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Abstract

The aim of this thesis paper is to integrate three impathentaticaspects i.e.,
improve qualities in the urban ecological situation, provigasdfor handling
stormwater flooding and ideas to improve seetmnomic aspects for inhabitants.
The integration of ideas is illustrated in a masterplagramsketchin three
phases.

Dhaka is the capital of Bangladesh. Dhaka is a densely populatelvVasip-
ing city. The chronological changes of the natural setting due to rapid growth of
urbanization in Dhaka city creates an imbalanith natureand disrupts urban
ecology. The green ardue structuresare replaced witbuilt areasandhard sur-
faces.The situation for urban ecology in the city of Dhaka affects storm water
flooding and social wellbeing.

The methods used for background knowledghisyproposal are literature re-
views, document searches, interviews, GIS analysis and a study of role models
from different countries and contexts where a variety of solutions, proposals and
functionsinspired me in my own sketching

Themethods and thieackgound forthis thesis vereused to formulate guide-
lines to support the overglrogramsketch for the three phases in a masterplan.

Thefirst phaseprogramsketch includesedesigning the informal settlements
in Karail into better living conditions for thewellersaccording to Patrick Geddes
theories by keeping the overall reahd block structure and provide new shelter,
job opportunities and adding recreational values to the &hesecondohase
concentratedn re-establishing of water streams in agmeark according to the
philosophy of Fredrick Law Olmsted, amdthethird phasehe former airport
Tejgaon to become a large green area for social megtawyeation activitiefor
the Dhaka city inhabitants apdovide job opportunitiekr the infaomal dwellers.

The discussion on strengths, limitations, challenges, and further development
ends with a conclusion that it is of great importance to work integrated with the
threethematicaspects urban ecologgtormwater flooding and social wellbeing
on an overall level and with understanding of the issues among both specialists,
politicians, and inhabitants to be able to implement necessary change towards sus-
tainability.

Keywords:thematic aspestmasterplanlandscape architecture visiquggeen and
blue infrastructurenformal settlements, storm watévoding, urban ecologyso-
cio-economiovellbeing



Popular science summary

Thisthesis investigatéthe current emerging issue based on three difféhent
maticaspects.e.,improve urban ecologgndgreenery, manage stormwater
flooding, and improve the social and economic condition of living within a partic-
ular part of Dhaka cityThis particulapartincludes thdormerairport in Tejgaon
and the informal settlement area in Karail.

The study area hasscopeof improvementand reestablising the connectivty
within greenery and waterbodVhe integratedlesign sketclat program level in
three phases and the guidelines considering the ttihee®aticaspectsarepro-
posed to improve thguality of urban livingandachieve sustainability.

Thisthesis consists afine chapters.

AChapter ong the introduction gives aroverviewof Dhaka cityand the study
area Thebackgroundresents existing conditisiof the city and a general idea
aboutthesite surroundingof the study area. This chapftartherexplains the
gradual loss of greenery and water body over the yed&ybaka city Lack of pol-
icymakingin urban planningn Bangladeslandthe problem statemer¢ads to
the chosen threthematicaspects iad formulaions ofthe aimsobjectives and the
research question of this thesis.

AcChapter two is aboutthe methodologicapproach and analysishe meth-
odssuch aditerature reviews, document searches, interviews, GIS analysis and
study of role models from different countries amhtextsaredescribedThis
chapterclarifiesthe methodologicgbrocedure.

AcChapter three contain thditerature reviewwith focus orthe threghematic
aspects of this thesiarban ecology, stormwater flooding and social sustainabil-
ity. This chaptegivesan overview of the concept Bfedrick Law Olmste@nd
Patrick Geddes theiesof city developmenandthe comprehensive understand-
ing of the benefitof urban green spadkat | have used in my thesis proposal on
urbanecology causesandeffects @ stormwateirfloodingin Dhaka cityand the
necessity resettlement tife informal dwelleran Dhaka city Besides, this chap-
ter explores tree inventory to improve urban ecologh@tontext of Dhaka city.
Reviewing variouditerature was highly beneficial in terms of formulating guide-
lines andsketchingthe overalimasterplan

AChapter four is about the online survey questionnaire in Dhaka city. This
helped to understaridcal p e o pdituatmigandto gathere x p e r tiodssTheo p i n
surveygave an opportunity fahe local people to share their experieandsuf-
ferings Their suggestions and demands to reduce the effects of stormiaader
ing and increase greeneayd improve the socieconomic status of livinghoti-
vated e toformulate the guidelines and propdsie masterplan prograsketch



AChapter five containanalysis from GlSnapswhich helped to understand the
existing condition and surroundisgf the city.The GIS analysisncludes the fol-
lowing topics

U Land use

U Green and open spaces

U Informal settlements

U Loss of wetlands and waterbody
U Floodng analysis

AcChapter six containsstudies ofole models around the world. The examples
from different contexts address the similar issagthis thesisleal with These
role models helped to gather knowledgelact as arnspiraion to mein formu-
lating the guidelines ansketching out thgisionay masterplan prograrsketch

AChapter sevenincludesfindings, guidelines, anithe result in groposafor
a masterplan prograssketch This chaptediscusses the interpretation of the main
findingsfrom performing the methodologie§he SWOT analysiseflectsover
the strength weakness, opportunities, and threats of the study HEneaguide-
lines providedarebased on the main findingg®om performing the research meth-
odsand the SWOJanalysis Theresults of the thesis in averallmasterplarpro-
gramsketchof theintegrated green and blue infrastructareproposed in three
phasesThedescription of thephasewise developmerin this chapter reflects
overhowtheproposal can benplementedandrefers back to the main findings.

AChapter eight containsthe discussion on strengths and limitations of the re-
sultandrecommendations for further work.

AcChapter nine containgthe conclusion of the thesis that it is of great im-
portance to work integradewith thethree thematic aspeatsban ecology, water
flooding and social wellbeing on an ovetdalel and with understanding of the is-
sues among both specialists, politicians, iahdbitants to be able to implement
necessary change towards sustaingbili



Preface

People used to call me a child of nature. Beforebirtir, my grandfather dreamt a
child was playing within the lap of nature and flowers. Right after theds
born, when my grandfather tatlgamneny he s ai
d r e a mbuting myxchildhood,my love for naturevasquite noticeatd. When-
ever, | paid avisittomy grapdrenb s house he used to take
which is situated at Rajshalmniversity within Rajshahilivision, Bangladesh. The
university area was huge and full of naluglementsMy g r a n d ploouse nt s 0
was alsasurrounded by nature. Every day | used to go with him outside and used
to pick alot of flowersand gifted them to my grandmother. It was like a daily
routine for me.
| grew in Dhaka city, Bangladesin a government quarter. The quarter was
also surrouneld by natural settings. My mornisigsed to begin with collecting
flowers and later during my leisure | used make neckless with these flowers. | was
also very fod of arts and paintingg.hesewere my main interest points in my
early childhood. | used tan@y therains a lot. | always sit beside the window and
enjoy the raira lot The smell ofvetsoil during rain attracts me the most.
Around 2008 we shiftetb our own apartment in DhanmondDhaka The area
was full of buildings and no natural settingsal. Gradually | started to miss na-
ture very much. The disconnection with nature began from thereoriygreen-

ery | could enjoy was at myeargthegme-dpar ent 6s

constructed theihouse andthegreenery was also logioin there. This kinef

scenarids quite common in Dhakacityneday s. Todayds generatio

never enjoy naturthat muchlike their earliergeneration had enjoyed.

Gradually | alsastarted talevelop my interest in araind architecture. | took
my admssionto an architectue schoolaround 2010Since then, | hadnurge to
work for nature and landscape at l¢asio something to improve urban greenery
and ecology in Dhaka city to create a better environmental qualityttoe gen-
eratiors. Ilhadageat desire to pursue my masterds
ture. Meanwhilel got marriedand hado moveto Swederaround 2018Here |
got an opportunity to study Landscape ArchitecfareSustainable Urbasation
(LASU) programme athe Swedish Univesity of Agriculture and Science (SLU),
Uppsala, Sweden. During my study peribkarnt a lot abouBwedish culture,
planning processustainability, urban ecologtc.

During my study period at SLU, | had an opportunity to atteed Ur b a n
E c ol o grseander the guidance of Sofia Eskilsdotter, Emma butler and Mar-
cus HedblomThey taught me a lot of things about urban ecology, and | also
worked with street trees to improve urban ecology and manage storrflaader
ing on streets. This inspired me foer to choose my thesis topic. During this
course | thought that stormwatéloodingis a very serious problem in Dhaka city

d,

me

(



thatshould be addressed properly. The urge to work for urban greenery and the
learning experience durirtgpeé Ur b an E c selaboy ol starrowater
flooding can bemanaged in Dhaka city set aasdor meto choose thias a

thesis topic. Later based on this | choose a study area in Dhaka city where | can
address these issues and can provide a possible solution regarding this. Further
FrederickLaw Olmsted” philosophy(Nicholson 2004pf considering the social

and economic aspectslped tdormulate the aims and objectives, reshajues-
tions Formulatingresearchmethodfinally helped to provide guidelines and

helped taconceptualize in deriving into the findésignedsisionary masterplan
proposal.
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IWM Institute of Water Management
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DNCC Dhaka North City Corporation
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1. Intr od

Green and blue infistructuras an important factor for our physical, mental, eco-
logical, and social wellbeing. genturyback ashumanbeingwe used to think

that the world is fulbf unlimited greenergand water bodie€Cronon 1996)One
third of the earth is full of wateN o w a d ay amsl waerbedeareconmy
pletely lostin most of the cities. The cities are becomingre and mordreary
without thesentegratedgreen and bluanfrastructuresLoss of grerery, wet-
landsandwaterbodies, unplanned developmeatisng urban heat island effects,
stormwateiflooding, imbalance in ecologgn bothsmalland largescaleare the
result of rapid urban growtiRegaining theonnectivity ofgreen and blue struc-
tures will benefitthe environmenas well as improve the quality of living.

1.1. Background

Bangladesh is a densely populated courtayge amourstof the population
move to cities andrban development increaday by day in the cities. Un-
planned development, cutting down trees, landfillingvater bodies and wet-
landsaremakingthe problers with growing citiesmore severe.

Dhaka is the capital city of BangladeSihe area of Dhaka is almost 300 sg.km
with aestimatedpopulation of 21,741,090WPR 2021) According tothe Bangla-
desh Bureau of StatisticBBS), acity like Dhaka ishighly denseAlmost23,234
(WPR 2021)people livesin per sq.kmn Dhaka city In Dhaka city, almost
300,000 400,000 poorural people move into cities each year (WSUP, 2007).
Due to the evegrowing population and lack of job opportunities in rural areas
people are moving towards Dhaka city to find better opportuniiésige num-
ber of people are establishing their settlateen the slum area8s a result, in-
formal settlements such as slums are increasing day by day in Dhaka city. The
density within these informal areas is also increadihgs also creates extra pres-
sure on lanéndraise the unemploymertgituationin thecity.
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Urbanization and population growth in Dhaka
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Figure 1. Urbanization and population growth in Dhak&inthia 2013)

Population (in thousands
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Figurel showing the gradual increase in urbanization and population increase
ratio in percentage from 1990 to present 2020 to a possible growth within 2025
(Sinthia 2013)

111.Exi stingotoondetabhnbhdalhae cittudy
area

Bangladesh is situated at the south of Asia riverine where at the north the world’s
largest mountain the Himalaya is situated. The place of origin of most of the riv-
ers of Bangladesh are from the Himalaya. finers and their branches have sur-
rounded the country as a mesh, that is why Bangladesh is often called the mother
of rivers. Due to a lot of waterbodies, natural topographical settings and climate
change Bangladesh often suffers heavy flooding due tostnef temperature and
melted snow from the Himalayakigure?2). The unexpected climate change
causes unexpected droughts and noticeable changeguiar rainfall patterns.
Frequent flooding and river erosion have become quite a common occurrence.
The rise of sea level is also one of the major impacts due to climate change.
Floodingfrom the seastormwateflooding has become quite problematictire
Bangladesh imecent years.

This section will describe the existing topographic condition of Dhaka city and
try to explore the chronological changhse tourbanization, loss of greenery, and
water bodie®ver theperiods of time.

Topography analysis

Ganga and Brahmaputra are the two delta rivers and the main source of these two
rivers is from the Himalayas. These two rivers carry a huge amount of alluvial soil
and then combined witlhe another river Meghna which is a ndtimalayan

river creates onefdhe largest deltas the world They together flow towards the

Bay of Bengal Eigure?2).
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Figure 2: Map showingsurrounding rivers of Dhaka city and the water flow direction of rivers
the red circle shows the study area. Timpis collectedrom(Google Map Styles 202and the
map isedited bytheauthor.

The existing topographic condition tfe capital cityDhaka is quite flat.
Dhakacity is bounded by three major riveFsgure2 showing that th@alu river
situated at the eashe Turag river tothewest andheBuriganga river tdhe
south.These three rivers are the branches of the Brahmaptavater flow of
all the riverss downstream anthen itflows towardsthe sea the Bay of Bengal
which is situated at the southaka city is often called a delta city due to its sur-
rounding topographic condition. The city core or the central part of the cityis at
higher level and it is gradually levelled down towards the east, west, and south di-
rectionwherethe three major rivers Balu, Tywand Buriganga are situated. The
northernpart of the city isituated at higher level

Historical changes in waterbody and greenery in Dhaka city

Onceupon a timahe capital city Dhaka used to be covered with a lot of greenery.
During the time of the Mghals (1608L764), different types of parks and planta-
tion were constructed by different Mughal Emperors. Among them, the Ramna
park and the Baldah garden still stand as a remembrance of thasperstory
(Mukti 2006) The greenery has been faded away gradually due to unplanned de-
velopment and unplannedjpulation growthTrees have cut dowwithout any
consideratiorto provide accommodation and other facilities. Population increase,
unplanned development, lack of proper urban planning, lack of urban greenery
creates different problems. Trees ane ofthe main elements of nature, and our
wellbeing are cut down without even thinking twice. People are getting discon-
nected from nature and greenery. Urban ecological balance and diversity are com-
pletely lost in the city due to rapid urbanizati@arrell 2018)
Different government orgaations such as FD (Forest Department) of Bang-
ladesh and DCC (Dhaka City Corporation) bested the projedt he A Dhaka ci ty
Beautificationo project for tMkt plantati c
2006) WASA (Water and Sewerage Autholjtigas alsstartedsome projects
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regarding stormwatdlooding, drainage, and management sys{&ubrina &
Chowdhury 2018)But results did not come ofititful as it was expected due to
the neglects of the suggestiivom the experts such as urban planners and land-
scape architects. Urban planne&orcam- and | and:s
centrate on increasing the beautification of the. dityeyneedas wellto provide
solutions sohe city can function

It is recommended by the UNERat there should be 25% gpen space com-
binedly withgreeneryand water bodyn citiesbut there is less tha&% greenery
in Dhaka city(Shuvo & Serajul Hakim 2014The greenery has been gradually
disappearindgrom Dhaka city And gradually the city is becoean uninhaliable
city.

