that may benefit from cool winds includihg monsoons, especially during the day.

CONTROLLABLE FACTORS

Urban Lifestyle

-Transportation Mode, Cooking & Appliances, Building Equipment
Transportation modes are changing in the cutrelidn scenario, there are a growing number of
private vehicles and greater traffic on the rodatsndeading to congestion and increased air
particulates and noxious gases from fumes and friation with the ground. Although cooking
fuels are cleaner in cities, the use of home apgpdia is increasing and so is the use of other
building equipment, such as lifts as buildings gghbr due to increasing densities, and air-
conditioner use as urban temperatures increasen @fese sustained temperatures may be above
30 deg. when cooling loads shoot up reaching ealsituation where both peak and total loads
become difficult to handle. This underpins the neeeduce UHI intensities and thereby combat
air-pollution, cooling-loads, and other energy uses

Urban Structure

-Landuse Zoning, Building Density, Surface Character

As India becomes more urbanized, the conglomerafidiilt up areas in cities is on the rise. This
means greater allocation of open area to built fgmeater densities, and a harder surface character
Compared with the WHO standard for minimum 9 sqmp@eson open green space requirement,
most of the Indian cities are found to be lackieyihd the international standards, inspite of being
also adopted by the UDPFI guidelines. There areipsland programmes like National Green
mission and social forestry/urban forestry undeicWigities are proposing to increase the per
person open green space.

Scoping study for Policy Initiatives to minimise UHI Page 61



Open space (Sqm/Person)

Jaipur (proposed)

Jaipur

Lucknow

Gurgaon (sector )

Naya raipur (neighbourhood)
Pune (projected)

Ahmedabad

Bangalorc (including torcst cover)
Bangalore (neighbourhood)
Bangalore

Kolkata

Chennai

Mumbai (proposcd)

Mumbai

Delhi (neighbourhood)

Delhi (including Ridges & tree cover)

= Open space (Sqm/Person) 0 5 10 15 20 25 30 35 40 45

Figure 13:0pen Space norms in Indian Cities

However, alongside there are proposals backing@aease in existing FSI/FAR in most of the cities
and especially along metro and BRTS corridors. dfoee, on one hand there are efforts to increase
open green spaces to counter the loss of natwahdrcover and promote high albedo materials to
reduce heat gain, and on the other there are patgptsincrease FSI/FAR which will result in
increased density (population & building)

FSI

Model Building Bye-Law
Hyderabad

Surat

Gurgaon (sector )

Naya raipur (group housing)
Pune (proposed along BRT)
Ahmedabad (proposed along BRTS)
Ahmedabad

Bangalore

Chennai

Mumbai (proposed)
Mumbai

Delhi

mFSl
0 1 2 3 4 5 6

Figure 14 FSI trends in Indian Cities

At present Indian cities are moving from lower dges (FSI) towards medium densities which may
be most vulnerable. This raises a question of@pjate densities in terms of accommodating both
population and open space. It presses especiallyeoneed to look at the roadmap for shaping the
developing cities of Tier 1 and 2 with respectite UHI effect as an important environmental
concern.
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2. ldentifi cation of Policy Instruments

The descriptive model puts controllable causal factors under two heads i.e. ‘Urban Lifestyle’ and
‘Urban Structure’ that are interconnected.. The components of Urban Structure contribute to UHI
effect directly as well as indirectly through affecting Urban Lifestyle choices. Urban Structure thus
becomes a critical target for mitigation measures and one that is affected through city planning
measures.

Linking Policy instruments with causal factors

Having said that the causal factors under Urbamc8ire are parameters for city planning and ha
reviewedthe status of UHI incorporation in existing urbdarming and urban environmental polic
in India, we try tdink the two in thechart below:

*URDPFI *URDPFI Guidelines
Guidelines

*Master Plan/ Development Plan

*Master Plan/

development *Building Bye laws  BONEVETEINIEEN
Plan ) - Transport
*National Building Policies
Code

*National Urban

Transport *BEE star rating *ECBC/ BEE rating

Policies *Green Building Rating Syst

*Environmental Clearance/ EIA

solar exposure wind speeds & vegetation
& sky view air movement cover & water

public air-conditioners burners &stoves
private lights fridges &ovens

Ll pLun washers buildings round round cover
&dryers transportation 8 8

RS TSI coverage Floor building material
mobility comfort home industry Area Ratio water bodies
preferences aspirations conveniences

URBAN LIFESTYLE * URBAN STRUCTURE

parks H:W ratio

_ Central Govt. Level State Govt. Level City/Municipality Level Non Governmental

Table 15Linkages between policy components and causal facs

As shown in the chart above, the causal factorstiek head of Urban Structure are dealt u
different hierarchies of the governmental systerengthe ministries of the central government ac
nodal agencies for various policy instruments, vehiogplementation powers are distributed amo
the lower levels of hierarchy, as follo

» Land Use Planningis guided through URDPFI guidelines at the cel level under the ambit ¢
MoUD, while master plans/city development plansaactools for framing and implementing le
use policies at city/municipality level. Land beiagtate subject, land policies are mostly dedh
by State governments and cityaster plans are prepareyg development authorities a
implemented by municipalitie

* Building Morphology is affected by development controls such as Buildigg-Laws which are
formulated at state level, guided by Model BuildBye-Laws ofMoUD and National Building
Code at central level, and are implemented astaopdtaster plan and development regulation
the city/municipality level. Green building ratisgstems and environmental clearance proces:
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have certain criteria relating to building morphpiaspects such as building spacing, open space
etc.

» Surface Characteralthough does not feature in a dedicated policyjsiundirectly governed
throughcomponents of policies, like the distribution & pentage of open space in Master Plan or
provisions for parking requirements etc. in BuilgliBye-Laws/Model Building Bye-Laws of
MoUD. Surface characteristic are also a considerngeria for points in the green building rating
systems and environmental clearance provisions.

The causal factor of ‘Urban Lifestyle’ is influentby Urban Structure and its policies on one hand
and on the other there are certain policies thratty impact lifestyle choices. Described below ar
policies that directly impact causal factors uritleban Lifestyle’.

