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Editor's Note

In recent years, there has been a need to make buildings able to withstand natural and
manmade disasters and disturbances as well as long term changes in the surrounding
environment resulting from climate change effects. Further, there is starting to be
researchedand practice initiatives to understand the dynamics of changes in the
environment in this respect. This effort is not only focused onto natural disasters due to
climate change, buto other significant and unforeseen areas such as quality of life,
indoor and outdoor environments, energy use, health anebeiell) of people due to

built environments and environmental and social cultural sustainability of the
buildings.

Resilient built environments are the appropriately and intentionally design spaces,
neighborhoods, cities and communities in order to address and chalengegative
effects of disturbances. However, with building owners, occupiers and designers
constantly trying to meet project timelines and goals to deliver maximum profits and
short term benefits, resilience of built environmerstdeast concerned. Therefore,
designing the future resilient buignvironments, protectingccupants and users, our
cities and neighborhoods is a question to address and investigate.

FARU (Faculty of Architecture Research Unit) has been bringing together academics,
students and professionals to share research outcome and knowledge in this regard.
This year 6idingtthe dutuee| susiahable and resilie@nvironments ,
focuses on mukdimensional responsibilities of the designers of built environment and
allied professionals. This conference is focused on discussing the need to make our
living indoors and outdoors resilient to negative effects of human activitiesaha
disasters including warming climates. The presentation of refereed papers is organized
around several sub topics involving urban environments, energy sustainability and
human comfort, design technology, materiality, economizing space, knowledge and
education on current practices, and historic environments and practices.

In the process obuilding the futureof built environments, we should have the
appropriate attitude and courage to start thinking needs of people and response to them
throughinnovative and sustainable design and economic solutions. Research will help
in this way to a greater extend more meaningfully. Finally, we will be able to
discourage all inappropriate attitudes and be free to design the future environments
more sustaindb and resilient.

It is glad to mention that all the conference papers went through a rigorous double
blind peer review process. | acknowledge the hard work done by our national and
international reviewers, and authors who revised their papers after addressing
valuable commants given by reviewers present at the conference.

Dr. Upendra Rajapaksha

Director, Faculty of Architecture Research Unit
Faculty of Architecture

University of Moratuwa

Sri Lanka
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KEYNOTE ADDRESS 1

URBAN FORM AND ENVIRONMENTAL PERFORMANCE

PROFESSOR KOEMSTEEMERS
Department of Architecture, University of Cambrigd g

1. Introduction

Thi s paper demonstrates t he 6system
environmental researthThe work reveals the importance of an approach that
crosses boundaries: i) afcales from city wide to individual buildings and
people, ii) from fundamental technical research to more sociological and
behavioural research, and iii) from theoretical studies to design and practice.
Systems thinking provides a useful foil to discusdremmental urban research

and | will refer to it as a framework for such investigations. After briefly
introducing systems thinking, the paper is divided in to three parts to explore
urban form that draw on current and recent research findings:

1. Simplified design rules: density and energy
2. Technigues: urban performance and comfort
3. Integrated modelling: urban futures and energy

2. Systems thinking

Systems thinkingis an approach that is particularly suitable for urban research.
This is because it is used taldiess complex and uncertain real world
problems, and it recognises that the world is a set of highly interconnected
technical and social entities. These are characteristics of cities.

The purpose of systems thinking is to identify effective action bkity at
connected wholes rather than separate parts, to identify interrelationships rather
than things, and seeing patterns rather than static snapshots. These are all
concerns with regard to urban environmental performance, where interactions

! This paper is based on an oral presentation first delivered Stigtainable Built
Environment (SBE) ConferengeZurich, 2016.

Source: Open University Definition of Systems Thinking and International Council on
Systems Engineering,
http://incoseonline.org.uk/Normal_Files/Whatls/Systems_Thinking.aspx?CatID=What
_Is_SE(accessed 26 Aug 2016).
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between for example urban form (e.g. density) and performance (e.g. energy
demand) are complex, and where technical (e.g. environmental systems) and
human concerns (e.g. comfort and wellbeing) interconnect. A systematic
approach is characteed by, on the one hand, uncertainty, complexity and
diversity, and on the other hand, it requires a combination of quantitative and
qualitative analysis.

The aim here is to demonstrate the value of systems thinking as a framework
for the analysis ofurban performance, drawing on recent research and its
relationship to practice. It explores the role of simplified design strategies, the
development of modelling techniques, and concludes with more comprehensive
integrated analysis.

Disciplines

Planning, engineering,
architecture, sociology,
ec

ology

Figure 1: Diagrammatic representation of systems thinking.

1 Simplified design rules: density and energy

The reason for considering simplified design strategies is because when
collaborating with architectural practices, the aim is it to communicate key
mesages in a clear and coherent way. In order to integrate environmental
performance in to the wider complex challenges of designing urban
neighbourhoods, the guidance needs to be simple enough as well as robust.

The more accessible the rules, the more likely they are to have an impact on
design. For example, key rulesfor sustainable urban planningare considered to
be: i) high density, ii) mixed used and iii) polycentric development. The
reasons include that peeptan live near to facilities (such as shops, offices,
leisure) so they do not need to travel far. Furthermore, people can more easily
walk to public transport nodes to reduce the reliance on private vehicles.
Finally, polycentric development means thatelepments can be linked
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efficiently with mass transport, and new nodes can be added. Combined with

high local densities, such transport can be more accessible and efficiently
provided to large numbers of people.

Such strategies are derived from studies on density and transport energy, most
notably findings by Newman and Kenworthy published in £9%3gure 2

below is a familiar graph to many, showing transport energy as a function of
urban density, suggestingaththere is a link whereby high density equates to
low energy, and low density cities use more energy for transport.

Transport-related energy consumption
Gigajoules per capita per year

804
l’Houslon
70 @ phoenix
@ A
L Detroit Urban density and
Denver
60 transport-related
® Los Angeles energy consumption
.0 San Francisco
). Boston
50 (] Washington Source: Newman et Kenworthy, 1989;
@ Chicago Atlas Environnement du Monde Diplomatique, 2007
® New York
40
Pen: Toronto
564 ® \ Brisbane ® North American cities
Melbourne Australian cities
Sydney 4
European cities
Hamburg
Stockholm Asian cities
204 Frankfurt
Zurich
& Brussels
Paris N -
London ™ Munich
10 7 \</\/_est Berlin
-|Copenhagen ienna
Amsterdam e
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Moscow B
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Rebroduced with permission of UNEP/GRID-Arendal Inhabitants per hectare

Figure 2: Urban density and transpertlated energy consumption (Source: Newman
and Kenworthy, 1989; A UBuide to Carbon Neutrality Published: 2008)

The apparentlhgsimple rule, that high density cities are more energy efficient,

has been repeated often but a closer look at related data suggests that an equally
powerful causal relationship may lie elsewheFégure 3 reveals that an
increasing density is correlated with lower income. Thus, low density cities are
associated with high income nations where private car use is high.

*Newman P.W.G. and KenworthyJ.R.(1988@s and Automobile Dependence: An
International SourceboglGower, Aldershot, UK.
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Figure 3: Urban density angrosperity.

Will increasing income result in more energy use or can limiting urban sprawl,
and thereby increasing density, result in less per capita energy consumption?
Will increasing the density of a city reduce energy use or increase it? Transport
studes in the US have suggested that doubling the density (i.e. by 200%) can
reduce car use by up to 289 his seems low, particularly as it means that the
overall car use of the denser city could still rise by ca. 180% (i.e. 2Q0%).

It is certainly les than for example using Figure 2 to compare San Francisco
with a city like London, at double the density, showing-@al8 reduction in
transport energy use.

Nevertheless, from a top down aggregate level we can see that there is an
indirect inverse cortation (if not a causal relationship) between density and
energy use. How does this compliment a more botipmerspective related to
individual behaviour and choice regarding mobility. Figure 4 below shows a
simple relationship between distance travceed time taking with respect to a
number of transport modes (walking, local bus or tram, cycling, car or local
train).

‘Ewing R.and Cerver6R 6 H A Mn 0 ® WE NI OSE | R/ o deAafAlE QS &

Journal of the American Planning Associatits(3): 26§294.
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Figure 4: Time versus distance travelled for different modésn$port (walking,
bus/tram, cycling, car, train).

This representation suggests thataranking of the fastest options:walking (for 3
500m), cycling (up to 3km), car {B0km) and train (over 10km). The precise
figures are affected by the frequency, quakityd other characteristics of
transport. Nevertheless, the graphic suggests that walking can start
immediately, whereas cycling might require a few minutes extra to retrieve the
bicycle and put on cycling clothes. With a car one might expect a further delay
of a minute or two to retrieve the car from the garagdcel¢he windscreens,

and leave the neighbourhoddby which time the walker and cyclist will
already be some 500 meters en route. In this scenario, a car would overtake the
cyclist after 3km but wuld be overtaken by a train after 10km.

From such simplistic propositions comes the notion that the distance from the
home to local amenities and transport hubs should be no more than 500m in
order to encourage walking. This rule of thumb, depictedgarE 5 (left), has

been widely applied in urban planning.

500m max.

Local amenities
(shops, school, transport)

Public transport and
pedestrian streets

w— ROBdS

—— Cydle and footpaths

Figure 5: Diagrammatic representation of maximum extent of walkable
neighbourhoods (left) and the conglomeration of neighbourhoods (right).
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The circular diagramepresents an urban area of about 80 hectares, but reveals
nothing about the appropriate population density, which would typically equate
to approximately 1,200 inhabitants for US cities, 4,000 inhabitants for
European cities and 28,000 for Hong Kong. Tpetential economic
effectiveness would be greatest for higher densities.Larger urban developments
can be created by the agglomeration of such neighbourtiogaddycentric
development (Figure 5, right). In order to encourage walking, cycling and
public trarsport, the shortest pleasant routes (e.g. via green links) are reserved
for these modes, whilst car journeys are more indirect and a less attractive
option.

Such simplified diagrams have been used to plan a number of urban
developments, including thosepieted in Figure 6, showing the power of such
strategic ideas.

Lu Jia Zui

Plan lllustrating how Lu Jia Zui will become the Nucleus for Pu Dong

Figure 6: Strategic design for the Solar City in Linz, Austria (top left and right) and
urban proposals for Shanghai (bottom) by Richard Rogers Partnership.
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To inform urban design we need to translate complex and systematic analysis
of urban environments in to simple and robust rules of thumb. The issues that
are raised regarding the examples of simplistic rules outlined above are:

I.  They are too simplistic to be robust, but simplistic enough to be
influential.
ii.  There is insufficient evidence that high density equates to low
(building and transport) energy demand.
iii. Systems thinking and tools need to be used to model more complex
scenams in order to support the rules, to apply them only where
appropriate, to change them, or to reject them.

The next section of the paper briefly describes research related to the
development of techniques that help to answer the kind of concerns outlined
above.

I Techniques to assess urban performance

Cities are complex, as exemplified by the geometry of their built form. This
raises a concern about whether simplified rules can represent such complexity
and suggests that techniques are required to validene in this section | will

be addressing the following questions to demonstrate my point:

i. Isthe modelling of simplified urban geometries good enough?
ii.  What are the implications of complex morphologies?
iii.  What techniques are there to assess real, comgtex orms?

In order to reduce the mathematical complexity, urban analysis typically uses
simplified urban arrays This is valuable in testing the modelling techniques
themselves and saves modelling time, but may not be representative of real
urban formand performance. An example of the evolution of simplified
analysis of urban form has been carried out to look at various aspects of urban
performanc® Figure 7 shows urban arrays ranging from uniform spacing and
uniform heights, to random spacing anddam heights, whilst keeping either

site coverage or density constant.

®Martin L. and March L. (eds) (197@yban Form and Structure€ambridge

University Press.

®Cheng V.,Steemers K., MontavonM. and Cm3y 2y w® O H AN Cc O ®Y! ND |y
FyR {2t NBrdlaticyf.loh Pags@Sand Low Energy ArchitedBereva,
Switzerland, 8 September, 707 06.
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Figure 7: Examples of uniform and random urban configurations used to study the
effect on environmental performance (SC = site coverage, PR = plot ratiooorarea
ratio (FAR)).

The sky view factor (SVF) is a useful indicator of the heat exchange between
the city and the sky (and is often used to assess the heat islant affdcilso
indicates the daylight availability in the city both important in érms of
determining energy use. It is thus a useful strategic indicator.

Plot Ratio, Site Coverage and Sky View Factor

4
3
x
4
4
Sky View Factor
°
I
5

']
°
2
&

144 360 720
Low Density « Plot Ratio » High Density

Obstructe

Figure 8: Comparing density and SVF for urban arrays (Cheng, Steemers2606),

The analysis, depicted in Figure 8, shows that an urban form with variable
heights and spacing, at a high density (FAR=7.2), achieves the same sky view
factor (SVF=0.3) as a regular array at ifth of the density (FAR=1.44).

This is significant: a redar urban form can have the same SVF as one that is
five times as dense.

h1Sz ¢ 6mpymoud W/ Lyezy 3IS2YSGNE |yR (KS
scalemodée FyR FTASER £P54. A 2
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Analysis of daylight availability and solar photovoltaic energy potential reveals
similar trends:

I.  Urban diversity at a high density (FAR2] achieves higher daylight
availability than a regular array at half the density (FAR=3.6), and
¢.50% more than at the same density.

i.  Urban diversity achieves a 25% increase in PV solar potential for low
site coverage and density, and twice the solar patéar high density
and site coverage.

Two key conclusions can be drawn from this study: First, increasing density
can reduce urban performance, in contrast to the Newman and Kenworthy
study of transport energy. Second, complexity in urban form is a key
determinant of environmental performance. It is clear that regular urban arrays
are not representative of the more complex forms of real cities and therefore
using simplified urban form can be highly misleading. It is nevertheless valid
to use simple form to test models, but it is important to recognise that the
outcomes will not be representative of real cities.

The rules of thumb that emerge from this are more nuanced than simply
assuming that urban density is a sustainable option:

i. Itis advantageou® vary the spacing between buildings, in response to
for example the creation of different street hierarchies, urban squares
and green spaces. This can be used to support social and commercial
activities whilst avoiding the monotony of regular grids.

ii. Low site coverage is preferable, and is useful to create more useable
urban spaces between buildings. This is particularly important in high
density cities where access to open space for people is even more
important.

iii.  Vertical variation in height has environmal benefits and can also be
used to create change in density across a city. Thus the highest
densities could be used to reflect the location of transport nodes,
neighbourhood centres or commercial land value.

It is worth noting that many cities have sucharacteristics of variability,
though rarely associated with enviror
variation in urban form and the implications for solar access, one can
immediately see that dense parts of the city have less access to soutight
these are intermingled with lower densities where solar access is more
available. Figure 9 shows the results of solar analysis as a function of urban
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form®, showing the variation in performance but also the tendency gbr hi
density areas to be less amenable for solar design whereas the less dense
suburbs typically have good access.

Predicted
solar radiation on roofs
(Wh/m2)

LSOA Gr. London
predictedAreaSolRad

Figure 9:
The distribution of solar
radiation on roofs as a
R function of simple urban
[ 969577.90 - 976513.68 form descriptors (H/W,
: e s Vs v islometers orientation, density, etc.).
Source: Sarralde et al, 2015

>z

This kind of analysis reveals that, depending on the density and the location,
the enegy strategy should vary. In a high density area, solar is less effective
than in a less dense neighbourhood. Thus city centre renewable energy
strategies should favour centralised energy networks using CHP or deep
(vertical) ground source heat exchanghereas less dense areas can exploit
solar, wind or shallow (horizontal) heat exchange strategies more effectively.

By applying similar techniques to urban texture, and defining building plan
depth, orientation, obstruction levels and other relevant pasasneslated to
building energy use, it is possible to take complex forms and assess building
energy use This analysis reveals that, for offibgpe uses, increasing the
density will increase energy demand per square meter, as shown in figure 10.
For exanple, doubling the plot ratio from 2.00 to 4.00, and assuming a constant
50% glazing ratio, increases energy demand by approximately 25%.

8 NN} £ RS WOWDS vdAyy 50WdsS 2ASaYlIyy5d |y
Morphology: Scenarios for Increasing the Renewable Energy Potential of

bSAIKO 2 dzNK 2 2 Reiewabié Erfe@)y3R@nyacy Z1Q17.
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Figure 10: Energy demand for officesrelatedits ban densi ty. 60pti
refers to adjusting the glazing area of the fagade to minimise energy demand for
lighting, heating and cooling. Source: Ratti, Baker and Steemers, 2005.

This outcome contrasts with the overly simplistic interpretatictth@MNewman

and Kenworthy data, comparing San Francisco with London, that suggests
doubling the density will reduce transport energy to one fifth. However, it is
comparable in scale to the data that suggests a 20% détrBasent research

has demonstratethat for housing, doubling density has a relatively modest
effecti a reduction in energy demand of up to 8% summary, doubling
urban density can increase office energy demand by 25%, reduce domestic
energy demand by 10% and reduce transport enezgyand by 20%. The
overall energy benefit of increasing density would thus seem to be marginal,
contrary to the simplified rules we started with. As a result, other questions of
urban planning and design, relating to for example quality of life, livegbility
cultural or commercial performance, etc., can play a more important role. The
simple rules of thumb do not always hold true.

Y9gaya wod YR / SNIBSNE wd 06HAMADYW W& AN: SO
Journal of the American Planning Associatiof(3) 265,294.
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Similar research techniques referred to above have also been used to explore
the urban microclimate, upplemented with monitoring data and survey
guestionnaires. Of interest is the performance of the spaces in between
buildingsi related to wind, sun and temperatiireith respect to implications

for outdoor comfort as well as building energy demand.dingiudies suggest

that there are significant variations across urban spaseme areas are more
windy or more exposed to sun or retain their warmth (e.g. due to thermal mass
and a low SVF and thus low radiation of heat out to the night sky). Do these
variations over space and time affect the perception of thermal comfort or the
energy demand of buildings? It is well known that the Urban Heat Island (UHI)
effect in cities, correlated with the SVF, will impact on the thermal
performance for buildings (ndiy by increasing overheating risks and
increasing the demand for air conditioning). The work discussed here will
comment briefly on outdoor comfort.

For a cool climate or season one would conjecture that people would prefer
more sunny environments outtbe wind, whereas in a hot climate there would

be preference for shady and breezy conditions. This notion is confirmed by
Brown (1985) Sun, Wind and Ligitwher e t he 6desirab
environmentalparameters areelated to difference predominan climatic

conditions. Our work goes beyond that by asking subjects about their comfort
levels. A comparison of microclimate maps with measured data and user
surveys of almost 10,000 subjects in various European urban spaces revealed
some interestingutcome$’.

First, we were able to confirm that
microclimatic conditions. This leads us to hypothesis that users of urban spaces
have different preferences over time and space, and that they seek outtdifferen
thermal conditions in the space to suit their needs (e.g. those sitting still might
prefer some sun out of the wind, whilst those energetically moving about may
seek out shady and breezy locations). A lack of options a low level of
environmental digrsity i will result in fewer subjects expressing satisfaction.
This hypothesis was indeed found to be supported by the survey outcomes.
Correlations with environmental diversity were stronger than correlations with
any single physical variable such as pemature.

Brown G.Z. (1985%un, wind, antight.Architectural design strategiebnited
States: John Wiley and Sons Inc., New York, NY.

iSSYSNAE Yo Iy Rrbanlenwizoamentabdiversity and Kuma#
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Thus simple assumptions about optimum conditions are misleading. Diversity
is preferable. Systems thinking encourages us to look for the complex and
variable rather than the static, and this is pddity relevant in the
understanding of outdoor thermal comfort.

This work has been further extended by research that finds that variation in
urban formi in building heights and street widtliscan not only increase
environmental diversity but also imu® the conditions in certain climates. A
study of urban form and outdoor comfort in Dhdka warm humid climaté
reveals that traditional (irregular) urban areas are cooler and more comfortable
than their formal (regular) counterpafts Comparing measude data has
revealed an air temperaturereduction of on averagiC land a maximum
reduction of 6.2 in traditional areas, a mean radiant temperature reduction of
up to 18C, and a concomitant difference in perceived comfort.

The designh recommendatiotit flow from such analysis can be summarised
as follows:
i.  Use of urban form to promote environmental diversity.
i. Consider spatial and tempor al di v e
conditions.
iii. Maximise appropriate diversity (and desirability) with respect to
climate and seasons.

1 Integrated modelling: Urban futures and energy

This section aims to demonstrate a more integrated approach that follows the
principles of systems thinking. This involves having a clear objective (e.g. the
role of urban density with respt to environmental performance) in order to
identify the interconnected areas of research required (such as technological,
sociceconomic and demographic effects). The approach to this research can be
summarised as follows:

i.  Define future urban developmiescenarios.
ii.  Link socioeconomic, land use, transport and building modelling to test
scenarios over time.
iii. Identify the relative impact of urban, building and behaviour policy.

The research starts by identifying key urban form scenarios to test with respect
to the various criteria mentioned in point (ii.) above. Essentially three urban
planning scenarios are explored:

YW KENYAY ¢ {GSSYSNA Yo FyR al Gl FNF1A&! @
FYR 2dzi R22NJ (KSNY I BuildOBhWiran®NI34760S NOS LIG A 2 y &4 Q3
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i.  Compaction (restricting urban spceand increasing density of existing
developments).
ii.  Planned extensions (linear and corridor developments or new satellite
towns).
iii. Marketled development (unconstrained development).

The analysis is based on integrated s@tionomic and spatial modellinghe
modelling framework is explained in detail elsewherd@he focus for the
purpose of this paper is the supply and demand aspects of buildings and energy,
modelled as a function of the three future urban scenarios outlined above. The
building energy modeuses national building stock and energy consumption
data, combining bottorap physicsbased models with tegpown monitoring
energy data. The model shows very strong correlations with real data which

gives confidence in its robustness to explore variasgect¥. Figure 11
depicts the key results of domestic energy use related to density.

The first aspect to notice in the graph is that as density increases, the proportion
of apartments increases and the proportion of detached houses reduces.

A most significant finding is that the energy consumppen floor aredor the

current housing stock is constant, independent of density. Thus there is no
correlation between density and domestic energy use. However, the energy use
per dwellingdoes redoe as density increases. This is simply a function of the
fact that urban dwellings, such as apartments, tend to be smaller than suburban
detached houses. As a result, increasing density is only seen to be more energy
efficient because dwelling sizes aradler.

"9 OKSYAljdzS ads || NENBI FSa ! o5 aAliOKStf Do
Sustainably: DoesNUb | 'y C2 NI  w $olrbaf ob American PISnNIKgQ >
Associatior(JAPA) 78 (2), 121137. AND: Hargreaves A., Cheng V., DeshmukhS., Leach

a® YR {(iSSYSNBR Y® O6HnmcO® WC2NBOIFalhAy3a ¢
regional carbon savings and costs®fi N2 FAGGAY 3 YR RSOSY G NI f .
Applied EnergyDOI: 10.1016/j.apenergy.2016.02.095 (in press).

YWKSy3d +d LyR {(GSSYSNE Y® OHNAMMODOWaz2zRSE A
ao0lrtSy I G22ft (2 &dzJLi2 NI EnyiloiimerayMotlellilgy R 2 (
and Software 26(10), 11861198.
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Density, Dwelling Type and Energy Consumption (MLSOA level)
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Figure 11: Dwelling type density versus energy use. Source: Cheng and
Steemers, 2011.

Using the samemodel, the most sensitive parameter that influences energy
consumption is the internal temperature chosen by the occupantsC A 1
increase in indoor temperature results in a 10% increase in heating energy
demand, which is equivalent to approximately a doubling of the density from
30 to 60 dph. Thus human behaviour can have a more profound relative effect
on energy use than urbanaphing decisions. This type of finding is
particularly noticeable in researakie have carried out in Chinahere the

comfort expectations of the younger affluent urban generation is significantly
higher than older more frugal householdesdthough we started off by
exploring energy use at the urban scale, it is the behaviour of individualsthat
also significantly influences the energy demand, revealing the importance of
systems thinking.

Using the modelling approaches outlined above, three futuren uidran
scenarios were exploredover a 30 year period. An energy retrofit scenario for
existing buildings based on the accepted uptake rates of different measures
(e.g. wall insulation, double glazing, low energy lighting, etc.) was adopted for
all plans. Sah refurbishment strategies can halve the energy demand. Building
new can reduce energy use of individual dwellings to about a quarter of current
average homes.

The findings of this integrated analysis are summarised as follows:

[
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At an aggregate and regional level, urban planning scenarios have a
modest (5.4%)impact on energy demas&d1(% for compaction;

+2.4% for marketed).

Spatial distribution of energy demand changes significantly (it is
increasingly centralised famompaction; and distributed for market
options).

This has implications for energy provision and renewable technologies
(e.g. centralised neighbourhood CHP/ground source systems and
networks; distributed solar and wind).

At the neighbourhood and bding scale, much more significant
opportunities are evident: The uptake of retrofitting technologies for
existing buildings, occupant behaviour/expectation and the rate of
energy efficient nevbuild have a great impact on energy demand for
all scenarios.

9 Conclusions

Systems thinking provides us with a valuable framework for developing our
knowledge related to urban environmental performance and leads to more
subtle and nuanced findings. This is because such an approach has the
following characteristicghat map on to urban design challert§es

Vi.

URBAN FORM AND ENVIRONMENTAL PERFORMANCE

Address complex and uncertain real world problems (e.g. urban
structures and change over time as a function of economic and
demographic developments).

Explore interconneed technical and social entities (e.g. physical
change versus behavioural change).

Look at connected wholes rather than separate parts (e.g. integrating
sociceconomic and environmental parameters).

Identify interrelationships rather than things (e.g. leetavurban form

and energy performance).

Identify patterns rather than static snapshots (e.g. urban conditions are
dynamic and potentially beneficial with respect to outdoor climate).
Embrace uncertainty, complexity, diversity (e.g. complexity of urban
formis a positive characteristic for comfort and energy use).

¥ Source: Open University Bation of Systems Thinking and International Council on
Systems Engineering,
http://incoseonline.org.uk/Normal_Files/Whatls/Systems_Thinking.aspx?CatID=What
_Is_SHKaccessed 26 Aug 2016).
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Abstract.

This paper investigates the relationships betweenp#udestrian movement
pattern andhe urban grid dynamics of Dhakae of the largest megacities of

the worldcontaning over 16 million people. In recent years, Dhaka city faces
rapid and haphazard urbanization without proper planning pragessng the
inherent urbancharacteristics. Nowit has become a congested city with
numerous urbaproblems includingevere faffic congestion. Thelder part of
the city known as 060l d Dhakadé grows
and still retains an organic urbgmattern withmixture of varied landises.
Thoughenhancing pedestrian movement in urban areas is a prinef@Esa
resilient urbardevelopment, pedestridacilities are observed to be overlooked
in different streets of Dyntaxkitesevidédnn r e s
that the urban gridtself is the most influential shaper of urban movement
patterrs. This paper focusesn 'OldDhakaé to reveal t he
urban grid configuration and pedestrian movement pattern. The study method
is as follows: first, the present condition of the land was investigated: second, a
spatial network was createusing space syntax and pedestrian volume
examined: and third, the correlation between pedestrian volume and spatial
network data was analysed through regressaimalysis. Thouglaccording to
Space Syntax Local and Global integration values has beendprovee the
decisive factor accordingly for pedestrian movements and vehicular
movements, however the result of thésearch indicates strong correlation of
pedestrian volume with global integration rather than local integration values in
the contextob Ol d Dhakad.

Keywords:Urban Grid; Pedestrian Movement; Space Syntax; Old Dhaka

1. Introduction

Now a day, Pedestrian movement is a crucial issue in modern urban design
practices, nevertheless many cases it is not reflected in the city planning due
to the lack of proper awareness(Choi 2013, Shin et al. 200 Wesgtern
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countries, urban designers are continuously trying to encourage pedestrians in
urban areas through differemtnovative urban design solutionahereas in

many SubContinental cities like Dhaka pedestrians amerlooked inthe

urban planning process. Many traditional and historical cities in the sub
continenthavenarrow and tortuous streets and alleys, wheeeftifl street is
observed to be used by pedestrians. Unfortunately allowing automobiles into
these types of streetyeate heawytraffic bottlenecks and make movement
dreadful. Though apedestrian friendly city is considered to be more sustainable
and redient in modern urban desigarena, allowingautomobiles into narrow
pedestrian streets is a common phenomenon in margosuinental cities.

