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Introduction

The prolific ShelSilverstein,about four and a half decadesbackin his book "The Giving Tree" waxed eloquently about the
selflessmannerin which atree could help mankind In the end of the book, the protagonistruesthat ashe hasslowlytaken
from the tree all hislife, he has alsorobbed it of the onethingthat he needsmostin hisold age- shade

In times of globalwarmingand unprecedentedspikesin temperatures,the book is almostprophetic. Anahitacameto do her
shortinternshipin the middle of a blazingsummerin Ahmedabadat a time when anytopic finally veeredto how the city was
burning Temperatureswere in their high forties. In this heat she askedher self a simpleenoughset of questions how hot is
hot really? Anddoesit reallycool?

Shefound in the local market, wet and dry bulb hygrometersmanufacturedby a 130 year old British company,named
appropriatelyenough, Zeal

Sheshowedjust that, in large dosesand went out in the sunwhen it blazedthe mostand setup what at leastin her young
mind were primitive devices,at five locationsin town and took readingsthroughout the day in some cases,retreating
quickly after settingup the instrument,to a coolerplace,sorelentlesswasthe heat Thereadingsin their nuancesare rather
educative and throw up some very valuable and precise understandingof what really makesthings hotter than the sun
intendedit to be, andwhat canbe doneto alleviatesuchconditionsin the city.

We often say that shadeis good her work tells us exactlyhow much We often sayits very hot- shetells us exactlyhow much
We often saysomethingsheatup morethan others- sheshowsusexactlyhow.

AniketBhagwat



Prologue

Spaceaespondgo temperature In currenttimes, this hasinversed Temperatureespondgo space

Architecturethroughout history hasbeena reflection of its respectivecontextualclimatic conditions With both the increasein

populationand pollution, thesenotions are subtly changing Oneof the mosttalked about phenomenonthat hasbeenobserved
acrosscontinentsis the urban heat island (UHI) effect. Thisphenomenonoccurswhen heat is trapped in small pocketsof an

urbansetup. Thishappensn denselypopulatedareasdueto variousreasons

Asthe population increasesthe energyburnedby factories,cars,peoplejogging,to a simpleconstructionworker workingwith
histools, escapesn the form of heat Aresearchby the EnvironmentaProtectionAgencyshowsthat the annualair temperature
of a city with 1 million peoplecanbe 1.8-5.4 degreesFahrenheit(1-3 degreesCelsiuswarmerthan its surroundings Citiesthat
are denselypopulatedare alsodenselyconstructedand building materials are good at insulatingor holdingin heat makingthe
areas around buildings warmer. In mammoth metropolitan cities, engineersbuild upward, creating skyscrapers All this
constructionmeanswaste heat—and heat that escapesnsulationhasnowhereto go. It lingersin and betweenbuildingsin the
UHIL

Thisstudyaimsto investigatethis conditionin a major urbancentreof India, Ahmedabad. With an estimatedpopulationof over
7 million, Ahmedabachasbeenlisted asone of the fastestgrowingcitiesof the decade Ahmedabachasa hot semiarid climate
with the highesttemperaturerecordedby the IndianMeteorologicalDepartmentto be50 (CL22 Hn)May?2016

For this researchproject, | choseto record microdata of certain spatial compositionsin the city that lead to temperature
variations Factorssuchas orientation, shadowpatterns and materiality are taken into considerationto map a localisedurban
climatology



Orientation of a spacerelative to the direction of the sun causesdistinctive shadow patterns The areaswhich are shaded
constantlythroughthe daytend to showa lesserreadingof temperaturethan areasthat receiveminimumshadow

Materiality of a spaceis one of the factorsthat alsoresultsin temperature changes Everymaterial hasan inherent property
known asthermal conductivity Thermalconductivityis the rate at which heat passeghrough a specifiedmaterial, expresseds
the amount of heat that flows per unit time through a unit areawith a temperature gradientof one degreeper unit distance
(W/mK). Thismeansthat if a materialhashighthermal conductivity, the rate at whichheatenergypasseghroughthe material
ishighandhenceit retainslessheat, makingit coolerthan materialswith lessthermal conductivity.