LEGEND

Agriculture
| Builtup/Urban
Fallow/Landfill
Lowland/Wetland
] Vegetation
[ ] Waterbodies

Administrative Boundary

Figure 3: In these two maps from 19@ad 2015 it is very easy to compare the difference of
greenery, watebody and urban bultip areas (Hassan and Southworth, 2018) the circle within
the maps is the study aréa this thesisThe map is edited ltheauthor.
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People are illegally grabbing ldiby the river in Dhaka city The river and ca-
nal beds are filled with sand in an unplanned way to praviole land fothe in-
creasing amount of populatioAs a resultstormwater floodingduring the rainy
season is becoming quite common in Dhaka @ibe suffering of the locahhab-
itantsis too unbearable to explain. According to the survey performed in 2012, by
CEGIS 75% of wetland lsdbeen lost from Dhaka city since 19@he disappear-
ing wetlands of Dhaka018) The situationcauses manmade disasters quite fre-
quenty. The unplanned drainage system, lack of porous material on the surface,
lack d wetlands and natural drainaggstem causes sevet@rmwvaterflooding
on the streetdzigure3 andFigure4, reflects the gradual changes of waterbody,
wetlands, and greenery over the years due td grpwth of urbanization.
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Figure 4. Gradual disappearance of waterbody from the Mughal period (4608t), 1905, 1988
(Onindo Ahmed 201@&)ndpresent 2017or the site of my thesish& mays are edited by the author.
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Studyarea and surroundings

The study are#or my thesis isituated at the central part of Dhaka citheTstudy
area consistsf the old Tejgaon airport, Banani lake and the informal settle-
ment/slum area Karail. The Figure 5 showing the study area location within
Dhaka city, Bangladesh.

T : R
\_/ Area for the proposal Dhaka City \\}\ Bangladesh

Figure 5: The map with the red circleshows the locationof my thesistudy areato the right) ir
relation toDhaka cityand toBangladeshThe map is collected frothe (Google Maps 2021}he
illustration is producednd editedby the author.

Theold airport inthe Tejgaon area ia hugepiece oflandalmost415 acrs
(Holmes 2015)This airport is no longer functiongometimes this area is used
as an air force training ground for flying fighter plane and parade training.
Theinformal settlemenof the Karail slum was established durthg Rakistani
period around 196(Sinthia 2013)The informal settlement aréa Karail slum
beside the Banali lake almost 100 acre. A hugenountof people live in this
area The estimated population9,516inhabitant2017.Almost18,067
households are accommodatedKarail at this time 2011Hasan & Mollah
2017) Figureé illustratesthe location of my thesis ardhg existing surrounding
site condition of the old Tejgaon aimpoBanani lake and the informal settle-
ment/slum are&arail, in relation to the city and to the country Bangladesh
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N4 Tejgaon old airport Banani lake Informal settlements

Figure 6: The «isting site surroundings of the study aréae map is collected frofGoogle
Maps 2021)the images are collected from the right respectielgllah & Islam 2020; Roy
2021; Nobes n.d.)The illustration is creatednd editedby the author.

Figure 6 illustrateshe existing site surroundirgf my thesis area o theleft is
the Tejgaon old airpgrthe midde picture show Banani lakendthe rightpicture
show the character tifie informal settlemerarea,(Karial slum) beside the Ba-
nani lake.

.

Figure 7: Figure showthe flow directions a$tormwaterfloodingon streets during heavy rainfall
on the site arealhe map is collected frofiGoogle Maps 2021andthe image is collected from
(Manun 2018 The illustration iseditedby the author.
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The poor permeable soil catidn andincreasedunplanned settlements land

that is filled uprivers, canals, ponds and wetlatdsinterrupted the excess water
flow. The rainwater during monsoaoises thevater levelandinterrupts the natu-

ral water flow. The rainwater cannot be transmitted into the rivers, canals, and
pond quite smoothly. That is why rainwater sometimes got stuck on the ground.
To solve this issue there is a natural tendency to develop urban strigtuaes

ing the level ugrom the ground and thus the rainwater gets logged on the streets
and creatstormwater flooding during heavy rainfglFigure7, Figure8). In an

informal interview a Bangladeshi architect Igbal Habib s@idhf t er a 1l ittl e rain
the roads |l ook |i ke a canal 0.

aaaaa

Figure 8: lllustration of how tormwaterfloods the streetclose to levelled land for buildinghkur-
ing heavy rainfaks. Conceptual section by the author

On asmall scalghe landis levelled upprotect pivate builtarea and the streets
getflooded by raimvater. On darger scalea higher elevated area gets ridtbé
stormwaterflooding problemby leveling up of certain place$ut other places
suffer due tdhe lack of holistic master planning of the green and blue infrastruc-
ture for stormwater

l12.Lackl ahnpng and development poli

There are 11 city corporations in Bangladesh in present time. Dhaka city has two
city corporations one is Dhaka North City Corporation (DNCC) and the other one
is Dhaka South City Corporation (DSCC). The studbaavith Old Tejgaon air-

port, Karail Slum and Banani lake is under DNG@(ire6)

According toNational Housing Policy 199@ ablel), Rajdhani Unnayan Kar-
tripakkha RAJUK) andthe National Housing AuthorityNHA) andPublic Works
Departmen{PWD) areworking for providing housindacilitiesto the general
poorpeople(Farzana Tuli 2004; Sinthia 2013)
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Tablel: Public housing for different tome peoplgFarzana Tuli 2004)

Public sector

High income peo-

Middle to low in-

Refugees and re-

housing provider | ple come people settlement
RAZUK 260 420 i
PWD ) ] ]

Rental units for 10% of public service holde
NHA | 2969 | 18268

Physical planning and development in urban areas require key planning docu-
ments compiled with rules, regulations, building acts, setiee specific plan-
ning policy etc. Among them most important documents for planning are Bangla-
desh National builing code (BNBC) 2006, Imarot Nirman Bidhimala 2008, Na-
tional Urban Sector Policy (NUSP) 2011, National Housing Policy (NHP) 1993
(Roy et al. 2018)

The urban planning and landscape planning for Bangladesitdsted (Mri-
dha et al. 2009)The policy for urbanization lacks fundamentdesiand regula-
tions that is why the rules are not capable enough to face the recent challenges.
The gradual growth of population is creating pressure on essential services and it
also lacks micrdevel policy(Mridha et al. 2009)The holistic urbanization poli-
cies lack proper governance, skill and coordinatibtridha et al. 2009)

1.2. Pr ob |

Thedensecity like Dhakais becomingdrearierwithout integrated green and blue
infrastructuresLoss of greenery caustige urban heat island effect. The ecologi-
cal balance of # city is almostost, andit disturbsthe physical and mental well-
being of human and other organismy é I ma z & MAQ@limateuchaddge,l 6 )
theurban heat island effect and lack of ecological balance are the evidence of this
unplanned urbanization. The temperatuié rise up 0.4%higherby 2050than
theregular temperatur@day(Islam 2009)

Landfilling of canals and rivers and forcefully grabbing the lands for un-
planned development megthe situation worse. As a result, stormwdlkeoding
and frequent flooding v& become quite common. dteateslisrugion inthe reg-
ular urban life Due topoor drainage system, mismanagement of wastes, deduc-
tion of water catchment, lack of proper chasnelflow stormwater causes storm-
water flooding. The problem becomes more severe during the rmontiMay to
October when the rainy season stéfigure13).

Unplanned urbanization is getting harder to cope with. Population increases
and migration of rurgboorpeopleis increasingunplanned urban development
The number oslum dwellers omformal dwellerds increasing as we(WSUP,
2007) Theinformal dwélers areoften deprivedf their basidacilities, andthis
leadsto avery poor quality of livingThe incident of manmade hazards émel
impact ofnatural hazards is quite common here. The unhygienic and poor stand-
ard of their building settlements als@kestheir living condition wors¢ Ahmed
2014) The dense settlement within the city made it difficult to maintain social
distancing during the pandemic situation like COMID.

em Statement
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1.3.Conc ehpetor yt, and i nspiration

Landscape architecture itself a complex subject. Landscape architecture is not
about planning or designing a piece of land and follow the implementation ac-
cording to the planning proposal. It is an artistic approach of planning which con-
siders several aspis and visions. In this regard two famous landscape architects
from FrederickLaw Olmstedand Patrick Geddesnd their theories acted as an in-
spiration and helped to conceptualize the thesis.

FrederickLaw Olmsted was famous American landscape archatedta social
critic. He was also known as a father of landscape architecture prof@sgibal-
son 2004)According to him the responsibility of landscape architects should not
be just to design park or green spaces. In broader sense that designed space should
have to certain values, functional and meaninifialtional Assciation for
Olmsted Parks n.d.His philosophy was to keep landscape as close to urban in-
habitants. Through following this philosophy surely promote a quality of life
where people can escape from their daily life and to regain peace of mind.

Patrick Geddesknown as a father of modern town plann{@javel & Yourg
2017) His motto was to coelate nature and culture. He also tried to focus on uni-
fying different disciplinaryHis new approach and theoretical ideas of regional
and town planning concepts always had a holistic view towards people and inte-
grate a lhk between nature and social scie(itaukder 2015)Which is one of
the important essence of this thesis. Geddes understood the importance of nurtur-
ing, the reflection of past essential elements of human evolution. He also under-
stood that a spa@xpresses a specific moment, local identity, pride of past tradi-
tions(Rubin 2009) Geddes’s theories also helped maridestand the value,
need and concerns of community helps the designer to consider certain factors in
conserving the value of the place.

Landscape is not an independent subject. It considers multiple aspects. Multi-
ple aspects and themes are interdependerdciieve the vision of the author, the
thematic aspects played an important role. The thematic concept and inspiration
derived fromFrederickLaw Olmstedand Patrick Geddes. These two theories are
widely discussed further in the literature review chapter.

Three thematic aspects are considered in this thesis, they are as follows:

1 Improve urban ecology &
1 Solving the stormwater logging
1 Consider socieconomic wellbeing

These two theories ¢frederickLaw Olmstedand Patrick Geddes both com-
plemented my vision of thematic master plan program sketmméeting urban
green and blue structurbyg taking inspiration from these theoriesl helpto
achieve sustainability, increase greenery, add ecological and asstiadties to
the city. The background and problem statement not only influenced but also the
theories of the two famous landscape architects inspired the author and helped to
conceptualize in formulating the aims and objectaed research question furthe
on.
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1.4. Aim and Objective

Thisma s t teesisaimsto provideguidelinesand avisionarymasterplan pro-
gramsketchfor a specific part of Dhaka city that solwbe imbalanced urban
ecology,stormwateflooding problems during the rainy season integrated with
improvements of the social and economic wellbéorghe informal dwellers.

A holistic urban ecologyvaterproject carlead towards a better quality of liv-
ing both for nature and humarmmhe observations amanalysis through theies
and findingswvereused as basts formulate thegguidelinesfor the finalmaster-
plan progransketchin three phases

15.Research Question

Specifically, onee@search question fheen formulated to achieve #saims and
objectivesof thisma s t tkeesigpaper The research question as follows:

1. How canurban green and blue structures helpmprove urbarecology,

solving stormwaterflooding, and improve theocioeconomioquality of
living for the informal dwellers?
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2. Met mdd gy

ThisMa s t thesigpaper involves systematic approackith several methods.
The following diagranin Figure Sillustratesthe content othis systematic ap-
proach
Theresearchmethodinvolvesi

1. Studyof documents and literatureview

2. Online surveyquestionnaire

3. GIS analysis

4. Study ofRole models

The study of documents and literature review helped to explore the possibilities
to gain knevledge about the benefits of urban greenery, urban ecology, identify
the causes and effects of stormwdlieoding and identify the necessity to im-
prove the living condition of the informal dwellerstlyin Dhaka city. This
chapterhelped to explain howhe different data information, maps and photo-
graphs within this thesis topic had been collected and organized. The process of
data collection was done by collecting different documents from both government
and other private sources. Other sources suokwaspaper articles, statistics,
maps, images, videos eteas also usednd analysed.

The second approach was the online survey questionnaire. The voice of people
was the most important factor in any kind of research which was heipfu}
thesisto undestand the causes and effects of loss of greenery, urban eeoldgy
stormwateiflooding. The online survey questionnaire also helped to observe the
overall present condition of Dhaka city and how the social and economic benefit
can be achieved to leadddoetter quality of living.

The third approach was GIS analysis. The shape and layer files helped to pin-
point at the exact problem and present condition of the study area.

The fourth approach was collecting examples from different parts of the world,
corsidering the issues related to this thesis topic.

From literature reviews, online survey questionnaire and GIS anal@$#OT
analysiswas formulatedThe Swot analysis was basis for guidelines to my thesis
proposal.

A masterplan prograssketch presentkin illustrations and text with references
to my guidelines built on the SWOT analysis of my findings in the literature re-
view, online survey, GIS analysis and study of role mogese result of this the-
sis
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The diagramn Figure Sillustratesthe overall outline othe methodologyIn
this chapterthe methodologiesuch aditerature review, online survey, GIS analy-
sis and study of role nadelsare describedlhe procedures for this thesis explains
howthedatacollecion and analyis were don&nd lastly how the designed result
with guidelinesand masterplan prograrsketchwas created on basis of my find-
ings

21. St udocuments and I iterature

Thetudyingof different documents and literature helped to explore the possibili-
ties to gain knowledge about the benefits of urban greenery, urban ecology, iden-
tify the causes and eftts of stormwatditooding and identify the necessity to im-
prove the living condition of the informal dwellers.

The literaturaeviewand dataollection wereconductedsimultaneously
through a broad series ohline searchethrough Google andsed othesearch
enginessuch as Google Schol&esearch gate, open LibraBL.U library etc.

Several keywords were used to collect literature such as urban ecology, urban
greenery, stormwater, informal settlements €tlecting and reviewingchol-
arly literature as well as different analysis documants$ datdrom the different
government orgdmations to get the hold of relevant documents and information.

211.Li terature review

This thesis paper concentrated onlthsicthree thematic aspedts., to upgrade
urban ecology within Dhaka city, manage the stormwiéieding and benefit the
informal dwellers both socially and economically so that it could lead the path to-
wardsa better quality of living.The theoretical pawasbased oraddressing
thesethree thematic aspedts gain the maimims andbjectives of this thesis and
helpedto answer th research question.

The first theme o$tudyingliteratureconcentrated on urban greenery and ecol-
ogy to understand the importance of greenery and urban ecology. The second
theme of thistudying literaturgartwasto gainabasic understanding of the
causes and effect of stormwatfleroding. Lastly, the third themevasunderstand-
ing the importance of resettling the informal dwellers abserve the basic prob-
lems within the informal settlements and how their living condition can be im-
proved.