Dhaka, the capital of Bangladesh, has grown from a small traginge and

has transformed tone of the megadés of the world. Through the process of
urban growth and change, the city has expanded a lot but still the older part
retains its significance. Even with the lack of authorized and political support,
60I d Dhakabo has const ant Wyg signdigants t e d
economic, cultural and communal functions not only for the whole city but for
the hinterland agell. Rashid® Rashi d (1985) observes
distinctiveurban character and strength similar to that found by Fonseca in Old
Delhi. The excitement and life found in the streets of Old Dhaka are to a great
extent due to the cheerful chaos randomly built into it. The fact that old Dhaka
still serves vital social and economic functions tells of the vitality and strength
of the cultuwe that produced. ThoughOld Dhaka do not conform the western
concepts of urban design and planning, are not aberrations. It is the
circumstances, culture, society, politics and economy of their origin and growth
that make them different. Such citiesvhao be understood and evaluated in
terms of different form those used in other cultures. The dynamic elements of
movement, activities, culture and life styles are as integral to the composition
of the city as are the physicglements. Narrowtreets ofOld Dhaka that were
designed for horse carriages elephants and foot traffic are now being used by
the pushcarts, rickshaws, cars and trucks as well as pedestrians. Public
transport is undedeveloped and maldministrated. Traffic jams in old Dhaka

are a vay of life. The narrow tortuous roads and alleys are further constricted
by public stand pipes, hawkers and spiler of business onto the stredtere
pavementsare literally absent. The residential density of old Dhaka is more
than 300 persons to an acif the number of people includes working in this
area is included the gross density will be much higher. Most of the structures of
Old Dhaka stand shoulder to shoulder without the minimum of open space
necessary for light and air (Rashid & Rashid 1985).

In recent years, researchers have drawn increased attention to the synergistic
interactions between the urban spatial structure and pedestrian movement.
Space Syntax, originally conceived by Bill Hillier, Julienne Hanson and
colleagues at the Bartlett, Wner si ty Col |l ege London in
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19800s, an i mportant theory and meth
and behaviour. Space Syntax method has been used for the assessment of
spatial accessibility that analyses spaces by their configuration and calculates
numerical values for all theccessible space in an urban area.

2. Literature review

The | iterature review section invest.
regarding urban grid and movemeaittern. Italso focuses on the relevancy of
enhancing pedestriamovement aswell as different factors influencing
pedestrian movement in urban areas from different literature.

2.1. SPACE SYNTAXGENERAL THEORY

The ethos of Space Syntax is based on how built space configuration affects the
way the city works, influencing urban dynamigsillier et al. 1993; Hillier
1996).Holanda (as cited in Pereira et al. 2012) states that Space Syntax theory
aims to study the soci al i mplications
to establish a relationship between the spatial structureies eihd buildings,

the spatial dimension of social structures, and broader social variables. It seeks
to reveal both the logic of urban space at any scale and the spatial logic of
societies.

Configuration modelling of urban networks has become a majasfotspace
syntax studies. Such type of models are constructed by breaking up the urban
layout of a city or town into the fewest and longest lines of sight and access
that pass through all possible routes of movement. The resulting axial map can
then be malysed by using a number of statistical measures that describe the
configurational properties of the urban network. A measure of how accessible
each line segment is to neighbouring lines can be obtained by simply counting
the number of connections per sent (Dawson 2003; Hillier 1993: 35). In
addition to measuring the connectivity of a line segment, the relationship of
each axial line to the whole urban system provides an important measure called
i ntegrationo. The gl obal he d@aopalogicél o ¢ a |
attributes of any street in respect to the whole urban system and to the nearby
streets accordingly. Radius 3 of local integration means a value for integration
among the spaces up to three steps away from theTreetmost integrated
linesin a network are those with the shortest average trip lengths to all other
destinations within the grid. In contrast, the most segregated lines in which trip
lengths vary to a much greater degree. In other words, integration measures the
mean depth of evg axial line in the grid relative to all other lines(Dawson
2003, Hillier et al. 1993: 35).
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Figure 1 & 2, Axial Map of Dhaka City (2009) with Global Integration (R=n) and
Local Integration (R=3)

The software for Space Syntax analyses and calculates the spatial integration
values by first selecting a line from the axial map and then calculating how
many other lines are required for accessing each line in the whole axial map
both for local and global el. The lines with higher integration values have
higher accessibility than the other lines and marked through red lines in the
analysed axial map. The integration cores of the system are suitable for central
activity by the reason of having an integraséicture (Hillier & Hanson 1984;
Ozer&Kubat 2007).

2.2. IMPORTANCE OF EDESTRIAN MOVEMENT N URBAN DESIGN
Middleton (as cited in Lindlow et al. 2014) states that walking can be seen as
the most fundamental transport mode in accessible and sustainable cities and is



23

RELATING URBAN GRID AND PEDESTRIAN- a case of Dhaka

practised by people of almost any ageviEbanments suitable for walking
constitute a vital part of a successful public transport system as well as an
attractive urban environment. Research on walking is often justified for
instrumental reasons, with the ability to fulfil societal goal such dsigu
health, modal shift, traffic safety, neighbourhood security or a more attractive
urban environment

Mangin & Panerai (as cited in Foltet® Piombini 2007)observe that it is
important to encourage pedestrian movement for limiting the consequence of
excessive automobile use in urban environment. In this respect, knowledge of
pedestrian movement is a key isgaebetter urban planning and design. For
several years, urban planners have been paying more attention to the
expectations of the pedestrians ovlare more conscious of the urban
environment.Choi (2013) states that the planning and design of pedestrian
friendly urban environment is receiving more attention in recent years not only
for urban planning issues rather for its various benefits relatpdilic health,
sustainability, economy and social life. Therefore, them@nisncreasingeed

for knowledge about thevalkability of the urban built environment. Urban
planning and transportation research have examined walking in the urban
environmentThere is als@an emergent i el d often referred
research whichis a multidisciplinary form of research initiated from the
preventive medicine field with the health beneficial aspect of walking as the
most significant motivation

2.3.CORELATIONS BETWEEN BULT ENVIRONMENT AND

PEDESTRIAN MOVEMENT

Dijst et al. (as cited in Lindlow et al. 2014) stated that walking is, as with any
other transport mode, not only something happening in the context of the built
environment, itisalsoapartofo st peopl ebs everyday |
is influencedi either positively or negatively by both the built environment

and the demands of everyday activitiespebple. Pedestriamovement is a

strong and resilient phenomenon thatbrings liveliness to the place. Walkability
studies have provided evidence through statistical analysis between the time
spent on walking and the factors of the built environment that individual
walking béaviour is related to the condition of the urban form (Choi 2013).
Ozer&Kubat (2013) argued that the movement potential generated by the urban
grid has direct or indirect effects on many factors other than land uses.
According to Helbing et al. (2001) peths of movements of pedestrian crowds

are predictable, although there are individual preferences, aims and destinations
in effect. Walking behaviour of pede:
movement and if their footprint were traced, it would possible to see
systems of these trails (Helbing et al. 2001, Ozer&Kubat 2013).Studies related
to walkability that deal with the relation between urban built environment and
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walking behaviour have been examining different properties ofnubinalt
environment that affect pedestrian movement pattern.In numerous studies
correlation between pedestrian movement and built environment has been
frequently found. The factors that have most consistently been proven for
positively influencing pedesan movement in urban areas include fasd

mix, connectivity and density. Through various studies from transportation and
urban planning research and the recent walkability studies, it has been
suggested that neighbourhood with higher residential and ogmpht
densities, more connected street patterns, and a variety of destinations show
higher rate of walking (Choi &Sayyar2012). Theories and studies from Space
Syntax field have also provided significant findings and discussions on the
relation between m@ment and urban form (Choi &Koch 2015).

2.4. URBAN GRID ANDPEDESTRIAN MOVEMENT

Space Syntax is always claimed that the geometrical and topological structure
of the street network is the most influential shaper of the movement patterns in
urban areas (Hier et al. 1993).According to Hillier et al. (1993), the spatial
configuration plays a primitive or principal role for the pedestrian mobility.
The urban grid or spatial configuration affects the pedestrians when they have
to take the decision about whalute they want to select for their trips. So the
urban grid could encourage or discourage the selection of a route about which
pedestrian can to arrive to the opportunities, even more if the street has
different design properties(Era 2012).

The discoveryof significant correlations between the integration value of an
axial line and the amount of pedestrian and vehicular traffic that flows along it
suggests that the spatial configuration of an urban network exerts a strong
effect on human movement. What Bspecially interesting about this
relationship is that it contradicts the idea that movement density is determined
primarily by patterns of land use. Early examinations of pedestrian movement
tended to apply a point to point approach in which the presemabsence of
attractors such as retail shops and other service providers along a route of
movement determined how O6busyd or 06qu
Dawson 2003) conclude that attractors tend to serve as multipliers on a basic
patten of movement and that movement densities are therefore more an
outcome of the position occupied by a route of movement in the urban grid.

A number of researches conducted by Space Syntax have proved that
pedestrian movement in urban areas is signifigamfluenced by spatial
configuration (Hillier et al. 1987, Song et al. 2013). Integration value, that are
used to describe its mean depth from other lines within a certain radius is
closely related to the urban movement (Hillier 1996, Song et al. 2013)
epecially reflected in two dimensiona
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proved to be the most powerful determinant of pedestrian movement in urban
areas (Penn et al. 1998).This effect of spatial configuration on pedestrian

mobility has created a new concept ir
Movement 0 (IHA93;i eEr aet20U12) This ONat:
serves as a solid foundation for t !
Economyd and Centrality process etc.

the world after the first case studies in London. In @&aeth conducted in
London it is found that 60% of pedestrian movement flows are due to the
pattern of street network itself. (Hillier &Lida 2005; Hillier 2005; Penn et al
1998, Dai &Yu 2013)

3. Research Methodology

Literature, space syntax data, photgit® maps, pedestrian counts
calculated several times in weekdays by the author and personal impressions of
the research area are the materials of the research. Steps of the research are;
Literature research, Space Syntax Analysis, Pedestrian countd, usas
patterns, comparison and conclusion. Space Syntax data and the analysis
belonging to the research area was performed by the software
Depthmapdeveloped by Alasdair Turned. Local and global integration,
connectivity are some of the most interestingaswges of Space Syntax
analysis that is used to analyse the urban grid pattern of Dhaka.The data of
pedestrian movement wer e coll ected
developed by Space Syntax research. The aim is to investigate the pedestrian
distribution on different street segments within the study area.

Measurement of connectivity and integration were taken from the axial maps
constructed for Dhaka. Integration is measured at both the local (Radius 3) and
global (radius n) scales for study area. Rigltk was then undertaken in
ChawkBazzarand surrounding areas of Old Dhaka during the month of June
2016 to collect observational data on rates of pedestrian movement along
various road segments. Observations were taken at 26 gate positions covering a
rangeof heavily used, moderately used and poorly used streets. Each route was
observed for 2.5 minutes in morning and afternoon interval and a sunny and
moderate weather in several workdays.The pedestrian data was converted to
pedestrian count per hour for &ysis.

3.1 DESCRIPTION OF THE STUDY AREA

Chawk Bazaar and surrounding areas BoroKatra, ChotoKatra and nearby
streets Champatoli lane, Buckland Road, SwariGhat road and Devi Das Ghat
lane are the subject area of this research.Basically these areas are famo
business areas of Dhaka. Some zones are used for retail goods, whereas some
are for wholesale markets and some areas are for store houses of the wholesale
shops.Chawk Bazaar was one of the most famous business and social meeting



26

NAIMUL AZ|Z

centres of Dhaka in the Mughal Period. Even after 400 years it is still famous
as before though Dhaka extends a | ot .
it formed in the place where old markets once were. In tfiedBtury, Chawk
Bazaar was a famous sdcend business centre. Along with the historical
significance, the geological settlement of this zone also contributed to its
massive activities, expansion, population increase and popularity. The Great

Figure 3, 4, 5&6 (Clockwisepifferent street activities in the study area (Source:
Author)

BurigangaRiver was just at the south of Chawk Bazaar, which contributed
easy water transport and thus made trade more frequent and efficient. Chawk
bazaar was located in such a way that ff@mint other places were connected
with straight roads. Chowk bazaar is famous for its special food items for
iftar.During the month of Ramadan one part of the street of Chawk Circular
Road (in front of the famous mosque) is fully occupied by the sweetshop

from afternoon till iftar time and all kind of vehicle even rickshaws are
prohibited in that street. This bazaar attracts a huge number of people not only
from old Dhaka but from different parts of Dhaka (Wikipedia).

Figure 7&8, Different gate points of pedestrian count and existing land use pattern in
the study area.
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4. Findings and Analysis
The analysis and findings of the research are discussed in the following
sections.

4.1.ANALYSIS OF THE CORRELATION BETWEENEDESTRIAN
VOLUME AND CONNECTIVITY

Table 1b shows the regression analysis between the amoluptdestrian
traffic in the case studgrea with the street connectivity. The coefficient of
determinant (R Square Value) is .0622 between the two factors. It means there
is almost no relation between these two. So, in this area pedestrian movement
pattern is not related with connectivity dfeet segments.

4.2.ANALYSIS OF THE CORRELATION BETWEEN PEDESTRIAN
VOLUME AND LOCAL AND GLOBAL INTEGRATION

Table 1c & ldshows the regression analysis between the amount of pedestrian
traffic in the case study area with local (Radius 3) and global (ragius
integration values accordingly. The coefficient of determinant (R Square
Value) is .162 for the relationship between pedestrian volume and local
integration which means that local integration (R3) values is not working as a
guiding factor in the studyrea. In Table 1d, it shows that the global integration
value works a guiding factor for the pedestrian movement where the coefficient
of determinant (R Square Value) is .7227 that means a very strong correlation
between these two determinants.

Table 1 (ah,c,dclockwise) Correlation between a. R&a R3, b. Connectivity &
Pedestrian count, c. Local integration (R3)R&d. count. d. Global integration (Rn) &
Ped. Count.

Rn-R3 Connectivity- Pedestrian Count/Hour
R*=0335 R?=0.0622

°
.
.
.

O = N W A WM N B W
.
.

0 05 1 15 2 25 0 1000 2000 3000 4000 5000 6000 7000

R*=0.7227 R*=0.162

used for

o 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
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of retail shops for toys and cosmetics item. It is also famous for different types
of foods especially during the months of Ramadan. There is also a very old and
large mosque in this zone. The pedestrian movement volume is observed the
highest in this zone.

In BoroKatra lane and the SwariGhatLane there are retail shops as well as
some gsbre houses. Here the pedestrian count is also higher. Champatoli lane is
mostly used for wholesale goods especially for spices. Here the observed
pedestrian movement is lower than the SwariGhat lane and BoroKatraLane. In
some part of Champatoli lane whethe store houses are situated, the

pedestrian volume is observed very low with respect to the other zones nearby.

4.4. FINDINGS

Though, in many western countries positive correlations between connectivity
and pedestrian movement was found but in the stuelg where the street grid

is deformed and the culture is different, connectivity is not found as a
influencing factor for pedestrians. Even according to Space Syntax the radius 3
integration has been proved to be a guiding factor for pedestrians, &weher

poor correlations were found. Whereas Global Integration Value that has been
proved to a decisive factor for vehicular movements in many western cities,
here it is found to be a decisive factor for pedestrian movement pattern.

5. Conclusionand future directions

In this study, the correlation between spatial network by Space Syntax analysis
and the observed pedestrian volume was analysed. The study result shows that
the pedestrian movement pattern in a
differertly than the western countries.Though, a strong relationship is found
between global integration values and pedestrian volume. In a city like old
Dhaka, where the street are very narrow and tortuous in pattern local (radius 3)
integration is found inapprojate for determining pedestrian volume.

Another interesting finding of this research is that though the full study area is
served as a business area, there is a huge difference in pedestrian count
according to wholesale, retail and storehouse areas.praves that there are
different pedestrian characteristics according to different types of business
zones.

In order to acquire better understanding of how urban form affects pedestrian
movement in such type of traditional cities like Old Dhaka, itmpartant to
acknowledge both in the way built environment factors affect movement and
also the differences of land uses as well. This study, although limited in the
amount of data and statistical testing, was an attempt to investigate these
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differences. Further investigation may be done by testing the detail data on
di fferent | and use zones in the great
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Abstract

Though nature's behaviour is predictable most of the time but there are some
movements that affect human life or livelihood is termed as natural disasters
which are very frequent now a days for Bangladesh. Immature lands
[developed due to siltation] areibg used for settlements before time so the
unique alluvial soil is also being mishandled. Climate change has also become
one of the major challenges because of the geographic position and greater
reliance on climate sensitive sectors, particularly adriogl However nature

gives the main difficulties, but here in coastal region, nature is only destination
also. Almost every year 'natural disasters' cause substantial damage to the basic
rights of life, food, health, water, housing etc. This paper aimst®rstand

the '"nature of di saster’ and iités '
guides people at the preliminary stage of settlement in the coastal region and
present an extensive research of zoning with respect to site, surroundings,
hydrology, climate and of course natural disaster focusing on a particular
union* of Bangladesh affected by cyclone. However the core issue is most
contextual approach focusing the settlement, which promotes the increase of
the resilience of a community.

Keyword: Climate resilience, coastal region, rural settlement

1. Introduction

Bangladesh has a 711 km long coastline that consists of a vast network of river
systems draining the vast flow of the GanBeahmaputraMeghna River
system Minar and et al., 20]3Roughly 80% of the landmass is madye of

fertile alluvial lowland called the Bangladesh Plain. Although altitudes up to
105 meters above sea level occur in the northern part of the plain, most

*Union is the smallest rural administrative and logal’ernment units in Bangladesh.
Each Union is made up of several Wards. Usually one village is designated as a Ward.
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elevations are less than 10 meters above sea level; elevations decrease in the
coastal south, whe the terrain is generally at sea level. With such low
elevations and numerous rivers, water and concomitant flooding is a
predominant physical featurkiprary of Congress, 1939

The coastal zone of Bangladesh is prone to multiple threats such asesyclo
storm surges and floods, as well as earthquakes, tsunamis, and above all,
climate change. The government - has
ecol ogically disadvantaged regiono.
the high groundwater arsenic ¢ent, water logging, water and soil salinity and
various forms of pollution have also slowed down not only the social and
economic developments but also the perennial watging due to inadequate
drainage [Islam, 2007].

There are three adaptive optionthose are retreat, accommodation and
protection. Retreat is not possible by considering the high population density,
future population projections, and shortage of land. We must follow the two
other optionsi¥inar and et al., 2013

The objectives of ils paper is

1 To understand the land and settlement formation in the coastal region.

1 Toinvestigate waterlog situation and its impact.

T To explore the ageld local ways of adaptation and morphological
reformationbased on it.

2. Literature Review

Thecoastal region of Bangladesh covers about 20% of total land area and over
30% of the cultivable lands of the country. It includes highly diverse
ecosystems e.g. the worldbés | argest
beaches, coral reefs, dunes aradlands Minar and et al., 2013

2.1 LAND CHARACTERISTICS AND HYDROLOGY OF THE
COASTAL REGION

The Ganges river meander floodplain systems are standing higher than the
adjoining tidal lands. The estuarine islands are constantly changing shape and
position as a result of river erosion and new alluvial deposition. Peat basins are
located in some of the low lying areas between the Ganges river floodplains
and tidal floodplains occurring in the western part of Khulna.

2.1.1 Tidal Effect
The effect of the tes is manifested in a regular alternation of rise and fall of
the water level of the sea and the estuarine/tidal channels and creeks. The flow
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repeatedly inundates the soils and impregnttem with soluble salts, thereby
rendering the soils and subsoil water saline [Haque, 2006].

2.1.2 Embankment

A vast tract of low lying tidal flood plain in the coastal area of Bangladesh is
flooded twice in a day. Paddy cultivation in rotation wigh production was

the main activities of the people of the area. The Government started
construction of Coastal Embankment Project in 1961 under USAID assistance
to increase agricultural production by preventing saline water inundation,
reducing the flod hazards and preserving sweet water in the internal channel
system. Effect of river confinement and future land use pattern were not taken
into consideration and century long practice of paclayfish culture was
stopped. An important consequence of ther confinement was the rapid
river siltation (FAO report, 1985).

2.1.3 Cyclone in Bangladesh

Present day in Bangladesh, due to its unique geographic location, suffers from
devastating tropical cyclones frequently. Cyclones originate from low
atmosphen pressures over the Bay of Bengal. They generally occur in early
summer(April-May) or late rainy seasaf©ctoberNovembey.

2.1.4 Water Log Situation

Bangladesh has a tropical monsoon climate characterized by heavy seasonal
rainfall, high temperaturesand high humidity. Natural disasters, such as
floods, tornadoes, and tidal bores affect the country yearly. Tropical storms
associated with the Indian Monsoon system affect the GBM delta coastline
every few years, and over the last decade, two major rggl@Sidr in 2007

and Aila in 2009) caused flooding and hundreds of fatalities while displacing
an estimated 1 million peopl®ELTAS project, 2016)

2.1.5 Salinity Intrusion

The water is not usable for domestic purposes if salinity is higher than 1ppt,
though it is still favourable for crop and livestock agriculture unless salinity
exceeds 2ppt. Some freshwater aquaculture is still possible when the salinity is
below 4ppt. However, in the south and western part of the coastal region of
Bangladesh, sality is higher than 4ppt during the dry season which has
intrigued brackish water shrimp farming in Satkhira, Khulna and Bagerhat
districts (Palash, 2015).

2.2. STRATEGY FOR MANAGEMENT OF COASTAL SALINE SOILS
Coastal region is very sensitive to manage thgsires special measures.
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1 Protective embankment: Land may be protected from inundation of
saline water through establishment of embankment of suitable size.
The recommended size should be 1 meter high abovéidghetide
level.

9 Provision of sluice gate on the embankment: There should be provision
of sluice gate in the embankment system to remove excess water and
also to prevent ingress of saline water during high tide (Haque, 2006).

2.3. ADAPTATION EXAMPLES

Though adaptation options are constrained by economic, social, technological
and political conditions, the measures depend on particular impacts and
geographical factors in each country (Mowla and Kabir, 2012).

2.3.1. Netherland Experience

Presently, abouten quarter of the Netherl ands
level and are protected by dykes. At Oosterschelde, atbayhbridge was
completed in 1986 that can quickly be turned into a dyke. If a heavy storm is
approaching, shields with a weight of maoys come from the bridge down

into the water in order to prevent flooding due to storm surge (Germanwatch,
2004). Apart from these high cost engineering measures of protection, a new
way of living afloat is emerging in the Netherlands where houses drever

a hollow concrete basement with expanded polystyrene which can float up to
certain flood limit (Yang, 2007).

2.3.2. Bangladesh Experience

6Coast al gr eenb-002 wasrimglemented oy Horkst 9 5
Department of Bangladesh involves mangrglantation along nearly 9000 km

of the shoreline (MoEF, 2009). Experiment and experiences shows that
planting mangrove along the coastal belt would help stabilize the land, create
more accretion leading to more land and also raise the level of landitso th
inundation by sedevel rise is reduced. Mangrove also reduces the wave height
due to their ability to dissipate wave energy. It has been estimated that a 100
200 m wide mangrove belt reduces wave heights by 20 to 25% (MoWR, 2000).
The coastal belt of&uakhali, Noakhali, Nijhum dip and Chokoria is protected

by planned afforestation of mangrove plantation. Settlements in foreshore areas
are predominantly linear or semi dispersal in pattern following the embankment
or communication network taking advagéaof slightest variations in ground
level.

The concept of OUrir char projecto (
elevated on stilts and nucleated around a fresh water reservoir. The settlement
layout was kept open ended to allow growth. Naturatgss of land formation
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was allowed to work and afforestation was proposed on the seaward side of the
island.

3. Research Methodology

A mixed research methods are applied based on primary data collection
through field investigations (qualitative interviews by random selection),
participative observation, many informal discussions with locals and the
experts, the analysis of satellite iges, Shyamnagar upazila statistics and a
secondary data collection by desktop research from different issues of the
newspapers, published and unpublished research reports, articles and various
relevant web sites so as to identify the extent and impactl@foA settlement

and the coastal environments.

3.1. METHODOLOGICAL FRAMEWORK
Objective Formulatior
Data Collection

Observation <] Literature Review
A 4

Analysis and Accumulatior
Findings and Recommendatio

4. Findings andAnalysis

According toForest Peoples Programn(®009) the devastating cyclone Aila
struck the southivestern coastal region of Bangladesh and eastern coast of the
neighbouring West Bengal province of India at midday on 25 May
2009.Satkhira and Khulna of Bangladesh were the worst hit districts.
According to the official statistics nearly four million people have been
affected. Huge numbers of livestock have been lost with nearly 2,000 km of
road either fully or partially destroyed. Thousands of acres of crops have been
wiped out. The horrifying fact ishat nearly 2,000 km of the coastal
embankment (locally known as ‘polder) was damaged, causing extensive
flooding. Communities have reported that activities associated with shrimp
farming, such as the frequent practice of opening the embankitoenteve

sdine water into shrimp ponds, has made the -baifturyold earthen
embankments weak, causing them to break during the tidal surge inflicted by
the cyclone. The area remains waterlogged, causing the salinization of soil and
inland water. As a result, agulture in the region is under serious threat.
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4.1. SITE AND SURROUNDINGS

The focused study area is Gabura union locatedblvmnagar Upazilla in
Satkhira district. Situated besidKholpetua & KopotakhsaRiver. For
geographical locationa great numbers of people were affecteg the
devastating impact oAILA of this area. In Gabura, people mosispend on
river & Sunderbarbased livelihood, like fishing, fish business, river based
transport business,cet

Accessibility

£ % River Ghat

Forest ghat

Fig 01: Gabura, Shamnaga6atkhira, Source: Author

Gabura union is an island. Water way is the only way to connect Gabura with
the rest of the world. In north side there was a bridge connection with
Padmapukur union but it is now unusaafter Aila.

4.2. TRANSPORTATION NETWORK

Internal road network is almost damaged. WAPDA bund acts as primary road
network. Maximum road is kacha few are semi pucca. Boat is also used for
communication. The internal way of transportation is bicycle or TWfeeeler

but in rainy season the only way is to walk.

4.3. ROAD AND EMBANKMENT

Almost 45% of band is damaged by Aila. Bund breaks at 4 points. Almost 80%
semi pacca road are damaged. Local authority repaired bund with bamboo,
chatai, polythene etc. Reptat and make new bund where needed. Use
bamboo bridge to connect house to road or bund.
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Fig 02: Embankment, Source: Anonym.

4.4, RESIDENTIAL AREA

The residential area developed beside the canals and embankment. The
fishermen are generally lives beside the embankment. The farmers live in the
middle highland. After Aila almost 80% people took shelter on the
embankment.Almost 95% of houses are damagbyg Aila. The internal
circulations of homestead become unusaldigke new plinthin their own land

which are comparatively high, by digging small pond. Make temporary shelter
in bund by available local material.

Fig 03: Residential land us&ource: Author.

ek

Before aila

SNOY WO 934 JUSUHUBQWS

Ralse densiy of house towards the

embankment

after aila

Fig 04: Overall settlement morphology, Source: Author.
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4.5. LIVELIHOOD

All the cultivated land are washed away by the flood and affected by saline.
The farmers become workless suddebly the disaster. Tried to find out
alternative income generating sector like fishing, honey collecting or collecting
wood from Sunderban with high risk. Some people become day labourer.
Womenb6s started to contribute in inco

W 1 . iy — Tade.

2 % Agricultural Land

Cultivable high land

Fishing Area

i % Main Fishing Zone

Fig 05: Location of suitable area for agriculture and shrimp culture, Source: Author.

4.6. SHRIMP CULTURE
Convert agriculture land to shrimp farm for more benefit. It has International
demand with Govt. coperation.