Fiveurbanlocationsin the city are chosento understandthe distinct nature of heatthat is observedin eachof theselocations
Theseobservationsare recordedthroughdrawingsand maps

Observationshave been made in the month of June2018 where the averagehigh temperature recordedin Ahmedabadwas
42 @ndthe averagelow temperaturerecordedwas28 (Recordingsvere takenat 11:00 am, 2:00 pm and 5:00 pm. During
afternoon, the sun starts moving towards the west and reachesits highest position in the sky during high noon. Ten
thermometerswere placedon specificlocationson site andtemperatureswere recordedacrossthe site simultaneouslyat these
times. Heat patternsare made basedon the temperaturesobtained Eachsite showsa different heat pattern dependingon its
materialityandorientation.



Material disparities
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2a. Materials, temperatures, spaces

Different building materials have varying thermal
properties Hence certain materials can retain more
heat than others causingthe surroundingto heat up

more.
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Concrete

Paver blocks

Stucco

Sand

Observing material tendencies

Bitumen

Terrazzo
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Observing material tendencies
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Grass

Observing material tendencies

Red brick
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Observing material tendencies
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Layers of shadows
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2b. Shade, temperature, spaces

Fromdawnto dusk,asthe suntravelsfrom eastto west,
the heat rays coming from the sun are blocked by
buildings or trees The areasin shade show a drop in
temperaturethan the onesunderdirect sunlight
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Observing shadow and heat patterns

At2:00pm, 11/06/2018

Bungalow in Ambavadi

A slight shadow s observed :by the building at

2:00 pm. The surrounding trees also shade
certainareas

18



Observing shadow and heat patterns

At2:00pm, 11/06/2018

Bungalow in Ambavadi

A temperature drop of 8 C is observedin the
shadedareasandis representedby a lighter shade
of red.
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3. Ahmedabad City

Certainpublic and private conditionsin the city can help
in understandingthe urban climatic fabric of the city. As
summer temperatures soar, these conditions show
striking changesin heat within a seeminglylimited area
Five locations are chosen for this study which are
representativeof A h me d avareedurbantypology
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Locations

| map

ICa

Typolog

Ahmedabad
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Locations of study

® - Ambawadi

-C.G.Road
® -ATIRA

® - DadaHariyanipol/

® - Sabarmati riverfront

Locations

. - Residential Area

-Commercial Area
i - Institutional Area
- Core Walled City
- Agriculture
- Central Jail

-----

- Waterbodyand river
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Spaces and heat

In June 2018 Ahmedabadrecorded an average high
temperature of 42 CBut within the city limits, spaces
showed a range of temperaturesat different times of a
day Thefollowing are a seriesof studiesinvestigatingthis
phenomenon
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a. Residential Area

Ambavadiis a small area in Ahmedabadcity that is
categoricallyrecognisedby its quaint bungalowsand tall

rows of asopalav trees. Thislocation is near Ambavadi
circle and comprisesof six residencesand the street in

betweenislinedwith asopalavs.
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Site
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high conductivity

Lack of trees indicates less
conductivity

Heat storage is very less.

Heat storage is more.

Observing material properties
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150m Observing material properties

140

This map shows the difference in thermal
conductivity of materialsfound on the site. The
two/three storeyed bungalows are primarily
made of brick and concrete — materials which
have very less thermal conductivity (0.2-0.1
W/mK). Thesematerialsheat up the surroundings
anddo not allow the heat storedin the afternoon
to escape But due to the tree cover presenton
site, this effect is balanced By the processof
evapotranspiration, the water present on the
leaves of trees is converted to water vapour
therebycoolingthe surroundings
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Observing shadow patterns
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Half of the street is lined with tall In the evening,the 33m tall building on
asopalav treesthat casta soft shadowin the west end of the site starts castinga
the morning sharpshadowon the site.