The literature reviewhelpedto clarify the background to my thesis resulher
social and economic aspexftthe cily has to be studied in combinationtbé
three thenes in my thesisnvironmental benefigddedrecreational valugand
improved quality of living, to achieve physical and mental wellbeing for nature
and humansThe philosophy ofrederickLaw Olmsted”gNicholson 2004)n-
spired thework with the thesis un urban ecology and social wellbddadyrick
Geddes theoriagsspired the masterplgrogram sketc in this thedis keepthe
overall raad and block structurto hold the memory and character of tharalil
area.Thus,thestudying literaturessociating with urban ecology, stormwater
managemenbetteringof the living quality of the informal dwellers considering
improving social and economic aspect gdities thesis papeo the basic
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guidelinesand in proposing the overall green and blue structuaethematic

masterplan prograrsketch

212.Study of

duinfefnetrse natn dd oczo |

ect

Data and research papersstormwaterflooding, drainage, and flooding issue in
Dhaka citywere collected fromeliablesourcedrom relevant literature and docu-
ments froma different goxernmentorganization. The existing land@ datavere
collected from RAJUKRajdhani Unnayan Kartripakkhal' he population density
datawerecollected from BBSBangladesh Bureau of Statisfic¥he topographic
datawerealso collected whiclwas prepared by IWMInstitute of Water Manage-

men). The stormwater drainage data, drainage pipes,cobrerts etaverecol-
lected in detail from DWASADhaka Water and Sewerage Authorigyd the

drainage department of DCC. Rainfall datarecollected from MDEMeteoro-
logical Department of Bangladesimd BAVDB (Bangladesh Water Development
Board. TheTable2 below described shortly the data sosraed what types of

datawerecollected.

Table2: Data types and sourcethe table is produced by the author

Data type Source

Land use RAJUK

Population density BBS

Topography IWM

Drainage infrastructure DWASA, DCC, IWFM
River flow BWDB

Rainfall data MDE, BWDB

Urban waste BSAC

The research study had been condubtecbllecting secondary data sources

which included map collection and collecting photographs.

21.3. Map col |

ect

on

Maps had been collected from relevant literature and documents from different
governmenirganizatios. The existing land use map wadllected from RAJUK

and the existing drainage network layout was collected from IViRMitute of

Water and Flood Managementhe drainage infrastructure, pipelines, culverts
etc. were collected in detailed format from DWASA. River flow maps were also

collected from BWDB. Literature illustrated with related maps also helped to ana-

lyse the present condition.

214.Phot ograph

C

ol |l ecti on

To identify the missing information from the literature and documents in some
casesmages and photograph&re collectedo understand the wat#poding sit-
uation and the effects on urban liRhotos of tree® build acharacter of green-

ery in Dhaka citywere also collected which is attachedMgpendixA under
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Table Alsection. Related photographs had been directly cafiédtom different
internet websites and newspaper articles.

22.0nl i ne qsuersayonnair e

Formulatinganonlinesurveyquestionnairevas oneof the primary data collection
sourcedor my thesis The designednline surveyquestionnairevas formatted in
such a way that thgarticipantscould share their personal experiencstofm-
waterfloodingimpact, loss of urban greenery and express their ofgiome-
lated social issues. Both open and clesded questiawereincludedin the
onlinesurveyquestionnaireo that the answers coysdovide in depthunder-
standing of the presernitigation One of the benefits of formulating opended
guestion was to provide the respondent freedom of sp&kelonline survey
guestionnairevas performedby usingthe Type form.Type form is a platform
where online surveysr interviews can be conducted throdghmulating certain
questionnairge Thenall the responses were summarisedneexcel sheefThe
responses weralculatedn percentagand repesented in graphs or pie chasts
that onlinesurveyquestionnaireesults can be easily analysautireflect on

Two types ofonlinesurveyquestionnairdnad been created omgth thelocal
inhabitantsand the other oneith the experts within the related fields in Dhaka
city. The survey questionnaire were set from various literature survey, thesis doc-
uments and inspiredhile conversation witlvarious expert different fields

54 localinhabitantgarticipated in the suey. Thelinks to thesurveys were
generatedrom the Type formandshared on Facebook to collect feedback from
the local inhabitants all over Dhaka cityAs the interviews were conducted re-
motely it was not possible to reatdthe informal local dwelles and stakeholders
to learn theiopiniors. The survey was conducted theall over Dhaka city and
tried to grasp the overall point of view as the overall scenario is quite familiar to
them.Theonline surveygquesionaries ar@added in théppendixB section under
Table B2

Expertsof different fields from different gaarnmentand private orgnizations
were contacted by mail. Eleven experts have responded ¢mlihe surveyques-
tionnairein this thesisThe questionnaireareadded in théppendixB section
underTable B1 Theinterviewquestionnairéo expertsvereaimed to gather the
opinion on improving urban ecology, causes & effect of stormwater management
and addressing social issues. The participants were chosen based on their experi-
ence and expertise in different fields from different renowned govt. and private
organizations. The expenvere expertise iwatersupply, seweragé& storm-
water drainage managemegnwaterresource#® water modellingwater resources
managemenf|ood, drainage system plannirgreen architecture, urbgtanning,
civil engineering, urban engineeringologist etcBoth open and closes ended
questionary have been ask&teir responses were calculated in percentage so
that onlinesurveyquestionnae results can be easily reflected. From dipen
endedquestionscommon answers or suggestions were etétegorised and cal-
culated in percentage. Then represented in graphs and pie charts in the section
with findings
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Collecting secondary opinion walsa considered in performing this method.
Arranging meetings via zoom, interviews throujanewspapearticles media
interviews are addressed as informal interviews in this thesis pafoemal in-
teractions are essentjaart to observa participanés point of view(Swain &

Spire 2020)Informal interviews from the newspaper articles, news media had
been collected. Another way of comnizating with the experts and multiple in-
formal communications had also been conducted via zoom meetings to gather
knowledge and information. The formulated guidelines for the designed master-
plan progransketch benefited from.

23.G1'S analysi s

A most importantethodfor background knowledgess been GISGeographical
Information SystemanalysisBy combining different map layers on a digital
map, it beameclearer how different planning decisions interact or contrast with
each other in a spatial context. Tlighe simplest of geographicahalyses
whichwas included in basic courses in GIS. The GIS tool used in the thesis is
ArcGIS. The data, layer files and shapefilesllsallected from different websites
and also collected personally from the GIS expeas different organizations
who work with GISsoftwareand related project analysis through GIS

The GIS analysis is formulated based on the aspects named below:
Land use

Green and open spaces

Informal settlements

Loss of wetlands and waterbody

Flood andysis

=4 =4 -4 -4 -4

A GIS analysis with other map layers provided information about the land use,
green and open spaces, informal settlements, loss of wetlands and waterbody,
flood analysisThis thesis paper was able to identify the basic probteris as
loss of greeery, watembodies,identifying flood-affectedareas and informal set-
tlement areas etthrough the GIS analysitn combination with the literature re-
view it was possible tdraw conclusions about necessary meadoresach goals
for the thesis

The docurentation of the GIS analysis was done by creating a separate map
layer, SVP.shp, where information about land use and land cover, green and open
spaces, informal settlements, loss of wetlands and waterbody, flood analysis was
stored By analysinghese maps which place is affected by orientation decisions,
the spatial analysis can contribute to solving the related issues within the study
area.

24. St udRolod model s

Role model®f various relevant projects for the thematic aspects in my thesis
from North America, Europe and Asigere analysedrhis part oftheanalysis
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was very important to have a clear grip of understanding the overall situation in
different parts othe world ad what types of measures or solutions can be used in
the finalmasterplan and providing guidelinasd proposals the study aredl'he
solutions complemented the basic three thematic aspects of this thesis i.e., urban
ecology, stormwater management aedéfiting the sock@conomic aspects.
This study of role modelacted as an inspiration émalysethe thematic prob-
|l ems, find relevant solutions and al so | ez
or limitations to avoid the possible mistaki& my ownsketching in the context of
Dhaka city Theserole modelsacied as a artisticinspirationin providing the
basic guidelines antheresult in anasterplan prograrsketch

25.Procedur e

The performednethodologes from 1 to 4 i.e., Study of documents and literature
review,Online surveyguestionnaireGIS analysi@ndStudy of Role modelsave
produced findings that have been used integrated to become background for the
SWOT analysis and the guidelines for mgpposal.

This thesis used botlses both inductivguantitative approacanddeductive
gualitativeapproacho gatherdata The inductive approach is concerned about
facts and experiences individual as well as collectivievels This approach is a
seriesof search patterns, it starts from observation then gradually develops into
explanations, theories and a set of hypothéBesmard, Harvey Russell (2011))

On the other hanthe deductiveor qualitativeapproach focused ohihgs that
are up for discussion and debé@tabir 2016) Deductiveor qualitativeapproach
is acombination of collecting and analysing both primary and secondary sources
better for understanding certain phenome(@meswell 2014)This approach uses
surveys and observations swagformulatinginterviews data collection from
journals, articles, newspapor even audio or video materials.gpualitative ap-
proach is used in this thesis basically to come up with a hypothesis rath&r than
predict something concre{gabir 2016) That is whyin my thesisqualitative ap-
proach resulted the collected observations and informatiothrge themtc as-
pects

The dudy of literaturedatafrom different documentmcluded both secondary
data and primary data sources. The voice of peopl®nasfthe most important
factorsin this thesis since important to listen to people in any kind of research
concerned with people’s wellbeing. Formulated interviews wpranary source
of data collectionBesides, interviewsbothwith local people and experédso for-
mal and informalmeetings hd been arrangedithin this thesisSome secondary
sources such as interviews from newspaper articles also influgnicethulaion
of the guidelines as basis fibre finalresult

Another primary data source was GIS analysis, which helped to forranlate
analysis dthe overall currentimiation for Dhaka cityand the study area. Values,
challenges, and shortcomingasdescribed based on this analysis in the follow-
ing sectionA SWOT analysis of the study area in Dhaka wigreformulated
based on théterature review, onlinsurveyquestionnaireandGIS analysis

Examples or role modelfrom different parts othe worldwerestudiedandan-
alysedon particular phenomenon suchwaban ecologystormwaterflooding and
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addressinglifferent social issues. Some solutions helped to conakpe strate-
gic plans to formulatguidelines andhe finalresultin a thematic masterplan pro-
gramsketch

After collecting and analysing the data the figaldelinesandthe masterplan
programsketchwasillustrated in form ofa conceptual sketct8d visualization,
plans, sections, armdaps in thdollowing result section.
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3. Literature Revi ew

The literature analysis and reviencludedliterature, publishedndunpublished
documents, scientific articles, journals, thesis papemspaper articles, web-

sites, maps, images, and videos €t literatureverecollected simultaneously
through a broad series ofline searches for scholarly literature to get the hold of
relevant documents and informatidys it is mentioned earlier th#his thesis pa-

per will concentrate on three differeagpectsOne is urban ecologihesecond is
stormwateiflooding andthethird one is addressing the social issue. In this thesis
paper this section is structured based on addressing these issues. There are many
research papers on addressing the urban ecology, green infrastructures, storm-
waterflooding and socialeconomic issues which helpedpmvide guidelines

and toconceptualize thénal thematicmasterplan prograrsketch

3l.Landscape and Rrhederooncept of
| cLkawl msted

Undoubtedly landscape architecture is as ancient as civilization. In 1863, Freder-
ick Law Olmsted was the first person who u#iegl professionaermlandscape
architecturgor complexmaster desigprojects inpublic open spacgicholson

2004) The concept oformulating theaims and objectives of this thesigpade-

rived and inspired frorrrederickLaw Olmstedwho was a famous American
landscape architect and a social critic. He was also knoafa#iser oftheland-

scape architecture professidiany of his weltknown landscape projects and ur-
ban parkseflects a vision of American culture and socigtyational Association

for Olmsted ParksHe was also conceed aboutsocial and political issues,

which hada huge impact on landscape design. According to him the role of a
landscape architetd not just to design park or green spaces.liroader sensé

must be functional and meaningful as welé could visualise landscape beyond
current trends and fashion. Hissigncorceps used to fulfihuman psychology's
fundamental demand$hat deigned spacalsocontainedvalues such as recrea-
tional and cultural valuestc. His philosophy was to kedpelandscape as close

as possibléo urban inhabitant®National Association for Olmsted Parks)

Through followinghis philosophy the society wouldurely promote a quality of

life where people can escape from their daily life and regain peace offPaind.
ticularly prominentvasthe part in his ladscape design, where he crdatews

in which the people would end up inundatédis is an experiencaf his, he

termed asm@unconscious process. To achieve this result, all the elements should
serve a single purpose to create the experience of |gedstare significan{Ni-
cholson 2004)Th e S e v el nmtsS Ge dodfs D are scanpery, Stitabilc e p t
ity, style, subornation separation, sanitation, service. These desgm princi-

plesof Ol ms taeapplied in formulatingyuidelinesfor themasterplan pro-
gramsketchand used in the plan forthe desifh e s e s ©Vest 686s De -
sign Concepwill be discussed in the following stdections.
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311.Scenery

The <enery is a type of design prin@pvhere there is no obstacles or boundaries

which gives a viewer a sense of opennEssderickLaw Olmstedusedto love

travellingat anearly age and there he developed the concept of sotiehol-

son 2004)This principal consideravoidinghardedges designed structures and

formally designed plantingrhis creates a senseagenness, connectivity with
nature and greenef(yThe Seven Sbés of. Ol msted Design

312.Suitability

FrederickLaw Olmstedalways tred to keep the uniqueness of the place which he
termedasige ni us o(Natianal Assqeidtiandoe ©lmsted Parkkle al-

ways tried to respect land, topography, and natural scenery. This helps to utilise
the positive and negative aspect of the site. It maintains the naturalness of the site
benefit ecology and prom®sustainability.

313.Styl e

FrederickkawOlmsted s pr oj edstppecfidlilcowt yl es mainly 0
and APicturesque styl eod whidhiRcddudes scattaréd st yl e 0
trees, open green space and whtgties which restore the spr@n the other

hand, fAPicturesque styledo playsmysi th | i ght
terious environment. It also tries to porttagnevolence and richness of nature

(Nicholson 2004)

314.Subordinati on

According toFrederickLawOlmsteq A Art t o( clhoenceaM e Mr3 s of
Olmsted Design 2021He alwaysvisualized landscape as a unified composition.

Any element which creates a barrgrdisturbance in achieving tldesired goal

should be eliminated or subordinai@icholson2004)

3.15.Separation

The uban areas always busy that is why Olmsted tried to separate spaces ac-
cording to their uses so that user &aty enjoy the landscape and can avoid pos-
sible conflictst Ni chol son 2004; The Seven So6s of Ol

316.Sani tation

One of the important aspects that Olmsted focused on the impact on health and
sanitation due to landscape. Proper adequate drainage syst@ther engineer-

ing considerations promote the phydiand mental welbeing of the peopléNi-
cholson 2004)

317.Servi ce

Parks can bring nature and human closer. Proper planning with proper utility ser-
vices fulfils the social and psychological needs. According to Olmsted
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(Nicholson 2004)fiSo long as considerations of utility aneglected or overridden by consid-
erations of ornament, there will be no true @rt

32.Patrick Geddesods theory of

Patrick Geddes iregardech sThaFat her of Mo d e (Owavel8& wn P

Young 2017)If correctly speakindPatrick Geddds snovative thinkingn the

field of urban planning and sociologyknownto all. He developed new ap-

proach and theoretical ideas in regional and town planniisgcdthcepts always

had a holistic view towardseopleandintegrate dink betweemature ad social
sciencgTalukder 2015)He stresses that successful planning decisions must be
founded on a comprehensive and coordinated survey that hédiesitily the nat-

ur al settl ements and surroundecorogng of
prospect and constraindHis town plans for social improvements of existing ur-

ban areas was characterized by keeping street patterns and block structure in re-
spect for the inhabitantds experience

His fundamentalpi nci pal of town planning i s
p | @alukder 2015)Climate and geographical settings influence a lot in shaping
anindividual lifestyle. On the other handnid i v i d atahle Same tenis &lso
shap the placéhrougheconomic process.hIs is acontinuous transition within
place angeople.