4.7. FISHING AREA
River KholpetuaKapatakshi and the Sundarbans.

4.8. EMBANKMENT (WAPDA BUND)

It gives instant protection from natural disaster and ensure more seasonal crop
instead of single seasonal crop. WAPDA bund being used as shelter during the
disaster.

. Affected area Of Gabura
4 B Most affected area
1

v
© [ lLess affected area
mm Broken embankment
. . mm  Embankment
4 "

Fig 06: Location obreaking bund, Source: Author
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4.8.1 Causes of Breaking Bund

Major causes are lack of proper setback from the river, lack of natural barrier
of trees, lack of organic matter in bund sailaterial of bund and direction
change of river.

4.9. EXISTING SITE PLAN
There are 10 wards in Gabura union. The study focused on ward no. 07 for
available local support.

Commercial

Residential
‘Water body
Greenery
Health

Drinking
Water

Fig 07: Existing site plan, Gabura Union (7 no. Ward), Source: Author.

5. Morphological Reformation towards Complimentary Settlement
Attitude (Future directions)

It is organic that man stayed on higher lands and cultivate on low lands. They
never built their houses on cultivable lands ignoring high land. Respecting the
existing settlement pattern and ownerships this research tries to find out the
negative points which are the main cause of the vulnerabilities. The
recommendations are some natural and also some scientific solutions.

Proposed Structure Plan of Gabura

Existing
Dock

— Circulation
~— Road

Residential
e
:' Agricultural

Land

Shrimp
e

1-10 indicates wards

Fig 08: Proposed Plan, Gabura Union, Source: Author.
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Prospect

Responsive to existing settlement.

Hydrology concerned.

Suitable zone for shrimp culture and cultivation.
Existing infrastructure emphasized.
Easycommunication system.

Constraint
No option for land generation due to embankment.

Popfeme .

Embankment I Residential land | Agriculture land

Fig 09: Proposed Plan and section, Gabura Union (7 no.ward),Source: Author

5.1. Phasing
With considering existing condition andategorizing the problems the
recommendation is a five phases of development.

5.1.1 Phase-Canal and Drainage Development

Rectangular drainage system can be introduced by digging more canals which
is effective for cultivation land and in settlement. Madtthe canals will
connect the existing canals. Some new canal will also have to provide with
proper linkage with rivers. On this phase, water logging will be cured and
salinity will decrease through washing out with rain water. Roads will be
developed tlough the side of the major canals.
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I Primary Bl Secondary Tertiary Canal

Embankmen

Fig 10: Canal and Drainage, Gabura Union and 7no. Ward, Source: Author.

5.1.2 Phase-Return & Resettlement of households hathesteads

After dealing with logged water and curing lands, people will return to the
original location of their own from the embankment and also some of the
homestead location needs to relocate because of the land acquiring by the govt.
to remodel thembankment accordingly.

[ Return WM Resettlement

Fig 11: Return & ResettlemenGabura Union and 7no. Ward, Source: Author.

5.1.3 Phase-3Development of Embankment

On this stage of development, embankment will be under construction and in
some of the places, reconstruatid’he present condition of the embankment
has to be developed assuring proper measures. Sluice gate provisions and
coastal greenbelt beside embankment will further developed with proper
maintenance.
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‘ = [mbankment

E Agriculture
Land

Shrimp
Farm

Fig 12: Embankment, farm and Agriculture lar@abura, Source: Author.

5.1.4 Phase 4Relocating Shrimp firm

After fixing the embankment and settlement, all scattered firms to be relocated
accordingly in two common zones which are most vulnerabletdugver
orientation.

5.1.5 Phase & ultivation Inauguration
After replacing the firm and salinity of land will be decreased and people can
start cultivation on these land shown in colour.

6. Conclusion

Starting with the knowing process of conditiomisich a person can perceive to

live on with nature, with higher respect and its came to an end with full of
analysis, researches, practices etc. And all these were compiled and
summarized in a compatible scale which can be a resource for any further
approah to the relevant study or practice.
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Abstract

University dropout is a topic of increasing concern in higher education.
Bachelor of Architecture Degree program offered by Department of
Architecture, University of Moratuwa demonstrates high erap and
incompletionrates, which needsto be investigatddweference to the causes

and parameters. Aligning with the above objective, the current qualitative
investigation examinesthree undergraduatesamples representing level | (n =35),
level V(n=33) and a_group of students (n=26) who have dropped out from the
degree course (n=6)-or reported to-have incomplete academic standing(n=20).
Spontaneous and anonymous responses were obtained from level | and V
students via two distinct questionnaires on the current level of satisfaction
regarding the course with therfoer and theissues/challenges faced by the

l atter.,. Freedom. writeros met hod wa s
reexamined later via structured interviews in comprehending the issieptin.
Incomplete students were examined via a questionnaire survay\l&s
analysed adopting the framework developed by Jordan et al (1994)amd

and Roessingh (1994)

Push factors were found to have the highest impact on dropouts and
incompletions. Pull factors were identified as the second most significant cause
followed by fallingout factors. Lack of transparency, unsatisfactory level of
student/lecturer interaction, isssirelated to academic programme, providing
feedback, tutoring, assessment, inadequacy of time/breaks given and the lack of
a strong student supportive system were revealed to be the significant push
factors that lead to drop outs. Personal, family andnitral matters were the
frequent pull factors while language/communication barrier, students' own
negligence and academic disengagement due to long term impact of push/pull
factors wereidentified as falling out factors. The study revealed the importance
of finding sustainable remedies to above issues in order to create a better
learning environment which could empower and retain future undergraduates


mailto:thusharakjm@gmail.com
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until successful completion, aligned with the educationatsiohs of the
Department.

Keywords Architecture Education, University drop outs, incomplete academic
standing.

1. Introduction

Increasing dropoutates of undergraduates is an alarming issue faced by the
higher education sector of Sri Lanka and worldwide. According to data from
Higher Education Statistics agency of United Kingdom, 6% of first degree
entrants aged under 21 who enrolled in 20034 years did not continue their
studies beyond their first yegHavergal 2016).As highlighted byBarefoot
(2004), the high rate of student dropout between the first and second year is a
major concern for theymajority of US-colleges and universities.

Student success rate is regarded as a primary indicator of institutional
performance which reflect theverall quality standards of a learning
environment. Students persisting to complete their educational goals is a key
gauge of student ~success, andtherefore rinstitutional success (Voigtand
Hundrieser, ' 2008)Accordingly, it.is-an-obligation' of .each and ey higher
educational institutionto commit in establishing conducivelearning
environments and effective and sustainable student retention programs aligned
with their educational missiorensuring studerguccess leading to high rates

of completion.

2. Background to research

0,
80.00% 53 80% 67.90%
60.00% 70.50%
40.00%
32.10%
20.00% Y 23.70% 29 50%
0.00%
06 Intake
07 1
ntake 08 Intake
09 Intake
10 Intake

m Percentage of completion
H Percentage of Total dropout + Incomplete students

Figure 1: The percentage of completed students Vs incomplete + drop
outs of the most recently passed out five consecutive batches.
Source: Undergraduate Studies Divisidfaculty of Architecture (2016)
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A comparison between the rate of completion againstdta percentage of
dropouts and students with incomplete academic standing reported in 2006 to
2010 intakes are rpsented aboveAs indicated by the statistics of the
Undergraduate Studies Division, Department of Architecha®gwitnes®d a
gradual decrease of dropouts and incomplete students. It can also be observed
that the rate of completion has gradually inceglduring the recent years
However,the number of students who have droppator not complete asa
fraction of the total number of studenitsa batchare alarmingly high above

2/5 of the batch in 2006 intake and over and above 1/5 in other intakes

the firstday of enrolment, the quantity of each batchsbeendecreased at
various stages leading to higihcompletion ratedy the final yearindicating
potential pivotal issues in the overall academic experience of Architecture
undergraduates. A&ordingly;, itis vital to;investigate, synthesize and analyze
the causes and factors involved.in 'the high-incompletion/dropout values of
Architecture undergraduates in order to find remedird mechanisra to
increassst udent s6 s u’ccestoasatisfdctonylevalp| et i on

3. Research Problem:

An institutionds success in recrsuit me
students are satisfied, persisting to graduation, and thus receiving value for the
investment they and their families are nmakin higher education (Voigt and
Hundrieser, 2008). First of aln institution should have a proper admission
mechanism to attract the best fitting students to follow the relevant degree
courses. Once enrolled after a rigorous admission proceduredargtaduate
dropping from a degree course or failing to complete within the standard
duration isnot spontaneousAs defined by DollEslami and Walters (2013),

the cause of a student dropping out is often termed as the antecedent of dropout
because it refrs to the pivotal event which leadsdimpout. This is indeed the
ultimate result of an accumulative prolonged procesaggkl ace i n a st
life as an undergraduate in a certain higher education institution. Having
alarmingly high incompletion res in the B. Arch degree course it is vital to

probe in tothe underlyingcausesor pivotal events which hinder thgudents

from persisting to completion of their educational gaalscessfully inthe
Department of Architecture.

4. Research Objectives

Accordingly, the objective of the current study is to discern, comprehend and
analyze diverse impact factors leading to the drop outs and incompletions of
undergraduates, specific and unique to the department of Architedéthile
identifying the specificissues encountered in the overall academic experience
by the selected already dropped out and incomplete students in the department
representing the most recent five consecutive years, it is also attempted to study
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the factors of current first and final year student samples seeking a cross
section of the potential parameters of dropout and incompletions.

5. Contributions

The study contributes in identifying institution specific strategies to improve
student retention, persistence and its prolonged sustenance until successful
graduation ofundergraduates. This return will provide good value for money
spent by governmermn each Architecture undergraduate per a year as well as
the investments made by the university and the parents. Further, the study
contributesin improvingthe quality standards to reach the bench marks as set
by the educational mission of the departmasitwell as the University as a
whole.

In a context where the investigations on dropouts and failures in higher
education are limited to the westemorld thecurrent study claimgs novelty

by contributing to the above researphradigmrepresenting areastern or
rather an Asian context.

6. Theoretical Framework: Review of Literature

Researchers who have investigated on dropouts and failuresof higher education
over theyears Fuller, 1927 Dorn, 1993 Jordan, Lara, and McPartland,1994;
Short & Fitzsimmons, 2007 Rumberger& Lim, 2008 have revealed
diversecauses and parameterslowever, providing a comprehense
understanding of the issue in a holistic manrlardan et al (199dave
examined the diverse causes of gbots underaframework having two
categories namely; push factors and pull factors(lBsllami and Walters,
2013).

6.1 PUSH FACTORS

As identified byJordan et al. (1994a student is pushed out when adverse
situations within the institutional environment lead to consequences, ultimately
resulting in dropout. These factors mayinclude consequences reltgsts to
attendance and discipline policies; poor behavior (Dddslami and
Walters,2013).

6.2 PULL FACTORS

Pull factors can be defined as -@itschool enticements which cause students

to put a greater value on something outside of school that may attract or distract
them from completing school (Jordan et al.1994 cited in Bslami and
Walters, 2013).Thesecour when factors, such as financial worries,-afut
school employment, family commitments, or even family changes, such as
marriage or childbirth or even illnesses which pull students away from school


http://sgo.sagepub.com/content/3/4/2158244013503834#ref-17
http://sgo.sagepub.com/content/3/4/2158244013503834#ref-9
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(Doll, Eslami and Walters, 2013). These type of factors inside the students
divert them from completing school and can be pulled out.

6.3 FALLING OUT FACTORS

Further refining the framewor k, a t hi
introduced byatt and Roessgh (1994yvhich refers to the disengagement in
students which isneither caused Ibging pushed by the schoolon outside
pulling factors(Doll, Eslami and Walters, 2013). As symptoms of falling out,
students fail to show significant academic progresstmubme dispiritedand
disheartened with regard to completiontioé degree course. This might not
necessarily be an active decision, but rather a repercussion of insufficient
personal and educational support which highfight process of dropout
whereby the student gradually increases in behaviors of academic
disengagement, without being pushed out by the school or enticedby the out of
school parameters(DoEslami and Walters,2013).

These three factors developed by the above two groups of scholamdepaovi
explicit framework tocomprehetite overall dropout experiendss explained

by Doll, Eslami and Walters (2013), since 1950s up 1980s most nationally
representative studies in the westpredominantly depicted pull factors as ranking
the highest causingapouts. However most recent research cites push factors
as highest overall. Doll et al (2013) further highlight that male students
reported the highest rates of push factors while female students reported the
highest rates of pull factors.

The current investigation adopts the aforementioned framework jointly
developed by Jordan et al. (1994) aldtt and Roessgh (19940 understand

the reasons behind the high dropoutsas well as incompletion rates reported over
the last five years by the undergraduates of the Department of Architecture.

7. Research Design

The research was conducted wéference to theundegraduates in the
Department of Architecture under three phases nigterto three different
student groups to comprehend a crasstion of the issue. The research is
limited solely to the views, experience and opinions of the students and the
opinions ofthe lecturers and administrators are not considered here. Ensuring
validity of the results, the details of the academic standing of all the students
investigated were verified with the latest statistics of the Undergraduate
Division of the Faculty of Archiécture. The research design incorporateda
small number of irdepth interviews and a wider questionnaire survey to better
comprehend the critical factors of dropouts and incomplete academic standing.


http://clx.im/link?api=eTNmNvJFxDYD&url=http%3A%2F%2Fsgo.sagepub.com%2Fcontent%2F3%2F4%2F2158244013503834%23ref-46&domain=clx.im
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7.1PHASE I: B. ARCH LEVEL | STUDENTSFIRST YEAR)

Retention experts have <c¢l aimed that
student success and its ability to attract and recruit new students are intertwined
(Pascarella and Temzini, 2005; and Kuh, et al, 2003 order for a student to
persist a degree course until successful completion, an institute should attract
the best fitting candidates. Selecting the students having essentialfundamental
skills is crucial when it comesotthe degree of Bachelor of Architecture.
Accordingly, an aptitude test is conductedannually to select the most eligible
55-60 candidates. The first phase of the current investigation looked in to the
views and opinions of the current level one studeri$g2ntake who have just
started semester Il) who have entered the univebsitgg screenedia the
aptitude test after following a certain study stream for Advanced level
examination. A spontaneousand anonymous questionnaire survey was
conducted in the iddle of -a lecture. break-on-f8ay 2016at 10.00 a. m
(n=35). Six closed questions were raised leading to their level of satisfaction
about the course halfway throughthe first year (related to A/L subject stream,
career dream during A/Ldevel of pre undrstanding on B. Arch Degree,
whether the student enrolled to follow Architecturesacrificing hisaseer
dream ornot, whether-he/she was-determined to-follow-Architecture or not and
the current level of satisfaction with reference todbgree course).

7.2 PHASE II: B. ARCH LEVEL V STUDENTS (FINAL YEAR).

Obtaining the views and opinions of tbarrent level fivestudents whohave
persisted and sustainedthe courseuntil the final (@@% from the original
batchwas recognized to be an effectivelicator representing a cross section

of potential issues including push, pull and falling out factorsexperienced by
them or their batch mates throughout and at present. These student are in the
initial stage of their final Comprehensive Design ProjedRL which is the
culmination where they demonstrate all the theoretical and practical
knowledge, skills and expertise gained since level one. During the design
studio session held on 6June 2016 around 10.00 a. m students were
spontaneously asked tanamymously write down the five most crucial
problems encountered by them as an undergraduate (n=33).

7.3. PHASE IlI: DROPOUTS AD INCOMPLETE UNDERGRADUATES
Complementaryto the undergraduates who have persisted the course, the
undergraduates who have drogpmut from the degree or missed the original

batch due to the incompletion of academic tasksdue to various reasons (failure,
inability to attempt end of semester examination or continuous assessment due
to physical or mental health conditions, financial nsioaints,

puni shment séect) were explored as th
phase three (from intakes 20@913). While the dropouts are permanently out

of the course, the students who have missedrigaally registered batch as
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their academic task is incomplete will have to leave the schedule of the current
academic year to which they have registered temporarily, until the academic
task is achieved in a subsequent year. These studentsupposed to have
completely different psychological responses(disillusioned and frustrated) due
to his /her condition compared to the students who have succeed. Accordingly
the feedback obtained from phasell is used to balance out the subjectivity of
the responses of phase lll.

As an initial step, 6 nos of undergraduates who have dropped out from the
course at various stages were given a blank diary following the freedom
writerso Gravwel) P89 ndaGravénese2007) in order for them

to freely express the reasons behinddqgreriod of two weeks. These writings
were carefully scrutinized by the investigatorsforming a firm basis to the
design of the questionnaire and the structured interview. The questionnaire
survey was conducted with undergraduates having incomplete academic
standing (n=20).Being dropped out.permanently from the University system,
aforementioned 6 subjects were reexaminedepth via structured interviews

in order to explore and unearth the-most genuine reasons behind.

The findings of the three phased invgation were analyzed and synthesized

in order to identify the department specific significantparameters of dropouts
and incompletions.

8. Findings and Analysis

8.1 FINDINGS- PHASE |

Out of 35 B.Arch level | subjects tested, a majority of 68.6% hallewed

maths as the A/L study stream while 17.1% and 14.3% have followed Bio
Science andArts respectively. However only 48.6% were reported to have
satisfactory preawareness regarding the nature of the B. Arch course while the
awar eness o feither ndutear (429%)wensatsfactory (5.7%) or
extremely unsatisfactory (2,9%). They demonstrated to have diverse career
dreams. Being an engineer (25.7%) was found to be the most dominant career
ambition. Only 20% of them were determined to become ahitect as their
future career who may supposedly sustain until completion. 57.1% students
reported that they had to sacrifice their career by getting enrolled to follow
Architecture. However demonstrating a greater level of adoptability after
completing heir first semester as an undergraduate it was revealed that 80%
students are satisfied (22.9%xtremely satisfied, 57.1%satisfied) about
being enrolled to follow Architecture at the current situation. Only 20%
demonstrated to be in a neutral, unaertand undecided position supposedly
having potential for future dropouts. Retention research identifies undecided
students as being highly dropguibne (Voigt and Hundrieser, 2008).


http://www.goodreads.com/author/show/54049.Erin_Gruwell
https://en.wikipedia.org/wiki/Richard_LaGravenese
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Figure 2: The level of satisfaction of B. Arch Level | students after
completing semester one.
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Figure 3: Percentage of potential push pull and faltimgt factors exposed by level V
undergraduates.



52

THE FACTORS CONTRIBUTING TO DROPOUTII B. ARCH PROGRAM

100% of the undergraduates of level V highlighted issues falling in to the
basket of push factors of the institute. Dissatisfaction about the manner as to
how the programme has been conducted, providing feedback, in adequacy of
time given for designing/cagivity, the process of crit assessment and the lack
of breaks /vacations were the most emphasized issues. 27% subjects
highlighted on the pull factors, predominantly economic problems; earning
money for the family, learning while working and family comments.
Language or communication problem (ESL), working/designing at a slow pace
and feeling of disengagement due to prolonged exposure to grughill
factors; feel tired, fedip, sleepy, exhausted were significant comments from
the 39% undergraduates whighlighted falling out factors.

8.3 FINDINGS-PHASE I

8.3.1 Reasons behind Dropouts:

Both push and pull factors were-found to equally dominate as triggering
reasonsbehind a majority ofdropouts (83.3%ack of transpamcy in
academic activities, unsatisfactory level of student/lecturer interaction,
disappointments related to_past experiences as an.undergrddvatéism

issues related to teaching, tutoring, providing feedback, assessment and
academic programme, ineguacy of time given and thelack of a student
support systein terms of academic as well as personal mattere revealed

to be the main push factors that lead to drop outs.

100.00% 83.30% 83.30%

50.00%
0.00% 16.60%
o -

Push factors
Pull factors

Fallingout factors

Figure 4: Percentage of push pull and fallkogt factors of behindropouts.

Poor economic background, family problems and earning while working were
the major pull factors identified (83.3%).Some of the students werefound to
dropout (n=3) as a combination of push and pull factors. In fact the sample
included the studenwho obtained the highest mark for the aptitude test of a
particular year whose career ambition was to become an Architect. She
haddropped out due to a combined effect of push and pull factors. Falling
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factors (16.6%) were found to have the least impact on dropouts. One student
was found to have dropped due to falling out factors caused as an accumulation
of the longterm impact of both push and pull factors.

Most of the studets who dropped were found to demonstrate lack of pre
awareness regarding B. Arch (66.7%) and most of them have entered to the
university either under the influence of parents or simply to obtain a degree
from a state university with no specific career #dimb relevant to the field
(83.3%). Notbeing used to the university culture which reqginteraction

with the opposite gender for academic activities was found to be another
challenge.

8.3.2 Reasons behind incomplete-academic standing:

Parallel to the dropouts, push factors have becasigeificant in case of
incomplete students-or instanceonly 15% students were satisfied regarding
the lecturers of the department (unsatisfactory: 50% and neutral: 35%). The
|l ecturersd Iveness lin resdlvingsstugeptmattérswas ratedas
unsatisfactory by 55% students/(satisfactory: 15%and neutral: 30%). Level of
impartiality of lecturersbeing unsatisfactory for 60%(satisfactory only for 10%,
neutral: 30%) was identified as another criticaluéss Only 45% of
studentswere satisfied about the lectures' effectiveness. (Extremely
unsatisfactory: 5%, unsatisfactory: 5% and neutral: 45%). Effectiveness of
tutoring sessions were rated as neutral (55%) by a majority (satisfactory: 30%,
unsatisfactory15%). Level of appreciation given based on the work done was
unsatisfactory for 50%(satisfactory: 20%, neutral: 30%). A vast majority(80%)
agreed that time allocated to improve/develop after each tutoring session is
unsatisfactory. Only 30% were satisfialdout the existing assessment methods
(unsatisfactory: 20% and neutral: 50%) while only 25% were satisfied about
the transparency of assessment (unsatisfactory: 55% and neutral: 30%). 70%
were found to be unsatisfied about the level of transparency alctmemic
programme (satisfactory: 10% and neutral: 20%).Overall ngatfor
administration was unsatisfactory by 50%, neutral by 30% and satisfactory
only by 15%.

However 60% agreed that the method of delivering lectures (Extremely
unsatisfactory: 5%, uasisfactory: 15% and neutral: 20%) and the relevance of
course materials are satisfactory (unsatisfactory: 25% and neutral: 55%).
lecturer's knowledge, competency and confidence on the subject matter was
rated by a majority (75%) as satisfactory (neutté&Pso. unsatisfactory: 10 %).

55% of the students rated the contribution of peers as satisfactory (neutral:
30%, unsatisfactory:15% ). Significantly, ragging was not identified by anyone
as a push factor (0%). Research supervision was identified to be in a
satisfactory level by a majority of 65% (unsatisfactory: 15%, neutral: 20%).
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Pull factors too were found to contribute immensely; family matters(85%;
sick/old parents, parents separated, commitmenthé family as the only
responsible person) and personal matters (75%) were found to have contributed
to the incomplete status of students. Language (ESL) and communication
barrier (90%), slow pace of academic/design work (70%) and own negligence
of students (40%) were identifies as fallirat factors.

Gender (Females:65%, male: 35%hps identified as significant to cause
incomplete academic standikRgmale sidents were found to have a
hightendency of not completingcademic tasks over males. As revealed by
their feedback, having to complete the characteristic heavy academic workload
of the Architecture Degree course alone with less or no support by male
students, lack of interaction with peer groups and seniorsplgsécal strength
compared to males-and eneountering; physical-and psychologicaldifficulties in
fulfilling academic tasks.due to periodic biological conditions(menstruation)
have a major role to play in this regard.

Homdown being within the Colombo citlimits or outstations (atstation:

75%, Colombo based: 25%) was found kesng significant. A majority of
student who have-failed to-complete are from outstations. A/L stream followed
was revealed\as_another parameter-.of incompletion.. Students who have don
Mathematics are in a better position than the other streams in terms of
perseverance (Bio Science: 40%, Arts:40% and Maths: 20%).The objective
behind getting enrolled for B. Arch (influence of parents, teachers / obtaining
degree from a state university5%, Child hood career ambition: 25%)and
pl ace of accommodation (boarding pl a
hostel: 0% other 20%) were identified as the other significant parameters of
incomplete academic standing.

However, fear and reluctance imogiding genuine responses in terms of the
issues related to the academic experience was evidertabye percentage of
neutral or rather undecided responses given by incomplete subjects as they
have to stay within the department until they completeatizlemic tasks in a
subsequent year.

9. Conclusion

Aligning with the findings of most recent research as cited in Bslami and
Walters, (2013),push factorswere found to have the highest impact
ondropoutsand incompletions of B.Arch degree course. faaliors were
identified as the second most significant reason behind followed by falling
outfactors. It was also seen that soofighe droputs have been caused as a
combined effect of push and pull factors.The study revealed the importance of
finding renedies to above in order to create a better learning environment
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which could retain and sustain future undergraduates which in tusittetite
success of the Department of Architecture and the Universéyndmle.

Identifying mechanisms to provide explicitprevarenessregarding the nature
and challengesf the course before getting enrolled discouraging the drepout
prone candidates anddetermining the best fitting intaigergraduate profile
including the aptitude, passion and endurance are found as preliminary
measures vital in increasing retention and success rates. As explicated by Tinto
(1993), the higher the quality of the institution, the higher the retention and
graduation rates in return. Accordingly, once enrolled, taking the up to date
quality assurance measuresat all possible levels in order to create the conducive
academicenvironment to produce the bestgraduates fitting the exit profile
defined by theeducatioha mission of the department will be
essentialUndertaking annstitutional reform proces®cusing on the identified
department specific push factors'is-recommen@daining regular feedback

from students throughout the degree program on the overdiingadearning

and assessment experienceand makingcorresponding improvements is highly
recommended in this regard. Strengthening the student support system
including academic and personal lcounselling.is suggested to reduce the impact
of pull and falling-otifactors.
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Abstract

Wit hin t he paradi genvdfr ommRerstidd enti n
Architecture to be r e sdentifieccas an essBrilad s i |
component of the Architectds notion

AResi |l i-Envi rBouninhetnt o shoul grodiceafdhes ar i
AfResilient Architecto. The i nherent
creativty upon the practice had intensified the dichotomy between Theory and
Practice, unl ess t he noti on of i Re:

component of the Ar c hAnadlysirgtthé architectural o n
position is an ideal way of undet andi ng t he Architecto
therefore,in exploring the notion of
within the Sri Lankan platform, the Architectural Positions of two renowned
Architects; Geoffrey Bawa and Valentine Gunasekaraewexplored and
analysed. The Architectural Positions of both the architects asserted specific
rules and methodologies adopted within the process of problem solving that
had subsequently led to a traceable language/pattern within their Architecture.
The dominance of such rules within the practice could be detrimental to

adaptation of theories/ notions, such
AfResilient Architect o, unl ess met hod
rigidity, or else the notion oi Resi | i enced shoul d exi

methodological rule.
Keywords Resilience, Theory, Practice, Creativity, Architectural Position

1. Introduction: Sustainability and Resilience

ASustainabilityo, casted i n6ptrhog agrond
within the integral political movement concerned with the protection of the
environment, for the past 45 years or more. It taught us all dRedtce,

Reuse, Re&ycle, UpCycle, and many other theories and conceptions
throughout the decademnd presently, with the consolidatiohthe concept of
AAdaptabilitydo into the sufSpraotnaddri o
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i's shifted from sustainability to the
architecture, thus, The ResilieBuilt Environment.

Despite these repeated plays of words, concepts and positions, very little or no
credible application of these theorems can be seen in regions where such
interventions are mostly relevant and requirtte soecalled economically
developing parts of the world. Over the past few decades, countries commonly
attributed as developing economies have experienced drastic increases in
population numbers, subsequent expansion to their urban realm, proliferation
of informal labour markets, compartmentalization of wealth, and an
unprecedented rise in environmental disastefom floods and landslides to
typhoons and Tsunamis. Sri Lanka is no exception. The human, physical and
environmental costs of such devastatitiave been magnanimous in scale and
atrocious in impact. Yet, the response from professional spheragicularly
architects- towards finding credible solutions to these burning challenges of
our times has been far from the ideal. This begs the gnestiether the real
problem lies in our inability to formulate strategies, theories and frameworks to
Oresi st 6 t hieandesociali degratatiennor ia the confines of the
way design thinking, approaches and ethos are cultivated and executed with
the practice of architecture despite of the understanding and acknowledgement
of the need to apply aforementioned theorems inweald conditions.