» Cooking and Appliances(choices/use) are influenced by policies or prograelating to fuel,
energy conservation etc. For example BEE stargstin

 Building Equipment (choices) can also be influenced through policédsting to energy
conservation or energy efficiency or alternativergy source.

» Transportation Use- is mostly influenced combination of landuse aragh$port planning
framework like URDPFI guidelines, NUTP and theiol®along with framework relating to
vehicles, public and private transportation

The table below lists the relevant policy instrumsesf various ministries reviewed previously and
identifies the policy instruments where possiblerventions can be made.:

MoEF MoUD MNRE MoP
*NEP *National Urban Transport
Policy
*National Conservation
VISIONARY Strategy &Policy Statement on
Documents Environment & Development
*National Mission on Green *National Missionon *National Solar | eNational Mission for
India Sustainable Habitat Mission Enhanced Energy
Efficiency
€ *Model Building Bye Law
)
% Guiding «Urban and Regional
= Documents DevelopmentPlan Formulation
& and Implementation
- *«JNNURM-CDP *Energy Conservation
2 *Master Plans Building Code (ECBC)
© o . «Building Bye-laws
% £ |Toolsfor *EnvironmentClearance DDA-UTTIPEC Street Design «Programmes of Bureau
N mplementation | (EC/EIA) Guidelines of Energy Efficiency
% g *Municipalitieswith NGO
&H =
. |Toolsfor
s % Implementation *Green Building Rating Systems
O]
Identified Policy
instruments for possible
policy intervention

Table 16 Identification of Policy instruments for pasible interventions
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Under the section of Indian Policies, four relevaamistries (MoUD, MoEF, MoP, MNRE) were
reviewed from perspective of UHI incorporation dheir existing framework was linked to causal
factors of UHI in the chart above, which gives iaiidea on the policy instruments where UHI related
interventions are possible. Further, in order eniify possibilities of UHI inclusion in the
governmental framework with a vision for low carbaban development we need to map, possible
linkages and roles of the identified policy instemts.

Identification of Policy instruments for possible nterventions

Controllable factor of ‘Urban Structure’ is crucfabm the mitigation perspective.. MoUD becomes a
crucial agency for incorporation of UHI related rseges in its framework. From instruments like
NUTP, URDPFI guidelines, model building bye lawcantral level to instruments like building bye
laws, master plans, city development plans, streielelines under its state and city level
counterparts, all present a scope for inclusiodidf related measures.

UHI is understood to be causal factor for impactingan environment. Thus MoEF and its
instrument of environment clearance seem to hgp@ential to include awareness and mitigation
measures for UHI at scales ranging from buildimgity levels. At present the measures are focused
more on material characteristics and open spacgspgos, but can be expanded to include urban
structure, transportation systems and land-usenjign

As described in the previous sections and acknayelédn the National Sustainable Habitat Mission
there is a vicious cycle of energy use created tpak) Structures. The Ministry of Power and the
Ministry of New and Renewable Energy also becorneiat agencies for policy interventions.. The
two ministries are working at a scale where theimeworks influence both the heads of controllable
causal factors. Thus, they will be important mimest to target for UHI inclusions.

Green building rating systems like GRIHA/LEED afwovides an opportunity to extend UHI related
aspects in their systems, which at present lodk-Htprimarily from the perspective of surface
/material characteristics.

Identification of possible linkages

There are existing linkages between the visionaguthents and the implementation tools, for
example under MoEF the vision of the National Eowiment Policy is implemented through
Environmental Clearance and of EIA. We beliewe feore linkages should be established

especially between the MoP and MoUD. For exam@eBGBC codes and programmes of BEE can
be linked or integrated in the city planning docuisdike master plans, building bye-laws and
transport policies as well. The ministries of Urtizevelopment and Power have inter-connected and
critical roles, working in tandem towards achigythe common aim of ‘low carbon urban
development’.

Identification of possible role of existing policyinstruments

The Environment Protection Act 1986 and"&tnendment to the Constitution, provide a stayuto
channel for laying emphasis on the UHI effect ag@rironmental degrader. The means could be
incorporating strategies in existing implementatiools of city planning or giving emphasis for
research on the subject.

At the central government level provisions of thudghg documents like NEP, Missions under
NAPCC, NSHM, URDPFI guidelines, model building bggvs can be used as tools for introducing
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UHI effect mitigation as a relevant issue anddiaggesting strategies based on research fomguidi
implementation instruments.

Policy instruments of environmental clearance,ding bye laws at state level and master plans, city
development plans at city/municipality level caha@stools for implementing UHI mitigation
strategies. Collaboration of city municipalities/depment authorities with nongovernmental
organizations can play the role of demonstratitgf projects at different scales.

The existing policy framework, therefore, has adgegwpportunities to incorporate UHI related
interventions, from provisions for focused reseaocground implementation in the form of short and
long term strategies. A dedicated effort as in toes like Japan and USA is needed, backed by
empirical research establishing key casual fa@odsthe extent of their impacts with contextual
variability for the UHI effect and intensity.
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PART llI
THE STAKEHOLDER'S MEETING

Figure 15 Stakeholder's Meeting in Delhi

This section documents the discussion that tookepdd a consultation meeting, between the invited
members from various stakeholder organizationssé& lecluded invitees from governmental, non-
governmental organization, and academic instittgleded to urban development, energy efficiency,
transportation and environment. The meeting alsluded a discussion of the opinion of international
advisers to the study: Dr Ronnen Levinson of LaweeBerkeley National Laboratory, California and
Dr Koen Steemers of the University of CambridgeitéthKingdom.

The consultation meeting included a presentatigdhestatus of research and policy on UHI in the
world and India, also a discussion of the undediteys gained from the theoretical framework
developed in the study and indications for furtiverk gained from this. In discussing the Urban Heat
Island issue, the intention was also to get thaiopifrom the experts in the field and relevant
government plan makers on the extent of possibpaats or UHI, the critical factors that may need to
be addressed, the nature of policies required fpgation measures, and the levels of city planning
and development where intervention could be mageradll the meeting which brought forward the
positives of the research conducted and helpeddarassing links and references to the study.