Zonel is constantlyshadedbecauseof
the presenceof trees, in contrast to
Zone 2 which receives very less
shadowbecauseof lackof greencover.
Thisindicatesthat the two zoneswill
havevariationsin temperature that is
recorded.
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Observing shadow patterns
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Observing temperatures of a particular zone

At 11:00 am, 11/06/2018 At 2:00 pm, 11/06/2018

Area- 2000 sq. mts Temperature difference of upto Decreaséan temperature is directly
Sparse tree cover 10 @s observedin areas shaded proportional to the shadowcast by
Vacated bungalow. undertrees. the buildingandtrees.
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Observing temperatures of a particular zone

At 5:00pm, 11/06/2018 In a very smallareaon site, simultaneouslya temperature of
48 @nd36 Cis observed-the darkestred beingthe highest
temperature and the lightest pink showing the lowest
temperature The areas which are shaded by trees or by
buildingsshowa temperaturedrop.

From sunriseto sunsetminor changesare observedin this
heat pattern. As the length of the shadow increasesin the
evening,the areashownin light pink increasesthis indicates
that a relatively larger area showsa temperature reading of
36 Cat5:00 pm.

As the evenirig approéches, the
overall temperature decreasesby

7 C and the areas under shadows
increase - 42-4£4 C 32 -6
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Observing temperatures of a particular zone

At 11:00 am, 11/06/2018 At 2:00 pm, 11/06/2018

Area- 2000 s&. mts Atemperatureof 4§ @G observedin

Sparse tree cover this zone due to lack of material
No shade. variations
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Observing temperatures of a particular zone

At 5:00pm, 11/06/2018

Thiszoneis drasticallydifferent as comparedto the previous
one, since it has absolutely no tree cover. Due to this, a
temperature of 48 @s observedat 11:00 pm. The concrete
building presentin this zone heats up the surroundingsand
doesnot let the heatto escapeevenin the evening Therebyat
5:00 pm, the temperaturedropsbyamere4 C

Due to lack of trees in this zone, - 44-46 C - 34-36
temperaturesdrop lessthan 4 C
in the evening - 42 -4 C 32-%6
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Observing temperatures of the entire site

At 11:00 am, 11/06/2018 At 2:00 pm, 11/06/2018
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Observing temperatures of the entire site

At 5:00 pm, 11/06/2018
Inferences

Material variation, shadow patterns, and tree cover on site
impact the erratic spatial distribution of temperature. This
showsthat temperature is responsiveto the composition of
space in urbanresidentialareasof the city.
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b. Old City

Pols are clusters of two/three storeyed homes densely
packedin the Old City of Ahmedabad Primarilymade of

wood, kota stone and brick, these homescansometimes
sharea common wall. Within pols there are courtyards
that are surroundedby suchhomes Suchis the nature of

this site locatedin the DadaHariyani Pol.
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Site

Index

. - Site

......... - Dadahariyani pol

1 -Manekchowk

2 -Mosque

3 -Entrance to thepo/

- Courtyard

[ - Twostoreyedpol houses

| -Collapsed house
0 10 20 30 40 50 60 70 80 90 100 110 120m @ e - Points of measurement
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Materials with both high and low
thermal conductivity .

Materials with very high thermal
condulctivity.

Heat storage is balanced.

Heat storage is more.

Observing material properties
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Observing material properties

This map shows the difference in thermal
conductivity of materialsfound on the site. The po/
houseson site are constructedusingmaterialssuch
as wood, brick and kota stone These materials
compared to materials such as concrete have a
higher thermal conductivity and can allow the heat
to escapefaster. The central courtyard made of
paver blocks has a tendency to store immense
amountof heatandcreateanurbanheatisland
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Observing shadow patterns

At 11:00 am At 5:00 pm
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Twostoreyedpol houses cast minimal shadows in the ) )
central courtyard. In the evening, as the sun begins to set,

the courtyard receives maximum shadow

Zone 1 receives very less to no shadow in the from the surrounding buildings.

afternoon. Zone 2 receives constant shadow
because of the presence of three/ houses in
close proximity to each other.
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Observing shadow patterns
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Observing temperatures on a particular zone

At 11:00 am, 09/06/2018 At 2:00 pm, 09/06/2018

Area- 100 sq. mts A constant temperature of 50 Cis Thepol housescasta slightshadowandin
No tree cover observedin this zone as the courtyard these areasa temperature of about46 C
Open courtyard. storesalot of heatin the morning isobserved

46



At 5:00pm, 09/06/2018

Asthe sun sets,the length of the shadowcast
by the housesincreasesand the shadedarea
of the courtyardshowsa lower temperature

Observing temperatures on a particular zone

Thecourtyardis an urbanheatisland Dueto the lackof trees,
this areastoreslargeamount of heat in the morningand only
minor variationsare observedin temperature in the shaded
areas Evenat dusk,the temperaturedoesnot drop.