2. Resilience to Adaptation- The Resilient Design

In order to explore this apparent distance betweedtheh e or y of r esi
the O6practice of resilienced, one mu
which scaffold this inflating discour

The scientific definition of Resilience explainsit@d he abi |landey of
or object to spring back into shape; elasticityhm capacity to recover quickly
from difficulties; or toughnessé. Th
Resilience within the realm of Architecture is imperative to the distinction of
definitive parameters of relevance.

As the director of Built Environment Policy at AIA, Rachel Minn@g15)
says:

In our effort to be more resilient as individuals, families, businesses, and
communities, architects will ndeto carefully plan buildings, select products, and
design systems that are easily adaptable to changing needs, holistic in
acknowledging adjacencies and regional impacts, and finally see the environment
as their client inasmuch as they see their payitgpas their client.

According to Minneryds above positio
avoids the exploitation of the notion
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eliminates possibilitie®f becoming one of pure idealismwithin the realm of

the Built Environment, with its interpretation under the parameters of
AAdaptabilityo. Thus, in both theor
could be conceived as the particular attribute ofudt Eenvironment that
sustains, withstands pressure; stresses and forces, most essentially, through
adaptation.

Such reflections on the notion of Resilient Built Environments prorote
Adaptability as an ibuilt, invisible armouras opposed to exposurel an
vulnerability.

Elasticity /Flexibility, Graceful adaptation are amongst imperative connotations

t hat convey the same idea as the n
perspective, these connotations could be identified, explored and utilized as
esserial design principles within the creation of the Resilient Design, thus, the
formation of fAResilient Built Environ

2.1 RESILIENCE AS RESOLUTION

Within the realm of Architecture, concept of adaptability inherently holds the
notion of Resilience accotable to its entire outer construction; social,
cultural, economic, environmental surrounding, in much simpler terms, the
very ground it stands upon. The resilient Design is one that is responsive
towards social, cultural, economic, environmental and nieeh problems,
pressures and limitations, similarly, in a slightly diverse perspective, one that
holds the capacity; necessary to Oad
possibilities of the built environment, without compromising its expected
perfaomance, neither socially nor economically, environmentally or
technologically.

Thus, the Resilient Built Environment transpires as a Resolution, which is
robust and flexible; well rooted to its ground and to the entire outer
construction, sustaining itdel t hr ough t he certaint
Transformati ond. Resilience articul at
isolation. The inclusion and consideration of important social, cultural,
economic, environmental and technical factors of the outer construistio
imperative to the creation of the Resilient Design.

Resilient design strives for environmental, social, and economic sustainability with
the ability to adapt to known and unknown risks and vulnerabilifignery,
2015)

3. Resilience: The Architectural Response
What cannot be grasped often transcends into the oblivion, in the eyes of the
humans, and remains oblivious.Unless, the Oblivion, is of wholesomeness and
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clarity, as believed bfamous English author and poet, Richard Le Gallienne; a
state which exemplifies the beginning of wisdom. Oblivion in that sense is a
virtue to be nurtured, often visited and cultivated by creators. On the
contrary,Oblivion formed as a consequence of thend i nuous fiobl i
towards entities that cannot be grasped or comprehended,becomes more of a
comfort zone for the creator, thus, confining him to a specific set of rules and
procedures. Seldom, will the creator put an effort to tread beyond tHése se
incarcerations and confinements. Such Rigidity is detrimental to creativity and
nevertheless hinders the formation and growth of theperceptive, resilient
creator- within the architectural discourse, The Resilient Architect.

With time the materialization of ansensitive, fragile and a -mesilient
creatoris transpired, feeding himself the vital truism of the obvious, pushing
himself, more and more, towards the oblivion, thus, distancing and detaching
himself, from the realities of the erdirouter construction, which is the very
ground he stands upon and the environment that surrounds him. In such
circumstances, the tendency of the resultant creations to be robust, ability to
withstand pressure and gracefully adapt to change is comparatowe)y
effectively contributing to the existence ofsensitive,fragile, andResilient

Built Environments.

In his seminal bookComplexity and Contradiction in Architecture, Robert
Venturi(1977) raises similar concerns @it architecture being increasingly
excluded from the complexity, experiences and needs of the environment that
surrounds it.

Rationalizations for simplification are still current, however, though subtler than the
early arguments. They are expansions eddWan der Rohe's magnificent paradox,
"less is more." Paul Rudolph has clearly stated the implications of Mies' point of
Vi ew: " Al problems can never be solve
twentieth century that architects are highly seledtivéetermining which problems

they want to solve. Mies, for instance, makes wonderful buildings only because he
ignores many aspects of a building. If he solved more problems, his buildings
would be far less potent™ The doctrine "less is more" bemoanmplegity and
justifies exclusion for expressive purposes. It does, indeed, permit the architect to
be "highly selective in determining which problems [he wants] to solve." But if the
architect must be "committed to his particular way of seeing the unjVestseh a
commitment surely means that the architect determines how problems should be
solved, not that he can determine which of the problems he will 8ddrduri,

1977, pp. 1617)

Architects being highly selectivie@ determining which problems to solve is a
clear indication of the obliviousness towards certain problems and their
extreme comfort within a particular compass, thus, the reluctance to explore
and venture into diverse platforms within the realm of archite.
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Venturi 0s argument s confer upon ana
relentlessly attempting to maintain identity and organization.

Through his text, he claims that architects beamgmitted to a g@rticular way

of seeing the universeOwn Position/Notion of creativityis deterministic of

how problems should be solvatie way of problem solving but should not be
deterministic of which problems will be solved. While justifying the former,
Venturi criticises the latter for separatirggchitecture from the experience of

life and the needs of society.

Thus, the question arises if being oblivious to certain problems and being
deterministic of which problems to b
i articular way of seeing the univeis® ot i on of creati vitydc

Autopoiesis Theory offers an intelligible answer within its explanation upon
Autopoietic closure in living systems, in a similarly but a slightly diverse
perspective. As conferred by \fgang Jona@007)

Autopoiesis characterises the sadferential logic of sef r e pr oduci ng) s
living systems are organizationally closed, i.e. without any input or output of
control information. Operatonrsnl vy refer to themsel ves &
statesé A system cannot enter into inte
of relations that define its organizat:i
part of itself. The theory of aopoiesis thus admits that systems can be recognized

as having fienvironmentso but insists th
systems can only evolve only along with sgdinerated paths.

Venturi 6s explanati on o ntmenthoea parttopaa c t
way of seeing the universe upon the determination of the way of problem
solving and the enlightenment offered by the concept of Autopoietic closure in
regard to the living systemsd relatdi
determned and that systems could only evolve along-getferated paths,

though two diverse knowledge sources,both accentuateupon the dominance of
the o6l ndividual Characteristico of th

4. Hardcore i The Individual Characteristic

While the common logi@nd rationale is derived out of consciousness, most
ideas that occur as insights or inspiration in the mental faculty are left aside
without robust reasoning for their oc
core of an individual which has a direcflirence upon all ideas, decisions and
actions of a person. Derived of consciousness or unconsciousness, the hardcore
has a saying upon each action of the creative process.

The hardcore includes of all basic codes that is connected and related in a
particular way or pattern in the construction of self.



62

YASHODHA PERERA & MILINDA PATHIRAJA

What we essentially pick up from the external/outer construction, from what
surrounds us are highly influenced and affected by the hardcore. What is
oblivious and what will be retrieved by the individual from capturing are the
ones that do not relate toshinardcore. Same phenomenon is conferred within
the concept of autopoietic closure i
environment are internally deter minec
specific relations/matters will not have specific code the hardcore of an
individual, hence, will not be a part of the internal construction, thus forms,
what Venturi confers upon as fAthe par

5. Architectural Position

An architect develops his notion of creativity oveloag period of time with
practice. In most instances, the creations of an architect depict a particular
approach or a certain way of achieving creativity, which will be eventually
recognized as oneds personal sturg. | e o
This steady and established way of achieving creativity is explained as the
architectural position of an architect and the position has a direct connection
with the hardcore of the architect.

Thus, the principles, the rules, the ways and pattefraciuieving creativity
would be essentially based upon the hardcore as well. Therefore, the
architectural position would be an ideal way to observe and analyze an
architectbés notion of creativity.

British Architect and Teacher, Royston Landau explainimg architectural
position,

AA position can result from differen
different disciplines (psychology, philosophy of mind, epistemology etc.). Of

key importance are the concepts of belief, intention and action, avhicf |

have given most attention to the problem of what produces action, while being
aware that beliefs and i (handami9B4h ns ar e

6. The Programme of Action

Explaining the position of an archite®koystonLandau diverts his interest and
attention to the intellectual component that are being transmitted and converted
into actions He further emphasizes the subjective and personal nature of the
matter by referringtoita8 | ndi v i d Treseindavidugaliadgion® are the
source of a progr amme, t hus iThe pr
Landau, this programme of action is what eventually constitutes the position of

an architect as well.

In his paper on British Architecture; The Culture of Atebture: A
Histography of the Current Discourse, Landau introduces Imre Lakatos, A
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Hungarian philosopher of mathematics and science, who proposed a logical
framework for the concept of programme. Thoughused this framework
within the domain of science and scientific knowledge, Landau had
successfully applied it into the domain of Architecture, for the position analysis
of architects.

Movi ng a h e gugrammaslofawodkey dosnponents:
1 Hardcore
1 Heuristics

6.1. HARDCORE (THE HEART OF THE PROGRAMME)

The hardcore of the programme of actions, also known as the heart of the
programme, differs from the Hardcore of the creative individual. At this
instance, the reader is confronted witho types of Halcore, where one
represents thelardcore of the creative individugt h e b i)and the ldther
representthe Hardcore of the programme

The Hardcore of the programme (the |
which are most critical to the pragnme that rejecting those means
abandoning the programme and thus commencing a new investigation.

Ever since all actions, beliefs and intentions of the creative individual is rooted
and based upon the Hardcore, it would be accurate in hypothesizintpehat
little AHO is a byproduct of the big

6.2HEURISTICS (THE METHODOLOGICAL RULES)

The heuristics are the other key component of the programme of action.
Lakatos explains the heuristics as the methodological rules and introduces the
two classes of heistics:

1 Positive heuristic
1 Negative Heuristic

6.2.1 Positive Heuristics

Positive Heuristics depicts the operational rules of the programme of action.

The necessary operational strategies in design will steer the wheel to the
expected direction and guidedesigner to focus on a particular approach that is
true to his or her bel i ef syst em( i
overcoming the diversity of irrelevant possibilities.

As explained by Land#&u984) the podive heuristics are the rules of the
programme that contribute to the establishment of a formal language, peculiar
and distinctive of the architect. The formal language will be a clear depiction of
the architectds noti onalmditoncr eati vity,
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6.2.2Negative Heuristics

Whilst the positive heuristics avoid all irrelevant possibilities and leaves the
designer with the operational rules that aid in guiding the programme to the
expected outcome, tlreegative heuristics instruct the designer, never to tamper
with the Hardcore (the | i(11984) teampdritgo ) .
the Hardcore means abandoning the programme.

The influence of methodological réle of an Architectos P
upon his Architectural Response is depicted below in (Figure 1).

Architectural
Response

Theory Practice

(
H

Architect/ Hardcore

H

Architectural
Position

H

Programme of
Action

H

Methodological
rules

TL/\

Positive Heuristics

N’
N

Negative Heuristics
~_

Figurel, Analytical Method of Architectural Response

6.3HEURISTICS VS. RESILIENCE

I'n correlation to the key theoretic
question arises, if the formation of Heuristics; Positive and Negative as pre
determined rules within the programme of action, inherently oblivious to
multiplicity, may regulatemd r estri ct OAdaptabi |l ity
pre-determined rules are Resilient; flexible, adaptable and robust, works in
favour of enhancing multiplicity, providing the architect with adequate
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ammurition in adopting new ways of problem solving and practicing across a
variety of platforms.

According to Ventuii1977) unl ess fAResilienceodo fall
of seeing the wuniversebo, in other t
Hardcore and the notion of creativity, or as the autopoietic theory confers, If
not 6internally d et e romi predeteiimjned Putes i t i \
becoming flexible, adaptable and robust is an impossible scenario.

But t hen, t he guestion ari ses, can
inherently rigid? Within the architectural discourse, the formation of heuristics
cannd be completely disregarded, as heuristics form the programme of action,

t hus t he anal ysi s of an architect0s
possibility, offering a substantial scientific means of exploring the notion of
creativity of the architect ascreative individual.

Therefore, it would be accurate to s
Built-e nvi r onment s o0, i n order for Archi
shoul d be identified as an essesntial

notion of creativity.

7.Resilience as a Noti on of Creativi
Problem Solvingbo

Once t he noti on of fResiliencebo bec
Architectds notion of cr eat i viiharent, it

constituent of his way of problem so
programme of action/Architectural Position. Thus, the formation of Resilience
as an AArchitectur al Responseo.

The key argument formulated within the first phase of tbeversation

connotes OResilienced to O6Adaptabili:!
within the creation of the resilient
as an integral component of the O6not

needf or Adaptable thinking for O6creati)\
for 6Adaptabl e ways of seeingd, i nhe
problem solwvungoédehiocbédsinhe creatoros

8. Resilience vs. Reality

Distressed by the atrocities of environmental disasters, the present moment
critically demands architects to find credible resolutions for the-wedd
conditions, than ever before.

Though the prerequisite is such, the individualistic notions of creativity,
architectur al positions, formul ati on
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programme of actions, seem to opawer the demand for the formulation of

0resilienced as an ar chiitiorsaréaenamlyatr e s
a crossroads, pulling themselves at opposite directions, at the same time, in
whi c h, t he heuri stics of t he archit
prevent the ocean of anomal i es Jfand n

Hardore- The Heart of the Programme, thus, making the architect oblivious to
the notion of resilience, as an anomaly, preventing the formulation of theorems
and framewor ks t h aitandisocialsdegsatabon.e nvi r onn

As conferred within the intradttion, the above phenomenon could be the
reason that heightens the inability of the architects in formulating the notion of
resilience as an architectural response, confines Design thinking and promotes
the cultivation and execution drchitectural ethoswithin the practice of
architecture that are oblivious to the demand for credible resolutions for the
realworld conditions.

9. The Sri Lankan Platform

These conditions could not get more real than it is at the present moment for
the developing economietue to economic instability and limited access to
precautions and resources comparison with the developed countries. Sri
Lanka, holds no exception, positioning itself under the category of developing
economies. As conferred within the introduction Ifiséhe recent floods,
landslides, and the Tsunami occurred few years ago provides adequate
precedents to consider the notion of
within the Sri Lankan architectural platform, specifically within the practice of
architecture, as theories had already been established decades back, yet, the
practice remains incapable of providi

10 Research methodology

In exploring the ovepower i ng nature of Heuri st
programme of action; essentially Positive Heuristics as operational rules that
contribute to the establishment of a formal language, the concept of stylistic
consistency within Sri Lankan platform, the Architectural Positions of two
renowned architects of théeld Architect Geoffrey Bawa and Architect
Valentine Gunasekara were analysed. The analysis will be explanatory of two
diverse ways of achieving creativity, diverse architectural positions and thus
two diverse notions of creativity.

Ordering of space anhform i and their subsequent tectonic and social
manifestation comprise the fundamental vocabulary of an architectural design
program. More specifically, spatial ordering, technological definition and
social response can be considered as the thregatitieas, which determine
the morphological organization of architectural form and space. Moving from
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the above hypothesis, the study had used three areas of compositional analysis
in evaluating the spedif architectural programs of the selected practitioners.

1 Ordering systems: plan, section, elevation
1 Mass and trabeation: the tectonic organization
1 Real and virtual: broader social obligations

Ever since, the purpose is to explore the gu@wrering indivdualistic notions

upon creativity within the practice of architecture that obscures the ability of
the architect to create architecture
resilience as an architectural response, the architectural positions obtlee ab

two architects would be explored through the analysis of their traceable
stylistic consistency within the programme of actions. The case study analysis
depicted below will only confer only upon the Positive Heuristics (as a
manifestation of the styligt consistency/formal language), under the two areas

of Ordering systems and Mass and Trabeation.

10.10RDERING SYSTEMS: PLAN, SECTION, ELEVATION

This concerns with elementsand principles that serve the organizatiasf

the buil di ngidformalpre@lumesahlese brdeging principles can

be seen as visual devices that allow diverse forms and spaces of a building to
co-exist perceptually and conceptually within an ordered and unified whole.

Themanner in which spaces are arranged can clarify their relative importance
and functional or symbolic role in ¢
principles are used to formalize this relationship among the forms and spaces,
and established a perceiverder (or disordefi) and meaning in architectural
composition.The subsequent symbiotic relationship of form and space can be
evaluated by anal ydmenspnaltdhcameration:lid.ij n g 6
plans, sections and elevations.

10.2MASS AND TRABEATION: THE TECTONIC ORGANIZATION
This concerns with elementsand principals that serve the organization of

the buildingds constructional | ogi c.
Frampton (2002) to elaborate thepoet i c mani festation
technol ogi cal environment . The ter ms
hand, are loosely based on Edward F@@b3Y s el uci dati on of
to two types of approachesoomo | i t hi ¢ and | ayered. o]

refers to the conceptualization of building as a {badring mass, whereas

0l ayeredd <connotes with a process o
layering of building systems around a ldaehring frame (abeation). The
compositional principles designers pursue to transform these constructional
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strategies to reflect specific archi
were discussed under this theme.

11.Case StudyFindings

As shown in (Table 1), the Positive Heuristics of Architect Geoffrey Bawa and
Valentine Gunasekara are a clear manifestation of the influence of
individualistic notion of creativity upon the practice. With such peplay

from the aspect of indidualistic notions, the accuracy of the aforementioned
statementwi t hi n t he paradiegmiobnmBeasbsbi emn
Architecture to be resilient, fResi |
component of t he Haondaf areagivity, i rthud)i t e c
Reaffirmed.

Due to this scenario, the notion of I
many platforms in general, and within this particular platform, it is being
conferred under t he tihSestamable &nd ReBiliemt| d i
Built-Envi r onment s o, wher eas, the future
the present. It is high time the devoted focus and commitment towards theory
could be distributed in a balanced approach that inherent impact of
individualistic notions of creativity, programme of action and architectural
positions within the practice, should not be disregarded or considered trivial
within the formulation of theories.

Table * Positive Heuristicsi Architect Geoffrey Bawa & Architect aléntine
Gunasekara

Architect Valentine

Architect Geoffrey Bawa Gunasekara

The Curvaceous Form
The Free Space
The Vertical Space

1 Creation of a definite
physical boundary
The composition of
Pavilions
Experiential route
The Combinatorial
Space

1 The play of solid and
Void

E

=a =

Positive Heuristics
Ordering Systems
=
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Mass & Trabeation

=a =

The Breathing Wall

The Cantilevered
Section Form

The Extended structural
frame

The Concrete Portal
frame

The Colonnade

=a —a —a 9

=a —a

Structural Expressionism
The Poetic Form
Geometric Fenestrations
The play of light and
shadow

Modular Construction
Deconstruction of
Structure

Above mentioned Positive Heuristics of Architect Geoffrey Bawa and
Architect Valentine Gunasekara were identified and derived by analysing at
leastfive caseswvhich depict each Positive Heuristic. Samples of each analysis
are portrayed by (Table 2) and fla 3) below.
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Table 2 Analysis of Positive HeuristidgsArchitect Geoffrey Bawa (sample)

Case 01

Case 03

Ordering Systems

PH 01: Creation of a
definite physical
boundary

New Parliamentary

W.H. Fernando House

A.S.H. De Silva House

Complex
G
c
S
‘B »
o <
g2
Sz
O
2 The Madurai Club:
o
= _
€
k)
g
X3
W
(a2}
o
I
o

Ena De Silva House
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PH 08 The Extended
Structural Frame

(=]
£
<
©
<
o =
o ©
3 -
g -
cl|z St. Thomas's . . Steel Corporation
ol ® Preparatory School Bishop's College Offices
o
(O]
QO S E
Clegp
=|Fes
o8
2|z58]
clzog
@ hapathEndera :
) Yahapal Steel Corporation Benthota Beach Hotel
% Farm School
=

N U Jayewardena House

Madurai Boys' Town

India

Bishop's College

Table 3 Analysis of Positive HeuristiGdArchitect Valentine Gunasekara (sample)

Positive
Heuristics
(PH)

Case 01

Case 02

Case 03

PH 01: The
Curvaceous Form

V.J.H. Gunasekara houst

PH 02: The Free
Space

Y e

v —r—

lllangakoon House

Ordering Systems

PH 03: The Vertical
Space

o

Mahendrarajah House:
Section

TharmaratndHouse:
Section

Galle Bishop's house
chapel: Section
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PH 06: Geometric
Fenestrations

Mass and Tabulation
PH 08:Modular
Construction

L

i
il

PH 09: Deconstruction
of Structure

12.Resilience: Theory vs. Practice

Explicit or tacit, found i n books oI
whether in the state of an abstract cognition of the psychomotor, theory or
derived out of practice, despites its origins, knowledge is Knowledge and falls
under preordained consténts that forms the universal wisdom.

Within the realm of Architecture, Theory has been in criticism for many
decades due to its abstractness and territorialisation of practice, in contrary,
practice cannot be accumulated into specific parameters logayt and is
inevitably, highly influenced by individualistic architectural positions of the
practitioners. On t he ot her hand,
obliviousness towards theory. Amalgamation of theory into practice and
practice into theorycould be a possible resolution inmitigating the tension
between abstraction and application as two distant entities. If not perceived as
two disintegrated, distant realms, rather as descents of one another; theory
which becomes practice and practice whiilecomes theory, could become a
possibility. No doubt that both could operate independently from one another
and stildl be considered as knowl edge
conduit in bridging the gap between Theory and Practice, two solitary
components of knowledge in isolation (Theory and Practice) would be the real
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challenge. One might not have to reinvent the wheel in doing so, rather a
diverse perception or a novel interpretation of the existing letye could be
helpful. With that thought, Architectural Education could certainly play a vital
role in forming the conduits that bridges the gap.

ARi gorous prof essi oAf@rhed ipstramental groblemse r s
by applying [both] theory anadtc h n {Sghore 1883, p. 3)

Schonbds statement above vividly expl
approach, where practitioners could combine theory with their individualistic
techniques in problem solving whilst JanA. van de Snepscheut confers upon

the obliviousness of theory makers towards application and practice, where
practice is highly influenced by individualistic positions.

Aln theory, there is no difference be
th e r gJan LsA. ¥an de Snepscheut, 2015)

The realm of architecture is very much a creative domain that the diversity of
individualistic notions of creativity, architectural positions and problem solving
techniques cannotebdisregarded. The transition or the transformation of a
theory into a resolution or an Architectural response, is highly dependent upon
individualistic architectural positions and would only occur as long as the
theory does not tamper the mtetermined &t of rules, the programme of
Action /the Architectural Position, in other terms, the comfort zone of the
architect.

The ability to design and to be conscious about this (i.e. to be retrospective and

projective regardi ng ondiagdworidoseems tp beshet i o n

essential human characteristic, distinguishing us from the rest of the living world.

The construction of models of the human position and ability of acting in relation to

nature is one of the essential and unresolved challefgesdernity.(Jonas, 2007)
Jonasb6s words clearly articul at es t
construction; as the O0o0wnuppnadssigi ason i 1
the creative act. He further profess
and confers upon the portance of design which is generated out of the
equilibrium of human position and the ability of acting in relation to the nature,
the surroundings, rather the entire outer construction. Thus, whereas the built
environment is concerned, the unresolvedlehges of modernity would be to

6designdé at an equilibrium, whi chmi't
construction (social, cultural, economic, and environmental) and the inner

constructioni ( oneds own position, architec
creativity). Finding the 6éequilibriul

itself. Though seems to be the challenge, it could be perceived as a resolution
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for the dichotomy between Theory and Practind the disregard of theoretical
notions such as iresiliencedo -amld an A
conditions.

Evaluating such behaviour of reabrld Architectural Responses and finding
strategies to overcome the subsequent disparity bethesory and Practice,
however, cannot be entirely practice based. Professions rely on higher training
and educational institutions, to establish and renew the bases of practical and
intellectual knowledge that the new generations of practitioners will taave
acquire. If so, then the objective of the Academia of Architecture and the entire
Architectural Education system could be the aforementioned challenge itself;
Restructuring itself as a vestibule for the students in facilitating the process of
finding their own equilibrium and succouring the emergence of knowledge that
act as conduits in bridging the gap between Architectural Theory and Practice.
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Abstract

Energy conservation in built environment has been taken reasonable attention
in global energy dilemma. However, uncertainty of expected performance
achievement of energy conservation project is become an increasing threat.
AEnergy Service Companyo (ESCO) star
provides successful energy project. Hencis #tudy investigates the existing
energy service practices in Sri Lanka and possibility of adopting ESCO concept
for energy conservation in Sri Lanka. This paper is based on literature review
and preliminary investigation followed by nine (9) expertsrniergy industry
which was used to discover the characteristics of existing practices of energy
service in Sri Lanka, and way forward actions from current energy service
practices towards ESCO Concept in Sri Lanka. Findings prove that, current
practice of eargy services can be categorized as Energy Audit Service, Energy
Efficient Improvement Service, Technology service and Energy Supply Service
Practitioners. Further, findings conclude that none of existing energy service
model reached to the level of ESCOncept to attain the real benefit from
energy conservation project and practicing of ESCO concept may be more
favourable to the energy service industry in Sri Lanka. Therefore, this research
highlights the way forward actions such as guaranteed savingl,neseegy
performance contract and financing model for the development from current
status, to the level of ESCO concept.

Keywords Energy Conservation, ESCO Concept, Energy Service

1. Introduction

AEnergyo has become a c rdevwelopmentoftheuc c e
key sectors in a country and the progress is synonymous with continuous quest
of the energy in many forms (Kalaiselvam and Parameshwaran, 2014).
However, scarcity of the primary energy resources confines the adaptability of
energy for faure development in distinctive industries (Kalaiselvam et al.,
2014). Many countries are progressively confronting the energy crisis with
everincreasing energy demand (SLSEA, 2010).
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Energy crisis is a one of trdaunting challenge faced by Sri Lanka (SLSEA,
2010). Consequently, there was unscheduled power interruptions were taken
place in recent past as a result of electrical energy crisis (Fazal, 2014). Even
though Sri Lanka was envisaged with crisis in energyenrecently, it is
become more dare for industries to find solutions towards energy conservation
(Fazal, 2014). Perera et al. (2008) noted that energy management has become a
cost effective success factor for achieving critical energy conservation targets

However, Energy conservation and management broadly focused on the
planning and implementation of energy efficient projects (SLSEA, 2010).
Thereby, many more energy management approaches are emerged as separate
entities (Sorrell, 2007). According @otty and Turner (2012) ESCO is a one

such approach that emerged in order to obtain favorable opportunities from the
energy market.

ESCO is a concept which goes beyond the conventional energy services by
providing complete energy service through bearimgire risk of energy
performance achievement (Bureau of Energy Efficiency [BEE], 2010). Many
researches revealed the complete energy project as a project, which runs over
design stage to installation and maintenance stage along with comprehensive
finance @ckage.

The lack of ESCO model for guaranteed return and safeguard performance
risks, limits the adoption of energy conservation project in high energy
intensive buildings in Sri Lanka. There is therefore a need to identify the
applicability of ESCO corept to Sri Lankan energy service industry, which is

to identify the visible gap prevailing in existing energy service industry to
reach to the concept of ESCO. Accordingly, the study focuses to identify the
specific indicators of ESCO concept as one adt effective and risk sharing
energy service approach and gaps to the existing energy service approaches to
bridge more complete and successful energy projects in Sri Lanka.
Furthermore, the study consists with four sections presents comprehensive
literature review, research methodology, research findings, and conclusions
respectively.