AThi nk Gl obal, Act Local o is (Mnother
2019) In fact, his concepts have been implemented and consiaedy of
parallelly conservation approach with other planning aspBefsre implementa-
tion of any project cultural backgnad, tradition and characteristics of locality
should be considered.

A space is a series of memorasd dramaAccording to GeddeClavel &

Young 2017)"A city is more than a place in space; it is a drama in tinfé'collective se-
guenceof activities of a societgr a particular area expresses an expression of a
specific moment, local identity, pride of past traditibhe concept of awareness
of protecting the identity and traditiaerived from thdrom Patrick Gedde#\c-

cording to GeddefGeddes 1915Jilt is interesting sometimes to stop and think and won-
der what the place you are gently at used to be like in times past, who walked there, who
worked there and what the walls have beeno.

Geddes understood the importance of nurturing the reflection of past essential

elements of human evolutiolm the words oPatrickGeddeqGeddes 1915 we
have to realise and keep in view the spirit and individualityotdy, its personality and character,

and to enhance and express this,Thisperspectiveou !l d
identifiesa social process, and forms of belonging, practices, experihassu
et al. 2016)

Geddes revealetthat community involvement is very important in the process
decision making during urban developmg@aarau et al. 2016; Var 201%ities
in Evolutionis one of the significant work of Geddes, where he ced#re rela-
tionship between the community and plan(@eddes 1915; Rubin 200%s a

C I

ann

he s

of i

base

Ged

not

pl anner he introduced many projects which

tion to his projectsThe success dhe project depends upon community
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participation. The value, need and concerns of community helps the designer to
consider certain factors in conserving the value of the place.

33.The necessity of wurban green

Urban open and green spaces perform a vadge of roles such as environmental
balance, ecological balance, improves physical and mental wellbeing and provides
benefits socially and economically as well. It connects a bhégggeerhuman

and naturéBowman et al. 2009)t is importan to understand what specific pur-

pose we want to fulfil through urban greenery. Urban green space comes in differ-
ent forms, shapes, and serves different purposes. They may vary from culture to
culture, country to country.

This section of this thesis papetplained the benefits and importance of urban
green space. Preliminarily, this thesis concentrated on environmental benefit,
health benefit, recreational benefit, economic benefit, and social scope of benefit.
The following diagranin Figure9, reflects a sumary of what are the main bene-
fits of urban green spaces.

Ecological balance

Improvement of urban air
quality and climate

s R ]
Environmental benefit Positive Pmﬁ? nnrw"d“h:
and other habitats
\_ J
7~ N Flood reduction ]
\ Health benefit Improve aesthetics quality in
\_ ) urban landscape
é N\
The necessity of urban green spaces Recreational benefit
\ J
J ( )
Economic benefit
. J
4 )
Social benefit
o J

Figure 9: Diagram explainsthe benefit of green areasimban areasthe diagram is produced by
the author

3331.Environment al benef it

The environmental benefit is one of the benefits of urban green areas. In this sec-
tion, the environmental benefgsY € | ma z & Maewidaly des€bhdd6 )
including-

a) Ecological balance,

b) Improvement of urban air quality and climate,

c) Positive effects on wildlife and other habitats,

d) Flood reduction, and

e) Improve aesthetics quality in urban landscape.
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a. Ecological balance:

Each species is important to maintain the balance of ecology and nature. Human
beingis superiorto all other creatresof God but they failed to understand the im-
portance of nature and misenaldiled to respeatature(Lehmann 209). Hu-

mans are not excluded from the ecosystem of nature. The whole system will col-
lapse then the existence of human will reetardsthe end within no timéCro-

non 1996) Humans are getting disconnecteaim nature due teéherapid grown

of urbanization. Greenery is gradually fading, and urban ecological balance is also
disrupted.

It is not easy to repair this damaged ecosystem overnight. Sometifves, ur
cities and nature both are considered as two separate things andtopresan-
other(Kaika 2004) Nature and greenetfiem®lvesare an important part to
maintain ecological batee. It is important to integrate urban city and nature.
Landscape planners and architects can come forward and necessary ethics can be
formulated to maintain the ecological balance. It will help to increase urbdn b
versity benefit the environment antbpide a better quality of living.

b. Improvement of urban air quality and climate:

An increase in urban greenery special trees, shrub and other types of greenery
help to improve the quality of air and helps to protect from the climate change.
Rapid urbanizton, increased industrialization, an increment of motor vehicles
creates air pollution. Moreover, it also creates an urban heat island(effeétl ma z
& Mumcu 2016) Trees are important for our survival as well. They inkbak®on
dioxide and exhale oxygen. They absorb pollutants & other and infiltrates the air.
Due to the lack of greenery in urban areas, heat island effect has become quite
common. By planting, more and more trees will help to drop the temperature up
to few degrees and will help to cool the rase of temperature. Therefore more, and
trees plantation and greenery should be increased to improve the quality of the liv-
ing environment in urban areas.

c. Positive effects on wildlife and other habitats:

Larger green arsanot only improve the ecological balance but also provide habitat

for other species. Thus, it increases biodiversity in the urban areas. Diversity in
greenery results from diversity in speci es
is also a fact that aipecies do not find urban areas as a secured or comfort zone

for their living. But certain species get used to the urban environment. Therefore,

urban area develops different ecosystem than the rural areas. But increasing urban

green spaces will alwaysvyea positive impact on wildlife and other habitats.
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d. Flood reduction:

Urban areas have less permeable surfaces. During flooding season or heavy rain-
fall, water flooding is a common issue in urban areas. Green spaces can act as a
natural drainage systefiatarazzo 2018)Trees can help to reduce the effect of
flooding and can help to protect from soil erosi@well. Planting more and more
trees and increasing urban greenery can reduce the flood risk in urban areas and
reduce suffering.

e. Improve aesthetics quality ithe urban landscape:

Rapid urbanization anttheloss of green spaces made the cities E®[Ehe uban
area has become more concrete and boring. Provadiagety of greenery and
creating activities around it will not only add aesthetics value but also functional
value as well. Specific elements can emphasize the city character and held a sp
cificidentity( Y&l maz & M@Greeoeuy wil &ddl &3¥thetics values, spe-
cific landscape character and most importantly a breathing and liveable area for
living.

332.Heal th benefit

Urban green spaces play an important role in improthieguality of living of
urban dwellers. It provides an escaping place from their busy and dull regular life.
Greenery enriches our mind with pleasure and refreshment. A sense of peace and
calmness atsincreases productivity and enricliee mind with creativity
(Yél maz & Mumcu 2016)

In manytypes ofresearchit is proved that greenery reduces a certain degree of
stress, depression and improves our mental h@adthe Kendal et al. 2016)
Open green space also increases the scope of our placicay (Amano et al.
2018)which is also helpful for cardiovascular disea@ésrris 2003) It also en-
courages people to walk, run and cycling. Thus, urban greenery also encourages
social gathering, interaction and improve neighbourhood vegfig(Davern et al.
2017)

333.Recreational benef it

The ecreational benefit is the most common benefit frmban greenery. Out-

door green spaces such as parks, @yegymnasium, gardens, playground etc.
are the primary source tiferecreational area in nature. People of all ages need
recreational facilities in nature. It helps to develop both mentally aysiqatily.

A study has been conducted on a certain number of children. Children who take
active participation in nature for playing are more active than the children who
have less contact with natui®Volch et al. 2014)In another studyt is shown

that people who hee better access to nature have higher participation in different
physical activitiegKabisch et al2017)

334 Economic benefit

It cannot be denied that how much greenery is importathé@conomy. In most
countriesthe whole econmic system survives upon the food that is produced
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from the green spaceA.developing country like Bangladesh the whet®nomy
depends on agriculture. Urban green spacasialler scale can also provide
economic benefit and provide job opportunities for unemployed people. Fresh
fruits and vegetables also feed the increased population in urban areas. It will not
only berefit economically but also improve human health.

Other than food production greenery can attract many people. Many investors
might get interested and provide a scope for tou(Smanitidis et al. 2009)It
will also increase the scope of employment. Greenery can increase the value of
real state property. The surrounding property and house owner might also get the
economic beneffii Yél maz & Mumcu 2016)

335.So0ci al benefit

Urban open spaces and greeragalso important to gain benefit froasocial
perspective. Open spaces and greenery provide more scope of communication and
interaction(Bertram & Rehdanz 2015Community gathering for differémesti-

vals and social interaction is an important part of Bangladeshi culture. [agkto

of open space and greengthye social interaction and bonding within the neigh-
bourhoodaredecreasing. If greenery is increased, it will make the city more livea-
ble and improve the social life quality.

34. Tree selection and inventory

ThereisanoldsayingThe Ri ght Tr ee (FonestrylCommssigrhScotP| ac e o
land 2015)The wong selection of trees not only create manmade hazards but

also hampers aesthetid$ie wong tree athewrong place or inadequate space

hampers the trees to grow properly. Most of the trees within the islandaoe 1

wide and depth-2 feet, which is very inappropriate for big trees to grauittle

storm causes these trees to fall and causes serious ac(itigumts10).
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Figure 10: Effect of wong treechoiceat thewrong placegManik 2019)

Rows of trees add scenic view, and it is also very soothitige®ye. But rows of
trees should maintain certain continuity or regularity. Different size and different
shape of trees will not add any aesthetics value to the dfifégiise11).

Figure 11: Different size, shape, and types of tré@sogle Map2013)

TableAl in AppendixA sectionreflects the tree inventory for selectiagurban

tree, which will not only add aesthetic value as well as ecological value. To in-
crease urban ecology, it is important to select native plants to provide ecological
balance and to provide shelter to the native species as well. But in some cases, the
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exotic species has also become a part of our ecology, and do not serve any hamper
to the urban ecology. These specific trees will add colours in different seasons,
highly tolerant to different climatic condition and requires low maintenatree.

ating list of trees is to reintroduce this species in algadesigned way which

used to be quite familiar but gradually fading away from the cities due to urbani-
zation.TableAl in the AppendixA sectionshows different types of trees such as

large trees, bushes, slirteees, herbs, climbers, and aquatic plantsTebleAl

in AppendixA is formulatedoased orsome informal interview with biologists,

urban naturalists and also from some web$Adés2019; Uddin 2020)

35b,Causes and effedioomhngt or mwa
Dhaka city

Stormwatefflooding nowadays has become very common in urban aréés.
section will shortly refleconthe causes and effects of stormwdi@odingin ur-

ban areas. Unplanned development and inaateqirainage capacity mathe sit-
uation even worse. Sometimes after a small time of rastiaihhwatercauses
floodingin different parts. The social, physical, economic, and environmental im-
pact is huge due to stormwafkroding (Imdadul Islam 2020)The diagranin
Figurel12, below reflectoonthe main source aftam waterflooding andwhat are

the visual expression due to this weteoding.

Source of Water Logging Visual Expression
River flow Waterlogging area
Stormwater flow Waterlogging in depth

., .,
C o . .
. - O -
.......................................................................................................

Figure 12 This conceptual diagram reflecthe source and visual expression due to stormwater
flooding; the diagram is produced by the author.

351. Causes of §&ftoobothwager

There are a lot of reasons for stormwdli@nding. Some basic reasons are identi-
fied below:

1 Excessive rainfall

1 Unplanned drainage system

1 Inadequate drainage capacity to serve

1 Waste material blocking the flow within the drainage pipe
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9 Lack of maintenance
i The dsappearance of natural drainage system(ketecladul Islam 2020)

Sone of the basic reason fetormwaterflooding are described below the
Dhaka city context.

Excessive Rainfall:

Due to the climate issudifferent country suffers heavy rainfall. If the drainage
system is not properly designed the city will suffer stormwiédeding during the
rainy season. Bangladeshaitopical country. It rains during the monsoon season
which lasts from May t@ctober. The following cham Figure13reflects the av-
erage rainfall in Dhaka city throughout the year.
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Figure 13: The dart shows the average rainfall data (mm) in Dhaka ditye data is collected
from (Yu Media Group & D.o.0 2019he graphchartis produced by the author.

The metropolitan city Dhaka experience huge stormwkteding when it
rains heavily. Due to climate change rainfall patterns also changed and the amount
of heavy rainfall has also increased. Excessive rainfall has occumiad the
year 2018 and 2019 and caused storm whtteding in different parts of Dhaka
city (Sayed & Haruyama 2017)

Drainage capacity and waste management system:

The drainage system of Dhaka city is inadequate and not properly planned. The
inhabitants of this city do not handle the drainage system properly. There is no
proper management of waste. Accordingheestimation of DCCthe average

daily waste production of Dhaka city is 4000 metric tons and about 40€etons

main on the roads and other open surfg§dbdsned 2019)Stormwaterwashes

them away and blockage on the surface drainage system. People dump different
waste materials and cause blockage of water. Lack of regular cleaning and waste
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management systemdwaso created stormwater flooding more severe. The drain-
age system fostormwater is insufficient and unable to provide service if the rain-
fall surpasses the range of 20ni®&taff Correspondent 2017)he experts have
mentioned that the city requires a completely new solution for the stormwater
drainage systenT.able3 below reflects what types am¢hat of solid waste is pro-
duced in Dhaka city.

Table3: Thecharacteristics and quantity of urban waste in Dhaka @itydadul Islam 2020)

Types of solid waste Quantity (%)
Domestic 40-60
Commerciad 2-5

Street Sweeping 20-30
Combustible 20-30
Non-combustible 30-40
Moisture 4550

Disappearance of natural drainage system:

Natural drainage system waterbodies, wetlands are filled up with lands due
rapid and unplanned urbanization. This is one of the main reasons for the disap-
pearance ofhenatural drainage system. Due to the loss of natural drainage sys-
tem urban areas are affected by stormwieding. Dhaka city isnotexcepted

from this factMost of its watebody and wetlands are lost and causes storm wa-
ter flooding during heavy rainfal{lmdadul Islam 2020)

352.Ef f ect s fdfo oWa tnegr

In this sectionthe effect of stormwatdtooding will be discussedThis section
has concentrated on two different aspetthe effect of stormwatdlooding.

One is social impact aratother one ishe environmental impact. Disturbance in
daily life, traffic jam, damage to life, health & property esthe social impact.
On the other hand, pollutiagspecially water polltion is one of the impacts of
stormwateiflooding. The diagram below Figurel4 shortly reflects this.