Thiscourtyardis usedasa parkingareaby the residentsof the

pol housesandthe carsparkedin this areaalsoget heatedup
at noonandmakethis areaunbearableto walk
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Observing temperatures on a particular zone

At 11:00 am, 09/06/2018 At 2:00 pm, 09/06/2018

Area- 90 sq. mts Thetemperatureremainsthe sameasthis

No tree cover A constant temperature of 42 Gn this area is constantly shaded by the
Constantly shaded space. zoneon the southend of the site. surroundinghouses
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At 5:00pm, 09/06/2018

Observing temperatures on a particular zone

In contrastto the courtyard,this zoneshowsa relativelylower
temperatureof 42 C Threepol housessurroundthis areaand
henceit is constantly shadedthroughout the day. And since
the pol housesare in closeproximity to eachother (distance
between two pol housesis 7m), this areais not affected by
directsunlightasmostof the sunlightis blockedby the houses
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At 11:00 am, 09/06/2018

Observing temperatures on the entire site

At 2:00 pm, 09/06/2018
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At 5:00 pm, 09/06/2018

Observing temperatures on the entire site

Inferences

Theheat patterns of the site showthat within the network of
pol housesan urban heat island (UHI) has evolved in the
courtyard surrounded by a relatively cooler temperature
regime Temperaturerespondsto proximity of elements in
space.
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c. Sabarmati Riverfront

Ahmedabadcity is divided into two urban conditions by
the Sabarmatiriver — the walled city and the new city.
The dividing infrastructure is the riverfront that defines
the lines of the river. The location is a section of the
promenadewhich is adjacentto a road that leadsto the

airport.
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Concrete has a very low thermal
conductivity(0.4 W/mK).

Heat storage is more.

Observing material properties
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Observing material properties

The Sabarmati Riverfront is a concrete
embankment and includes about 20 km of
pedestrian promenadeson each bank Concrete
hasa low thermal conductivityand doesnot allow
the heatto transfer. Thebanksof the river havea
high humidity and hencethe intensity of the heat
felt isslightlyless
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At 11:00 am

Thestaircasaeceivesshadowfrom adjacentwalls

Observing shadow patterns

At 5:00 pm

Theriverfront stretchbarelygetsshadowexcept
earlymorningandevening.

58



Observing shadow patterns
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Observing temperatures on a particular zone

At 11:00 am, 12/06/2018 At 2:00 pm, 12/06/2018

4
Area- 2200 sq. mts A constant temperature of 50 Gs
No tree cover observedin this zone becausethere The concrete deck near the river

Under constant sunlight. isno obstructionfor the sunrays showsa 2 Cdropintemperature
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Observing temperatures on a particular zone

At 5:00 pm, 12/06/2018
Inferences

As observedin the heat patterns of the site, the riverfront
showsatendencyto get heatedup extensivelythroughoutthe
day. Asconcretehasa very low thermal conductivity,it stores
up alot of heat makingthe riverfront one of the hottest public
spacesin the city. Temperaturerespondsto materiality of
space.
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d. Institutional Area

Ahmedabad Textile Industries Research Association,
ATIRAIs a 2,72000 Sg mts, campus located in the
universityarea of Ahmedabad |t is recognisedio havea
plant coverageof over 1,000 trees Thishas madeit a
popularspotfor joggersand morningwalkersin the city.

63



Site

ok
et —

"+ 4+

B i e e S S
S ey

L b e S - B
Sl ) e

. RUETONEN e W

" ¥

TS+

—= b bt 44
. AEnE

7
. 4
W T T 1w e e
(Bt Taet 1 15115
= *PL.¢¢i¢|ﬂ|TTT
o 4+ -

T
ST L
bt + - A~
e b o S e
b e
A4 A
TG R

e, AR B

T Tt

IF
+
-
-

el | T
4

T
L
1
'
R AN + Wt

—ERadote
PEETT S 4 LR L R A

~—i—

_ L
i
I T
-
.
=R T LS T T iR
SIS 6 e S S - R
e e R R R o B e el e el e
L R e i o = I B B e S S S o =
TSR R TS R b A SR I L
N LSS TR (D U g

o WIS I I
faset 4 1Y S | )