1. Discussion points

The discussion at the consultation meeting revolrednd key points that emerged from the research
and policy review and thereafter the developmenhefdescriptive framework and possible
operational framework for policy intervention. Thesere points were presented as questions in two
sets and conducted in two discussion rounds eafdll@ss:

Questions of Round 1

1. Inthe review of the literature on the causal fexend impacts of Urban Heat Islands, were
the significant relationships between the key fiesctmd UHI adequately highlighted?

2. While most urban development policy internation&iés focussed on surface characteristics
of the urban structure, why has there not beenuhrmphasis on the other aspects of
planning regulation such as building density arsdridiution of urban landuse.

3. Is UHI mitigation a significant factor for the logarbon urban development of new and
existing cities, in a country like India where mpirbanisation is taking place and most of the
urbanizable zone is in the hot climatic belt?
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Questions of Round 2

4. Of the two broad heads within which the causaldiecof UHI have been categorized in our

report, i.e. 'urban structure' and 'urban lifestgletors', the latter primarily resulting in the
anthropogenic heat contributions of UHI, whichledd¢e should be targeted with greater
emphasis in urban policy initiatives for the md$eetive impact on mitigating UHI.

It is clear from the relationships in the descyiptiramework that there are synergistic
impacts of both groups of causal factors. Doesithidy a different strategy in framing
regulations where such synergistic effects mayxpeaed?

In developing new policy directives for mitigatiktHl in the Indian developmental
framework, what further research work may be rexfljispecific to the Indian situation and
how should this be formulated?

2. Summary points
The main outcomes from the discussion meeting dsawé¢he opinions of international experts are
summarized below:

Discussion Round 1

Through the discussion on the Urban Heat Islandtangrious causal factors and impacts on
the environment, it was concluded that the effétildl was adequately documented and its
impact o the environment confirmed even thoughettact nature and cause of the
phenomenon had not been very precisely quantige@gpecially in the Indian context.

It was brought out that there were many ongoingaesh projects and studies aimed at
calculating and mitigating the UHI effect, espdgiatternationally and some in India as well.
Some of the recent research brought to light wasvitrk of Ronnen Levinson, on measuring
the surface and canopy level temperatures in tharrcities of Pantnagar and Hyderabad
with a view to evaluating the impacts of cool roofsUHIs; study on reading the effects of
walls with low emissivity as well as reflectancecofored walls, on the UHI effected being
conducted by Hashem Akbari and Rosan Field resgdgtiwork of TARU in documenting
forty buildings in Surat for surface and air tengiare difference at micro and macro levels
in different built up areas of the city; recent facdtion by 1T, Delhi on Theoretical and
Applied Climatology documenting the measurementglidf over Delhi.

The UHI effect was realized as a potential threa&h urbanizing country like ours, however,
it was considered that for the significance for kcavbon growth to be driven home, a more
comprehensive documentation of the effect andraader impacts be undertaken for
different contextual regions of the country. Also mitigation impacts to be formulated and
instated in policy the relative importance of tlaeigal factors be researched to a much more
guantitative level possibly through mathematicatels.

Discussion Round 2

Keeping the interrelationships between the vartaussative factors of the Urban Heat Island
effect in mind, it was considered that further egsh would be necessary specifically for the
Indian context before appropriate policies coulddyenulated. A study of the relationship
between the microclimate of a region, its urbamfcand the energy demands would
comprehend the importance of UHI for a hot climatea like India. Another significant field
of understanding would be the effect of ground lamitling surfaces on the temperature
variations in the context of India.
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» With regards to policies on UHI mitigation the momportant government agencies that
could play a pivotal role in incorporating the Ugffect were identified to be the Ministry of
Urban Development and Ministry of Power, as theseewdirectly concerned with low carbon
urbanization.

* Itwas, further, considered that as there may ea btandalone policy on UHI, there was a
need to look at synergies of its causal factorsh s1$ looking at urban structure and urban
lifestyle factors together as a combined idea in and existing policies. An example quoted
by international expert, Dr. Koen Steemers wasdba of ‘Transport Oriented Development
(TOD)’ where high density development is encourageglrioritised around public transport
nodes, which then in turn could enable integratibigreen fingers’ to create local reductions
in UHI, increased outdoor comfort, and lower enetgynand for cooling, especially in new
developmentsAdditionally, Dr Ronnen Levison was of the opinitbrat mitigation measures
focussed on increased roof shading, plantationjrasrdased pavement albedo levels could
offer economical and effective ways of reducing ifect that could be easily retrofitted
into existing developments with immediacy.

» Keeping such synergies in mind, it was considenat community and neighbourhood level
initiatives at the city planning and developmeagst could offer probable places for UHI
mitigation intervention. Further ensuring implenaditn of the mitigation policy at various
levels through municipalities and local governmembsild be equally imperative.

» Further studying the causal factors of UHI thromgmerical models and simulations, may
give convincing results towards the importancehcf ffect. This could be achieved by cross
disciplinary and design based research, throughlmmations of various agencies that
measure and document those factors. Thus it magmauded that there is need to conduct
specific quantitative studies to decipher the odlerban Heat Island, its causal factors and
impacts it has on the urban microclimate taking eatcount the climate and geographic
factors of specific to typical cities of India.
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INFERENCES FROM STUDY
The inferences from the different parts of thiglgtare summarized below:

PART |

The first part of the report has covered the bfeaflexisting knowledge and initiatives on the Urba
Heat Island effect both internationally as welhasionally. The figure below provides an overvieiw o
the learnings from the literature review section:

Research

INTERNATIONAL INDIA INTERNATIONAL INDIA

Policy

Comprehensive
coverage in
international
research of Urban
Heat Island intensity
and causes, impacts
and mitigation.
Prime mitigation
strategies researched
include thise dealind
with surface
gualities.

*Relative and
cummulative impacts
of various factors has
not been fully
answered.

*Research in India
limited to
identification of te
Urban Heat Island
and its intensity in
various cities and
does not cover other
aspects
comprehensively.

<Coverage of cities is
not comprehensive
and there are
differences in
assessment
methodologies

<Policy integration
seems to be linked to
research

areas, availability of
funds, UN mandates
and governmental
structre.

eBetter coverage in
developed nations
but interest also
being supported in
developing countries

eFocus of policies is
through surface
character directly
and indirectly
through energy
efficiency, and in
some cases through
affecting lifestyle
changes.