2. Literature Review
2.1 THE ENERGY SERVICE
A strong collaboration is existing among different phases of a complete energy

project which is from designing stage to installation, commissioning and
maintenance stage (Bertoldi et al., 2006). Moreover, energy services includes
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numerous facets under various disciplines such as energy audit, energy analysis
and consultation, design and installation, operation and maintenance, energy
performance evaluation, energy supply, energy efficient equipsupply and
property management (Bertoldi et al., 2006; Sorrell, 2007).

It is apparent that different trade associations are involved as energy service
providing companies in delivering those numerous activities. Castro and Roper
(2009) stated that ergy service providers based on their activities is
challenging the success of the energy projects since most of the service
providers are limited to consultation and energy auditing services. Further,
Sorrell (2007) stated that most of energy service gdeygi are not affording a
complete energy project to the client to ascertain the real benefit from the
project. According to Hannon and Bolton (2015), a company specialist with a
coherent knowledge in all the energy service activities of a complete energy
project is an advantage to the client. ESCO is a cost effective approach to
energy service providers who provides complete energy project and practicing
energy service as their core business.

2.2. THE CONCEPT OF ESCO

Despite the economic conditions, the concept of ESCO was spread among
developed countries as well as the developing countries (Ren et al., 2011).
According to Ren et al., (2011), the ESCO concept was emerged in United
States in early 1970 as a solutiorthe energy crisis. Furthermore, the concept
was successfully spread in European countries with the stable and strong
economics of scale (Fang et al., 2012). In contrast, Hannon and Bolton (2015)
revealed that evidence obtain from recent past proved that developing
countries endeavor to add value to energy projects through ESCO concept.

Stuart et al. (2014) defined ESCO as a company that provides energy
efficiencyrelated and other valeedded services and for which performance
contracting is a corpart of its energeefficiency services business. However,
Sorrell (2007) noted that comprehensive and complete energy services offered
by ESCOs consisted with energy information and analysis, energy audits,
installation, control systems, operation and r@iance of equipment,
performance measurement and verification with competitive finance package.
Furthermore, Bertoldi et al. (2006) stated that guaranteeing the achievement of
energy performance and arranging the finance for the project are key
initiatives, which differentiate the ESCOs from conventional energy service
providers. Moreover, ESCOs accomplish their remuneration targets as
percentage of savings, which remove burden of service charge from the client
(Lee et al., 2015). Since revenue subsistshensavings, the survival of the
ESCO depends on the success of the energy efficient project (Lee et al., 2015).
Therefore, ESCO assist to manage the risk of energy project is a vital aspect,
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which transferred all the project related risk from client side to ESCO. In
contrast, Lee et al. (2013) mentioned that higher the risk of the project, the
performance achievement is becoming more unrealistic.

According to Deng et al. (2015), long contrperiod assist to subtract the risks
associated with the energy project. Furthermore, comprehensive energy
performance agreements between the client and the ESCO preserve ESCO
business from associated risks (Lee et al., 2013). Zhang et al. (2014) lstiated t
the ESCOs are driven in the past two decades through the energy service
agreements by providing innovative solution for adaptation of energy measures
and green technology in the built environment.

2.3.ENERGY SERVICE AGREMENTS USED BY ESCO

The proces of agreement begins after conducting preliminary energy audit and
allowed ESCO as well as the client to concern on services to the depth (Dotty
& Turner, 2014). In general, the most common structures for the energy service
agreements are identified aseegy performance contracts (EPC) and energy
supply contracts (ESC) (Lee et al., 2015).

EPC is arranged around the secondary energy conservation measures, while
ESC is arranged around primary energy supply measures (Sorrell, 2007).
According to Bertoldi et al. (2006), the energy contracts exhibit a framework
for the ESCO project, which consist crucial elements for successful project.
Accordingly, Baechler and Webster (2011) demonstrate that the key elements
which has to be undertaken during developnagrt implementation of energy
service agreements include, Investment grade energy audits Project scope
development, Engineering and design, Financing options, Development of
measurement and verification protocols, Equipment selection and purchasing,
Constuction management, Commissioning, Project documentation, Training
owner 6s operating staff, Guarantee of
verification activities, Operations and maintenance of equipment.

2.4. ESCO FINANCING MODELS

Hannon (2012) hidlghted the fact that success and the continuation of the
ESCO depends on positive features of finance models offered at the project.
Okay et al. (2008) classified the finance model of ESCOs as guaranteed saving
model and Shared saving model. Table 1 compand contrasts the
characteristics of guaranteed saving model and shared saving model.
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Table 1: Shared Saving Model and Guaranteed Saving Model

Shared Saving Model Guaranteed SavingModel

ESCO endures the entire finance | Client fulfills the financial
requirement of the project requirement of the project through
(Robinson et al., 2015). fixed debt of third party financial

intermediate (Penet al.,2012)

ESCOs ensure the sufficidetel ESCO guarantee the sufficient leve
of performance achievement and | of performance achievement in ord
saving targets in order to cover | to cover the client debt through
their cost of project (Peng et al., | savings and assists to obtain debt
2012) from third party(Peng et al.2012).

Client is free from the burden of | Client is free from the burden of
performance achievement of the | performance achievement of the
energy projectPeng et al 2012. energy projectFeng et al.2012).

There is no needf reliable There is a need of reliable
guaranteed saving agreement sin{ guaranteed saving agreement whig
ESCO bears the cost of the projeq augment confidence between ESC

(Bertoldia et al., 2006). and client (Bertoldia et al2006).
Client obligatiors directs only for | Client obligations directs through
the business risk while ESCO both business and credit risk of the
obliged for finance risk and project. Thus, ESCO responsible fq
performance risk of energy projec|t h e cdreditarisktincdse of
(Robinson et al. 2015) shortfalls in project savings

(Robinson eal. 2015).

Having considered the above literature review, this study was focused to
answer to the following three questions,

1. What are the current practices of energy services ihgdka?

2. What are the critical aspects to be considered in transferring from
current status to the ESCO concept?

3. What are the benefits of implementing ESCO concept in Sri Lanka?

3. Research Methodology

Research process is a developed plan to carry oututhg Isy investigating the
guestion, collect information, designing a method of collection and fix on the
way of analyzing information to achieve the substantial outcome (Hilebert
al., 2010).Therefore, researghrocessf this study consists of a literaeu
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review, data collection as preliminary investigation with energy experts and
data analysis to draw the outcome.

The literature review emphasized the ESCO concept in broader view to identify
the crucial aspects of the concept such as energy service agreements and
finance models used by ESCOs.

This research was subjected to a qualitative research approach by having
considered the nature of the study to do a preliminary investigation on energy
service practices in Sri Lanka. Nine (09) experts in Energy Management field
who are well aware on ESC€&ncept were interviewed to gather information

on the existing energy service industry in Sri Lanka. Furthermore, the nine
interviews were used to explore way forward from current energy service
practices in Sri Lanka towards ESCO concept. The number tefvieaws
conducted was limited to nine (09) due to saturation of data and specially due
to lack of experts in energy service field who are well aware on ESCO concept.
Interviews were carried out with energy service professionals, who have border
view of ESCO concept and energy services with over 12 years of experience in
energy industry in Sri Lanka.

This research carried out content analysis as the technique for analyzing data.
Further, QSR.NVivo software was used to analyze the data which assist to
dewlop a coddased structure through the findings of the preliminary
investigation.

4. Findings of the preliminary Investigation

This section discussed the findings of the study covering the current practice of
energy services in Sri Lanka. Heneay forwad from current energy service
practices in Sri Lanka towards ESCO cong¢egid substantial benefits of
implementing the ESCO concept in Sri Lanka.

4.1CURRENT PRACTICE OF ENERGY SERVICES IN SRI LANKA

All the experts, who are having a broader view of gneservice practices in

Sri Lanka stated that most of the Sri Lankan energy projects are limited to
energy audit and consultancy services which address the energy conservation
opportunities and mechanism to the client, while client needs to be carried out
the energy project by themselves by coordinating all the financial, equipment,
technical and other resources. Experts noted that this company structure as
energy audit service providing structure.

Further, as per the experts, very few companies havetwstdcas energy
efficient improvement companies. Four (04) experts emphasised that this
company structure moved towards the direction of ESCO but still not at a level



80

ENERGY SERVICE PRACTICES TOWARDS ESCO CONCEPT IN SRI LANKA

to classify as an ESCO. Fher to the findings, it is not wide enough to provide
financial and other resource requirements which to provide a total energy
solution to the client.

Further, it is also noted that some technology providing companies are acting
as energy services prao@rs in Sri Lanka. According to experts, energy
efficient lighting solutions, variable speed drives, energy management systems,
building management systems, soft starts, energy efficient motors, and pumps
are the most common technologies supplied by tcosgpanies. In contrast,

five (05) experts highlighted that there are few energy supply service providing
companies established in Sri Lanka. Further, highlighted the facts that most of
the primary energy suppliers are utilizes renewable energy such assbkiton
capture the market.

In summary, all the experts structured that Sri Lanka is still not practicing the
ESCO concept as energy service model. Therefore the current practice of the
energy services in Sri Lanka can be categorized in to four seations as,

A Energy Audit Service Providers

A Energy Efficient Improvement Service Providers
A Technology Service Providers

A Energy Supply Service Providers

4.2WAY FORWARD FROM CURRENT ENERGY SERVICE PRACTICES

IN SRI LANKA TOWARDS ESCO CONCEPT

According to experts, concept of ESCO is a universally recognized concept
which includes unique finance models to attract the customer on energy
conservation. As per the interview findings, common practice of the Sri Lankan
energy service industry is highhted as; user deploys company funds to pay
for energy Service Company while services are also limited to energy audit,
design and consulting works. Integrated services declared at the universal
ESCO concept is not followed by the Sri Lankan energy inglastd ESCO is

a concept which stands above the existing energy service practices of Sri
Lanka.

Figure 1 illustrates the current energy service practices in Sri Lanka. Further, it
highlights way forward actions from current energy service practicesiin Sr
Lanka towards ESCO concept.
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Current Energy Services Practices
in Sri Lanka

-
ACompanies have limited number
of services such as energy audit,
design and energy consulting
works.

\§

-

AClients fulfill the finance
requirement of the entire project

-
-

AThere are basic service contract
and no guarantee for performance
achievement.

\

e

AThere are prompt monthly service
charges regardless of energy
savings.

-

Way Forward Actions for ESCO
Concept

1111

~
AProvide comprehensive and
complete energy project to the
client from inception through
completion the recovery of cost.
g

(AArrange self-finance for the project
through appropriate finance
models. (Ex: guaranteed saving
method will be more favorable to
\Sri Lanka.)

~

AEnter in to energy service contract
mainly EPC or ESC which
guaranteed the per-determine
performance achievement.

\§

(AArrange liable technique to collect
service charge from realized
savings.

AReduce the sharing percentage
from saving with the duration is

\_suitable to Sri Lanka.

ESCO Concept

1111

ABundle of services from designing

and maintenance stage

stage to implementation, operation

-

AEstablish finance models such as
1 Shared saving model
1 Guaranteed saving model

-

~

/
rﬁEstablish Service contracts, )
1 Energy Performance
Contract (EPC)
1 Energy Supply contract
(ESC) )

ATied up ESCO revenue directly
with realized savings of the
projectis.

Figure 1: Way Forward Actions from Current Energy Service Practices towards ESCO Concept in Sri Lanka
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The first column of the figure shows the current energy service practices in Sri
Lanka. Second column illustrates the way forward actions from current energy
service pactices in Sri Lanka towards ESCO concept and the third column
presents the ESCO Concept.

Furthermore, the first point of columns emphasides fact thatto being an
ESCO needs bundle of services, whagrants numerous facets of the energy
project. It is also identified operational capacities of existing energy services
companies should be improved to deliver comprehensive energy audit,
identifying possible energy conservation opportunities, feasibility studies,
designing most appropriate solutionimplementing solutions, maintaining
relationship with suppliers and client organisations, monitoring the
implemented system, carrying out the operation and maintenance activities
throughout the contact period. In carrying out the aforementioned tasks,
commny has to be maintaining resourceful human workforce.

Further to the findings, the second point of columns emphasised the fact that
arranging finance for the project. As a developing country, Sri Lankan energy
service companies may not capable for-8etiding for projects to follow the
shared saving finance model, which is to be a full pledge ESCO. Therefore,
Guaranteed the funding is more appropriate for country like Sri Lanka. It is
also identified the importance of government support in obtainingrfgricbom

the banks. Further, Government can aid to make model more realistic by
delivering loans at favorable interest which motivate client to attain loan for the
energy project.

Further, the third point of columns emphasised the facts that need to be
consider in developing a successful energy services contract in Sri Lanka. It is
revealed that energy contract should cover the feasibility stage, implementing
stage and measurement and verification stage of the project. Further to
findings, EPC include theclient information, project baseline, and
measurement and verification protocols used, saving share, financial terms, and
Legal terms. It is further noted that EPC be able to act as a negotiation tool
since it comprises with audits, warranty, financiall ayment terms, dispute
resolution, good faith, termination, governing law, obligations and
responsibilities.

The third point of columns emphasised the facts that method of collecting
revenue for the company. According to experts, clients are willingptéor
energy conservation only they perceive any monitory value from the energy
project. Therefore, revenue percentage from saving should be varying with the
duration of the project to create more favorable opportunities to client. Hence,
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the revenue percentage from saving should be flexible with the energy system
of the Sri Lanka which generally classified as 80% from the saving for ESCO
and 20% from the saving for client.

Six (06) of experts emphasised tfaetors need to be consider in achieving
realistic performance as mutual trust of operational staff of client organization,
stability of the client organization structure, environment conditions, Social
factors, economical factors, realistic baseline &liue name few. However,
three (03) experts revealed that those factors significantly affect to the energy
demand, which will change the normal routines of the client organisation and
impact to the performance realization.

Furthermore, all the experts &d that the ESCO concept is suitable to the Sri
Lankan built environment even it is not 100% practice in Sri Lanka due to
many barriers in the area of financial, economic and technical. Findings assert
that the need of this concept may arise in the fAgare with the crisis of
energy consumption in the built environment.

4.3BENEFITS OF IMPLEMENTING THE ESCO CONCEPT IN SRI

LANKA

The study highlights number of prevailing benefits by implementing the ESCO
concept in Sri Lanka. According to experts, agiag finance in cost effective

way emphasize the ESCOs from the other service providers. Six (06) experts
emphasized that finance models offered by the ESCOs are incurred almost zero
cost to the client when the project is completed successfully. Furipente
added that, there can be a growth of energy conservation in Sri Lanka as a
result of client being able to transfer significant risk to the ESCO through the
agreement . Four (04) experts stated
observable fact thaESCO facilitate to the client. It is also revealed that the
client can more concern on core activities is a benefit that is gained from
outsourcing the energy conservation activities for ESCO. As per the all expert,
after the implementation of designs @er the contract, ESCOs are providing
training to the irhouse staff. It is revealed that, achieving predetermined
performance of the project is highly depends on the user contribution. Hence
sharing the required knowledge with client staff is must foruecessful
project. Therefore, sharing knowledge is highlighting benefit which adds value
to the client organization. Furthermore, all the experts noted that that efficient
project offered by ESCO dilute the risks entail with project and make beneficial
to the both parties.
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5. Conclusions And Recommendations

Energy has become a largest deficient resource in the world with emerging
industrialized activities. Energy services industry play a vital role in delivering
this energy management requirement. ESCO is a concept which can be adopt
by an energy service prioker to gain substantial benefits by providing
comprehensive energy project in cost effective and risk free manner.

The preliminary investigation proved that Sri Lanka is lacking on the
comprehensive energy service such as ESCO. Furthermore, studyrizatego

the existing energy service providers as energy audit service providers, energy
efficient improvement service providers, technology providers and energy
supply service provider. Further, key findings highlighted Way forward from
current energy sernvcpractices in Sri Lanka towards ESCO concept as,

Provide comprehensive and complete energy project from design stage
to implementation stage

Arrange seHfinance through appropriate finance models

Enter into energy service contract which guaranteeddhalptermine
performance achievement and

Arrange liable technique to collect service charge from realized
savings of the energy project

> > >

Furthermore, the study highlighted the number of prevailing bensfitsh
client can obtain such as

A Risk managemenZero risk to the client

A Cost effectiveness

A knowledge sharing

A More concentrate on core business

A Increase the efficiency of the energy project

Energy conservation has been a practical solution to scarcity of energy in near
future. ESCO concept is@mprehensive business model which incorporates a
high standard of energy service. Thus, adhering to the concept of ESCO could
lead to optimize the performance in energy system in Sri Lanka.
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Abstract

Out of the numerous challenges facing mankind globally, the impact of climate
change poses more threat. These impacts includieaglarise, more frequent
floods from heavy rainfall and notablynang others, intense droughts. Despite
the United Nations anchored events and conferences geared towards tackling
climate change, little success has been recorded till date. Biomimicry, a novel
science and met hod that s t tasdheiefermsp at ur
processes, and strategies offesuatainablepproach to this menace of climate
change. It also has the potential-to" offer-efficient alternatives to the human
activities that contribute to the depletion and pollution of the environment.
Hence, the objective of this paper’is to evaluate and present the potential of
biomimicry in adapting to climate change in the built environment. An extant
literature review was conducted on biomimicry and-its roles in tackling climate
change through mitigmn and adaptation. The result explores Biomimetic
innovations and applications with their potential to sustainably combat the
menace of climate change if adopted. This study is expected to refocus human
efforts towards biomimicry where it is believed tthaature, during its 3.8
billion years of existence has evolved with highly efficient processes and
systems, with the potential to produce solutions to the environmental
challenges facing mankind, especially climate change.

Keywords Biomimicry; built enironment; climate change; greenhouse gas;
nature.

1. INTRODUCTION

Of the numerous global problems facing humanity, climate change is
frequently quoted as the most disastrous menace, though in diverse and
uncertain ways (Wolf et al., 2009h the progress towardisdustrialisatiorand
urbanisation statistics has shown that human activities contribute heavily
towards environmental degradation and pollution. The importance of plants and
equipment in the delivery of infrastructural projectestjves increases on a
daily basis (Idoro, 2012), all in a bid to match and sustain the growth.
However, the fuel and energy used to power these plants and the resulting
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exhausts/emissions negativétypactthe environment. Today, the use of fossil
fuels is paramount to heat and power homes as it is convenient using oil, coal
and natural gas for meeting our energy needs (Cotgrave & Rile8).ZlHese

are done without a conscious consideration foretm@ronment, the resultant
effect been the rapid increase in the atmospheric concentration of pollutants.

The level of atmospheric concentrations of greenhouse gases (GHGs) are
already well above primdustrial levels and areforecasted to continue rising
significantly (Hug & Grubb, 2003 The increase in GHGs within the
atmosphere is changing the manner in which radiation is transmitted within the
atmosphere resulting in global warming (Etkin & Ho, 200Zarbon dioxide

(COy), among several other pollutants, is known to be the primary GHG that
has contributed to recent climate change and its emission as a result of human
activities (USEPA, 2016). It has been discovered that buildings are major
emitters of other noO, GHG emissions such as halocarbons,
chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) as a result
of their use for cooling, refrigeration, fire_suppression, and in the case of
halocarbons, insulation materials (Pearce-et28l19. Also, respiratory health
problems, headaches, dizziness, irritation of the eyes, nose and throat and other
illness are notably caused by these other-@@» GHG emissions Other
impacts also include séavel rise, changes in storm paths arejfrency, more
frequent floods from heavy rainfall and among others, intense droughts leading
to food shortages etc. (Arain, 2Q Bearcest-al, 2019.

As affirmed by Zari (2010), policies and actions to combat GHG emissions
must &pand rapidly as the impacts of climate change bites and increaises. It
howevernot ewort hy that, during natureobs
highly efficient systems and strategies with the potential to prompt solutions to
many of the chllenges we now grapple with today (Hargroves & Smith, 2006).
By responding to its need and proffering strategies that work, natural systems
advances (EEeiny, 2012) and sustains itself over the long hiaat.3.8 billion

years, 1680 million species haviearned to do everything humans want to do,
without guzzling fossil fuels, polluting the planet, or mortgaging the common
future of generations to come (Strategic Direction, 2008, removal from

the atmosphere by the photosynthesis of plants andlberption of CQfor

pH level reduction by the oceai(€otgrave & Riley, 203) are few of the
highly successful strategies found in natuféis discovery has therefore
birthed an era whereby humans consult nature, studying their forms, processes,
systems and strategies to solve problems. Biomimicry, the term describing this
practice, will be construed in this studyg. light of the conclusions reached, a
long-term biomimetic solution is proposed thereblising the synergy of
strategies found in mare with respect to tackling climate change.
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2. THE UNITED NATIONS FRAMEWORK CONVENTION ON
CLIMATE CHANGE (UNFCCC)

At the Rio Earth Summit in 1992, countries agreed to an international treaty,
the Unied Nations Framework Convention on Climate Change (UNFCCC).
The UNFCCC is a framework for international cooperation to combat climate
change by limiting average global temperature increases and the resulting
climate change, and adaptirig the inexorable consequences (UNFCCC,
2014).

Climate change is a globalargescale and longterm subject full of
uncertainties (Wang, 2008). Regardless of the stance held by individuals,
societies or governments on the sorts or immensity of change occurring, an
important consideration is the changing nature of change itself: its pace is
quickening; its intensity increasing; its symptoms are more obvious; the
consequences and severity of change are more evident; and it is fomenting
additional and more ferocious change (Edgeman & Wu, 2015). The primary
objective of the UNFCCC, as statedAr t i cl e 2 is mitigat
stabilisatonof GHG concentrations in the at
frame that all ows O6d6éecosystems to
ensure that food production is (not threatened and to enable neicono
devel opment to '‘pr oceelNFCCC, 2014;sDuguimai n a
et al, 2014). Although, adaptation and abatement/mitigation of GHGs
emissions are both set out in'the UNFCCC as responses to anthropogenic
climate changea dichotomy between the two as policy approaches has
emerged as one of the most striking features of the discussion on how to
respond $chipper, 2006

3. ADAPTATION AND MITIGATION RESPONSES TO CLIMATE
CHANGE

The duo of mitigation and adaptation Heeen recognised as being responses to
the issue of climate change, as most of the scientific analysis and literature to
date has tended to treat them as separate domains, with very little overlap (Huq
& Grubb, 2003; Dugumat al, 2014). While mitigation focuses on the source

of climate change, adaptation addresses its consequ&utegper, 2006)The
relationship between them is such that, in theory, the more mitigation that takes
place, the less adaptation will be needed, angl wérsa lluq & Grubb, 2008

The visible effect of mitigation is not usually immediate, just as the impact of
climate change seen now is as a result of long years of accumulated
atmospheric concentrations of GHGs and other causal agents. However,
adaptatio emerged as the only viable option for furthering climate change
policy due to delays in the implementation of the Kyoto Proto8chipper,
2006). On the other hand, Adaptation deals with enhancing the adaptive
capacity and/or reducing vulnerability ttneate change impacts while also
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taking advantage of the positive opportunities resulting from climate change,
bearing in mind that impacts cannot be avoid®dilbanks et al., 2007;
Dugumaet al, 2014). It is thereforerecognisedthat, since mitigation is
streamlined to following regulations and making conscious changes in
production,transport and other service industries, adaptation will not be an
optional action $chipper, 2006) The synergies between adaptation and
mitigation reactions to climate change should be highly effective and efficient
considering the expanse of the impacts till d@tee adoption of biomimicry
thinking through the use of nature principles is more thesgded in other to
proffer adaptation measures to climate change.

4. OVERVIEW OF BIOMIMICRY

Coming from the combination of Greek wordsios (life) and mgnisis
(imitation), biomimicry literally means life imitation or thienitation of life

(Reed, 2003;Pronk-et; al,-2008; De Pauw- et. al., 201@&rnarson, 2011;
Gamage & Hyde, 2012Murr, 2015). Biomimicry (b i A o A m) stulliesc Ar y
naturebdés models and then emul ates t he
to solve human problems in a sustainable manner. Multiple terms such as
bionics, biomimetics, biognosis and hispired design are also used to
describe this practice f dearning-from nature -and-emulating its systems
(Wilson, 2008;..Vincent, 2009; ' Gamage. &\ Hyde,. 201Bjomimicry is
currently gaining overwhelming significance as a global movement in design
for environmentally conscious sustainable development that dfitenlates
creative innovations and solutions (Papanek, 1995; Benyus, 1997; Vogel, 1998;
Vincent, 2006; Zari, 2007; Gamage & Hyde, 2012). Al Amin and Taleb (2016)
believes that biomimicry as an approach has the potential to solve human
challenges due to thiact that other organisms in nature face, or have faced
many of such challenges we face as humans and were able to overcome them.
No doubt, biomimicry is the best path to a better and sustainable future for
mankind as ithopes to solve the problems crehtsy the uncontrolled global
growth of industrialisationand the exploitation of natural resourd&inaldi,

2007).

5. BIOMIMICRY RESPONSE TO CLIMATE CHANGE IN THE BUILT
ENVIRONMENT

In combating the menace of climate change, looking to highly adaptable
plants/animals or ones that survive in extreme climates and examining the
qualities of ecosystems that enable them to thrive successfully, may offer
potential avenues to follow (ZariQ@8). Nature has been found to be a master

in dealing with chaoscomplexity and unpredictability. Learning from the
processessystemsand strategies at work in nature can be adopted, providing
both mitigative and adaptive responses. Successful research and development
from naturebs over 3.8billion years o
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works with the results found to be sustainable, efficient, functional and
aesthetically pleasing as well. For example, before the industrial bibem,
atmosphericoncentration of C&remained steady as the continuous exchange

of CO, betweenthe atmosphereceansand land keeps a balance. Professional
innovators, designers, and researchers are now heading outside to see how
species have managed to survive all these years (Benyus, 2011) after been
humbled and inspired by the flora, fauna oreamt i r e ecosyst el
operandi. Itis, therefore,imperative for us tohumbly look unto nature as
model, mentor and measure in other to find numerous and sustainable solutions
to the challenges facing mankind, one of which is climate changmgst

many others.

5.1 BIOMIMICRY ADAPTIVE RESPONSE TO CLIMATE CHANGE

The ability of organisms to change certain parameters and characteristics in
response to a range of;chemical,~mechanical, and environmental conditions
provides endless opportunities_and ideas _for_humans (Lukie, 2014) in
adapting to climate change. These are ideas and innovations found to be
capable of responding reversibly, to changes within their surrounding
environment while successfully adaptingdasurviving in the longerm.
Biomimicry offers-an-adaptivemeasure-to-the menace ;of climate change by
responding to.direct impacts of.climate change sygtemic improvement of

the built environment (Zari, 200&ari, 2010) This can beachievedthrough

the adoption of the adaptive strategiegaged by nature for more thiégsm 3.8

billion yearsof existence

5.1.1 Responding to direct impacts of climate change

Nature has developed highly ordered architectures, complex morphologies, and
structures capable of muftinctionality or diverse applications (Kumar &
Kim, 2016), after evolving over billions of years. These are features which
have enabled them reducecithsusceptibility or increased their resiliency to

the fast changing environmental situations (harsh or mild) for sustenance and
survival. There are arrays of organisms and ecosystems that effectively manage
overheating, air pollution, erosion, droughtdahigh winds (Zari, 2010),
amongst the several results of climate chargferent combating forces
(chemical, physical, and functional) acting on natural biological systems
(plants, animals, and other organisms) in the environment can be considered as
adions, and their adaptability to these forces by several unique mechanisms
can be considered as the direct reaction necessary for survival (Malshe et al.,
2013).

For example, the scaly pangolin inspired Nicholas GrimshawPartdersin
their design for he Waterloo International Terminal in England. The glass
panels, which some say resembles a pinecone, emulates the flexible scale
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arrangement of the pangolin thereby making the structure respond to changes
in air pressure due to trains arrivals and departures (Goss, 2009). Another
example is the proposal of a unigdesalinatiorplant calledTeatro del Agua

in the Canary Islands byrfnshaw Architects, in collaboration with Charles
Paton of Seawater Greenhouse. Teatro del Agua is a building projected to be
selfsufficient in water with a large surplus that can be transferred to
neighbouringouildings and landscapes (Zari, 2010). Treidi b desert b
survival in the extreme desert condition where there is minimal rainfall but
short infrequent morninépgs inspired this proposal. The beetkgnocarhis

able to capture moisture from the swift moving fog that passes over it, by
artfully tilting its body into the wind enabling water condensation, forming
droplets on the hydrophobltydrophilic rough surface on its back which later

roll into the mouth (Goss, 2009). Teatro del Agua emulates this process by
passing seawater over a ssrof evaporative grilles, leaving salt behind while

the moist air touches the 'cool pipes, condensation occurring and clean water
tricklesdown the outside-of the-pipes to be-collected for use (Zari, 2008).