% v
o P
mbub
o
=

-

e R

R i

-

64



Site

190n
180 =
/
170
// g
160 .
150
140
130
120 Index
110
100 . - Site
FEEEEEEEEEE /A C U U R R T e R R R R - Main road
. 1 - Physical Research Laboratory
70 ol 2 - GU ground
60 o — §
: -Lvl+0.0 m
50 ....... —_— L
10 / ‘ . - 2 storeyedoffice building
30 / / Types of trees
20 ,/ . - Neem
10 - Babul
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200m (D e -Points of measurement

65



Lack of trees
conductivity.

indicates

less

Heat storage is very less.

Heat storage is more.

Observing material properties
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Observing material properties

The following map shows difference in thermal
propertieson site. The bitumen road enclosesa
sandpit which comprisesof clustersof neem and
babul trees. The building on the south-east end
of the site is primarily made of concrete The
trees present on site balancethe low thermal
conductivityof concrete,sandandbitumen.
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At 11:00 am
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Clusterof treesprovidesconstantshade

Observing shadow patterns

At 5:00 pm

Byevening,the entire site becomescompletelyshaded

68



Observing shadow patterns
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Observing temperatures on a particular zone

At 11:00 am, 13/06/2018 At 2:00 pm, 13/06/2018

Area- 1200 sq. mts A constanttemperatureof 34 @G observed In smallerareas,where there is no shade
Dense tree cover in this zone as it experiences shade a temperature difference of 10 Cis
Constantly shaded area. throughoutthe dayfrom the trees. observed
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At 5:00pm, 13/06/2018

By evening,as the length of the sh_adowincreases,
the areashowinga lowertemperaturealsoincreases

Observing temperatures on a particular zone

At ATIRAlarge clustersof trees form the primary composition
of space The densetree cover on the site provides ample
shadethroughout the day and keepsthe surroundingcool by
evapotranspiration

Throughout the city, such microclimates can result in
decreasinghe meantemperature and also balancethe urban
heatislandeffect.

B 48-30 c 38 -@0
-46-408 c 36 -8
-44-4C6 C 34 -36
Dl 42-s 32 -6
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Observing temperatures on a particular zone

At 11:00 am, 13/06/2018 At 2:00 pm, 13/06/2018

Area- 1400 sq. mts Thefollowingareasreceiveno shadefrom the

Sparse tree cover treesand thg entire site is coveredwith sand, In areasunder constantshadeof the trees, a
Slightly shaded. therebyheatingtheseareasthe most temperatureof 34 C isobserved
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At 5:00pm, 13/06/2018

Byevening,a gradualdecreasen temperatureis observed

Observing temperatures on a particular zone

The following heat patterns show interesting formal
compositions of temperature Three major islands are
observedwith two of them beingextremelyhot and one being
relativelycoolbecauseof the presenceof alargeneem tree.
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Observing temperatures on the entire site

At 11:00 am, 13/06/2018 At 2:00 pm, 13/06/2018

74



Observing temperatures on the entire site

At 5:00 pm, 13/06/2018
Inferences

Theheat patternsof the site showthe environmentaldynamic
of temperature Dueto densetree cover (excepttwo small
heatislands)this site provesto be the coolestspaceobserved
in this study. Temperatureespondgo ecological land use.
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e. Commercial Area

ChimanlalGirdharlalRoad(CG. Road is one of the major
roadsof Ahmedabadand is consideredto be one of the
most significantretail locationsin the city. Flankedby
retail shops,restaurantsand commercialbuildings,CG.
Roadis highly populated and experiencesheavy traffic
everyday
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Observing material properties

Lack of trees indicates less conductivity. Heat storage is more.