*Recognition of the
issue at

centre, state, and
city levels with
relevant ministries
including the
MoUD, MoEF, MoP,
& MNRE and
implrementation
channels including
ULBs.

<Some mitigation
measures related to
surface treatement
and building street
orientation. Better
coverage in
voluntary
certification systems.

Figure 16: Literature review inferences on coveragef UHI in Research and Policy

Detailed inferences from each objective of Pantelliated below.

Research on UHI — International & National

» The research internationally is found to be tholoungidentifying the causal factors, impacts, and
mitigation effects of the Urban Heat Island efféaiwever, research on relative and cumulative
impacts of factors is lacking. In India the resédnas verified the presence of UHI and established
it as an environmental issue by recording its taatpee intensity in many cases, but other aspects
of causative factors and effectiveness of mitigatieasures have not been comprehensively
studied.

* International studies have largely focussed onaspd urban structure as being instrumental in
contributing to the UHI effect, including, city si& population density, building density and
massing, surface character and vegetation, whilarulifestyle factors of transportation use have
been also considered. In India the UHI effect hrawarily been looked at in relation to city size
and in some cases building density and lifestyt¢éofs have been mostly ignored.
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» While international research has looked at incré&sergy consumption, increased air pollution,
health, and economic influences, besides incre@segderatures, as impacts of UHI. Indian research
has primarily highlighted only the temperature @ase as an effect of UHI. Other factors, however,
also need to be empirically evaluated to estalbistextent of the impact of the UHI effect and
thereby imperativeness of further research on mupteimentation of mitigation measures.

* Internationally, mitigation strategies to reduce WHI effect have focussed on surface
characteristics and many are incorporated intauthan planning guidelines and building
construction codes. In India, on the other handae$ on effectiveness of mitigation strategies for
combating the UHI effect has barely begun.

« It has been noted that internationally the maxintlidi intensity was recorded as 12°C whereas in
India the maximum recorded increase was 8°C. It begonsidered that UHI intensity would vary
with climate type, city density, and city developrhetc. and therefore research in India would need
to be more comprehensive to cover this variation.

Initiatives and Policies- International

» On the international policy level, policy recommatidns are closely tied to national and
international research that was followed up bygheernments of these nations. The policy making
and research seems to be generally supported ahdgby the mandates of the United Nations.
The presence of policy recommendations is alsotti¢de availability of funds for the purpose.

» While researching the policies on mitigation of binlHeat Islands it has been observed that the
phenomenon is more thoroughly researched and asdieser a longer period of time by nations
that are Developed Nations than those which atdsveloping. This may be a direct result of the
fact that these nations were urbanized early andeheecognised the UHI effect earlier, and that
they had a longer period of time to observe ankbcbtlata related to the phenomenon and try out
strategies of mitigation. Also possibly, these oradiwere targeted for capping their emissions
earlier and therefore were forced to examine sdntieecaspects which may also affect Urban Heat
Islands, although Developing Nations are also neindhelped in their environmental agendas
through various financial mechanisms.

* Moreover, it is observed that countries working aocgvUHI mitigation tend to concentrate their
funding and implementation on short term progranthsas building energy efficiency, cool roofs,
and street surface improvements. Issues of landudsan planning, built form and density do not
consistently form part of most UHI mitigation pragrs. This may possibly have to do with ease of
implementation and inadequate availability of rese@n the importance of such interventions and
their interactions with other aspects of city grownhd well-being. Lifestyle changes have received
some recognition in countries such as Japan anaroes of the EU, but could get more attention.

* In many countries UHI is placed under the largebretia of climate change or global warming at
the central level- its implementation being speaify structured at state, regional and city level.
This is true of Japan and the EU countries withredlg motivated projects and schemes compared
to the US which has mostly city and state levegpams and interventions. This reflects on the
importance of the governmental structure for impatation and success of policies.

Initiatives and Policies- National

» The existing structure of policies, guidelines etith the ones focused on urban development
directly acknowledge the phenomena of UHI. Thejestartain causal factors related to city form,
materials, and air pollution, and provide for nmétign measures which are mostly related to
building-street orientation and surface treatmeatéase of green cover.
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* Visionary documents like NSHM combined with NEP\ddes us with a channel at the central
level, through which UHI effect can be introducatbiimplementable actions like CDP, Master
Plans, Building BYE-laws, EIA backed up by the msgibility and power of environmental
protection and urban planning entrusted upon ukbead bodies. Apart from governmental
organisations there are some non-governmental is@#ons as well that take into account the UHI
and have given implementation to mitigation streteg

» The visionary documents/guidelines at the cengnadlithat already directly consider and suggest
measures that will help mitigate the UHI includee NSHM and URDPFI guidelines under MoUD,
the Environmental Clearance for large developmenjepts under MoEF with coverage till city
level development, and ECBC, 2007 under MoP and ENRdirect impacts may be from the
National Transport Policy under MoUD, National Msson Green India under MoEF, BEE star
ratings under MoP, and National Solar Mission urdBIRE.

» The implementation instruments at the local lekat directly refer to the UHI include only the
DDA Street Design Guidelines and efforts of the roypalities of Surat and Indore. Besides
governmental instruments, voluntary rating systékesLEED and GRIHA also directly have
recommendations which include aspects of mutualisgaparking norms, and surface character, to
counter the UHI effect.

» Generally, there is primarily only a recognitiontbé UHI effect in the existing governmental
framework and a mention of mitigation measures pssibly the lack of sufficient research on the
subject in the local context has resulted alsodefeciency in a comprehensive coverage of relevant
strategies.

Overall, while there has been better coverageetlH| aspect both in International Research and
Policy, national initiatives have been restrictélaigh efforts at addressing the phenomenon in a
structured way have now begun to be initiated. Meee, while most research and policy, even
globally, has been concerned largely with surfd@eacteristics of the urban environment, there
needs to be a better recognition and resolvinglmmplanning, building morphology and lifestyle
factors as well. Incorporation of informed polioyaddress the Urban Heat Island effect in urban
development instruments therefore, requires sicpniti efforts in the form of comprehensive and
sustained endeavours and appropriate incorporatitre right levels.