Disturbance in Traffic movement

Social impact J Disturbance in regular life

Damage to life and property

)

Environmental impact J Water pollution

Figure 14: The diagram reflects the effedf stormwatefloods; the diagram is produced by the
author.
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Social Problem:

Disturbance in daily lifedisruption of traffic movementlamage to life health &
property etc. are the social ingalue to stormwatdtooding (Imdadul Islam
2020)are described in this section below:

a) Disruption of Normal Life

The disturbance due to stormwafleodingis quite huge. This impact is huge on
the lowerincome people. Their house often gets flooded and due {dhbgthad

to live in a very unhygienic condition. Moreover, loss of property, livestock also
affects their economic condition. Due to wdteoding it becomes quite difficult

to travel from one place to another place. Lgesiplehave suffeeda lot due to

this condition. Overflow bwater from the drains also causes pollution and creates
health problems.

b) Disruption of Traffic Movement

Traffic jam is one of the most common and irritating e§ettstormwateflood-
ing. In densely populated cities the traffic issue quite huge but stormflatey
ing makes it even more complicated. Pegpéstuck on roads for hours and
hours. This condition distbhance the movement of the pasdeysas waters get
stuck on the footpaths as well.

c) Damage to life health & property

Stormwaterflooding sometimes becomes a threat to human life. Due tdldioid-

ing condition accidental case occurs. Peoples sometimeslgetsc shocks from
electric poés. In some placedue to maintenangéhe manhole covers are re-

moved due to carelessness people or vehicles fall into those holgstamato
accidents. Sometimes these are alsetlifeatening. People who woirk grocery
shopstheydeal with great losses. The stocked food products sometimes get rotten
or damagd due to stormwateffooding. Construction works also get delayed. In
some cases, the construction materials also get danftgadwaterflooding

falls a hige impact on the economic conditson

Environmental Impact:

Environmental pollution is one of the major effects due to stormvilatating.
One of the main pollution due to stormwafleoding is water pollution.

a) Water Pollution

Water pollution is one ohte most common polluti@due to stormwateffooding.

The rise of water level sometimes gets mixed with different toxic particles and
causes water pollution. Sometimes domestic wastes also get mixed with the
stormwater and causeater pollution(Imdadul Islam 2020)Overflow to water

from the drains also causes water pollution spmreéadsvater contaminated dis-
eases. Dhaka city usually faces this problem during the time of monsoon during
heavy rainfall.
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36.Resettl ement f or I nf or mal

In urban area mainly lowencome people lead a vergpgr and difficultlife.
Theydwell in informal settlement area which is usually known as sluisim-
portant to know the identification name of slum or informal resettlement as it has
various names in different countrig®ori 2012) This thesis addressed slum as in-
formal settlementsThe nformal settlement is a place within an urban area where
a group of people/ family/ individuslives undethe same roof and are deprived

of proper shelter, adequate water & sanitation(etoited Nations Human Settle-
ments Programme 2003)

36.1.Sl um devel oping stages

Resettling the informal dwellers agdrry-outthis thesis work thd&arail slum

area is chosen as a study atatormal settlements develop into different stages
which arementioned by various authaiSori 2012) Turner divided informal set-
tlements into four based @he development process. They are transient, provi-
sional, incomplete & incipient, and compl€fairner 1966)According to charac-
ter-wise developmen€tyre categorised informal settlements into four stages, ini-
tial occupancy, transitionadecure a holding right on the land and absorption
(Eyre 1972) Basedn anopen piece of land and neighbourhood Abebe developed
three categories infancy, consolidation, and saturéfibebe 2011)Similarly,

Miller based on stability and security developed informal settlements into unsta-
ble, coper, strained and stali@ori 2013. Sometimes external forces such as po-
litical or other administrative sectors influence the informal development stages
(Sori 2012) In the context oDhaka city these external forces are quite common.

Based orvarious opinion from different authors, the author of this thesis tried
to formulate the slum development stages in the Karail slum area. According to
author the Karail slum development has basic three stages, the begifisg
tablishmenttheexpansion and occupanand th@ comes the absorption.

The first phase is the beginnifdguring the Pakistani period in 196he Karail
slum started to begin. The oingl owner of this Karail slum was the department
of T&T. Later in 1990, by breaking the initial agreement a certain amount of land
approximately 90 acres was allocated to PWD. Then the previous owner of the
land before T&T took legal action and this cexha chaotic situation. Later these
three parties came to an agreement and became the stakeholder of the Karail slum
(Mridha et al. 2009)This is the beginning of the establishment of the Karail slum.

Then comes the second stdlge expansion and occupandye individual
stakeholderstartedrening land and houses to poor migrated rural people. As the
renting cost was gradually increasing this slum area shortigvggqtopulated for
the lowerincome people. Then gradually started to grow and expand. The Karall
slum issituated beside the Banani laked the surrounding area is quateosh
area in Dhaka citySinthia 2013)Moreover, these informal dwellers serve the
surrounding neighbourhodry working as theimaid, driver, caretaker. Some
also work in garments factories and small retail st{pgire15).
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Figure 15: The percentage of people and their occupation in Kalaim area(Sohail 2007)

The figure is showing the occupation which they do for surysahail 2007)
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They phy a veryimportant role tomprovethe econont statenot only the Dhaka
city or the surrounding area but also serve fomthele country.
Then comes the last stage absorptAtrthis stagethe slum continues to have

further densificatiorfAbebe 2011)Here hits the externainforces The illegal

way of land grabbing started on unoccupied lands. Political leaders, ward com-

missioners andtber administrative leaders grabbed la(fisithia 2020) It is

also seen that many lodahabitantdn the Karail slum are buying lands illegally

which is previouslypought illegally from other owners as wgfinthia 2013)

36.2.The

Theinformal settlements argenerallyformed illegally. Considering humanity

mportance

of

resett

ement

and provide basic human rights it has now become very important to provide
these loweiincome people proper resettlement. These lamsyme people
should not be thought of as a dan in urban areas as they play a very important

role in the economy and enriches manpower. In Dhaka city, different NGOs are

working in providing resettlement for these informal dwel{@ismed 2014)The

houses of these informal dwebare famedin a very disorganized, chaotic;

regular patternThe gap between the houses is rarely 1 meter to 2.53(kteye-

les et al. 2009)The houses are situated very close to the local streets and lack
open or green spaces.

Thefollowing sectiors will discusdifferentissues thathe informal dwellers
aredeprived of leading a normaifie. The importance of resettlementsiaformal

dwellerswill be discussed in the following stdections



Urban hazards

The apid growth of population and unplanned urbanization causes different kinds
of hazards. Manmade and natural typeladards have increased in urban areas.
The impacts of these hazards are truly pathetic and unbearable oclasssin-

formal settlers. Some of the basic urban hazards are discussed in this section be-
low.

a) Floods and stormwatdtooding

Flooding and stormaterfloodingis one of serious urban hazards in informal set-
tlements areas. Riverbeds, canals, and waterbodies & wetlands are filled to form
these informal settlements and gradually leads towards flooding and stormwater
flooding. Excessive rainfall and aequate drainage cause flooding and water-
floodingin these informal settlemeateas. Water pollution, contagious diseases,
theunhygienic condition is quite common in these af&sn2010) Floods and
stormwateiflooding affect these poor informal dwellers in many ways. Most of

the informal dwellers are poor and they earn their livelihood through household
works, labour workers, rickshapulling, working asstreet hawkesetc. Mostly

they live from hand to mouth. Due to these flood and stormwlatating, all this

work gets affecteAhmed 2014) The house they dweh arevery poor in qual-

ity. Sometimes these houses also gehdged easily just after a light rainfall and
they become homeless. At this pothiey hado find shelterin abandoned areas
such as shaded under construction areas, schools, mosques, stations, even in open
air or under temporary shade beside the r¢atdmed 2014)Life becomes quite

hard to survive under this condition.

b) Seasonal storms:

The® asonal storm is one of theKa-ommon ur bal
boishakhlhor 0 i s t he most c¢ omnemonhoMarcm t hat oc
to May. There are also some windstorms also reported during théAleaed

2014) As it is mentioned earlier that the house quality for informal dwelters i

general very poor. Hses are hugely damaged and sometitimeis roofs are

blown away by the windstorms. These cause damage to property and accidental

injury as well. Strong wind flows th&tormwateiinside the houses and causes

property damage. During these seasonal storms, these poor informal dwellers face

a tough duation and the recovery becomes quite difficult to overcome.

c) Earthquakes:

Experts have declared ththe capital city Dhaka already situatechimearthquake

risk zone. Excessive pressure on land due to urbanization is one of the reasons f
earthquake ther than the topographic structural condition. Higdweaded build-

ing constructed with concrete; muttiored highrise buildings will create serious
hazard due to earthquake in urban areas. It will cause seripaston theirlives
anddamagepropertes On the othehand,informal settlement houses are built

with light materials such as wood, clay, timber, tin shade, straw etc. and the
multi-storied varies within -2 storeys. Therefore, the risk is quite low in informal
settlement areas. But theyntet escape from the risk as these areas are quite
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dense from other par¢dhmed 2014)If some serious urban hazard occurs the
rescue operation will be quite hard to handle.

d) Fire hazards:

Almost every monththe news of fire hazard in informal settlement asdeeard

in Dhaka city. During the dry seasdrom March to May fies hazard incidents

takes place. The most common reason is the building material which gets easily
caught by fire. The fire hazard sitiom gets worse because of the super dense set-
tlements. Within a blink of a momerthe whole settlement is destroyed. Some-
times due to political reasons to evict these illegal informal settlements this kind
of fire hazards are intentionally creai@&taff Correspondent 2011; Ahmed &
Johnson 2014)The informal dwelleslose all their savings, property, and other
belongingqStaff Correspondent 2012)his also causes loss of life and injuries.
Narrow roads within the infornhaettlement area make it difficult to access the

fire hazard location area and evacuate the affected people. Therefore, resettlement
IS very important for these people.

Increase rate of criminal activities

Lower-income people are gradually migrating towatttsurban areas. Thus, the
unemployment problem is increasing day by day. Due to lack of employment fa-
cility, the informal dwellers get involved in criminal activitigghan 2010) The

criminal activity rate is quite high in these informal settlement areas. So, general
local people do not feel safe around informal settlement areas. To establish proper
enforced lawresettlement and scope of employment should be increased.

Climate changeeffect

Bangladesh is highly threatened by the impact of climate change. Different ac-
tions have been taken to reduce the impact of climate change, but the poor infor-
mal dwellers are always overlook@lnks et al. 2011)n the above sectigthe

urban hazards su@sflooding, stormwateflooding, fire hazards etc. have been
described. But these urbhazards are the impact of climate change. Due to cli-
mate change heat island effect noticeable in urban areas. In some recentistudies
is proved that the temperature has raised avetthe past 10 yea(&Rabbani,

M.G. 2009) The gudy also shows that the poor informal people suffer the most
due to this sudden rigeé temperature. Deterioration of health such as fever, lack
of proper supply of electricity and wataresomeof the sufferinggKhan2010)

Health and hygiene

Water, sanitation, and hygiene is the basic requirement to lead a healthy life. Un-
fortunately,the informal dwellers are far away from this basic right. These poor
people are depriveaf proper health facilities and proper waste management facil-
ities. Pandemics and other contagious diseases spread likeifif@mal areas.
UNICEF is working andgpporting different agencies to serve health benefits to
these urban informal dwelle(dhmed 2014agencies WAB is working for a long
term with a partnership with WSUP. WSUP also gets donation themvorld

bank to improve satdtion and hygiene for urban informal dwelléhmed
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2014) In BangladesHocal NGO named Dushtha Shaystha Kendra (DSK) are un-
dergoing unique projects such as rainwater harvesting and others, for the urban in-
formal settler{RojasOrtuste & Mahmud 2015WAB also works as a partner

with DWASA and DCC in Dhaka city, Bangladesh to provide pure water supply,
tube wells, sanitary latrines and improved drainage sysiemprove the hygiene
within theinformal settlement aregdhmed 2014)
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4. Onl i ne Survey Questionn.

The online survey questionnaire consists of three parts. Part one is the survey re-

sult from the local inhabitants, part two of thaine survey questionnaire consists

of expertsd opinions and the third part i s
informal interview collected from different media interviews and newspaper arti-

cles. The results from this online survey questionnairegpted in this section.

41.1.Loc al I nhabitantsd opinion

This interview survey was formulated, goeople from all over the place of

Dhaka city and different professions of people had participated. In Figure 5 show-
ing the study area is a huge piece of area.d¥ador a thematic masterplan de-

sign sketch on the study area will create a huge impact not only on the inhabitants
of that particular area but also on the inhabitants of the Dhaka City as a whole.
Though the online survey most importantly requires theiop of the local in-
habitants specifically the informal dwellers within the study area. As the survey
was remotely performed and it was not possible to perform online survey on the
informal dwellers, so that online survey was conducted on the local iahesof

all over Dhaka city.

As the interviews were conducted remotely it was not possible to reach to the
informal local dwellers to learn their point of vieMostly all the inhabitants are
aware of the present condition of the study area and somédfemted with the
situation. Even the informal dwellers are somehow involved in earning their live-
lihoods in thesurrounding neighbourhood by working as tmeaid, driver, care-
taker. Some also work in garments factories and small retail $higpse15).

They play a verymportant role tomprovethe econont statenot only the Dhaka
city or the surrounding area but also serve fomthele country(Sohail 2007)

So, the local inhabitants are awafeéhe overall scenariand share a relative
opinion through online survey questionnaire.

This portion of online survey require readjustment furthiis proposal imple-
mented in future. As it is mentioned earlier that this is a visionary masterplan pro-
gram sketch, this proposal requires something as a base to start with. An online
survey guestionnaire had been conducted and in total around 54nluaiaitants
all over Dhaka city had participated in the survey. Thble4 showing the char-
acteristics of the Dhaka city local participants in an online survey questionnaire
Democratic opinion i ncl umdaccordance wifita-r mal dwe |
rick Gedde's theorids required for further investigation.

Table4: Overview otthe Dhaka cityocal inhabitant's characteristicshe data of this table is col-
lected and created by the author.

Demographic variables Option Percentage
Gender Female 52%
Male 48%
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>18 4%

Age 1829 44.4%
30-49 38.9%
5060 < 12.7%
Country of origin Bangladesh 100%
Other 0%
Employment Housewife 7.5%
Working 75.8%
Student 4%
Retired 12.7%
Unemployed 0%
Educational background  High school 4%
University degree 96%

According to the online survey questionnaire almost 65% of local people in
overall Dhaka city are affected somehow by the stormvilaieding issue. The
following pie chart Figure16) reflects thgpercentage of people who are affected
and noraffected by stormwatdloodingin the whole city of DhakeéHowever,
theseresponsesannot be said to accuratdor the informal dwellers.

= Affected people Non-affected people

Figure 16: This pie chart reflects what percentage of people are affected ardffeated by
stormwaterflooding, the data is collected from the onligerveyquestionnaire with the local in-
habitants and the pie chart is created by théhar.