The abovelisted examples are few of the innovations inspired by the
application of biomimicry thinking that are applicable in the built environment.
With the impacts of climate change now felt through its resultant drought, air
pollution andoverheatingamongst-othersgmbracing biomimicry holistically
offers asustainablarray of options. Despite been an emerging and novel field,
biomimicry no doubt is the superlative passage to a sustainable and more
desirable future for humankind (Rinaldi, 2007).

5.1.2 Systemic improvemeof the built environment

The dayto-day climate is beyond our immediate control, but the built
environment is able to reduce its own impact on {1 climate change by
utilising sustainable materials and enhanced design to significantly influence
the climatic behaviourand sustainability of our buildings (Beddoes & Booth,
2012).Although ecosystems are typically resilient and many are able to move
through massive changes while still supporting organisms to survive, the ability
of ecosystems to adafut the rapid changes that may become apparent through
climate change is largely unknown (Zari, 2008). However, the ability of our
buildings to emulate the natural processes and function like an ecosystem in its
creation, use and maintenance has the patetatibe part of a resilient and
regenerative built environment (Zari & Storey, 2007). For instance, the floating
Ecopolis, otherwise known as the Lilypad is a design concept by architect
Vincent Callebaut for a completely sslfifficient floating city inéended to
address housing the inevitable tide of displaced people that could arise as
oceans swell under gl obal war mi ng (F
directly inspired by the highly ribbed leave of the great lilypad of Amazonia
Victoria Regia whib increased 250 times, an aquatic plant from the family of
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Nympheas with exceptional plasticity. The double skin is made of polyester
fibres covered by a layer of titanium dioxide (%jdike an anatase which by
reacting to ultraviolet rays enable the absorbing of atmospheric pollutithe by
photocatalyticeffect. Entirely autesufficient, Lilypad takes up the four main
challenges launched bw climatological study of the Organisation for
Economic Cooperation and Development (OECD) in March 2008; which
include, climate, biodiversitywater, and health. It reached a positive energetic
balance with zero C{emission by the integration of all the renewable energies
(solar, thermal and photovoltaic energies, wind energy, hydraulic, tidal power
station, osmotic energiephytd purification, and biomass) producing thus
durably more energy that it consumes. Thietope entirely recyclable, this
floating Ecopolis tends thus towards the positive-@omountancy of the
building in the oceanic ecosystems by producing and softening itself, the
oxygen and the electricity, by recycling the £@énd the waste, through
purifying and softening biologically the used waters and by integrating
ecological niches, aguaculture fields and biotic corridors on and under its body
to meet its own food needsd (Vincent

6. LESSONS LEARNT

With the rising population of mankind as evident in most countries around the
world, couypled with rapid urbanisationthe negative environmental impacts of
human activities are now evident, especially the issue of climate change which
has received (globalttention. Mitigation_and adaptation, are the two widely
recognisecconcepts with'the potent-panacea to the-global challenge of climate
change. While mitigation aim at both decreasing the energy consumption of
buildings and limiting GHGs emissions, adaptation its part refer to the
mitigation of the consequences of natural hazards taking root in prevention and
protection concepts (Salagnac, 2D1The basic obiomimicry is that, during

its 3.8 billion years of research and developmeature has evolved highly
efficient systems and processes, which can produce solutions to many of the
waste, resource efficiency and other environmental problems that human cope
with today @Asgeirsdéttir, 2013). Whereas, man has been after utilisingahatur
resources for his benefits and welfare which has been accompaniad by
imbalancen nature the introductionof various pollutants into the atmospheric
sphere and damaging of the environménarghami & Abad, 2015)Rao
(2014) also affirmed that undehis new order of sustainability, buildings,
outdoor art and other manmade structures would function like trees, meadows,
flora and fauna, capturing, cleaning and storing rainwater; converting sunlight
to energy and carbon dioxide to oxygen; protecting &@m erosion;
disseminating seedlings; and eliminating waste. Adapting to climate change,
this study shows the potential of biomimicry to offer solutions in a sustainable
manner(Zari, 2008; Zari, 2010). BmMimicry can be used in birthing novel
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inventions and innovations (Okuyucu, 2015), that will optimise the adaptive
capacity of the built environment the global challenge of climate change

7. CONCLUSION

The human environment is a swathe of mostly activities that contribute
immensely to the atmospheric concentration of GHGs. While population and
urbansurgeareon the increase, it is imperative to find ways of cushioning the
effect of the resultant clinba change both through adaptation as one of the
strategiesput forward by UNFCCC and other researchers. Tisisould
therefore,nvolve finding methods to replace the use of fossil fuels, reduction
in carbon footprint, discouraging consumption of natural resources and
subsequentlyninimising the generation of waste amongst others. Hence, this
study reveals the biomimetic approaghe climate change adaptation. The
study result further explores few biomimetic innovations and applications with
their potential to sustainably adapt to the menace of climate change when
embraced.

Biomimicry has presented -adaptivepath to-tackling th menace of climate
change in a sustainable way. It has also presented methods of replacing the use
of fossil fuels with contemporary sunlight and other renewable energy sources
while heralding an era of novel innovations that deals with the environmental
issues facing mankind. Since_replacing the use_of fossil fuels will lower the
atmospheric' concentration” of«GHGs+and prevent-the release of additional
pollutants, biomimicry examples presented in this study has shown the
potential of offering ways to addethe excessiverelease of GHGs into the
atmosphere. However, significant time, funding and collaboration between
biologists, designers and innovatareedto be adopted and encouraged in
order to develop more of such technologies. This study has shevabitity of
biomimicry to intercept rainfall thereby reducing the risk of flooding, limit
overheating, sequester carbon to offset CO2 emissions and overall, improve
human wellbeing andhe environment It is also important to note that
biomimicry will protect and support ecosystem services which are known to
have aided good air quality for the human environment.
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BLIND SENSE OF PLACE
A sensory ethnographic study on parameters of optimal design
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Abstract

Built environment needs to be inclusive addressing all the people who are in
different sensory capacities. The current research study was focused on
Architecture for visually impaired. The objectives of this qualitative
investigation were to explore the tnee of blind sensual perception and
identify the parameters of blindds s
research was conducted, with a sample of visually impaired children (n=13, age
= 1622, male: 7 and female: 6) who are students of Ratmaaehool for the
blind. A sensory ethnography study was adopted to identify the nature of
perception and the parameters of most preferred and least preferred spaces of
the school premises. Data analysis was done through Nvivo 11 program. The
blind sensulaperception considering the order of prioritization of sensory
modalities was identified as; haptic perception (35 %), light perception (27%),
auditory perception (19%), olfactory perception (11%) and visual perception
(8%) respectively. Sense of comfda6%), and sense freedom (31%) were
identified as the predominant psychological parameters leading to optimal
sense of place perceived by visually impaired while safety (8%), rhythm (8%),
privacy (3%) and sense of belongingness (4%) were identified asdsego
factors. Being in harmony with the elements of natural landscape, cross
ventilation, artificial ventilation and lighting in a conducive level were revealed
as favorable characteristics. Glare, noise, irregular rhythm in vertical
circulation (risers ad treads of thestaircase) and lack of safety in textural
design elements were identified as the unfavorable characteristics of least
preferred places. This investigation revealed the importance of transcending
beyond the bias of vision and designing iscle built environments
addressing haptic perception incorporating textural effects of materials,
ventilation, sound, smell and lighting leading to optimal design conducive for
visually impaired.

Key WordsBlindness; Senses; PerceptiSensef place;lrclusive
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1. Introduction

Architecture is predominantly considered as a visual experience in common
practice. Time to time there had beme actioragainst this visual bias within

the Architectural discipline. Rasmussen (1962) explained that people assess the
quality of space, matter, and scale using multiple senses so that our experience
of Architecture is multsensory in nature. According to Pallaaa (2005), we

join with the world not because of sight, but because of the rest of other senses.

Visually impaired people are a particular category in a society which cannot be
neglected or marginalized. Individuals who are blind give meaning to the
places based on their experiences, emotions, memories, imaginations and
intentions. Accordingly, the blind perception can add a new spectrum or
essence into the field of Architecture.Individuals who are visually impaired pay
more attention to the other senseml as a result, they perceive the space and
experience itbés sense of place in a
(2004) supported this concept with their research findings by confirming that
people who are visually impaired perceive the built emrent, relying on
tactile, haptic, auditory, and olfactory perceptions.

Several researchers in the contempoggobal researchrena have emphasized

the necessityof inclusive environments which addresses the people with
different sensorycapacities.Currentpreliminary investigation looks into the
means of creating inclusive environments for thevisually impaicedmunity

with reference to local contextaddressing a current, relevant issue related to the
field of architecture.The research has threecifipegoals to achieve as
mentioned below.

A Exploring the nature of perception of space with the use ofdifferent
senses by people with visual impairments.

A Exploring relevant sense of place concepts with reference to
individualswith visual impairments

A To find out design strategiesto manipulatesensual perceptions and
sense of place concepts in creating conducive built environments for
visually impaired people.

The focus of the current researchwas mainly limited to a specific group and a
context. The gsmpe is limited to the children who are visually impaired, and it is
not taken into account all ranges of the visual impaired population. The context
is also limited to blind school,Rathmalana. Accordingly, these research
findings cannot be generalized téagger group or context.

Due to the nature of the research question, the study was limited to a qualitative
research approach. The research was carried out respecting and giving careful



99
BLIND SENSE OF PLACE

attention to ethical considerations.The siudy limited to a small sample
(n=13) due to time constraints and to cause less disturbance to the academic
schedules in the school.As an ethical principle, the photographs of research
participants were not included in the report to secure the identitgsefrch
subjects.

2. Literature Review
Our experience of Architecture is multisensory in nature: we assess the quality
of space, matter, and scale using multiple sefiRa@smussen, 1962)

2.1BLINDNESS

Many decades ago blindreesvas related to the darkness which equated with
evil, stupidity, sin, and weakness (Jernigan, 1969). Highly criticizing the social
view on blindness at that time,Jernigan (1969)stated that the primitive
conditions of jungle and cave are gone, but the ramo attitudes about
blindness remain.

In general terms, blindness is a lack of vision. It may also refer to theloss of
vision which cannot be corrected with glasses or contact lenses. Partial
blindness can be introduced as having a very limited view. Having complete
blindness, a personcannoees anything and do not see thelight. Visual
impairment is a term which experts use to describe any vision loss, whether it
is partial blindness or complete blindness. As per the statist\d846 (2016),
worldwidevisually impaired population is about 28%llion out of which39
millionare blind, and 246 million have low vision. When it comes to the
situation in Srilankan context, 200,000 people are believed to be blind out of 20
million of the whole population. Another 400,000 are having low
vision(Statistics, 2001)

2.2SENSES AND PERCEPTION

Sensescan be introduced as physiological capacities of organisms. They help to
provide data for perception.Perception refers to the interpretation of what we
take in through our senses (Weiten, 2013).Human body have five basic senses;
sight, hearing, toughsmell, taste out of which vision plays the prime role in
obtaining reliable information of the world.In the absence of vision, individuals
who are visually impaired greatly rely on other remaining senses.

2.3NOTIONS OF SPACEAND PLACE

As explained byTuan (1997), space is more abstract than the place and
whenspace is felt thoroughly and become familiar to the perceiver, it becomes

a place. As further el aborated by Tu:
each other for an explanation. He points¢ that if one thinks of space as a
movement, then the place is a fApauseo?o
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movement will allow space to become a place. It shows that space can become
a place through experience. Deriwgith the experience of space, the notion of
asense of place can be defined as a feeling towards a place. It is the emotional
relationship between people and places whichdepend on human engagement
(Tuan, 1997).

As explained by Relph (1976), thespirit dage exists outside of us while
thefeeling of the place |ies inside U
of theplace lies in the strong characteristics of the environment and sense of
place lies upon the human cognitions.

According to Bloomer ad Moore (1977), sense of place is derived from the
sensual bodgentered perception and it is the beginning of all Architecture.
Within the scope of this research,the
pl ace. When it c o mfkeptacetttee matdrial enbidoimend 6 s
remains the same while cognitive factors influence in a significantly different
manner based on the sensation and perception conceptions of people with
visual impairments.

2.4MULTI-SENSORY ARCHITECTURE

Pallasmaa (2009)rings out a new perspective of midénsory Architecture.
Architecture can be considered as the art of reconciliation betiveeran
beings and the world. Senses act as the mediators in that
process(Pall asmaa, 20960 s 0 Ty axclds ¢ne empod t
visual phenomenonalthough it includes all the sensory attention into
Architecture. A multitude of architects have given attention to this approach;
the Jewish Museum in Berlin, Germany, designed by Architect Daniel
Libeskind, is a vibrant exaple wheremultsensory architecture has been
achieved.The Swiss Pavilion, Germany, by Peter Zumthor, is a building
designed to demonstrate acoustic qualities naturally (Zumthor, 2010). Carlo
Scarpa and Alvar Alto are Architects who not only designed imgid
appealing to the eye, but also their work explores the haptic perception. Their
composition of material usage has enriched the haptic quality within built
environments (Sona & Nair, 2014).Multisensory design approach does include
not only buildings.This method can be used even through thestages ofdesign
development in order to communicate with clients with deviating sensory
capacities (Vermeersch,Heylighen, 2004).

2.4.1Universal Design

Universal design is a popular, emerging movement in the world which
recognizes that thewidest range of people should get access to the built
environment, products and communication (Hanson, 2016). Going in line with
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this notion, the current research probes into the parameters of optimal design
for visually impaired.

3.RESEARCH METHODOLOGY

This qualitativeinvestigation adopted sensory ethnogi@phl, 2011yvhich is

a methodology that iappropriate for social research and interventions which
helps in understandingthe feelings of inhabitants of particular social contexts,
spaces, and places and in turn how they make meanings, act, and react in
response to sensory experiences. Senstnogtaphy builds anunderstanding

of how peoplebs O6multisensorial 6 exp
sight, sound, movement, and so on) shapes their experience,subsequent
behaviors and dispositionSinderland et al, 2012).

3.1.1case study

The research principally focuses on how visually impaired children perceive
their built environment. Accordingly,the criteria for the cadady was to
identify a place dedicated for blind children where the children are studying
residing in the same environment. Hessen and Heylighen (2012) have
conducted a similar kind of a research at a school for the blind. There are 13
residential schoal for children with visualimpairments in Srilanka. Among
them, Rathmalana school for the blind was selected to conduct the research due
to accessibility, urban context and the resources available.

Figure 1, Perspectiveiew of Rathmalana Figure 2, Location oRathmalaa
school for the blind school for the blind

3.1.1.1Research Sample

The research sample consisted of 13 research subjects who are blind (n=13, age
= 1622, male: 7 and female: 6).Research sample has been selected considering
the consent of research participants, proportionate balance interms of different
vision status, lesvariation in age and knowledge level, thebalance of gender
proportions and with | ess disturbance
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3.2RESEARCH PROCESS
As graphically represented below, this research evolvedieveloped through
an indepth research process which consistestage®f the preliminary, pilot

and research study while gaining discipline, knowledge, training, practice in
the process dfvestigation durindour months.

Case Study Tradition Of Sensory Ethnography
Inquiry Survey

Research Design

Research Process

Preliminary Study
.

Pilot Study Research Study
.

»
Survey conduct using the

Literature Review Informed Consents adapted method of Sensory
Ethnography
1] o 12
T : . Reseach Subjects’
Voluntary Participation Group Discussions Perception Study
12 » 12
. " Built Environment
Braille Course Pilot Tests Character Study
]
Expertise Knowledge
Data Collection 'Igt;::t';n
+Written
Documents
“Voice Recordings
Data Recording *Photographs

*Sketches

] i
DataStoring Nuive 11
Oral Interviews+Adapted sensory Program
ethnography survey

‘Word Clouds/ Graphs Photographs/ Sketches Content Analysis/Indexing

Figure 0, Summary of research Process
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The Sensory Ethnography method (Pink, 2011; HersseHg\ighen, 2012)

was adapted to conduct the investigation. Research participants (n=13) were
invited to participate in a group discussion at the onset of the study in order to
enlighten them regarding the research plan. It was also attempted to obtain
thegeneral opinion about their living environment within the school premises
with special reference to buildings/spaces. Each subject was asked to give a
guiding tour around the school environment afterward. Throughout that tour,
each subject was invited tasige the investigator to their most favored and
least favored places while explaining the reasons behind their perceptions.

Data was collected via oral interviews (n=13) consisted of -opened
guestions which took place simultaneously with the guiding. As clarified

by Keats (2000), interviewing technique applied for visually impaired should
strongly rely on verbal communication. Engaging in an awareness program on
visual impairment helped the investigator to develop necessary skills and
competenceo conduct the interview accordingly. The observations relevant to
each research subject were recorded then and there while taking part in the
guiding tour via taking down notes, sketches, and photographs by the
investigator.

Nvivo 11 program and manualifig method were adapted to store data during
the research process. This study has incorporated Nvivo 11 program for data
analysis as well. The method of coding analysis (Keats, 2000) has been adapted
and the analyzed data were presented using word ofmungsated using Nvivo

11 to graphically represent big ideas in the content (Ramlo, 2011). By adopting
word clouds it was expected to communicate the summary of findings
effectively to the reader compared to a graph/chart.

Resear ch subj ere thsebved ramdsapatyzed & gecognize the
nature of the sensory perception of visually impaired. Based on their favorable
and unfavorable responses and actions with reference to the spaces of the
school premises reported during the study tour, the mostddwlaces and
disfavored unpopular places were identified to study the corresponding spatial

attributes. Corresponding sense of place themes was derived based on the
meanings and ideologies reportedby the research participants with reference to
those plaesidentified. The findings were analyzed in order find out the
characteristics of favored places vs disfavored places supported with a site
analysis synthesizing notes, photographs, sketches and the comments of
research participants.

The findings and carusions of this research have contributed in
comprehending the parameters leading to optimal design for visually impaired.
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4. FINDINGS& ANALYSIS

The significant findings came out of the interviews conducted simultaneously
with the sensory ethnographstudy representdoklow.

4.1FINDING 1- HIERARCHY OF SENSORY PERCEPTION
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Figure 0,Sensual perception ratio of visually impaired

It seems clear from the evidence that children who are visually impaired
experience the space based on a hierarchical order ;the sensation of touch;
haptic perception (35%), light (27%), sound (19%), smell (11%) and sight
(8%). This perception variatiodepends on the degree and treset age of
visual impairment.
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Figure 5Summary of finding: Perception vs. status of blindness.
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The haptic perception was the common perception type which applies to all the
vision categories.Need diie incorporation of haptic perception into the built
environment was the major key idea which revealed with the summary of
perception type vs. status of blindness.

4.2FINDING 2- SENSE OF PLACE CONCETS

Children with visual impairments have given measiiigto spaceswith their
emotions, feelings, and thoughts so that those spaces have become places
forthem. Notions of asense of comfort and freedom were found to predominate
amongst the sense of place concepts that derived based on the perception of
blind aubjects.

= Sense of Comfort

= Sense of Freedom
Sense of Safety
Sense of Rhythm

= Sense of Privacy

s Sense of Belonging

uncrowded
pacioll

senc | Tigose
M fréeom

Glal'e Tile Floor fquietness

undisturbed
Figure 6, Emeged sense of place concepts

The blindd sensual perception considering the order of prioritization of
sensory modalities was identified as; haptic perception (35 %), light
perception (27%), auditory perception (19%), olfactory perception
(11%) and visual perception (8%) respectively. Sensemwfart (46%),

and sense freedom (31%) were identified as the predominant
psychological parameters leading to optimal sense of place perceived by
visually impaired while safety (8%), rhythm (8%), privacy (3%) and
sense of belongingness (4%) were identiisdsecondary factors.

These concepts reflect the psychological needs of the children who are
visually impaired. It clearly indicates the fact that physical environment
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can directly influence the psychology of Wimdividualssignifying the
importance of inclusive environmeniBhe concept of sense of comfort
derived based on the physical attributes of the environmmeound to
affectthe physiological comfort of thelind subjecs. According to the
view of Jackon (1961), learning the skillful use of a cane can make
much difference in the sense of freedom. Tuan(1997) strengthened this
concept by arguing that setting is spacious if it allows one to move
freely. It is surprisng to revealthat considerable perntage(31%) of
children who are visually impaired seek freedom within built
environment. Society has created a dependency attitude regarding people
who arebeing blind and has tried to project thattimude over blind
individuals. Quildren who are blind »perience the space with a
mentality ofdepen@ngy. Literally,these research findingmint out that
visually impaired individuals require a barrkeee environmentvhere

they can behave independerty.These concepts are more or less
important because eacifithemcariesa meaning or a feeling which has
developed by childrenwho are visually impaired over a pesiotime

with the experience of built environmenEurther, esearch data
expasedhat the students who were there in the school for an extended
period werefoundto havea variety of sense of place concepts than the
ones who stayed for a short efi

Percentage

m Sense of Comfort 100% 36% 50% 37% 50%

m Sense of Belonging
Figure 7,Sense of Place Vs. Vision Status
As depicted in thefigure below, thegender of the research subjects was revealed

as a parameter of asense of place concepts.The sense of comfort and sense of
freedom were perceived by the both gender types. \iénialesvere
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concerred on asense of rhythm, males were in need of asense of safety,
privacy, and belongingness.

Female Male

Comfort = Sense of Freedom Sense of Safety

Sense of Rhythm ® Sense of Privacy ® Sense of Belonging

Figure 8,ense of place concepts vs. gender

Being in harmony with the elements of natural landscape, cross ventilation,
artificial ventilation and lightg in a conducive level were revealed as
favorable characteristics. Glare, noise, irregular rhythm in vertical circulation
(;risers and treads of the staircase) and lack of safety in textural design
elements were identified as the unfavorable charadbsriet least preferred
places.

4.3 FINDING 3- PARAMETER FOR AN OPTIMAL DESIGN

It is certain that the manipulation of built environment plays a significant effect
on the perception of the children who are visudlypaired. Following
parameters havéeen identified by the research asnducive tocreating
optimal environments for blind.

Places blended with natural surroundings and layout oriented for cross
ventilation : Natural environment possesses the qualities of freedom and
harmony. The direction of the cool breeze can helpotate, identifyand
differentiate a place from another. Natural wind flow within a building can be
manipulated with contrast in spatial volag) openings, and built form.

Mechanically ventilated spacesThis parameter can be strengthened with the
statement by Hescong(1979) that thermal environment can be felt through the
skin with tactile changes which meets the body. The thermal envirormaent

be highly moderated with mechanical air conditioning.

Building orientation considering the sun path direction: As stated
byTuan(1997) blind people are found to use the sun to help them find their
way. Further refining this statement, the current neteeevealed that many
visually impaired children are sensit
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certain extent.This issue can be addressed considering the orientation of the
building.

Well-lit places than dark places :Individuals who are having low vision can
benefit greatly in wellit places.

Spaces considered on olfactory perceptionT.he presence of a specific smell
can define a given location. This idea can be incorporated into the built
environment bymeans of landscape approach; planting flower plants, bushes,
and trees which give a variety of fragrance.Other than the natural landscaping
approach it can achieve in the interiorswith the material usage.

Safety Concerned spacedFingertips of children Wwo are visually impaired

have naturally become sensitive to gain haptic perception. They tend to find
and verify places touching the wall surfaces. Damaged surfaces can harm and
injure the sensitive fingertips of children who are visually impaired sireg th

do not know the threat of t he site
Maintenance of places and elements often can ensure the safety of children.

Usage of building elements thatenable asense of toudiaptic perception:
Haptic design quality can be gaid with textural differences of materials.
Individuals who are visually impaired can sense even a subtle difference in a
texture since they have predominantly adapted to gain perception through
touch.Haptic quality can be enhanced with the usage of d@iffetextural
objects. When there is a transition of space, it is vital to inform the blind
individuals in advanced that they are about to move into a different place. This
can be effectively achieved with the textural variation of the floor.The echoing
qudity of material also can enrich the haptic quality in built environment.

5. CONCLUSION & FUTURE DIRECTIONS

The study was initiated with the research question: visual bias in architecture
since architecture is considered predominantly as a visual experianc
common practice. It is hypothesized that the built environment needs to be
inclusive addressing all the people who are in different sersggcities. The
current research study was focused on Architecture for visually impaired.

Identifying the nature of blind sensual perception and the beneficial
characteristics of environments to be perceived by blindswhich can lead
towards optimal design was the main objectives of thisresearch.

The research was conducted, with a sample of visually impairidrech
(n=13, age = 12, male: 7 and female: 6) who are students of Rathmalana
school for the blind. A sensory ethnography study was adopted to identify the
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nature of perception and the parameters of most preferred and leastedrefer
spaces of the school premises.

The research findings clearly depict that the blind sense of place is different
from the way how sighted perceive the built environment. Most of the elegant
features, beauty, and aestheticsadmired by the sighted pieofie built
environment would not catch the attention of blind individuals.This
investigation revealed the importance of transcending beyond the bias of vision
and designing inclusive built environments addressing haptic perception
incorporating texturaleffects of materials, ventilation, sound, smell and
lighting leading to optimal design conducive for visually impaired.

This study encourages the architects and designers, to develop optimal design
strategies for an inclusive built environment. Thatrapph can efficiently
provide the people with visual impaired to use their built environment without
any barriers. The study could be further expanded taking the limitation of the
current research intoconsiderations covering a much larger sample size with
visually impaired subjects of diverse age categoriesand with reference to a
wide range of case studies in order to generalize the findings to a larger
population.
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Abstract

Many Indian cities are today facing issues like overcrowding, deteriorating air
quality, overloadedinfrastructure and increase in air temperature, which
directly affect comfort level and quality of life of residents. Central Indian city
of Nagpur is no exception to this phenomenon. Current research work involves
understanding & investigation of factarentributing to development of urban
canopy level heat island in the city of Nagpur. It also involves finding out the
temperature distribution patterns within urban canydmg recording and
analyzing field dataAs most of the human activities occur instltayer, the
comfort level of residents is directly affected by any increase in temperature in
this zone.The paper discusses a correlation between ambient air temperature
and variables of canyons such as vegetation, heiglth ratio of buildings and
streets, materials of horizontal and vertical surfaces, colors of surfaces & type
of land use; and analyzes variation in air temperatudifferent parts of the

city of Nagpur during summer. The results might prove useful for developing
more resilient builenvironment not only for city of Nagpur, but also for other
cities in south Asia with similar characteristics.

Keywords:Urban heat island, Canopy layer, Vegetation, Heigidth ratio,
Materials

1.INTRODUCTION:

Urbanizations had brought mamiallerges like depleting natural resources,
quality of air, water, climate change and increase in global tempetatdre
changes in citiesAn increase rate of urbanizatiolsoresults inhigh growth
rate of vehicular population, residtial and commerciatomplexes and
industries This causessignificant changes idanduse lanecover (ULC)
pattern and increasm anthropogenic heat emissioiisl.Mohan 2012) In
Indian cities, the natural landscapes@ranging very fast anokeing replaced
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by structures at the cost of opepaces and vegetation. The buitt and paved
surfaces act asbstaclesfor the proper dissipation of heat energy the
surrounding environment due to their higher heat absorption and retention
capaities. Because of this, aitemperature in urban areasdbserved to be
more than that in surrounding open areas. This is referred tdrilaan Heat
IslandUH]I) effect. The intensity of UHI effeds also observed to bdirectly
related to the degree ofrhanization (Oke 1987, Santamouris 200Mhis
research work involves understanding of factors contributing to development of
urban canopy level heatland in the city of Nagpur and finding otite
temperature distribution patterns within urban canyons.