PART Il

Descriptive Framework

Further to the literature review, Part Il of thpod has developed a descriptive framework desagibi
the theoretical relationships between the vari@usative factors of the UHI effect and based o thi
evaluated the potential for policy interventiorttie country. This section has had the following key
outcomes:

» Presentation of a reference theoretical guidingndaork of UHI influencing parameters,
bringing out interactions between uncontrollabld aantrollable influences as well as
between urban lifestyle and urban structure pararseas well as their synergistic effects. In
doing so the discussion of the framework has disman up possible scenarios of criticality
that may occur in various contextual conditionshef country and how they may possibly be
dealt with. This offers insight into the key levénsat need to be affected in different
situations.

» Identification of the policy sections, sectors, agdles where UHI mitigation may be
addressed, highlighting the nature of mitigatioramges that may be feasible and successful.
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At the central level visionary documents and guidetecommendations through the
ministries of MoUD & MoEF, have been identified fddressing aspects of urban structure
& MoP & MNRE for influencing aspects of urban lifgke. At the local level implementation
tools like Development plans, Building Bye Lawsfdussed codes may be useful while
implementation bodies like the ULBs and municipaditcould form the requisite channels,

PART llI

Stakeholder Consultation

A consultation meeting of key stakeholders was teeltiscuss the key points that emerged from the
literature review and the theoretical frameworke3d, as discussed in Part Il of the report broadly
fell under two heads that were then discussed arbomunds:

Discussion round:lsignificance of study and confirmation of reséaaad policy review results.
Discussion round:2avenues for policy integration and areas forh@rtresearch for achieving this.

The salient points that emerged from the Stakelhd@dasultation are enumerated below.

» Urban Heat Island was agreed to be a real phenamtéabneeded to be addressed in both
extended research and efficient policy initiatirethe Indian context. The need for further
research on the impact of UHI on energy, econoreglth, etc. was highlighted.

* The research covered in the review was found taibg comprehensive in the coverage of
the issue and role of causal factors. Additionfdrences and contact persons were suggested
to take the work further.

* It was pointed out that there was a need to dis@gge the relative impacts of the causal
factors in a context specific way to be able tokvauit the most effective mitigation
strategies. Research capabilities and strengthariafus Indian institutes were brought out
towards this end.

* Concepts such as those of ‘anthropogenic heatsityewere put forth as a way of
understanding the combined effects of lifestyle design factors. Such concepts could be
considered as possible handles for the developafigrdlicy to deal with UHI.

» Examples of such policy could include:

a. stricter energy efficiency requirements for builghrin high density areas

b. relaxed requirements and possible higher densitiekl be considered in climate
zones with mild weather

c. encouragement of waste heat release from air- tonutig systems at the top of
buildings

d. reduce vehicle movement where higher densitieseapgred, by providing for public
transport, or encourage higher densities only bliptransportation nodes.

e. use of high parking charges in high density arealiscourage private vehicle use.

f. attempt for quick exits from housing and commerd&telopments directly to the
motorway

g. Consider mixed use model for higher density devalam with day use commercial
at the lower levels and night use residential athiigher levels.

* The Ministry of Urban Development and the MinisbfyPower were identified as the
operational ministries for the implementation of lUhitigation policy. It was also considered
that while further research is conducted on th¢estilsome broad recommendations could be
made based on the literature review and the cosckptussed at the consultation meeting.
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FUTURE DIRECTIONS
The outcomes from this 'Scoping Study for Poligyidtives to Minimize Urban Heat Island Effect
for Low Carbon Urban Growth', has established #neessity for further research.

It is inferred that policies share a relationshifhvwthe status of research prevalent and availble.
the backdrop of rapid urbanization in the countithwhe concerns of energy consumption and with
the aim of low carbon urban development futurthenh becomes imperative to push for more
research on the subject to be able to addressgbe of UHI effect in a detailed and specific manne
at city level. This study has highlighted the nataf the research that may be required to inform
necessary action on UHI mitigation, the expertisalable nationally for carrying out the researa$,
well as the potential value of specialist suppad eollaboration internationally.

The research directions that have emerged fallruheégollowing broad themes:

1. Empirical research to prepare a comprehensive andatnparable database on UHI
intensity in Indian cities in various climatic coniexts: Although several research projects
have been conducted, and some are in the procesingf conducted in various cities in
different parts of the country, they have followgffering methodologies and have had
varying objectives. While the incidence of headrigl effect is clearly established the metrics
and modes of measurement differ. The empirical flata different city contexts in each of
the climatic zones of the country, obtained throagmiform methodology, would enable an
establishment of the UHI formation and its intepdit would be on this basis that a view on
mitigation measures could be taken.

The hypothesis, implicit in this Scoping Study, baen that the UHI effect, if not attended
to, would have negative implications vis-a-vis tigective of low-carbon urban
development, and that urban development norms aitdiny bye-laws need to incorporate
measures that minimise the UHI effect. Empiricabdaould verify this hypothesis.

2. Research to assess the extent of the impact of Ublh the environment, energy use,
economics, and health in the Indian contextThe research should cover the key climate
zones and large, medium, and small cities. Theppetwes of the impact of UHI on comfort,
health and energy consumption for thermal comfeotld each require data in a particular
form. It would be necessary to establish the lilsagnd use appropriate metrics for a
gquantitative understanding of each of the impagsin, the empirical data from different
city contexts in each of the climatic zones of ¢bantry obtained through a uniform
methodology would enable an appreciation of théesmad quantum of the impacts of the
UHI effect. This may be act as a driver for polatange.