Almost all the local inhabitants mentioned that due to stormMlatating they
face disturbance in daily life, damage to property (13%), and livestock (5%), dete-
rioration of health conditions (20%), pollution (25%), traffic jam (35%) etc. Some
alsofaced the accidental loss of the human life of their dear ones (2%). These are
the social issues that they face regularly due to stormflabeling. The follow-
ing chart reflectsKigure17) what types of problems the local inhabitants féee
to stormwateflooding.
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Figure 17: This chart reflects what types of problems local residents face due to storrflaader
ing, the data is collected from the onliserveyquestionnaire with the local inhabitants and the
graph is created by the author

They were askedccording to them wdt the main reasons for stormwater
floodingin their are& In response, they answered landfilling (40%), unplanned
population increase (35%), mismanagement of waste materials (25%), unplanned
urbanization (40%), inadequate drainage (47%), lack of awarE@X48 is the
main reason for stormwat#ooding. The chart belowKigure18) reflects the sur-
vey result in percentage.
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Figure 18 This chart reflects according to them what are the main reasorsidorwaterflood-
ing in their areg the data is collected from the onliserveyquestionnaire with the local inhabit-
ants and the graph is created by the author

Most the people are hopeful that this wlterding condition can be solved if
roadsarewell-designed for drainage of wat@ndsewerage, waste management,
creating a proper channel for stormwater discharge etc. Some think that by reviv-
ing water bodiesind wetlands, stormwat#ooding conditions can be improved.
Some also mentioned that proper monitoring, cleaning, and imposing law might
also help to improve the present condition. Some also disagree with this they
think that it is impossible to solveatefloodingin Dhaka city.To eliminate the
problem of watdtooding there should be an absolute ban on plastic and needs to
provide enough dustbin because trash and plastics often choke drains. Growing
more and more plants can also help to solve the problstomhwaterflooding
and improve urban ecologgome also mentieed that the responsible govt. em-
ployees are corrupted because the situation is getting worse.

412. Expert sopinion

In total 10 experts from different fieldsom different government and private or-
ganizations had responded to this online survey questionmhigepart of the in-
terview questionary was aimed to gather the opinion on improving urban ecology,
causesandeffects of stormwater management and addressing social issues. The
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participants were chosen based on their experience and expertise in different
fields from different renowned govt. and private organizations.

Urban ecology is an important aspect of increasing greenery in the city. Ex-
perts and biologists have suggested that it is difficult to bring back urban greenery
rather than think differentlyotincrease urban ecology and greenery. The first step
is to protect the existing one. According to their response street tree of 70%, the
green roof of 100%, utilize negative space of 70%, courtyards 60%, elevated and
climbers of 50%, aquatic plants of 80psotect the existing greenery and water
body of 90% reflected in percentage in the following cHagurel19), what steps
can be taken to increaseéban greenery andow we can provide habitat for other
species to balance the urban ecology

120%

100%

80%
60%
40%
20%

0%

Street tree  Green roof  Utilizing  Courtyards Elevated and Aquatic  Protect the
negative climber plants existing
space plants

m Possible solutions

Figure 19: The chart reflects how ecological balance and greenery can be achieved according to
experts the data is collected from the onligerveyquestionnaire with the experts and the graph
is created by the author

The disagreement of opinion occurs while askingiifi-beds or rain gardens
can be a solution fatormwaterflooding in the Bangladeshcontex® The follow-
ing pie chartfigure20) reflects that 40% agreed and 60% disagreed. The basic
reason for disagreement is due to lack of space, costly construction infrastructure
and maintenance.
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Yes = No

Figure 20: This pie chart reflects what percentage of people are agvaeeadin bed or rairgar-
den the expert survethe data is collected from the onliserveyquestionnaire with the experts
and the pie chart is created by the author.

Someexpertshavecommon reflections on one issue, and some have different
opinions regeding another. All agreed the city requires a proper new design solu-
tion towards the drainage systeRopulation increasé0%), filling all rivers and
canalg70%), mismanagemerttf waste (50%)unplanned urbanizatiq@0%),
lack of knowledgd€30%)is themain reason fostornwaterflooding (Figure21).

They also suggested that raising awarenessnanelsing knowledge of general
people to protect greenery around them by building trust and respect inAtiem
cording to themit is importan to arrangearegular inspection, maintenance and
cleaning of existing sewers, drainage lines, box culverts, catch pits and manholes
prior to the rainy season. They also suggesteds-excavation of canals and
lakesevery year. One of the experts propasie installation of temporary pump-

ing stations on the embankment surrounding the city where required with mobile
electrical substations. They also suggested proper road planning, increasing wet-
lands by allowing multstoreyed buildings of more occupari@eping open

space increasing infiltratiomhe following chart reflects what are the main rea-
sons for stormwatdtooding according to the expert.
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Figure 21: This chart reflects what are the main reasdor stormwateifloodingaccording to the
expert surveythe data is collected from the onliserveyquestionnaire with the experts and the
graph is created by the author.

Regarding the social aspect, they were also asked if the informal dwellers
should be wcted, or they should be resettled properly. Some agreed with the re-
settlement idea, but some also disagreed. Some experts suggested that it is a fact
that the class difference is quite prominenthi@ city ofDhaka and it cannot be
denied that not onlfor an economic purpose but also for other social purposes
we need the loweincome people. They deserve to have proper resettlement. Op-
posing this idea some experts mentioned that we should not think emotionally ra-
ther than logically about what is impantedor a better future. According to them
if different sorts of job opportunities are increased in other parts of the country
there is no need to gather a crowd and create extra pressure on the capital city.
The following pie chartRigure2?2) reflects that almost 65% of experts responded
that they should have a proper sustainable area for living.
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Yes = No

Figure 22: This pie chart reflects what percentage of people agreed and disagreed on the resettle-
ments of the informal settlementstbaexpert surveythe data is collected from the onliservey
guestionnaire with the experts and the pie chart is created tguther.

413.1l nf or mall i ntervi ews

Informal and unstructurddterviews and communications have the flexibility to
pursuequalitative researcprocesseslhese social interactions are important for
coll ecting participant os oforsma comvarsai o n
tions are sometimes termed "infor mal
i ngo and dAet hno dSwaip&Spice 2020)n this tvesistheyi n g "
are termed as informal interviewnformal interviews from the newspaper arti-
cles, news media have also been collected. Another way of communicating with
the experts and informal interviews have also been conducted. ihfeseal

talks was important in evaluating my findings a wholend do the SWO@&na-

lyse and conceptualize providing sustainable solutions and guidelines.

Not as many trees are planted on the streets and pedestrian areas in Dhaka city.

Though it is very importartb plant trees for the pedestrian walkers to provide
shadeRabiul Islamwho is a young architedgndscape designer and environ-
mentalist suggested that trees with high tolerance level and water absorbed
plants should be selected for lower maintenancecamdrol stormwater
flooding on streets. From his own working experience, he also suggested
that instead of plants with growing branches vertical growing plants should
be used to avoid obstacles and for lower maintenance. He also suggested
that evergreen plants should be introducegrovide shelter for other spe-
cies(Datta & Ahmen 2018)

In an informal interview personally arrged with Mustaque Quadry who an
architect and a naturist mentioned that it is difficult to bring greenery back into
the city again becauseist analready auilt-up city. So, what can be done is to
design in a planned way in other parts of the city. firfsething is to do is to allo-

cate a defined space for trees only. The negative spaces can be utilized by planta-

tion. Utilizing trees for plastic decoration has no function to serve in improving
urban ecology. Green roofs, vegetable gardens can be disigngldings. The
trees should be selected carefully for roof garden special as we have seasonal
storm from April to May which is cal
Vertical climbers can be used as a fence and in overbridges and flyoveasicAq
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plants can be increased on the water bodies to improve the ecological balance
within the city. Then the catchment areas should be increased to hold the excess
water during the flooding period and rainy season. He also mentioned that the
protection otthe existing greenery and water body is very at this moment to re-
duce the stormwatdiooding condition in Dhaka city.

Architect Igbal Habib also agreed with Mustaque Quadry in protecting the ex-
isting greenery and water body. Igbal Habib is an architetfoent secretary of
BAPA (Bangladesh Poribesh Andolome mentioned the canals are very im-
portant to hold the stormwater as well as to develop a loop network system for
waterways. He also suggested the construction of a vertical structural element for
afoundation rather than slopes beside the canals to increase water catchment and
also provide designed walkways to protect from stormviktteding (Alam
2016)
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5. GI S anal ysi s

The SWOT analysis of the study aretois: great deddased ornthe GIS analysis.
TheGIS analysis is formulated based on the aspects named below:

Land use

Green and open spaces

Informal settlements

Loss of wetlands and waterbody

Flood analysis

E

511.Land wuse

It is important to understand the existing condition of the city and its lanaihaise
land cover. GIS helps to perform this analysis to understand the land use & land
cover of a particulaarea how it used to be and how it changed gradually over
time.

The map showing the land use and land cover in Dhaka city. Dhaka city is
continuously changing. The comparison of two maps in the year 2006 and 2016
can easily identify how much the city hadsanged. Loss of agricultural lands,
bare lands is visible. The increase in the construction area, urban fabric and
industrial development are prominent in these mepgife24). The pie chart
below Figure23) shorts reflects the land use and land cover changes in
percentage.

LEGEND

Continuous Urban Fabric (Sealing level: 80% - 100%)
Discontinuous Urban Fabric (Sealing level: 10% - 80%)
Industrial, Commercial, Public, Military and Private Units
Roads and rail network and associated land

Port

Airport

Mineral Extraction and Dump Sites

Construction Sites

Land without current use

Green Urban Areas

Recreation Facilities (Sport Facilities, Stadiums, Golf Courses, etc.)
Cemeteries

Agricultural Area

Forest

Other Natural and Semi-natural Areas (Savannah, Grassland)
Bare land

2006
Wetlands

7\ 4
Inland Water

2016 Marine Water

Al

Figure 23: Land cover classeéisthe percentage of total aredhe pie chart is created by the au-
thor.
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Land use & land cover (2006) Land use & land cover (2016)
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R —

LEGEND

@ Continuous Urban Fabric (Sealing level: 80% - 100%)
@@ Discontinuous Urban Fabric (Sealing level: 10% - 80%)
@ 'ndustrial, Commercial, Public, Military and Private Units
@ Roads and rail network and associated land
i Port
B Airport
@ Mineral Extraction and Dump Sites
B Construction Sites
Land without current use
@ Green Urban Areas
B Recreation Facilities (Sport Facilities, Stadiums, Golf Courses, etc.)
@ Cemeteries
Agricultural Area
@ rorest
Other Natural and Semi-natural Areas (Savannah, Grassland)
Bare land
B8 Wetlands
B8 Inland Water
Marine Water

0 02505 1 15 2

Kilometers

G) Land use & land cover zoomed in

Figure 24: Land useandland cover map in zoom in ftiie study areahemap is produced bihe
author.
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51.1.Green and open areas

This GIS analysis was formulated to identify green and open spaces. Urban open
green spaces are important to identify to propose recreational areas. In a broader
sense toesolve environmental issues urban open green spaces are very important
to identify and classify. The map belo®igure25)reflects the green and open

spaces of the study area in Dhaka citg.reduce the bad impact on the environ-
ment, provide walking paths, recreational facilities and protect the habitats from
destruction this GIS analysis had been formulated.

Green and open areas (2016)

1) Green and open areas zoomed in

LEGEND

@8 Square and open
Market
@ street
@ Waterfront
@8 Greenery
@l Cemetery
Recreation, sprot and leisure facilities
@8 Inaccesible open/green area

Figure 25: Green and open spaces map and map for the study area zagrtesinap is pro-
duced bytheauthor.

512. 1 nf or mall settl ement s

A lot of people migrate towards Dhaka city every year. They find their accommo-
dations in the informal settlement areas. It was impottattace where the area
of the informal settlements are growing and locate them correctly.

The map belowKRigure26) helped to identify the traces thie informal
settlements in Dhaka city during the year 2017. The zoamsthp reflects the

study area with the informal settl ements
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Figure 26: Informal settlements for overall Dhaka city and nudphe study area zoomdér the
map is produced btheauthor.

The informal settlement area is almost 100 acre. A huge part of people live in
this area arounfl9,516inhabitants and almo$8,067households are
accommodated in this pgilasan & Mollah 2017)In (Figure27, Figure28)
showing the existing landse map and the existing road network in the zoemed
in maps of the Karail slum area.

LEGEND

I commercial/ recycle shops
- Rickshaw garage

- Religious

Bl schools

- Public water tab

[ Mosharraf bazar

Jamai bazar

[l‘; Bou bazar

0 30 60 120 180 240

A e — — o105

Figure 27: Land use map for informal settleis Karail slum area, the map is produced by the au-
thor.
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LEGEND

Roads 4-5 meters
= Roads 3 meters
s Roads 2 meters
m— Roads 1 meters

Figure 28 Road width and road network mapthreinformal settlement areahe map is pro-
duced by the author

511.Loss of wetl ands and waterbodi es

Due to unplanned developments, population increase, landfilling the wetlands and
water bodies had been decreasing dagldyyin Dhaka city. The map belowi§-

ure29) shows the comparison between the two maps. The first one was in 1998
and the other one in 2009. The lossvetlands and water bodies is quite promi-
nent. The connectivity is completely lost in certain parts. The zZaamap re-

flects the loss of connectivity in the study area.
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Figure 29: Map showing loss of watéody and wetlands iBhaka city and map of the study area
zoomesn, themap is produced biheauthor.
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ood anal ysis

512.F |

Dhaka city map water level rise

during flood in 2016

Dhaka city map at normal

water level

»

..._....f.ﬁh,.................v

0 02505

CD Zoomed in map

@Zoomed in map

LEGEND

~—=—-—= Raiways
——— Road network

Waterbody

[ ohaka city flood in 2016

Figure 30: Comparison of water level during flooding time in Dhaka city and zoemethpsthe
70
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Unplanned developments and the population is increasing day by day. As it was
mentioned earlier that due to this increasing condition of population and
unplanned urban developments landfilling of wetlands and water bodiéséad
decreasing day by day. Greenery is lost from Dhaka city.

Due to the deduction of water catchment areas frequent flooding has increased
in recent years. The map abovagure30) reflects the comparison within the
normal water level and the increased water level in 2016 in Dhaka city. in the
zoomin maps, the increase of water level and the comparison is easily
determined.
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6. Rol e model s ar

Different projects from North America, Europe and Asia had been considered in
this sectiorwhich addresshe three thematic aspects in Dhaka city of this thesis
I.e., urban ecology, stormwater management, and social issues.

This part ofthe methoalogy of the thesisonsideredrariousrelevant wag
to get knowledge and inspiration from otlsecccessfuprojects Most of these
projects aremplementedand some are conceptual or strategic plans. But all pro-
jects ty to solve thesameproblematic isses that this thesis tsying to solve.
These projectshosen as role models hawany positive aspectbat this thesis
took inspirationgrom. Some of thalesign challengesimitationsandprevious
drawbackgyave ideas thandlethe upcominglesign chdéngesn the context of
Dhaka city The study of role mode|srovidebackground tdoetter guidelineor
the designed the masterplan progrskatch both by their positive aspects and
their limitations, challenges, and drawbacks.

Thefollowing Table5 summarisgroject names andow they complement
this thesisn terms of the maithree thematic aspecisositive aspect, limitations,
or design challenges.