2. URBAN CANOPY LAYER HEAT ISLAND :

Oke (1976)describes urban atmosphere as one having two distinct layers
urban boundary layeand urban canopy layer. The Urban boundary layer
(UBL) is overall atmospheric system that extends for many kilometers above
the cities and whose characteristics are partially determined by the city below.
The Urban canopy layer (UCL) or urban canopy itayf atmosphere where
most life occurs i.e. from the ground level up tmean height of roofs, where
Incomingsolar radiations are gradually absorlaenl specific conditions of air
temperatureand humidity may exist, whichre different from those prailing

in the surrounding space.

The Uban heat island (M) is typically presented as a temperature difference
between the alemperaturewithin theurban areaand that measured in a rural
or openarea outside thar b an s et ).The ntemgityt ofa hemtTisland
depends onmany factors likepopulation density, size and morphology
(physical structure) of the gitMajor causedeading to formatiorof urban heat
islandinclude:

Reduced vegetation in the urban areas.

Heat absorbing properties of masts used in urban settings

Urban geometry

Anthropogenic heat in the form of heat emitted by air conditioners, engines of
vehicles etc.

= =4 =4 =N

Climatic effects of urbanization are strongly felt in the urban canQie
(1976)stresesthat the urban canopy is a miesoale concept i.e. the specific
climatic conditionwithin the canopy is the result of its immediate surroundings
such as landise land-cover, building materials, geometry, percentage of
vegetation, color ofhe buildingsetc.and any changes in these parameters can
modify the local ambient climatélhus meteorological condition within the
urban canopy isnuch localized. Due to varying height of buildinggpper
boundary of urban canomjftenvaries from one location to ath Even human
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comfort and energy use of buildings are affected by the local climatic
conditiors within the urban canopy.

An Urban Canyon is defined asdénensional space bourdiby a street and

the buildings that abut the street; within an urban can®pg. air circulation

and temperature distribution within the urban canyons are significant for the
energy consumption of the buildings (Santamouris, 2883yell as for human
confort. Most of the UHI studies are therefore focusedthe energy balance

in theurbancanyon, the temperature distribution of the air and of the surfaces
and the air circulation in therbancanyon.

Temperature Distribution with in Urban Canyon:

00 i
00 (] 00

Fig 1 Urban Canyon

The temperature distribution in the urbeanyon § greatly affected by the
urban energy balance. The energy balance consists of all the exchanges of
energy as well energy added by human activities anthropogenic healn

urban canyonsnost of the solar radiation strikes on roofs and on vertical walls
of the buildings and very small portion reach the groudolar radiation
falling on the vertical walis partly reflected mostly towards other walls of
buildings in close wximity and is partly absorbed at wall surfacekhis
initiates the process of radiation reflecting back and forth a number of times
between the walls of different buildings. As a result of thisall part of solar
radiation falling on wallgetsreflected upward to sky, while most absorbed

by walls of the buildings ané slowly released back to atmosphere in the
evening andluringnight hoursThe rate of radiant heat loss to sky depends on
sky-view factor, which is a geometrical concept that dessribe fraction of

the overlying hemisphere occupied by the €&, 198). Therefore radiant

heat loss within the urban canopy is smaller than the radiant heat loss from
open area where skyew factor is more.
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Urbancanyon istherefore a veryiseful unit for investigation in the urban heat
island studyand helps in understanding the air temperature changes in urban

areas Magnitude of urban heat island over a city and within the street canyon
can be studied by recording and observing air temperature distribution within
the street canyon. There are different methodologies used by various
researchers to study urban heatridla

Many researchers have used either Remote sensing technique or field data
analysis methodrield data can be gathered either by ground transect or fixed
point monitoring method.

Previous studies show that there is existence of urban heat islang wof ci
Nagpur. All earlier studies investigate the influence of Lasé, lanecover
changes on atemperature at spatial level.

Aim of PresentStudy:

The Current Research focuses on the study of canopy level urban heat island of
Nagpur city tounderstand the temperature distribution in urban casybine

study aims to investigate factors which are responsible for rise in temperature
within the canyons. This paper presents statistical correlation between ambient
air temperature® variables of cayon such as vegetation amdaterial of
surface, color of surface, land use etc.

Study Area

Nagpur is one of the best known cities of central India located in state of
Maharashtra It acquired historical importance from "L&entury after its
founder Gonding BakhtBuland Shah made it Capital of his kingddagpur
originated inthe eastern part known as Mahal and later spreaabw south
central part oSitabuldi.

Mahal is the traditional city centre of Nagpur & is of historical importance.
This partof the town grew organically in the beginning.
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NAGPUR
City Map

*Nagpur

Maharashtra

Fig 2 Map of India Fig.3 Map Of Nagpur

Source:maps of India.com Source:maps of India.com

The present scenario of Nagpur city indicates that it is developing in all
directions. The urban pattern of Nagpur reveals its transformation from an old
congested city form to planned development.

Climate of Nagpur: Nagpur witnesses a very hot and deymmer from March

to May. Well distributed rainfall occurs during the southwest monsoon from
June to September, while period from October to November is the post
monsoon season. Winter is cool and dry from December to February. During
summer, temperaturamges from maximum 47° C to minimum 29° C and in
winter ranges from maximum of 30° C to minimum of 10° C. Average rainfall
is about 45inches (1150 mm). Relative Humidity is about 90% during
monsoons and around 20% in the summer. Winds are generallytdight
moderate, with some increase in the speed in the later part of the summer
season and the monsod&aurce: Indian Meteorological Department
Regional Center at Nagpur Airport)

3. RESEARCHMETHODOLOGY:

Numerous earlier studies have indicated thatahd use / land cover (LULC)

has most significant influence on urban climate. Based on spatial organization
of city, it was therefore decided to consider Land uaedLcoverasthe main
variable influencing the urban climatethe city. In thepresent esarch, fixed

point monitoring stationeere located in areas with different land use / land
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cover patterns, for recording temperature and humidity. The data collected
during different seasons was then statisticadlgalyzed to understand
contribution of different parameters in UHI of Canopy layer.

3.1 Qriteria for selection of measurement sitesFollowing criteria were used

for selecting study area and locations of monitoring stations in different parts of

city:

1) Study areas should be representative of different types of LULC patterns
existing in city

2) Study area should represent a wide range of urban morphologies.

3) Study area should have uniform surface cover, structure, material and
human activities.

4) Study area shouldot have much variation in temperature within a zone of
influence of 100m x 100m.

Field studywascarried out in selected zonesghich were delineated by using

satellite thermal image of Nagpur CandLULC classifications.

3.2Satellite |mage -Surface Temperature Variation In Nagpur Urban Region i
temperature distribution over;
a city can be observeith a
Satellite Thermal Image
which shove the surface
radiant temperature
primarily of roofs aml roads. |.%
Satellite image obtained{ 2>
from MRSAC (Ref.Fig.4) :

< -* N P ) ‘.’
e % o

shows areas witha High, ﬂ " ;. i
Moderate,  and Low  ¢* it v TRy ﬁ?ﬁ‘t%%
temperature withirthe city; SR T o S T
from which, the heapockets |5 . . ° - q;:g%&sm
within the city can be [ Y5 & | Y WY,
identified. Fig. 4 Satellite Thermahhage

SourceMaharashtra Remote Sensing &
Application Centre, (MRSAC) Nagpur

As there is a relationship between air temperaturesarfdce temperature, we
can use this image tmlentify representative zones from which temperature
could be recorded.For this research Satellite Thermal Image of Nagpur
obtained by LANDSAT 8 TIRS BandlO on 18 April 2013 was used. The
image was procuck from Maharashtra Remote Sensing and Application
Centre, Nagpur (Ref.Fig. 4).
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3.3 Descriptions of Study Areas

As discussedstudy areaswvere selected by awelating satellite image with
land-useland-cover classification_and use consistg of different classesi.e.
residential and commercialkctivities wasused to delineate study areas along
with different land coves such as pavedrea open area and green surfaces.
Land use land cover classificatisrasbased on budtp area, building density,
andgreen& open area coverage. Builp areavasfurther subclassifiedon the
basis of buiktup densityinto following categoriesHigh densty, Medium
density and low densityBased on these, following areasre selectedRefer
Table 1)

Table 1 (Selected Study Areas)

Area General Description Image

The oldest part of Nagpur located on t
eastern side. This area can be called a|
compact (attached or very close ¢
buildings) lowrise and midrise buildingy ¥
with a few open spaces and narrow lanes
organic pattern and few trees.

- —_—
¥

Mahal Landuse- Mixed_ ': 8
Land cover is mostly paved. Tree 2
cover:7% &
Construction materials: Bricks, cement e
plasterscement concrete. >
Population density is 76850 pph.

Built-up density i7dwph
Well planned area with open spaces &
parksé&gridiron pattern of roadsThis area
consists of open arrangement of midri
detached buildings {9stories) with few
low-rise buildings.

. Land-use mixed.

Dhan-toli

Land cover:Percentage of pervious land
less Tree cover : 16%

Construction material: Brickwith cement
plaster and concrete.

Population density i221pph.

Built up density.60dwph

It is situated in the Westside of Nagpy
Medium dense Built up arékhis area hag
combination of open arrangement
midrise detached buildings (3 to 9 storie
and compact lowise buildings with few
Dhara- trees.

mpeth Land-use: mixed.

Land-cover: predominantly impefous
(road surfaces), but small patches
pervious area also existree cover :14%
Population density i292 pph

Built-up density : 55dwph
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Shank-ar
Nagar

Well planned colony with Parks
Playgrounds andResidences. It is a purel
residential area, surrounded by big patch
farmland. This area can be termed as 0|
area with low rise buildings {3stories).
Landusé Residential.

Land cover: The Percentage of perviod
land-cover is relatively higher.

Tree cover:25%

Construction materials:bricks, cement
plasters and concrete.

Population density i$25pph

.Built-up density: 25dwph

. ,‘_.'33\.:
v Pige i .
. 2 ,. j '_.‘

o TR L
Farm Land

3.4 Location &other Details ofidentified Urban Canyons:

To study urban heat island at canopy level, tistesget canyons wergelected
from eachstudyareamentioned above (Refable 2). Out of thesethree one
street canyorwas commercialvhile other two were residential. In order to
and record air emperatures within the canygndixed point
measurement method was used. No. of monitoring pointsdvasgeperthe

monitor

canyon length.

Table2 Street Canyons where measurements were taken

Area Street | Length of | Width H/W Orientation Land use Road
No. Road of the Material
Road
Mahal 1 90m 6m 2.25 NE_SW Resi Concrete
2 486m 17.5m 1.06 E-W Comm Asphalt
3 90m 9m 1.8 N-S Resi Asphalt
Dhan-toli 1 165 6m 25 N-S Resi Asphalt
2 435m 10m 2.1 N-S Mixed Asphalt
3 288 m 10m 1.35 NW-SE Resi Asphalt
Dhara- 1 285m 4.5m 2 E-W Mixed Asphalt
mpeth
2 968m 24m 0.75 NW-SE Comm Concrete
3 478m 9m 1.66 N-S Resi Asphalt
Shankar 1 140m 7.5m 1.2 N-S Resi Asphalt
Nagar
2 118m 9Im 1 N-S Resid Asphalt
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3.5 Fixed Stations& Measuring Instruments:

Field measuremesbf Air temperature and relative humidiyithin the street
canyons were takeand recorded by thelTC wireless data loggelhe data
logger is designed with a high accuracy temperature and humidity sensor,
providing fast response and stabilitffand held Kusammeco infrared
thermometeModel IRL-300 was used to measure the horizontal and vertical
surface temperatusePositiors of field measuremerstationswere identified

by GPS instruments.All the instruments were calibrated before the
experiments.

The air temperature & humidity measuririgstruments were installed at a
height of about 5 m to 20 m above ground level agpWMO guidelines.
Measurement of Air temperature, relative humidity and temperature for surface
material were recorded duriige summer season in theonth ofMay 2015
Temperatures were recorded at all monitoring points in all four arediseon
same daysimultaneously at 3 hours intervals from morning 9 am to 10pm in
night. These timings were considered for analysis because humans are more
active during these periods. Duringishperiod ofsurvey sky was clear and
winds were calmWind speed was very\woat 0.4 to 0.8m/s , and therefore has

not been considered for analysis in this study.

Other important ariables which affect Air temperature within canyone. i)
building heightsji) orientation and width of streets) urban vegetation & iv)

type of material used in buildings were documented by visual subBfégct of
anthropogenic heat on air temperature in canyons was beyond the scope of this
study. The Weather Data was obtained from Regional Meteorological Centre,
Gouvt. of India, located at Nagr Airport.

3.6 Calculations for UHI | ntensity :-

Urban heat island intensity is calculated as a difference between the maximum
urban temperature and nearby rural area temperature. As rightly poirnteyg
stewart and okethe classifcation off i el d sites as conve.l
r u r had b@comespecially difficult in regioawhere both cities and country
sides are densely populated and land ase intensely mixedCity of Nagpur

is also expanding in all four diremns with urban infllence andit is very
difficult to find rural site very near to NagpurTherefore in the present
research, UHI Intensity has been calculated as difference of the temperature at
a givenstudy area location and the temperature recorded by meteorological
station at Nagpur Airport (baselineemperature) at the same timkhe intra

urban UHI intensity has been calculassidifferencdetweertemperature at a
given study area location and tlesvermosttemperature recordeat the same

time amongst all stations thin the same study area.
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The main objective of field work and data collectivasto investigate factors
which are responsible for rise in temperature withinstheetcanyon. The data
collected through surveys wdbken analyzed by using statigtictooks. To
definetherelationship between temperature (as an indicator of UHI) and other
variables commonly observed the urban canyon (aan indicatorof urban
morphology) the correlation analysis was carried out. His tanalysis
temperature is taken as dependent variable and other vasableasxtent of
vegetation, (building)height(roadwidth ratio of canyon material of
horizontal and vertical surfaces, density of bujitas independent variable

4. Results and Discussions:
4.1 UHI & Variation in Local Climate

The intraurban heat island intensity (UHI) at canopy level in the three study
areas of Mahal, Dhantoli & Dharampeth was calculated as difference in the
average temperature in each of thaselysareas and the observed temperature
at that hour at Shankar Nagar, which was found to be lowest amongst all the
4study areas.

It was observed that in Mahal, which is old part of the city & has high-inilt
density, had highest ambient air tempemat@mongst the 4 study areas.
Averagelntra-Urban heat island intensity in Mahal area for the summer season
(May 2015) at three different tied i.e. during noon (12:00 15:00 hrs) was
2.8deg C, during evening (16:0019:00 hrs) was 5deg,@nd during nigt
(20:0071 22:00 hrs) was 4.4deg C.

The air temperatures recorded at urban stations in all the 4 study areas varied
substantially(Refer Figure 5) The air temperature in areas with high built up
densityi i.e. Mahal &Dharampetiwas observed to be sidgicantly higher

than air temperature in Shankar Nagar, whichltvasbuilt up density and has
large patches of farmland belonging to Agricultural University nearby. This
substantial difference in urban heat island intensity or temperature variation
within the study areas of Nagpur city indicates that hupltdensity &local

urban characteristics have a strong influence on the urban heat island intensity.
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Air Temperature

Temperature
1]
(V.1
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Q 2 ‘:{_’b
a’o’b

Fig. 5Recorded Air Temperatures in
Different Study Areas

4.2 Relatiorship of UHI with variables of urban morphology
Within canyons

4.2.1 Relatiorship with H/W ratio of street Canyon:

The study found that during noon, area with lowest H/W ratio of stesgton

(1.1, Shankar nagar) recorded lowest temperature (Ref.Table 3 &

Fig.6). Dharampeth, which has second lowest H/W ratio of 1.47 recorded
second lowest air temperature. Dhantoli, which has highest H/W ratio however
recorded lower temperature than thehdl. This exception might be due to
compact and dense morphology of Mahal. During the night time, same trend
was observed.

Area H/W 50 L —
. ShN 419 935 47 o Dnantoli
Mahal 17 a; NI
33.9 348
Dhantoli 1.98 - 135 326 L - Dhantoli
e ShN W Dh. Mahal
Dharampeth 147 E . ’
E 5 #Temp- noon
ShankarNagar 1.1 g 20 S
F 15
10
5
o
1] 0.5 1 15 2 25
H/W Ratio
Table 3 : Study Areas Fig. 6 Graph showing relationship

&Height /Width ratio between Air temperature & H/W ratio



122
SUJATAGODBOLE &RAVIKUMAR BHARGAVA

The result of this study generally matches with R . @dneluSien that UHI
increases with increasing height to width (H/W) ratio of street canyons which
he found during the study dfanyon geometry &the nocturnal urban heat
island: comparison of scale model and field observation

4.2.2 Relatiorship with Building Material:

The surface temperature of facades (Vertical) and Streets (horizontal) varied
considerably depending upon their exposure to solar radiation. In these study
areas, streets were mainly of Asphalt & Concrete and facades were of brick
with cement plaster and painted with color. It was found that horizontal
surfaces of streets had a high temperature between 50 and 60 deg C in the
afternoon. These materials are dense; dark in color (asphalt) with low albedo
and therefore absorb more heat than nwltéor facades. Also, due to high
angle of the sun in the tropics, much of the shortwave radiation on building
facades is probably reflected and absorbed by the street surfaces, which
increases the temperature of surface (Nichol 1996). Temperaturasaofes

were found to be less than surface temperatures of horizontal surfaces (Ref.
Fig.7 & 8).The difference was much more pronounced during noon, and
gradually reduced during evening and night time. This was because of
orientation of facade and light aolof the facades (i.e. high albedo).
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The horizontal surfaces (streets) and vertical surféeesades) were always
observed to be warmer than air temperature in canyaih during daytime &
night time.

4.23 Co-relation between Surface temperature & air temperature:

In all four study areas i.e. Shankarnagar, Dharampeth, Dhaatiiahal,
during noon( 12:00 to 15:00 hrs) there was strong relationship between
material surface temperature of horizontal and vertical surfaces and air
temperature in canyofRef. Fig 9 & 10 for Mahal area. Similar graphs were
generated for other study aret®)) With increase in surfacemperature, the

air temperaturalso increased his was due to absorption of solar radiation by
both surfaces and air.

Similarly, during the night ( m to 10pm), it was observed that within the
street canyonsfatudyareas of Mahal, Dhantadind Dharampeththere was a
positive correlation between horizontal and vertical material surface
temperature& air temperature i.e. ambient air temperature increaseken
temperature of material of horizontal and vertical ste$dad alsoncreased.

This was because these materials absorbed solar radiation during day and re
radiated the stored heat during nights, warming ambient air temperature
(svenson and eliasson 2002).

90— = 096x +49.24 S0
E s i L -?t-o.;s:u 2 45 l I } ! 4%
g ST I P, o W 4 R g e
i, s i § =
@ - 30
£ 2 82
L i 2
g 2 k.|
§ 10 g E
2 5
0 0
o M 20 30 A 0 e N 0 10 22 330 4 S0 6 70
Locaton point temprature Locaton point temprature
Mahal Fig.9 Relation Between Air ¢ Fig.10 Relation Between Air §
Horizontal surface temperature Vertical surface temperature

In Shankar nagar, which is low rise& low builp density area there was no
significant correlation between material surface temperataie temperature

and during night. This is because the absorbed solar radiation by surfaces gets
dissipated very fast due to low height/width ratio and higher extent of
vegetation, as compared to other study areas.
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4.2.4 Relationship with vegetation:

Various forms of greenery which exists in study area are gardens, trees along
the road sides, and trees, shrubs, lawns within individual house lots. Their

percentage varies from 7 to 25 (Ref. table 1). In allctii®yons of four study
areas, it was found that air temperature increases when percentage of
vegetation within the canyons is less. For example, in case of Mahal where
extent of vegetation within the canyon is less than 10 percent, the air
temperature wasigher when compared with the canyons of other study area.
This trend was also observed within Shankar Nagar area. Out of two canyons in
this area, where percentage of vegetation is differed, air temperature in canyon
with higher percentage of vegetationsstawer by0.9 deg C than other canyon
with lower percentage of vegetation.

4.3Analysis of data

Multiple regressions are being carried out to predict a single variable from a
number of independent variables, which contributes most to the formation of
can@y level urban heat island in city of Nagpur. From the analysis so far, it is
emerging that contribution of building material within the street canyons is
most significant factor.

CONCLUSION:

The study proves the presence of canopy level urban haatl isi the city of
Nagpur through fixed point measurement. Results showed a maximum Intra
urban UHI intensity of 2.8 deg C (in selected study areas of Mahal, Dhantoli,
Dharampeth& Shankar Nagar) during the noon(12:00 to 15:00 hrs). The
Intensity of UHI wasl.7° C w.r.t. air temperatures recorded at Meteorological
station at Nagpur Airport. During night (20:00 to 22:00 hrs) the maximum
Intra-urban UHI was found to be 4.4deg C and UHI w.r.t. air temperatures
recorded at Meteorological station at Nagpur Aitpvas found to be 5.8° C.

The intra urban variation in air temperature is related to urbanupuiiensity,
materials of horizontal and vertical surfaces and vegetation.

The main aim of this research was to investigate factors which are most
significantly responsible for rise in temperature within street canyons.
Ongoing analysis of data using multiple regression techniques indicates that
building materials play most significant role in raising the temperature within
the street canyons in city ofagpur.

This study could contribute positively in framing of urban design guidelines for
developing more resilient built environment for Nagpur city, and in mitigating
intensity of UHI in near future.
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Abstract

The Assam Valley along the mighty river Brahmaputra located in the North
Eastern part of India is one of the most vulnerable locations in the country. It is
prone to natural disasters namely floods, landslide earthquake being in
seismic zone 5. The state of Assam faces serious challenges to settlements
particularly the housing, both urban and rural. According to the Assam State
Disaster Management Authority, 600 villages have got submerged and over 3
lakh peopt affected in the year 2015.This paper examines three types of
indigenous settlements in Assam to understand the traditional pattern of
resilient housing in rural settlements considering areas prone to annual flooding
and also with consideration for freque earthquakes. It then presents
conceptual reimagining from the study for developing a model resilient urban
settlement without compromising on modern livability and safety. A
demonstrative model executed in the urban capital city of Guwahati is
presenteds an ideal model for bringing resilience to vulnerable urban areas.

Keywords Disaster, earthquakes, floods, indigenous settlements, resilient.

1. Introduction

Good traditional practices in building construction practice are being ignored
todayancar e | ooked down upon as the O6hou
built typologies have got erased in the course of time due to lack of support by
expert and the government. There is an urgent need to establish that disaster
resilient development are mikle to build using available skills, techniques

and materials that fulfill modern lifestyle and current aspiration.

Due to changing aspirations, affordability and availability, RCC plus brick use

in buildings is an increasing trend which form a larget p& the rural and
urban built environment of the I ndi ac¢
aims to highlight the potential of indigenous building practices suitable for a
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disaster resiliendevelopment for the vulnerable state of Assam, very often
distressed by natural disasters.

2. Methodology

The hazard profile of the State of Assam is studied followed by a brief building
typology study by selecting five built forms form twenty seven vulnerable
districts of the region. A total of seven building typologies were identified in
the typology study fowhich three indigenous building typology is discussed in
detail to establish its potential towards disaster resilient development. The
study is concluded by demonstrative model executed in the urban capital city
of Guwabhati, presented as a model fanging resilience to vulnerable urban
areas.

3. Context

Assam is situated in the north eastern part of thecenlinent India, at the
foothills of the Himalayas. It is the largest state among the seven northeastern
states. Commonly known as the gatewaythe North East, the state is
connected to the mainland by a narrow corridor in West Bengal that runs for 56
km below the foothills of Bhutan and Sikkim. According to Census 2011
Assam has a population of 3, 11, 69,272 and area of 78,433 94| km.

4. Geographical Location

The state of Assam mostly a Valley is an important geographic location of
North East India which connects the other eastern States with the rest of India.
It is situated between 89°5” to 96°1" East longitude and 24°3" to 27°58" North
Latitude and is surrounded by hills on all three sides. The State shares
international boundaries with the Kingdom of Bhutan in the North and
Bangladesh to its wegR]

INDIA ASSAM

Figure 1 Location map of Assam (Source: Assam State Disaster Management
Authority)
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Figure 2 Map Showing Population Density of the 27 districts of Assam (Source:
Assam State Disaster Management Authority)

5. Demography

Assam is the 1%largest state in India. Assam is divided into 27 districts. As
per 2011 census Nagaon district is the highest populated district of Assam and
Dima Hasao is the least populated district. Kamrup Metropolitan district is
having highest urban population andiang district the least, Fig 2 shows the
population density across the twenty seven districts of A48am.

6. Topography

Assam has uneven topography consisting of hills, plains and rivers shown in
Fig.3. The Brahmaputra basin covers an area of 70g3d¢rsout of 78,433 sq.

km within Assam. About 7800 sg. km of Assam is covered by North Cachar
Hills and Barak river Basin. A narrow corridor runs through the foothills of the
Himalayas that connects the State with West Beidjal.

The topography has majg three units, they are
1. Karbi Plateau
2. North Cachar Hills and Barali Range
3. Brahmaputra Valley and Barak Valley
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RELIEF MAP

ASSAM

Figure 3 Map showing Topography of Assam. (Source:
online.assam.gov.in/web/guest/topography of Assam)

7. Geology, Major Rivers and Soil Type

Geomorphic Studies indicate that the river Brahmaputra is older than the
Himalayas. The river with steep gorges and rapid Arunachal Pradesh
entering Assam it becomes a braided river 16km wide with tributaries. It
further creates a flood plain known as the Brahmaputra Valley abel®®0

km wide and 1000 km long. In the south the Barak River flows through the
Cachar Distfict with a 4050 km wide valley and enters Bangladesh with its
river Surma.

Due to the complex geomorphology and topography as seen in Fig.4 different
types of soils are found across the State. The high fertility of Soil and good
water resources makessititable for Agriculture, however Soil erosion is one

of the major problems in Assam. Twenty districts of the Brahmaputra Valley
and the Cachar district consists of younger alluvial Soil especially on the banks
of the river Brahmaputra and the Barak. Fdistlof the Himalayas consists of
Sandy Soil whereas districts of Karbi Anglong, Dima Hasao and North Cachar
consists of red loamy and red sandy soil which is less fertile compared to the
fertile solil of the river basin.[4]
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GEOMORPHOLOGICAL MAP O}
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Figure 4 Map of Assam showing Geomorphological condition (Source: Assam State
Disaster Management Authority)

8. Climate, Temperature and Rainfall

Assam has four seasons in a year and is characterized by extreme humidity.
The weather is hot and humid summers (Magust) and dry and cold winters
(OctoberFebruary). During winters there are instances of rainfall, fog and
Cloudy weather due to the ohsttion of the South west wind by the
Himalayas. The average temperature is moderate about 29°C in the hottest
month of August and the average winter temperature is 16°C. Though rainfall
is an annual feature the effect of Monsoon is greatly felt from Jane
September. Rainfall in Assam is very heavy with average rainfall of
2262.95mm which is close to places with highest rainfall around the world.
Rainfall often leads to destructive floods of the flood plains and raises the
occurrence of urban flood.

9. Natural Hazard Profile of Assam

The unique geo climatic condition of the region make Assam very prone to

natural disasters like Earthquake, Flood and Landslide. Heavy rainfall often
leads to flood, river bank erosion, landslide and other environmental

catastrophes frequently. The effects of Natural disasters is discussed in details
as follows:[4]

9.1. Earthquakes

Due to the collision of the Indian Plate with the Eurasian Plate, the Himalayan
Region has emerged as one of the seismically active regiotise world
resulting in many disastrous earthquakes in the past and in recentMargs.
active faults like the Himalayan Frontal Thrust, Main boundary thrust and the
main central thrust exist in the Region. The entire state falls under Seismic
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Zone 5 as in the map Fig.5, the most vulnerable Seismic Zone. Twelve major
earthquakes have occurred in the region in the last 100 years and occasional
guakes of 5 in Richter scale every four monfrigure 5 shows the Seismic
Zone Map of India 2002.