3. Simulation research to help disaggregate the relaté impact of various causal factors on
UHI individually and in combination with other para meters, with the help of numerical
models: The urban heat island phenomenon has been explasn@dombined effect of
climate weather, local geography, surface chariatites, urban morphology, and
anthropogenic heat. Of these, surface charactayistrban morphology and anthropogenic
heat are, to a large extent, a result of city dgualent controls and building byelaws. This is
of considerable relevance in India where largeesadban regeneration, urban expansion and
many new cities are on the anvil. It would be uktfuuantify the relative contribution of
these causal factors to the UHI effect. This propedmuires numerical modelling and
simulation. This would be critical for informing tigation efforts in using measures with
maximum efficiency.
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4. Estimation of the feasibilities and impact of varias mitigating strategies in the local
contexts of the country:The intensity and periodicity of the UHI effect wdwary from
place to place and climate to climate. The databaserated by the first research action
stated above would indicate when and where thedfdtt is more pronounced or critical.
This would enable a prioritisation if various métgn strategies, according to local contexts
and whether they are measures for alleviatingiegistonditions or intended to address
prospective development in cities.

In addition to research work to provide a sounddifas instituting UHI mitigation, this project as
puts forth the following agendas for policy levetians to address UHI effectively:

» Comprehensive incorporation of UHI strategies develjpmental instruments
» Attempts to synergize the take of various ministrie on the UHI issue.

It is seen that UHI would be a relevant subjechany levels of policy and would figure in several
implementation instruments that are already in @i@n. A concise document may be prepared for
UHI related inclusions at the policy level and f@rmonising of UHI related measures in the existing
implementation instruments.

It is clear that without a focussed approach thealdiHeat Island phenomenon may get neglected,
with significant rebound consequences on energydliseate change, and the economy. As we move
into a phase of rapid urban growth this is the oppe moment to confront the issue of UHI in India.

Scoping study for Policy Initiatives to minimise UHI Page 75



BIBLIOGRAPHICAL REFERENCES

Ministry of Urban Development, Govt. of India. (f.dRetrieved March 2014, from
http://moud.gov.in/sites/upload_files/moud/filesiviate 0_O.pdf

(2005).Jawaharlal Nehru National Urban Renewal Mission-e€@Baew.Ministry of Urban Development.

Akbari, H. (2002). Shade trees reduce building gneise and CO2 emissions from power plants.
Environmental Polluation119-126.

Akbari, H. (2005) Energy Saving Potentials and Air Quality BenefitéJdban Heat Island Mitigation.
Lawrence Berkeley National Laboratory .

Akbari, H. (2009) Cooling our Communities: A guidebook on tree plagtand light colored surfaces.
Berkeley: Lawrence Berkeley National Laboratory.

Akbari, H., Bretz, S., Kurn, D., & Hanford, J. (199 Peak Power and Cooling Energy Savings of Hidiredo
Roofs.Energy and Buildingsl17-126.

Ansar, S., Dhanya, C., Thomas, G., Chandran, AnJo., Prasanthi, S., et al. (2012). A Study obah/Rural
Cooling Rates in Thiruvananthapuram, Kerdldnd. Geophys. Uniqr29-36.

Baker, L. A., Brazel, A. T., & Westerhoff, P. (2Q0Qne n.d)Environmental consequences of rapid
urbanization in warm, arid lands: case study of BPhix, Arizona (USARetrieved March 24, 2013,
from University of Minnesota: http://larrybakerlakans.umn.edu/files/2011/07/baker-environmental-
consequences-of-urbanization-sustainable-citiepelf|

Barlow, J. (2010)Research Highlights 201®etrieved March 2014, from Walker Institute: hitpww.walker-
institute.ac.uk/publications/brochures/highlighitets/B01833%20Walker%20Institute%20brochure%
20pp32-35.pdf

BEE. (n.d.). Retrieved April 2014, from http://wwheeindia.in/

Berdahl, P., & Bretz, S. (1997). Preliminary suredéyhe solar reflectance of cool roofing materigsergy
and Buildings 149-158.

Blankenstein, S., & Kuttler, W. (2004). Impact ¢feet geometry on downward longwave radiation and a
temperature in an urban environmevieteorologische Zeitschrjf873-379.

Borthakur, M., & Nath, B. (2012). Study of Changidgban Landscape and Heat Island Phenomenon in
Guwahati Metropolitan Arednternational Journal of Scientific and ResearctbReations 1-6.

Central Pollution Control Board. (n.d.). Retriewddy 2014, from www.cpcb.com

Deosthali, V. (1999). Impact of rapid urban growthheat and moisture islands in Pune City, India.
Atmospheric Environmen2745}2754.

Devadas, M., & Rose A, L. (2009, June-July nUthan Factors and the Intensity of Heat Islandhe City of
Chennai.Retrieved January 08, 2013, from Department arh#tional Development Engineering
(IDE): http://www.ide.titech.ac.jp/~icuc7/extendedbstracts/pdf/384826-1-090520120431-005.pdf

Devi, S. (n.d.). Retrieved 2014, from URBAN HEATLISNDS AND ENVIRONMENTAL IMPACT.

Douglas, I. (2002). Causes and consequences digdolbironmental change. In J. A. Voogtban Heat
Island (Vol. 3, pp. 660). Causes and consequences oéblob

EPA. (2008, October n.diReducing Urban Heat Islands: Compendium of Strategietrieved March 24,
2013, from United States Environmental Protectigercy:
http://www.epa.gov/heatisland/resources/pdf/Greaif@ompendium.pdf

EPA. (2013, Jan 15MHeat Island ImpactRetrieved April 2, 2013, from United States Enuinental
Protection Agency (EPA): http://www.epa.gov/heatigl/impacts/index.htm

EPA. (2013, January 15hat Is an Urban Heat IslandRetrieved April 2, 2013, from United States
Environmental Protection Agency (EPA): http://wwpeegov/heatisld/about/index.htm

Futcher. (n.d.). Ice Tea Citg25th Conference on Passive and Low Energy Architect

Futcher, J. (2008). 658-Ice Tea Ciath Conference on Passive and Low Energy ArchitecDublin.

Gartland, L. (2008)Heat IslandsLondon: Earthscan.

Gigudon: EarthscaJrban Heat Island Mitigation StrategiefQuebec.

Giridharan, R., Ganesan, S., & Lau, S. (2004). Dagturban heat island effect in high-rise and tdghsity
residential developments in Hong Kortnergy and Buildings525-534.

Scoping study for Policy Initiatives to minimise UHI Page 76



Greater London Authority. (2006)ondonr London Authority. (2006).mary for Decisidiakers.London:
Greater London Authority.

ott. (er, f f).erf. Retrieved f f, from ff: f

Gupta, A., Dey, V., & Goel, A. (2009). Mitigatiorf @hermal Pollution to enhance urban air quallif§th ESRI
India User Conferengdp. 7). Noida.