Table5: Different pojects withshort summary & how it complementistiesis, the table is created

by the author.

. Complement- Lo
Role Mod- Project -omple . Limitations / De-
ing main as- | Positive Aspects| .
els Type sign Challenges
pects
North
America
i The BigU Real project V Increase green-| (i Reduce the con- | i Funding gap
Project (Winner of a ery and diver- sequences of cli- | 0 Funding gaphas
project compe- sity. mate change. also created chal-
tition) V Manage storm- | U Measures for lenges to level up

water and flood-

ing.

V Consider social
and economic
aspect.

I Measures to pre-
1 Underground ca-

I Create a barrier

1 Achieve sustaina-

i Diversity within

managing storm-
waterflooding.

vent flooding.
nal system.

between the raise
of water level.

bility. in an artis-
tic way.

the spaces.

public expecta-
tions

U Lack of feasibility

U Lack of risk analy-
sis of technical is-
sues related to vul-
nerability, energy
needs, infrastruc-
ture conditions etc.
(Grannis 2016)
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Establish social
and economic re-
lationship.

i All London | Comprehen- | V Increase green- Establish green- Integration of the
Green Grid | sive planning ery, diversity & ery connection to Green Grid into
framework improve urban promote greenery planning

ecology and diversity U Certain barrier in
V Manage storm- Benefit humans the flow of green-
water and flood- andwildlife ery
ing Maintain the eco- Long term design
V Consider social logical balance process

and economic and environment Continuous
aspect to improve the changes in policy

quality of living and framework for

1 Access to open further improve-

nature ment.

Productive land-

scape

Promote recrea-

tional and leisure

facilities

1 Encourage peoplg

for physical activ-

ity

Reduce the effect

of stormwater and

flooding

0 Reopening | Real project V Increase biodi- | i Take flood con- I Water quality
waterways versity trol measures problems are not
in Oslo V Reduce flooding| G Provide recrea- fully solved

risk tional facilities i Issues related to
V Consider social | i Provide ecosys- stormwater man-
tem services agement and
1 Provide habitat chemical pollution
for wildlife of sediments
] Future restoration
of urban rivers and
lakes requires
broader catchment
and retention areas
(Europea Envi-
ronment Agency.
2016)

U Raingarden | Real project V Increase green- Helps to manage Design challenges
to manage ery, diversity & stormwater are cost efficiency
stormwater improve urban Provide social and management.
on street in ecology andvisual value
Stockholm, V Manage storm- Playful environ-

Sweden water ment to the
V Consider social streetscape
aspect Lead a healthy
living, and enjoy
the greenery
U Raingarden | Proposal wait- | V Increase green- Improve the so-

to manage
stormwater
on street in

ing forimple-
mentation

ery, diversity &
improve urban
ecology

1 Well-designed

cial quality of liv-
ing

streetscape

73



Véaxjo, Swe-
den

Manage storm-
water

Consider social
aspect

Improve street
ecology

Sustainable use g
stormwater

U Climate
change ad-
aptation in
Ho Chi
Minh City
(HCMC),
Vietnam

i Saigon in-
formal re-
settlement
housing in
Vietham

Strategic Plan-
ning

Increase green-
ery

Manage flood-
ing

Consider social
and economic
aspect

Formally ar-
ranged street
commercial facil-
ities.

Informal markets
beside laneways
Recreational fa-
cilities

Major design
challenges comes
in terms of infra-
structure develop-
ment, public
transport, flood
prevention and the
provision of other
public services
due to its ongoing
rapid growth.
Existing policies
and strategic docu-
ments requireevi-
sion to meet new
challenges.

1 Design requires

evacuation routes
during hazads and
construct drainage
channels.

1 Lack ofdecision

makinggovern-
anceanddistribu-
tion of proper fi-
nance

I Gap between the

approach of the lo-
cal community and
governmente-
gardingland acqui-
sition and slum re-
settlement

] Require workshops

and training for
raising awareness
(Connecting Delta
Cities 2013)

Conceptual
project

\%

Increase green-
ery and diver-
sity

Manage storm-
water and flood-
ing

Consider social
and economic
aspect

) Take measures

) Take measures

waterflooding

Provide quality of
living

for proper flood
protection

for proper storm-

Strategies to im-
prove the urban
blue and green
network

I Accommodate fu-

ture population

growth.

Maintenance

I Proper implemen-

tation
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The following sections will shortly reflect and discuss the basic information on
these role models which has inspired the author.

6. 1. North America: The BI G U proj

I n the year 2012 dAaHur r iteedd ghoBandsdbfy 0 hi
people lost their lives and lost their homes. Roads and subways were underwater.
Lower Manhattan was affected the m@Stannis 2016)The New York City

council took necessary measures to pretlamecessary floodo In the year of

2014, the state of New York launched a competition to protect Manhattan. This
competition was won by Danishmerican Architectural firm Bjarke Ingels

Group (BIG) with BIG U(Howarth 2018)

Figure 31 The Big U project in Manhattan, New York, UGfowarth 2018)

The Big U proposal aimed to protect Lower Manhattan from floods, stormwater
flooding and reduce the consequences of climate change. The project consists of
the construction of a 16 km long green barrier raised ath@sea level in the
southern tip of Mahattan(Howarth 2018) An underground canal system is also
planned to carry and collect the exessive stormwater flood water towards the sea
(Figure31).

The design approach of BIG U to the project for Manhattérased on a basic
principle not to create barrier betweetheraiseof water level and the city
instead the aim was to intege then togethelin such a way so that they can form
a relationship to tackle the obstacles in different situatidnetheraspect was to
achieve sustairhity in an artstic way. The diversity within the spaces created a
link to enrich the environmental balance and establish social and economical
relationship within the cityGrannis 2016)
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6.2. Europe: Al I London Green

A design policy or a framework is&blished to promote greenery and diversity

in London to benefit humans and wildli#&ll London Green GridALGG) aims

to fill up the blanks where the urban greenery and opens spaces lack the
connections. These framewsiik Figure32, Figure33 altogether works to

maintain the ecological balance and environment to improve the quality of living
for abetter future.

#l  LeeValley and Finchley Ridge
#  River Roding and Epping Forest
Thames Chase, Beam, Ingrebourne

|

M River Cray and Southern Marshes
B South East London Green Chain Plus
|

London's Downlands
W Wandle Valley
B The Arcadian Thames
B River Colne and Crane
M BrentValley and Barnet Plateau
B Central London

Figure 32 The frameworks that cover tih¢. GG areagHarrow Green Grid 2012)

The impact of climate change in London is huge such as frequeninfysod
droughts, urban heat island effethe riseof temperature during summer, causes
extreme heatvaves, droughts, and extreme rainstorimsrease of sea level, fre-
guent flooding from tidal, surface water drainaghecommon problems. The
existing drainage system, flood protection barrier and green infrastructure net-
work required to expand and resilgn to recreate a new strategic network of green
and blue infrastructure to reduce the effecttofmwvaterflooding and flood risk
(Mayor of London 2013)
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District Parks
Local Park and Open Spaces

Small Open Spaces — Pocket Parks
Other / Private Open Spaces
- Strategic Walking Routes
—— Strategic Cycling Routes
= = Strategic Corridors
-=-=- Strategic Links

HEYZ

Figure 33: All London green grid landscape and open space planiitayor of London 2013)

The main aims andbjectivesof this frameworks shown infollowing Figure 34

Metropolitan Park Opportunities
Regional Park Opportunities
Regional Parks

Metropolitan Parks

(Harrow Green Grid 2012 hey are:

=2 =2 =8 -4 -9 _-9_-9_-9

Access to open spaces
Access to nature
Managing flood risk
Making connections
Distinctive destinations
Healthy communities
Productive landscape
Skills and training
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Figure 34: The main aims and objectives of AL@®rrow Green Grid 2012)

The gren and blue structure will combinedly help to absorb the excess water,
lower down the temperature and improve the environment quality. Specifying
spaces for flora and fauna will help to develop urban ecology. It will also promote
recreational and leisuradilities. Improved network system will also encourage
people for walking, running, and cycling. Improving landscape hierarchy and her-
itage will also support the local economy.

63. Eur ope: Reopening waterways i

The city of Oslo is shaped by its urban waterways. There are 10 main waterways
in the builtup areas including its rivers and stregi@slo Reopening Waterways
2017) These waterwayshowing inFigure 35, provideopportunities for flood

control measures, recreational facilities, ecosystem services, provide habitat for
wildlife etc (European Environmentgency. 2016)
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Main river

Open
Closed
Small stream/tributary
Open
Closed
Reopening projects
@® Implemented
(=) On-going
® Longterm

Figure 35: Oslo plan for reopening waterway®slo Reopening Waterwap917)

Due to climate changextreme increas@ rainfall caused floothg. To manage
this flooding issue Oslo decided to open these waterways again. This reopening
projectaimed to keep it as natural as possible. The use of native plants and
aquatic plants helped to develop sustainable solutions. The ecosystem service im-
proved within the cityThe ratural cleaning system has improved to control pollu-
tion (Figure36) (European Environment Agency. 2018he maimaim (Oslo Re-
opening Waterway2017)of reopening these waterway®ar

1 Reduce the flood risk

1 Increase biodiversity

1 Improve water quality

1 Benefit public health

9 Add recreational values

Figure 36: Streetscape and raingarden in Jaktgatan/ Lovangsgatan, Norra Djurgardsstaden,
StockholmSweder{Reopening waterways 2015)
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64 Eur ope: Raingarden to manage
street i n Stockhol m, Sweden

Jaktgatan and Lovangsgataain road of 25 meters contain 6.5 meterthef
asymmetric green path. This green path helps to manage stormwater. It also helps
to contributeto cars to drive safg. Different types of trees, shrubadtall peren-
nialshelpto benefit biodiversity, improve ecological values as well as provide so-
cial and visual valu€LILA 2021). Wooden platforms anskatingocated on the

green path addealplayful environment to the streetscape. This plagfuliron-

ment encouraged the people to walk, lead a healthy living, and enjoy the greenery
(Figure37).

Figure 37: Streetscape and raingarden in Jaktgatan/ Lovangsgatan, Norra Djurgardsstaden,
Stockholm, SwedghILA 2021)

65.Eur oR&i:ngarden to manage stor
street I n Va&axj©°, Sweden

Improving the social quality of a welllesigned streetscape will promote street
ecological functions, sustainable use of stormwater. The sunny side of the street in
Vaxjo, shops & squares closette street, green areas with chiidendly & so-

cial gathering spaces, walkable siflawing, unbroken flow for pedestrians

across the fagnhoving street is very efficient for commuting. Experts from differ-

ent fields and specific tree selection also impbthe ecologyit also provides

shelter for insects and other halstddifferent vegetation, flower plants, perenni-

als also help teatch surface runoff and stormwaterm the street and pedestrian
(Figure38). These altogether createdwban playful environmerfAFRY 2021)
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Figure 38: Streetscape in VaxjAFRY 2021)

6.6. Asi a: eClcihmantge a dHaop tCahtii avii nihn
Ci{iHCMC), Vietnam

The Ho Chi MinhCity (HCMC) is located in Vietnam at the edgetioé Saigon
river delta and Donthe Nai river. HCMC cityhas ahuge diversity in nature
starting fromthe north dominated by cultivaig rural landscape to the south with
mangrove forest, rivers, and canals.

The builtup area of HCMC has grown almost double within the last decade.
The city also rpanded towards the flood risk zone along the coastal side. One
third of the city is already situatealthe flood risk zone. If urbanization keeps
growing like this without taking proper measures, thentiwa of the city will
suffer the effect of flooitg regularly(Dutch water sector 201.3yigure39 show-
ing how climate change has affected the city mdstey are as follows:

Raise of temperature

Raise of sea level

Decreased sedimentation

Irregular river discharge

Increases precipitation pks

Heat island effect

Inadequate drainage to tackle the frequent flooding
Increases storm surges

A -—a-_a-a_a_-9_-9_-°

These are the reasons to take proper measures or stré@miascting Delta
Cities 2013)
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increased precipitation peaks
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l discharge through city
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of fresh water

Figure 39: Climate change impact for Ho Chi Minh Ciputch water sector 2013)

To reduce these climate change impacts HCMC has formwatedate
charge adaptation strategy in 20(Butch water sector 2013) he strategies as
follows:

1. Design strategies to accommodate the increased populatiauality of
living.

2. Take proper flood protection measures at different levels.

3. Increase water catchment and drainage capacity to avoid local flooding
due to stormwateftfooding.

4. Take measures to redutte salinization problem.

5. Propose and creagadifferent creative solution to reuse groundwater.

6. Create a breathing space to redtsaurban heat island effect and make
strategies to improvimne urban blue and green network.

Climate change adaptation in sogiconomic development is the central aim
of HCMC. The project aims to solve the overall seecmnomic condition along-
side planning properly in developing sector wise planning including land use,
transportation, water management, waste management, health, agriculture
etc(Linh & Quan 2019)

Dueto lack of minimum integration efforts the project faces huge design chal-
lenges at the time of implementation. This project also faces problem in decision
making, governance, distribution of proper finaficeh & Quan 2019)Limited
capacity to executarge scale project is one of the reasons behind these limita-
tions.

The project also fails to estimate proper growth of population and immigrants.
The expansion of city and the project planning fails to match the reality. Thus, the
project faces design allenges in land acquisition and resettlement.
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The local inhabitants were not comfortable to hand over their [&inus &
Quan 2019)They were more interestéa improvingtheir own houses with com-
munity facilities and open public spaces with theha#lfunding and other finan-
cial supportbut this approach is disregarded by the government. Government
wanted tcevictthem and invest more nealestatedevelopmento attract the for-
eignergSeo et al. 2021Pue to lack of public participatioand ceoperation,
lack of communication with the local stakeholders, HCMC made several efforts
for instance, a new division on land compensation, resettlement compensation etc
(Linh & Quan 2019) Thisreflects the gap between the approach of the local com-
munity andgovernmentegarding slum developmefthe ownership of land due
to different ircome level, dividing the community mainly into two groups
solve this issuboth the housing righter theslumdwellersandthe comprehen-
sive urban developmerd requiredSeo et al. 2021)

6.7.Asi a: Saigon infor mal resett |
et nam

Theinformal settlement project is around 2.4 laeet and located in Ho Chi

Minh City, Vietnam. This informal settlement area is surrounded by canals and
highways(Ton Vu 2011) The urban planners and designers tried to redesign the
informal area and also tried to benefit the economic lifestyle of the informal
dwellers as well.

To benefit the informal dwellers economically mixesked @sign proposaki
formulated. Commercial and residential mixggkbdesign is proposed to boost up
the economic condition of the informal dwell¢Fsgure40). This design proposal
three main activity zonés

1. Formally arranged street commercial facilities.
2. Informal markets beside laneways
3. Recreational facilities.

The proposed houses are designed in such a way that they are flexible and ex-
pandable due thigh population density and economic affordability. Common
open spaces are designed for common purposes. The main aim of the project is to
enrich cultual values and benefit the lowercome people economically.
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Figure 40: Reselement of informal housinig Ho Chi Minh City, VietnaniTon Vu 2011)
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7. Res WFlitn:d iGu g sl esl 1aeds t
pl amo drsaknet c h

This chaptewill represent thenainfindings of the study areguidelinesand the
final desigred masterplaprogramsketchbasedBased on theollected data, ana-
lysing andfindingsthe guidelinesare developetbr the visionarymasterplarpro-
gramsketchfor the study arealrhemasterplarsuggests a sustainable conceptu-
ally desigred progransketchby integratinggreen and blue structure considering
the main thre¢ghematicaspects of this thesis paper., urban ecologysolving the
stormwaer flooding issue duringherainy season &onsidemg social& eco-
nomicwell-beingfor the informal dwellers tthe overall living condition of
Dhakacity.