Trees present in this zone have very
highconductivity. Heat storage is very less.
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. Observing material properties

140

This map shows the difference in thermal
130 : .. . .
conductivity of materialsfound on the site. The
eight storeyedbuildingon the north west end of
the site is made of concrete and has stone
paving A few trees are alsopresenton site. Due
to the variation in materials found on site, the
heat effect causedby the bitumen road and the
concretebuildingis negated
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Observing shadow patterns

At 11:00 am At 5:00 pm

Slight shadow cast by the trees and the building is observed. Maximum shadow is observed in these areas.
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Observing shadow patterns
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Observing temperatures on a particular zone

At 11:00 am, 12/06/2018 At 2:00 pm, 12/06/2018

Area- 70 sq. mts

One tree A slightly lower tempe:rature is observedon
Main road and The bitumen road heats up the highest the pedestrianroad that is made of paver
pedestrian road. andatemperatureof 50 Cisobserved blocks
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Observing temperatures on a particular zone

At 5:00pm, 12/06/2018 . : : .
P Bitumenroadsin the city get heatedup anda line of treeson

either side of the road can help in decreasingthe overall
temperature Comparatively,paved roads show a lower
temperature
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Observing temperatures on a particular zone

At 11:00 am, 12/06/2018 At 2:00 pm, 12/06/2018

Area- 70 sq. mts Areas shaded by the trees and the Theareapreviouslyunderthe shadowof
Dense tree cover building, record lower temperatures the building shows a slight increasein
Partially shaded. thanthe mainroad. temperature
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Observing temperatures on a particular zone

At 5:00pm, 12/06/2018

In a highly populated commercial area of Ahmedabad,
temperaturesvary accordingto the building orientation and

tree cover. Areasunderthe shadeof a buildingconstantly are

relatively coolerthan the main road. Presenceof trees on the

roadkeep the pedestrianwalkscoolerduringthe day.
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Observing temperatures on the entire site

At 11:00 am, 12/06/2018 At 2:00 pm, 12/06/2018

88



At 5:00 pm, 12/06/2018

Observing temperatures on the entire site

Inferences

Theheat patternsof the site showthat in a commercialsetup,
taller buildingsand tree cover can cool the pedestrianwalks
but the main road remains heated throughout the day. The
patterns show that temperature respondsto heights of built
forms .
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6. Observations

The five locations observed have completely different
temperature changesand comparisonshave been made
regardingthe nature of heat that is producedin small
pocketsof the city.
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Observations

At 2:00 pm, 11/06/2018 At 2:00 pm, 09/06/2018 At 2:00 pm, 14/06/2018

Residential Area, Ambavadi. Old city, Dada Hariya ni Pol. Riverfront, Sabarmati Riverfront.
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Observations

At 2:00 pm, 13/06/2018 At 2:00 pm, 12/06/2018

Institutional Area, Ambavadi Commercial Area, C.G. Road
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Conclusion

Dueto highurbanization citiesare growingat anincomprehensiblespeedand
this rate and scalehasresultedin the increasein averagetemperature of the
earth by manifolds Thecity of Ahmedabads alsogrowingat an alarmingrate
with a disparateurban strategy Thisstudy showsthat in smallerareasof the
city, heat respondsto various spatial factors This study also attempts to
demonstrate quantitatively as to how materiality and shadows can affect
temperature It hopesto assistin designingspacesmore sensitivelyto their
climaticconditions Thefollowingareinferencesrom the study:

Residential Area, Ambavadi
Temperatureespondso composition of space

old City, DadaHariyani Pol
Temperatureespondgo proximity of elements in space.

Institutional Area, ATIRA
Temperaturerespondgo ecological land use.

Commercial Area, CG. Road
Temperaturerespondgo heights of built forms.

Riverfront, SabarmatRiverfront
Temperatureespondgo materiality of space.
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List of trees

Neem(Azardirachta indica)
Babul Acacia arabica)
Asoka Polyalthia longifolia)
Pipal(Ficus religiosa)
Gulmohar(Delonix regia)
ChampdaPlumeria alba)

Karanj(Pongamia pinnata)

Appendix

96



List of Materials and their thermal conductivity

Concrete - 0.4 W /Mk

Sand - 0.3W /mK

Stucco - 0.2W /mK
Cement Plaster - 0.2W /mK
Red Ceramic —1.0W /mK
Terrazzo—2.1W /mK
Stonecrete -1.7 W/mK
Bitumen - 0.17W /mK
Brick - 0.8 W /mK
Water - 0.5W /mK

Appendix
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