Hamdia, R., & Schayesb, G. (2008). Sensitivity gtafithe urban heat island intensity to urban ctizréstics.
Interntional journal of Climatology973-982.

HARC. (2009, March n.dDallas Urban Heat Island StudiRetrieved March 19, 2013, from HARC (Houston
Advanced Research Center): http://files.harc.edyj#ets/DallasUHI/UHI_Basics.pdf

Heat Island Group. (2013, April Zjleat Island GroupRetrieved April 8, 2013, from Los Angeles strerggth
commitment to cool roofs: http://heatisland.lbl.gmews/los-angeles-strengthens-commitment-cool-
roofs

Howard, L. (1833)The Climate of Londor.ondon.

Ice Tea City. (n.d.)25th Conference on Passive and Low Energy Architect

Idso, C. D., Idso, S., & Balling Jr., R. C. (2004 intensive two-week study of an urban CO2 dome i
Phoenix, Arizona, USAAtmospheric Environmen®95-1000.

Katpatal, Y. B., Kute, A., & Satapathy, R. D. (n.dRetrieved March 2014, from Surface- and Air-Tengure
Studies in Relation to Land Use/Land Cover of Nadgiban Area Using Landsat 5 TM Data.

Kikegawa, Y., Genchi, Y., Kondo, H., & Hanaki, K(Q06). Impacts of city-block-scale countermeasures
against urban heat-island phenomena upon a budfiMggpur Urban Area Using Landsat 5 TM
DataApplied Energy649-68.

Kim, Y.-H., & Baik, J.-J. (2002). Maximum Urban Hdaland Intensity in SeouRmerican Meteorological
Society 651-659.

Kleerekoper, L., Escha, M., & Salcedob, T. B. (2022w to make a city climate-proof, addressing uhean
heat island effecResources, Conservation and RecyclB@r38.

K 30-38.s, Conservation and Recyclingb, T. B. (Q0Hbw to make a city climate-proof, addressing uhgan
heat Atmospheric Environmen3889-3895.

Konopacki, Steven , J., & Akbari, H. (1998imulated Impact of Roof Surface Solar AbsorptaAtte;, and
Duct Insulation on Cooling and Heating Energy UseSingle-Family New Residential Buildings.
Berkeley: Lawrence Berkeley National Laboratory.

Kravkeley: Lawrence Berkeley National Laboratorgjc, aWater for the Recovery of the Climate — A New
Water ParadigmPublication from partner cooperation between thegke and Water NGO, the
Association of Towns and Municipalities of Slovakiae ENKI and the Foundation for the Support of
Civic Activities.

Lai, L., & Cheng, W. (2009). Air quality influeed by urban heat island coupled with synoptic werath
patternsScience of the Total EnvironmeB742-2733.

Landsberg, , H. (1981Yhe urban climateNew York: Academic Press.

Memon, R. A., Leung, D. Y., & LIU, C. (2007). A riewv on generation, determination and mitigatiotJéfl.
Journal of environmental sciencel20-128.

Michael, A. M., & Beaglehole, R. (2000). The chamgplobal context of public healtiHE LANCET 495-
499,

Ministry of Environment & Forest. (2006)ational Environment PolicyMoEF,GOI.

Ministry of Environment & forest. (2010National Mission for a Green IndidNew Delhi: MoEF,CEE.

Ministry of Environment & Forest, GOI. (2006)lanual on norms and standards for environment ceae of
Large construction project®New Delhi.

Ministry of Environment and Forest. (199R)ational Conservation Strategy and Policy Statenoent
Environment & Developmeniilew Delhi: MoEF,GOI.

Ministry of Environmnet and Forest. (n.djww.moef.nic.inRetrieved April 2014, from
www.moef.nic.inf/downloads/others/Mission-SAPCC-NMEgdf

Ministry of New and Renewable Energy. (n.d.). Reteid March 2014, from http://www.mnre.gov.in/migsio
and-vision-2/mission-and-vision/

Scoping study for Policy Initiatives to minimise UHI Page 77



Ministry of New and Renewable Energy and The En@&ggearch Institute. (201@QRIHA Manual, Volume I-
Introduction to National Rating Systerilew Delhi: T E R | Press.

Ministry of Power . (n.d.)http://powermin.nic.in/Retrieved April 2014, from
http://powermin.nic.in/JSP_SERVLETS/internal.jsp

Ministry of Urban Development . (200@)ational Urban Transport Policy.

Ministry of Urban Development. (n.d)odel Building Bye LawNew Delhi.

Ministry of Urban Development. (n.dNational Mission on Sustainable Habithtew Delhi: MoUD,GOl.

Mirzaei, P., & Haghighat, F. (2010). Approachestiedy Urban Heat Island-Abilities and Limitatiomuilding
and Environment2192-2201.

MoEF. (n.d.) http://envfor.nic.in Retrieved April 15, 2014, from http://envfor.fidabout-ministry/about-
ministry

Mohan, M., Kikegawa, Y., Gurjar, B. R., Bhati, 8andya, A., & Ogawa, K. (2012). Urban Heat Island
Assessment for a Tropical Urban Airshed in Inditmospheric and Climate Scienc&27-138.

Morris, C., Simmonds, I., & Plummer, N. (2001). Qtification of the Influences of Wind and Cloud the
Nocturnal Urban Heat Island of a Large Citpurnal of Applied Meteorology69-182.

Mott MacDonald. (2014)Urban and Regional Development Plans Formulatiohmfalementation Guidelines.
New Delhi: Ministry of Urban Development.

Murtaza, S. (n.d.http://sanamurtaza.blogspot.iRetrieved April 15, 2014, from
http://sanamurtaza.blogspot.in/2011/08/article-@d-aoncept-of-environmental.html

Nishimura, N., Nomura, T., lyota, H., & Kimoto, @.998). Novel water facilities for creation of camfble
urban micrometeorologyolar Energy 197-207.

Oke, T. R. (1982). The energetic basis of the utieat islandRoyal meteorological socigt§-24.