Literate review, background analysisle models with different pabf the
world and different context worked as a base in formulatingtigelinesand the
final masterplan prograrsketch The analysis from the online survey question-
naire in Dhaka city helped to understand local pedgindexperts opinions.

This survey helped the local people to share their experieribe efifferings dur-

ing stormwateflooding. Their suggestions and demands helpecduce the ef-

fects of stormwateflooding and increase greenery motivationgdomulate the

result. The analysis from GIS helped to understand the existing condition and sur-
rounding of the citylt later helped to formulate the SWOT analysis of the study
area later in this section.

71. Mai n f iotdhisehgsly ar ea

Unplanned development, population increase are the main reastmslésss of
urban ecologyndstormwateiflooding arethe two aspects of this thesis paper
From the background analysis, literature review and GIS analysis this thesis came
to know that oe of the main reasons for population increase is the migration of
rural people every year in search of work and other better opportumhiegs.

start living in the informal settlement area. The study area consatewid
59,516inhabitants and almo48,067household (Hasan & Mollah 2017)in

every areathe number is increasinghe diagram irFigure41l, shortly reflects
thereasorfor theincreased population in Dhaka cifijhat is why the third aspect
of the aims and objectives derived to improving social and economic cosdition
living for the informal dwellers through tlgaiidelinesand desigad masterplan
proposal.
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Figure 41: Diagram reflects the reasdor theincreased population in Dhaka cjtshe diagram is
produced by the autho

Through theanalysisthis thesis came up with two differanterpretations othe-

ories fortheloss of greenery and stormwatkroding in the study arealhe basic
theory the author came wpth through analysis is that the study area is the cen-
tral area in Dhakaity. The land of the study area is slightly levelled up from the
surrounding land area. The first theory is the basic reason for this levelled up due
to landfilling and levelled up of lands for urban construction causesifigau

lower parts due to laotf water catchment ar€gigure42).

Due to landfilling and levelled up of lands for urban construction
causes flood in other lower parts due to lack of water catchment

Figure 42 Section showing unplanned urbanization atarnmwaterflooding the sections are
produced by the author
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The second theory is though some parts are levelled up, some parts are not that
much levelled up due to landfill and unplanned development of ite otthe
waterbody, water level rises during excessive rainfadjyre43).

Landfill of the waterbody, loss of greenery and unplanned urban
development

Due to landfill and unplanned urban development of the raise
waterbody water level rises during heavy rainfall.

Figure 43: Section showing loss of greenerndanaterbody one of the main causes of loksre
ban ecology and stormwat#iooding the sections are produced by the author

Both these two theories can be noticed within the selected study area. There is a
scope for providing solutions to this probldamaheory.The study area previ-
ously had a connected waterbody and a lot of gredRré&yure3, Figure4). The
connectivitywaslost due to population increase and unplanned development.
From the GlSanalysis and the background analy8is trace of connectivity is
still there andhe scope to reconnect the greenery and waaely is still possible
(Figure25, Figure29 & Figure30), which made the author select tetsdyarea.
All the threebasicaspects of the thesssms & objectives and proposed research
guestions will be hopefully answered in thésultsection.

Another reason for selecting this arethishugepiece ofland oftheold air-
port inthe Tejgaon area. This airport is no longer functioSametimes this area
is used for training purposes by BAF. Various competition projects are arranged
at various tines by reknown organizations to utilize this huge space to make the
area more functional with enough public accessibilityus,ahuge piece of land
can be utilised to increase greendtyblic access and activity will serve several
purposes and also cghement the aims and objectives of the thesis.

Figure6 reflects the site surroundings of the study area. Due to the surrounding
settlements of the infamal dwellers, the opportunity arises to work for
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resettlements and provide the scope for fulfilling all the three aspects of the thesis
through proposing overall guidelines and the masterplan pregkatah.

7.2. SWOT analysi s

The performedmethodologyin the thesidead b aSWOT analysis.The physical
environment of the study areaasalysé considering strength, weakneeppor-
tunity, and threat. This SWOT analysiss usedo formulatethe basiguidelines
and todesigna masterplarior the overall blue and green structure to achieve the
aims and objectives of thikesispaper. These four categories of SWOT analysis
of the study arearespecified belown Table6.

Table6: SWOT analysisf the study area, the table is produced by the author.

Strength WEEVGQERS

U Narrow and unplanned roads
in the informal settlement ar-

eas
U Existingstreet®etwork condi- U Unplanned informal settle-
tion ments
U Existing surrounding conditior U Poor living environment
specially waterbody and gree
ery
U Manpower(workforce) U Lack of education level aware
ness within the informal dwell
ers
U Possibility for furthedevelop- U Settlements at the edge of the
ment lake
U Utilize the big chunk of open U No recreational facilities
landfor peoples physical,
psycological and social wellbe
ing
U Existing community facilities U Water pollution and lack of

properwaste management
U Stomwaterflooding
U Inadequate drainage capacity

Opportunities Threats

U Possiblitiedo recreat water- U Funding issues
body connectivity
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U Possibility toprovide solutions U Political issues
for manage stormwater

U Possibility toincrease greener U Corruptions
within the city

U Possibility toimprove urban U Unplanned population increas
ecology and biodiversity

U Possibilitiesfor biodiversity by U Lack of management and

providing habitat for species maintenance

U Possibilitiesfor improving the U Lack of knowledge and aware
living condition for the infor- ness
mal settlers

U Possibilitiesfor improvingthe U Crime, illegal toll, unsafety

social and economic aspect

U Possibilitiesfor introducing
sustainale municipal technica
infrastructure

U Possibilitiesto slow downcli-
mate change

U Possibilitiesfor creating recre-
ational facilities

This SWOT analysis is formulated based on the literature reyiemlinesur-
vey questionnairand GIS analysis.

73. Gui del i nes

Theguidelinesareinspiredby the Fredrick lawOlmsted s ¢ canddPatnck
Geddes theory. Kin findingsand analysis from performing the methodology also
act as a base in forming the guidelinBseseguidelinesn this section are based
onthethreethematicaspects on which the main aim and objectives of this thesis
paper are based. Otfeematic aspeds for developing urban ecologyndgreen-
ery, the second stratetfyematic aspecs for stormwatemanagement and the
lastthematic aspeas for formulated to achieve the social and economic benefit
through proposing the overall green and blue structums.overall green and
blue structure will help to lean a betterquality of life anda bettemore civi-
lizedfuture.

The guidelines are explained with symbols that represents the three aspects of
the masterplan prograsketch; urban ecology and greenery, stormwater manage-
ment and social economic development.
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Social and
Urban ecology stormwater economic
logging issue
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\\

Better quality of
living for both
human and nature

Figure 44: The diagram reflects thkasicthree thematic aspects theaim and objective of this
thesispaper, the diagram is produced by the author

The diagram irFigure44 reflects the basithree thematic aspeats this thesis

paper have concentrated and the base of these guidelines are formed upon on the
main findings. Her¢hegreen colour stands for urbacoébogy and greeneryhe

blue colourstands fostormwaterflooding andtheyellow colour stands fam-
provingsocialandeconomic aspect.

731.Gui def bnes mprrioavn neggc aul ogy and gr ee

As mertioned in the introduction section the capital city Dhaka was planned
properly with greenery and parésring the Mughal perio(Mukti 2006) But
over ashorttime period most of thegreenerywas lost, and the urban ecology is
disrupted by manyniortunate reasonsltilizing this huge land area theold
airport isconsidereds acentrepoint in Dhaka city to re@stablish the greenery.

The guidelines reflect the seven 0SO0
Patrick Geddes theories. The diagrankigure47 show how the formulated
guidelines expected to provide various

seven 6S6 concepts.

To re-establish the greenery aimdprove urban ecology certaguidelines
mustbe adpted (Figure45) they are discussed in the following subsections be-
low.
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Protect the existing Parks along the Parks Street trees Roof garden
canal side

Climbers and Aquatic plants Utilize negative spaces  Proper tree selection Detention and Raise awareness

vertical infiltration
gardening

Figure 45: Guidelinesymbolgor improving urban ecology and greegethe illustration is pro-
duced by the author

Protect the existing

Many greeneriefiave been lost from the city due to lack of knowledge and un-
planneddevelopmentFrom the GIS analysishe missing links of water bodies
were identified.This thesigroposal is tae-establishinghe lost connectivity of
greenery and waterbodly the thesis project ared he existing waterbody in Ba-
nanilakeand the open landf theold airportmust bereconneatd This step can
become the first step towards redeveloping the connectivity of nattire whole
city of Dhaka Following this planning stragyfurtherdevelopnentand reestab-
lish the connectivity in other pant&in happems well. This strategy willesult in
an improved urban ecology and increshseban greenenburing the onlinesur-
vey questionnaire90% of the expertheyalsosuggested that protecting the ex-
isting waterbodies and greenery catartsolving the issueThis strategy is also
inspiredby one of the role models from London, Europe. Theimtegesinspired
this thesido formulate protedn for the existinggreeninfrastructure

Parks along the canal side

Abandoned land like the old airport combined with additional watedies, ca-
nalsandlakes can become the fundamental asset to create recreationarmhrks
public areasncluding design foscenic beautyCombined it will createraoverall
green and blue structute benefit the ecology of the city. It will tigate the ise

in temperatee and reduce the urban hesandeffect. From thditeraturereview
chapterthis thesis paper tried to address the possible benefits that can be
achieved througthe greeneryAn interconnecteaetwork of green and blue
structures alongwith the parksandwater bodywill provide the opportunity to es-
tablish an ecdriendly environment. This green and blue structural network will
promote wildlifeand functioras a ecologicalcorridor. This will add recreational
valuef or p wdlleinge 6 s

Increase greenery on roads and pedestrigaths

Due lack of open space in Dhaka city roads and pedegtiésmcan be utilized
and designed fanoregreenery. From the media intervi&abiul Islamwho is a
young architeciandscape designer and enviromtadist suggested that
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planting trees are important for the pedestrian walkers to provide shades. Trees
with high tolerance level and water absorbed plants should be selected for lower
maintenance and controver stormwateiflooding on streetsHe also sggested

that evergreen plants should be introduced to provide shelter for other spe-
cies(Datta & Ahmen2018) During the onlinesurvey questionnair&0% of the
experts also suggeststieet treeslrees with high tolerance levelater absorb-

ing plantsandevergreen plants lists are attached in the Appendix A, Table
Al section. Role models fro&tockholm and Vaxjé from Sweden also in-
spired how roads and pedestrigaiths can be designed to achievere
greenerythat holds and clean stormwater

Roof garden

The community has a demand and a desire to estdigitdrconnecectivity for
nature. Buunfortunately, the city onlpasless than 14.59%Byomkesh et al.
2012)of greeneryaccording to a study of 2012atk of space madevery diffi-
cult to create open landsr parks and other plantatiariBuring the onlinesurvey
questionnairall the experts also suggestg@en roofsln an informal interview
with Mustaque Quadryhedid suggest that green roofs can bal@rnative solu-
tion for increasinggreeneryBut in that casgoroper tree selection is one major
thing that should be considerad we have seasonal stdinom April to May
which is c¢ahli &thi inKalob @ FRrongthetonliresarveg e hazar d:
guestionnairgall the experts also agreed that introducongf gardes can be one
of the solutions to increase greengryhe city.

Introduce vertical gardening and climbers

Vertical gardening, lombers can béhe strategy to increase greenery in the
city. It will benefit urban ecologyDuring the onlinesurveyquestionnairé&0%

of the experts also suggested vertical gardening and climhbeise zoom inter-

view, Mustaque Quadry suggested that new wayguafelinesand designs

should be introduced such as vertical gardening and climbers due to lack of space
for planting treesAccording to himvertical climbers can be used as a fence and
onbridges and flyoverfkabiul Islamsuggestedrom his own working experi-
encethat instead of plants with growing branches vertical growing plants should
be used to avoid obstacles and for lower mainten@data & Ahmen 2018)

Utilize negative spaces

Due totherapid growth ofurbanization antack of holisticplanning many un-
usedimpedimentr negativespaces are created. Thesgativespaces can be
utilized through plantation not only to improve ecology or greenery buta@lso
addaesthetiovalue.During the onlinesurveyquestionnaire70% of the experts
agreed on utilizing negative spacbhsthe zoom interviewMustaque Quadry
suggested that the first thing is to do is to allocate a defined space for trees only.
The negative spaces can be utilifedplantation. Utilizing trees for plastar
otherdecoratios should though be forbidden sincénésno function to servéor
improving urban ecology.
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Introduce aquatic plants

Aquatic plants are not oftédoundin big cities like DhakaAquatic plants can be
beneficial todevelop urban ecologyDuring the onlinesurveyquestionnaire80%
of the experts also suggested aquatic plants for better urban eddleggque
Quadry also suggested that aquatic plamthe water bodiesouldimprove the
ecological balance within the city.

Proper treeselection

The literdurereview showedhe importancéo identify appropriatéree selec-

tions and themportarcefor aesthetis. In Dhaka citythe space provided for tree
plantation is not enough. Right trees are not placdderight place. This topic

was discussed in thigerature chapter. Mustaque Quadry shared his work experi-
enceand supported the important of tree selection for biological function and aes-
thetic appearanc&he tree inventory was done duriting literature reviewandis
attached in thé&ppendixA sectonunder Table A1Theguidelinescan beof

great support tochoose to improve greenery withtive plans and als@xotic
plantsthatbenefiturbanecology.

Parks forddaying and infiltration

The green infrastructural network can be designed flayohe and infiltrationof
stormwater. Théntegraation of green structure and treeplantation with storm-
waterplanning isavery importansystemicapproach to manage urban areas. It
will contribute to physiologicalkocial,andeconomiowvellbeing Theliteraturere-
view, clearly shows thagreeneriesmprove the environmental qualigndaes-
theticsin urban environments

Raise awareness

The geation of environmental awareness among the common people is necessary
andencouragsthem to take part in takingare of the environmenin the online
surveyquestionnairealmost 20%of local inhabitants an80% of experts agreed

the lack ofknowledges one of the reasons for ecological disbalaBeeiron-

mental protection can be achieygdtakingnecessary measures to make people
aware of the consequences of environmental degradaticareness can be
raisedusing symbolic language complemented with téxtsughadvertisements
newspaper articg campaignsdrama etc. seminars and workshops dsm lae ar-
ranged to raise awareness.
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Figure 46: Overall guidelinesfor improving urban ecology and greengtlye legend of this map i
describedn Figure 45.The illustration is produced by the author
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