Oke, T. R. (1987)Boundary Layer ClimatedNew York: Methuen.

Ostro, B., Roth, L., Green, R., & Basu, R. (20@3timating the mortality effect of the July 2008li®rnia
heat waveEnvironmental Researclb14-619.

Patki, P., & Alange, P. (n.d.). Study of Influerafd_and Cover on Urban Heat Islands in Pune Usiagn&te
SensinglOSR Journal of Mechanical and Civil Engineerii39-43.

Peng, S., Piao, S., Ciais, P., FriedlingsteinOftle, C., Br on Urban Heat Islands in Pune Usiegngte
Sensing. wave. teorology. of a LargeEZivironment Science &Technolo@p6-703.

Prime Minister's Coincil on Climate Change. (2008tional Action Plan on Climate Chnageew Delhi:
GOl.

R. Balamurugan, S. I. (n.d.). A critical view oretimpact of constitution of India as internal reggaty
mechanism for environmental issues and polidredian JOurnal for Science and technology

R.S, A., & Raoa, K. (2012 haracterisation of Urban Heat Islands in one af thost urbanised corridors of
India from space based Multi-sensor, Spatio-tempdata. Retrieved March 2014, from Applied
Geoinformatics for Society and Environment: httpgwiv.applied-
geoinformatics.org/index.php/agse/agse2012/papsvhiie/481/143

Ramachandra, T. V., & Kumar, U. (2010, January.rGd¢ater Bangalore: Emerging Urban Heat Island.
Retrieved August 29, 2012, from The gro spatial wetial:
http://wgbis.ces.iisc.ernet.in/energy/paper/Bangalbeatisland/IISc_TVR_UK_Bangalore_Urban_He
at191209.pdf

Robitu , M., Musy , M., Inard , C., & Groleau , 2004). Energy balance study of water ponds andfitseence
on building energy consumptioBuilding Service Engineering Research Technqldgyt-82.

Rosenfeld, A. H., Akbari, H., Bretz, S., Fishman|B Kurn, D. M., Sailor, D., et al. (1995). Mitigjon of
urban heat islands: materials, utility programsjaips Energy and Buildings255y and

SANEI. (2012-2013)Sustainable Urban Development Minimising Urban Hektnd Effect and
Imperviousness FactoRetrieved March 2014, from GRIHA India:
http://www.grihaindia.org/files/sust-urban-dev.pdf

Santamouris, M. (2001Energy and Climate in Urban Built Environmebtndon: james & James.

Santamouris, M., Papanikolaou, N., Livada, |., Kakis, 1., Georgakis, C., & Argiriou, A. (2001). Gmre
impact of urban climate on the energy consumptidouddings.Solar Energy201-216.

Scoping study for Policy Initiatives to minimise UHI Page 78



Schmidt , M. (2006)The contribution of rainwater harvesting againsvlogl warming.London: Technische
Universit harvesting against global

Shahmohamadia, P., Che-Ania, A., Etessamb, I., MiaylK., & Tawila, N. (2011). Healthy Environmeiithe
Need to Mitigate Urban Heat Island Effects on Hurk@alth.Procedia Engineering61-70.

Shashua-Bar, L., & Hoffman , M. (2000). Vegetatama climatic component in the design of an urlbaes
An empirical model for predicting the cooling effed urban green areas with treEsiergy and
Buildings 221-35.

Stern Review: The Economics of Climate Char(ged.). Retrieved March 2014, from MUDANCAS
CLIMATICAS:
http://mudancasclimaticas.cptec.inpe.br/~rmclimégfostaques/sternreview_report_complete.pdf

Stone r., B. (2007). Urban Heat and Air Pollutiém Emerging Role for Planners in the Climate Change
Debate.Journal of the American Planning Associatid3-25.

Stone, B., & Norman, J. (2006). Land use plannimd) surface heat island formation: A parcel-basedhtin
flux approachAtmospheric Environmen8561-3573.

Taha, H. (1997). Urban climates and heat islantdeda, evapotranspiration, and anthropogenic lgergy
and Buildings 99-103.

Taha, H., Rosenfeld , A., Akbari, H., & Huang, 1988). Residential cooling loads and the urligarlding and
Environment271-83.

Treasury, H. (2006)5tern Review: The economics of climate chahgéd Vol. 30). London: Cambridge
University Press.

Tsai, M., & Chen, K. (2004). Measurements and tti@gensional modeling of air pollutant dispersiaran
Urban Street Canyortmospheric Environmenb911heric

Upmanis , H., Eliasson, |., & Lindgvist , S. (1998he Influence of Green Areas on Nocturnal Temipees in
a High Latitude City (Geport_complete.paternational Journal of Climatology681-700.

USAID ECO lll Project. (2009)Energy Conservation Building Code user Guidew Delhi: Bureau of Energy
Efficiency.

USEPA. (2009)Assessment of International Urban Heat Island Rese&Vashington: USEPA.

Voogt, J. (2007, July n.dYUnited States Environmental Preotection Agency (ERAtrieved Febuary 2, 2013,
from How Researchers Measure Urban Heat Islands:
http://www.epa.gov/heatisland/resources/pdf/EPA_Hmwmeasure_a_UHI.pdf

Voogt, J. A. (2004, November n.d)rban Heat Islands: Hotter CitiefRetrieved August 29, 2012, from
www.actionbioscience.org: www.actionbioscience.engironment/voogt.html

Weng, Q., & Yang, S. (2004). Managing the advehsemal effects of urban development in a densely
populated Chinese cityournal of Environmental Managemet#5-156.

Wong, N. H., & Yu, C. (2004). Study of green araas urban heat island in a tropical citiabitat
International 547-558.

Yamashita, S., Sekine, K., Shoda, M., Yamashitagiara, Y. (1986). On relationships between ligland
and sky view factor in the cities of Tama RiveribagdapanAtmospheric Environment81-686.

Yoshikado, H., & Tsuchida, M. (1996). High LeveBWinter Air Pollution under the Influence of thetén
Heat Island along the Shore of Tokyo Bagurnal of Applied Meteorology and Climatolodys04l of
A

Scoping study for Policy Initiatives to minimise UHI Page 79