Seismic Zone
Map of India: -2002 _[T

About 59 percent of
the land area of India
is liable to seismic
hazard domage

Zone IV [:i Risk lone ]

Zone lll | Moderate Ris

Lz

. g
1 |
B 5

Zonell |Low Risk Zone

Figure 5 Seismic Map of India 2002

9.2 Flood:

The River Brahmaputra is one of the largest rivers in the world. Every year the
river Brahmaputra and itsibutaries creates major destruction of resources by
flood and soil erosion. Flood in the region occur due to a variety of causes such
as.

Heavy Rainfall in short space of time.

Storm

Aggravation of Riverbed

Encroachment in the flood plains

Degradation otatchment area in the form of deforestation

Lack of Proper Control of Land use

lllegal development on wetlands

=A =4 =8 -8 -8 -89

From the Figure 6 it is clearly seen that except@imaa Hasaoand Karbi
AnglongArea which are mostly Hilly the rest of the 25 Districts in the plains
and valleys are greatly affected by Flood. According to the flood damage data
published by the Assam State Disaster Management Authority the effects of
Flood on damage to people an@tastructure is an annual feature which brings
great economic loss to the Std@.
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FLOOD HAZARD MAP
(1998-2007)
ASSAM STATE

Figure 6 Flood Hazard Map of Assam (Source: Assam State Disaster Management
Authority)

9.3 Land Slide

Land slide in the recent years is primarily induced by human activity. The
urban areas, particularly the capital city of Guwahati is greatly affected by
occurrence of landslides. The hills of the City are coated with a ek of
immature soil with low permeability which naturally become prone to land
slide during heavy rains during monsoons. Lack of proper land use
development plan and unauthorized rapid growth of settlement on the hills are
said to be the root cause obst of the landslide and the effect of it is seen in
the frequent instances of landslides in the ¢8}.

10. Build Typology in the State of Assam

From the study of the Hazard Profile of the State we realize that the state is
highly vulnerable to natural disasters mostly floods and earthquake. The effects
of floods and earthquake specially effect the human dwellings be it residential
or of public useA brief study of dwelling typology study is made by selecting
five built forms form twenty seven vulnerable districts of the region. A total of
seven building typologies were identified in the typology study of which t hree
typologies mostly indigenou® tthe region are found to be resilient in nature
and therefore is studied in detail. Findings from the typology study is applied
further in the development of a model urban dwelling.
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10.1 Dweling Typology in Rural Areas

Figure 7View of Diphu Village, Karbi Anglong Assam (Source: Assam State
Disaster Management Training Project)

Traditional Rural Housing Typology generally consists of a homestead with a
cluster of rooms arranged around an open courtyard and surrounded by betel
nut trees, plain tall trees, bamboos and vegetable gardens. The whole premise is
surrounded by a Bamboo fencing. The several spaces in the dwelling consists
of a front yard (chota))the living room as a block with no shared wall, the
bedroom, the kitchen block and the shed. A prayer room and a granary ( bhoral

) is observed in the homestead which is mostly constructed using Bamboo or
ikra weed wattle and daub technique. Most of th&wve | | i ngs does
windows but jalis instead as openings

10.2Dwelling Typology in Urban Areas

Figure 8 Street View of Silchar Town of Cachar District Source: Author

In Towns and Urban Areas houses of traditional style made with bamboo is
often used by the economically weaker section of the people. Majority of the

houses in the urban areas are either cement plastered burnt brick walls with
profile sheets roofing andr RCC. Though small towns still have individual
compound with the house the flat culture is rapidly growing at a large scale.
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The buildings in urban areas have not kept any conformity to each other, the
absence of local level zoning and building regulation has left the construction
activity mostly as the disposal of individual with limited advice from any
professional. Almost all major towns have muglibried buildings in the town
centre or the market ag which house shops on the ground floor and other
commercial activity and sometimes residence on the upper floors. Thus in the
urban areas we see mixed use buildings both old and new class two and class
one buildings.

10.3.1dentified Building Typology

10.3.1. Typology 1

House on Bamboo Stilts with ikra/ woven bamboo wattle and daub walls
thatched hipped roof with Wooden Frame Structure

The house on stilts is a common feature among many places in North East. In
Assam Missing Community of the Dhemaji Distrin the Northern part of the
State is known for this type of houses, majorly as a response to the regular
floods in Dhemaiji.

Figure 9Building Typology 1  Source: Author, Assam State Disaster Management
Training Program

Architectural Design and Detail:

The structure is based on two grids of columns, occupying a rectangular shape
in plan with a room a verandah in front. One grid of Bamboo columns supports
the floor, the other support the roof. The disebhetween the rows varies from
1.35m to 1.8m. The verandah infront is around 2.42m deep and 4.3m wide. The
enclosed room is around 6.95m deep and 4.3 m wide. There are no windows
and only one door through the verandah. The gap between the bamboo walls
andthe thatched roof provides ventilation. The raised platform is accessed by a
ladder which is often carved out of a single tree trunk, these trunk ladder is a
peculiar feature of such dwellings observed across the similar houses.
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Construction and Structural System:

The main structural system consists of bamboo frame structure with hipped
roof. The roof under structure consists of wooden truss covered with local grass
thatch. Bamboo beams and colursapport the structure.

Local Grass Thatch Roofing
Spit Bamboo Frame as Batten

Bamboo Purfing (.08 m dia)
Wooden Roof Beam (.1 X .15)

125

Wooden King-post Truss 2
Bamboo or Wooden Column —
Flattened Bamboo Flooring

Spit-8amboo Flooring Support b
Bambdoo Joists (08 10 .1 m dia). "3
Bamboo Beam (.08 1o .12 m ia). =4
Bamboo pole for fioor support |

(121018 m dia)

Figure 10Measure drawing of a typical Bamboo House on Stilts

Foundation:
Traditional way construction is not seen to have strong foundation. The

bamboo columns are directly inserted in to gheund not more than two feet
deep.

Floor:

The floor is created by spanning a layer of Bamboo joists on top of the bamboo
beams with a layer of thin bamboo made by opening out a pole of bamboo
placed across the joists.

Walls:

Wallls are usually made of wen bamboo or ikra weed mostly plastered with
lime or nowadays with cement mortar.

Roof:

The locally available thatched is neatly tied to the purlins of the central support
of the wooden kingpost.

Performance during Natural Hazard

Earthquake: The regular geometry in plan, light weight structure and separate
supports for floor and roof make these structures safe in earthquakes. Since the
walls are independent of structure and tied at regular intervals with timber
frame and built with lightweighmaterials like mud plater woven ikra/bamboo
make these walls flexible during earthquake. The strong and flexible wooden
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joinery also help the structure to resist earthquake forces. Since the strsicture i
built on independent stilts, the earthquake damage is at minimum level.
Usually, the workmanship and joinery details are worked out well, minimizing
the damage. Though the structure shows good performance during earthquakes
there are possibilities of dage due to poor condition of natural material like
decay of bamboo poles due to direct connection to soil, joinery of bamboo pole
to beam.

Flood: The high plinth and thick thatch roof provides protection to the
structure. However flood waters can poseedlirdue to its flow causing
scouring and some horizontal thrust at the base of the structure, if the bamboo
stilts and columns supporting the structure are weakened due to decay the
structure may collapse. Shallow foundation and subsequent exposure of the
foundation to the frequent floods is a possible threat.

10.3.2. Typology 2
Assam type Buildind Wooden Frame with cement plastered Ikra/ Bamboo
woven walls and CGI roof

Commonly known as AAssam Type Housebo
dwelling unts. Performance of Assam Type houses have been very good in
several past Earthquakes in the region. However the houses are vulnerable to
fire because of use of untreated wood based materials. In this type of
construction walls are independent of the stmat members resulting in
variations with infill wall material. These are found in both rural and urban
areas, but not in practice anymore in urban area.

Figure 11 View of a Typical 'Assam Type House'

Architectural Design and Detail:

Buildings of these typology are geometrically regular in plan. These are
rectangular in plan and verandah along its length on one side. Other variations
in the plan are observed in the form of perpendicular extension of the spaces to
form an L shaped or C shaped plan. Plan is divided into a regular grid with
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position of columns along the grid and doors and windows placed centrally in
between the columns. These houses are mostlylesistoried without any
provision for location of overhead tank.

Construction and Structural:

The main structural systems consists of wooden frame structure supporting four
way slope wooden truss with CGI roof. The load of roof is transferred to
wooden lzam (9cmx9cm) and then to wooden columns (12cmx12cm).

Foundation:

The light weight structure is often built on-80cm deep isolated concrete
footings of size 16cmx16cm. The wooden column is anchored to the concrete
footing by bolting it to 180 cm projeted metal strip inserted while casting
foundation.

Wall:
Infill walls are half brick thick brick wall in cement mortar joint till sill level
and timber frame woven bamboo/ ikra cement plastered wall above sill level.

C.G.1. Sheet Roof

0.08 m x 0.08 m King-Post
0.08 m x 0.08 m Rafter
0.08 m x 0.08 m Tie Beam
0.07 m x 0.07 m Purlins
0.08 m x 0.08 m Tie Beam
0.08 m x 0.08 m Roof Beam
0.08 m x 0.08 m Rafter
Bamboo Mat False Cieling
0.07 m x 0.07 m Support Beams
for False ceiling

Cement Plastered Ikra Wall

0.12 m x 0.12 m Wooden Post

0.07 m x 0.07 m Sill beam

Half brick thick sill wall
Iron Bracing for supporting Wooden Post

~
-3
©
-
)
o~
v,
S -
=]

0.6 m Deep Concrete Footing
2.00

| ==

Section

Figure 12 Typical Section of an Assam Type House

Roof:
The structure of the roof is king post truss type made out of wood.
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Performance during Natural Hazard

Earthquake:

The regulageometry in plan, light weight roof and walls make these very safe
in earthquakes. Since the walls are independent of the structure and tied at
regular intervals with timber frame and built with lightweight materials like
mud/cement plastered woven ikrafiizoo, make these walls flexible during
earthquake shaking. The burnt brick with cement mortar till sill level can
develop some cracks, or fail in earthquake shaking, but as these are
independent of the structure, there is not much damage to the struaduite a
can be easily damaged.

Floods:

In the absence of cement plastered plinth the flood water can cause damage to
the plinth. In the absence of brick wall above plinth level the flood water can
damage the bamboo/ikra walls, however this can be repdinedna@nal cost

when the flood water gets receded.

10.3.3. Typology 3
House on RCC Sitilts, RCC columns with RCC and burnt brick in cement
mortar in fill walls and CGI sheet pitched roof with wooden under structure.

This house is a modern versiontiEditional stilt house very commonly built in

the recent times. The Bamboo stilts for supporting the floor and the roof
structure are replaced by RCC frame structure, keep in terms with use of new
conventional materials. It is a new typology that is beémplemented in the
flood prone areas of the State. It is observed that communities that were
traditionally not building the stilt houses are also opting for this typology due
to it flood resistant performance.

Architectural Design and Detail:

The structue shows resemblance to the traditional construction however at a
little bigger scale. The grid of 6x4 RCC columns placed at regular distances
support the raised floor. The same columns continue till roof level to support
the roof.
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Construction and Structural Syste
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Figure 13 Typical RCC framed house on Stilts

The main structural system consist of the RCC frame with hipped roof. The
external walls are made of RCC 8ill level. Continuous lintel band is present
all across the rooms

Foundation:
The structural RCC columns are supported on 0.6x0.6m isolated RCC footing
with 0.9m depth.

Floor:
The floor is created by spanning wooden joists on top of floor beams thlong
width of the structure.

Workmanship

RCC:

There is no engineering input in RCC design and detailing. The amount and
placement of steel for RCC work poses some concern for construction quality.

Wood and Bamboo:
Very good quality joinery detail arfehish in both wood and bamboo.

Performance during Natural Hazard

Earthquakes:

The RCC frame provides enough support for the structure. The traditional
flexibility of wood and bamboo is compromised due to heavy RCC use. The
main problem is the amountdudetail of reinforcement within RCC.

Floods: RCC footing of 1m depth withstands nominal flood and water logging.
The high floor level provides enough protection to the superstructure.
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11. Recommendatios
Based on the findings and Conclusion of the Typology Study the following

recommendation towards a disaster resilient can be made:

A model residence in the city of Guwahati, Assam can become a model for
resilient typology built with the merits of theatlitional buildings.

Architectural Design and Detail:

Figure 14Residence in the City of Guwabhati built on RCC stilts and Bamboo
superstructure. Source: Author, Residence Designed for Mr. Dilip Narzary at
Guwabhati Assam by Ar. Kankana in the year 2015

The structure shows resemblance to the traditional construction however at an
urban area with all modern amenities and comfort of city life. The grid of 6x4
RCC columns placed at regular distances suppertdtsed floor. Engineered
joints are used to make the superstructure in Bamboo frame with Bamboo
double wall plastered technique to ensure thermal comfort.

Construction and Structural System:

The main structural system consist of the RCC columns further becomes a
framed bamboo superstructure with profile roof. The external walls are made of
woven bamboo and the internal walls are barnBoete.
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Foundation:
The structural RCC columns are supported on 0.9x0.9m isolated RCC footing
with 1.2m depth.

Floor:
The floor is created by spanning woven bamboo splits covered with a layer of
chicken mesh and then finished with vitrified tiles.

Wall:
Walls are made of two layers of bamboo woven with a Ferro cement compound
wall plaster.

RCC: The structure is engineered to minimize the extensive use of RCC thus
limiting wastage and cost of material.

Wood and Bamboo:
Very good quality joineryetail and finish in bamboo which has both aesthetic
and comfort value because of its natural properties.

Performance during Natural Hazard

Earthquakes:

The RCC frame provides enough support for the structure. The traditional
flexibility of bamboo is maitained by optimizing RCC use.

Floods:
RCC footing of 2m depth withstands urban flood and water logging. The high
floor level provides enough protection to the superstructure.

12. Conclusion: Change in trend of Construction

A change is observed towards building with bricks and RCC, instead of
traditional materials. Though Assam type houses are not built today the
construction practice derives a lot of feature from the older houses. At times
RCC is used to build entire wall érlat slabs for roofs replacing the sloped
CGil sheet roof. Due to changing aspiration, availability, and affordability, RCC
and brick use in buildings is an increasing trend. Such constructions form large
part of rural and semi urban buitirm in Assamwhich is rapidly growing in
number, making many buildings vulnerable at a very fast pace. Good
traditional practice that are disaster resilient are ignored. Therefore they are
rapidly being pushed out of favor by people. These need to be promoted and
supported as viable and useful practices due to their environment friendly
nature, affordability, and availability of materials and skills. It needs to include
that disaster resilient houses are possible to build using available skills,
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techniques and materials that fulfil
and aspiration.
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Abstract:

Planners and designers create spaces for people. However, in most instances,
the modern urban design interventions are criticized for their inability to
address the ground conditions. These interventions appear out of context when
they are placed in the akground situation. This is mainly due to the lack of
responsiveness of the design to the saditural conditions of the particular
location. Therefore, the aim of this research is to explore the above mentioned
critique through a local case study. Jhiesearch analyses whether the
designers have considered the saxitiural setting and values of the people of
Batticaloa city when they designed the Gandhi Park in the middle of the town
center. This research was conducted through participatory and non
participatory observations, Photographic surveys, interviews and discussions
with those who use the Park. The aim was to find out what kind of social and
cultural responsiveness reflects through this park, how the design elements
support the park to funci, and examine whether those values, needs and
aspirations of the people have been taken into the consideration in designing
this park. The methodology of this research is based on comparative and
narrative analysis. The study reveals that the soditoral values, lifestyles of
people and local attitudes were not taken into consideration at the design stage.
As a result users are compelled to change their attitudes according to the
design.

Keywords:Sociccultural responsiveness, Users, Park, Valuesal Attitudes

1. Introduction

This research demonstrates that the current urban design projects barely take
into account neither the soetmiltural characteristics nor the aspirations of the
local people. Urban Design is considered as a tool that issdpplielevate the
identity of a city. Also, Urban Design initiatives require a high level of
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imagination and creativity. However, most of the times it has been found that
design does not harmonisgith the ground conditions. Although this is a
wider critique in the present day, there are no systematic and scientific
researches done in the context of Sri Lanka. This research attempts to
systematically study a design project in in order to find ouvhat extent the
present day critique is valid. The pioneering work of Jane Jacobs (1962) states
that the aesthetic concerns of urban design is not wrong, but it should not only
be about the physical form. The real aesthetic quality in design has tderonsi
the social and cultural diversity. A place has its own evolution pattern. The
cultural characteristics are rooted in its evolution pattern. This gives a place its
own identity and character. Urban design initiatives should support this whole
process am should elevate the qualities of the place. According to Lawson
(2009), the problems that are attempted to be addressed in urisagnde
projects are either entirely internal to the system or may be linked with some
external fact or sncontrol. Themrfere, unddnseandidgetisei g n
real problem is vital. Designers should not work on their imagination or
imposed problems. The realization that the purpose and function of design is
crucial will ultimately help designers to come up with designs dina better
suited to the context. The objective of this research is to examine the popular
criticism that contemporary Urban Design projects have failed in terms of their
sociccultural responsiveness and in order to explore this critique, Batticaloa
Ghandi Park is taken as the case study.

2. Literature Review

2.1CRITIQUES ON MODERN URBAN DESIGN
2.1.1Critique on Modern Urban Design based on the approach

Gordon Cullen's "The Concise Townscape", first published in 1961, probably
had the greatest influee on a many urban designers. Cullen examined the
traditional artistic approach to city design. He created the concept of "serial
vision" which defines the urban landscape as a series of related spaces. His
aesthetic approach to the designing of theupéstque urban quarters enriched
the vocabulary of urban designers.

2.1.2Critique on Modern Urban Design based on understanding

2.1.2.1 Understanding Based on Livability

Jon Lang (1994) says t hat Aur ban
environmental comixt. The concerns of social and environment returns the
focus of urban design to create a better city. Urban design is an effort of
designers who apply knowledge about the environment and people to the
creation of livable, enjoyable, and even inspiringtlenivironments. Thus, Jon
Lang emphasizes that urban design must take souserted approach to
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achieve a higher guality of i fe in
Design: The American Experiencebd he s
the beginning of the "City Beautiful' concept and it provides attention to
developments and developmentisoa gain an understanding of how the
environment i s experienced by people
and urban designo.

2.1.2.2Understanding Based on Aesthetics Experience

Meanwhil e the another aut horaestheticd) s ay
creating architecture and urban design as coding and experiencing them as
decoding seems quite flawed. Even if experiencing was reduced to some kind
of decoding, it would be problematic for an architect to predict the meanings
that the building will have when experienced against certain particular
cont extso. (Kol b, 1990) . Thus, Kol b s
design by people, is in the hands of the architect or the urban designer.
Experiencing the urban design means the aesthefidbe particular area
should be sociaulturally responsive. On the other hand it could fail to give
meaning to that place or city through the urban design initiative.

2.1.3Critique on Modern Urban Design based on the Projects

Most of the Urban Desigimitiatives seem to look like artificial projects and

those projects or initiatives do not fit with reality. The vision created by the
Architect should be natur al and it st
(Appleyard,1979).

However Taylor (1998has st ated that APl ans thus
the same time the artistic soaaltural dimension was left out. The systems

view of planning with quantitative methods is usually referred to as rather anti
aesthetic, but in most of the urban ides plans are proposed as an
environmental aesthetic concept. In planning urban design projects with
aesthetic art it should be criticall)
having of possibility that opening up of superior and professional talsteesu

also not be so easy to allow responsiveness of -sodfiore of urban design.
(Taylor,1998)

Roger Scruton (1979) says -mbdamity,hd®ur i n
architects have become the sole authority of thegadled works that pay no
attention to the physical, social and cultural contexts. Their intentions of
establishing a personal style and their followers aiming to continue that in order

to be someone like that celebrated figure have completely ignored the society.

ARTHY YOGALINGAM, JAGATH MUNASINGHE & SHALINI MARIYATHAS
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3. The methods and techniques for the study

Unstructured Interviewing

Interview with the designers

Direct observation

Gather information through field obsation and photographs
Narrative Analysis

Comparative analysis

=4 =8 =8 =8 -89

4. Analysis and Findings

Batticaloa Gandhi Park is located in Batticaloa town center. Schools, Transport
Hubs, Dutch Fort, Library, Main Post Office, Municipal Council, Court,
Tourist Information Center and Cargills food city are some of the places
located close to the Gandhi Palea. Activity patterns were studied in order to
grasp itds complexity with regard of
structure within which these activities are carried out at the Gandhi Park and its
surroundings. Many of the activities at tBandhi Park are due to its location

and this location is connected with many other public places.

o

/
e
/

/

/ PuBLIC
PuBLIC KeAD

ROAD

LAY GROUND

GECRETARIAT
OFFICE

Figure 1, Sketch of connectivity of Gandhi Park and its surrounding (Source: Compiled
by Author)
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Schools Gandhi Park Fountain Public Court
Studying Meet & Chat, Romance, Local & Foreigners Park Library Case
Playing in the school ground visit, Waiting, Relaxing, Jogging, Dog Meet people Reading activities
Parents wait for students walking, Exercise, Playing, Celebrating get Chat activities Police
near to school tst:%eotgsé parties, Selling, Cleaning, Photo Wait for thher 4 activities
others informatio

CTB BUS TERMINAL Bus Bazaar Main_Post Dutch Fort
Get in/off Stand Area Office Stadium & Local  people
Meet Get in/off Buy & Sell Get infoff Playground visit
Chat Meet Chat & gﬁaett Recreation Foreigne
Wait for others Chat Meet a activity visit
. Wait  for
Wait for others Gather others Play
Socialize

Figure 2: Activity Pattern of Gandhi Park surrounding (Source: Compiled by Author)
4.1 SOCIAL RESPONSIVENESS OF THE GANDHI PARK

A Park promotes community interaction

The Gandhi Park should give a sense of place and it should reflect the social
identity of Batticaloa. In Batticaloa people have a habit of sitting on the
ground, chat with relatives, friends and neighbors. Most of the kids also have a
habit of doing their worlby sitting on mats. Most of the people like to chat in
groups create their own space and regularly use that space to chat and meet.
Although the people in Batticoloa spread their mats under the trees to be in the
shade, we cannot see this arrangementGandhi Park. The seating
arrangement at the park is suitable only for those who like to sit alone. There is
no way to sit as a group and chat. Even most of the stone benches, two sides of
the Gandhi Park are placed in linear form; some of the stone bdralebeen

placed under the trees and only two or three persons can sit on a bench. People
candét even sit on the ground at Gandh
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Figure 3: Batticaloa people using matsgiv (Source: Compiled by Author)

When questioned designer defended tF
designed the seating arrangement in this park to provide visual linkages to the

| a g odEng. €. Achchuthan, Batticaloa Municipal Council. Meanwhile
Archt. Asoka Pali Wijeratne said 060Ga
I am not sure whether it is socially acceptable to the community. In day time

the park is so hot and there are not enough trees for shade. Mostly it is suitable
for people fromh e west for enjoying the sunli

Even though there are some critiques, the seating arrangement has enhanced
the lagoon view.

The next point is that there are no esdcial activities taking place happen in

this Gandhi Park area. Gandhi Park is notéshand it is open to the street and
people can see what is happening ins
supervising this park.

The supervisor of the Gandhi Park said a lot about the safety at Gandhi Park.
He sai d t hat déveélopmentyf thisparkrisiverynbeneficial to the
people. This park functions from early morning to | night. Since this is named

as Gandhi Park we have respect his principles. We are taking every precaution
to keep this park safe and peaceful. Heredwaot allow anything that is
harmful to our culture and society. We close the park at 9.30 pm in order to
avoid unnecessary activities happening in this park as safeguarding the socio
cul tur al values is very i mp&&Kanaan,t f
Gandhi Park Supervisor, Batticaloa Municipal Council
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Table 1.People have visited alone or with others in the park

With any one (%) | Weekday Weekend
Alone 15% 4%
With others 85% 96%

(Source: Survey done by the Author)

20 people selected randomly were asked how they came to the park and 17
people said they come with others and 3 people said they come alone.

AREyes on the Streeto theory which w
increased street traffic, day and night, not only help communities flourish
socially and economically, but also acts as amaliting which deters crime

and antisocial behaviour. Whedesigning the spaces for people that particular
urban space should not encourage-sotial activities. Throughout the urban

park should be a safe place for people. In Gandhi Park also there is no
possibility to have any antiocial activities. It closeat 9.30 pm and nobody

can enter into the park after that.

A Place for a social event

This Gandhi Park is used for several purposes. Many social events take place in
this Park. The social events can be photo shootings, hungers strikes, awareness
pro-grams, school events, art competitions as well as get together parties.
Gandhi is famous for O0Ahi msad and i
6picketingd or a O6hunger strike is ¢
would be successful. So the Gan8katue also enhances the social events.

Many photo shootings happen in this Gandhi Park because of its aesthetic
appearance attracts photographers as well as people to Gandhi Park. There is
not enough space and similar aesthetic quality is availabtehir parks or
places. As mentioned earlier the Gandhi Park attracts a lot of social events, but
in some of the important cultural festivals are not taking place here due to some
drawbacks in the design of the Gandhi Park.

According to Batticaloa Developent Plan (2014) it says there are 91% people
are Tamils and 70% of the people are Hindus. So most of the Tamils dominate
the Batticaloa and they sustain the unique socio culture of Batticaloa. Tamils of
Batticoloa celebrates their festivals in open spaith their parents, friends,
neighbours and relatives. Mostly Tamils participate in celebrating festivals,
such as Thai Pongal festival, which is celebrated on January 14th or 15th; on a
large open space. People create their own space and arrange adwotbang
direction and they start their Pongal works. In Tamil New Year also most of the
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cultural games are conducted in large open space like playground and paddy
field area. There are no restrictions on access to those places and the physical
elements of those places encourages this kind of cultural events. Urban design
is meant for peopleWhen designing spaces designers should consider all
aspects and behaviours. Urban design should cater to these kinds of cultural
festivals. But in Gandhi Park there is no possibility to have these kinds of
cultural functions. It just used only for rectiea purposes like exercise,
jogging, sitting, standing, dog walking, selling, romancing and celebrating
small parties. These are not reflecting and giving meaning to Batticaloa socio
culture.

Figure 4: Batticaloa people celebratinthaipongal festival (Source: Compiled by
Author)

4.2 CULTURAL RESPONSIVENESS OF GANDHI PARK

A Preservation of historical landmarks

The significant landmarks of the historic events of Batticaloa are preserved in
Gandhi Park and the predominant feature hese t he 6 Gandhi St a
the Tamil culture and is indicative of the Gandhi influence in Batticaloa. There

is a belief among Batticaloa people; that if any picketing to be successful they
must do it in front of the Gandhi Statue. And Gandhaisfous f or 6 Ah
Gandhi Park got its name because of the statue and it gives an identity to the
park as well as to the whole area. There is another statue located in the corner
of the Gandhi Park near the Batticaloa Gate. This statue is built to thergnem

of the | ate Reverend OWilliam Aultod.
Methodist Missionary with noble and pure motives.
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Layout of Significant Landmarks of Batticaloa Gandhi Park

1. Front Entrance
I'] 2. Old Custorns Road
3. GandhiStatue

| |4 Craneof Ancient Period

5. Batticaloa Gate

- [ i — .
ssiisegie s *!*'»**1»1&*-* \
6. William Ault Statue
B s

.......... || 7. Fence
—_— \ cwae| 3. Local Tress

=14 9. SideEntrance

i 3 10.Decorative Tree
11. Linear Shape of Tree

line
12.Paved Block & Seating

Arrangement

Figure 5:Layout of significant landmarks of Batticaloa Gandhi Park (Source:
Compiled by Author)

Later he became the bearer of Methodism to the Eastets of Sri Lanka. He

was the pioneer of education in Batticaloa region. There is ancient equipment
which was used in an earlier period for loading and unloading activities. There
was a harbor in this place and this crane was used at that time. This is a
precious historical monument which is 300 years old. Batticaloa Gate which is
in the Gandhi Park consists of the traditional art of Batticaloa. It reflects the
historic architectural style of Batticaloa. The traditional art representation of
theBatticaba traditi onal dance which can b
Tamil also locates in Gandhi Park. There was a road known as Customs Road,
which functioned from an early period and supporting the activities of the old
Harbor, which was located at the enfdtile Gandhi Park area. Even at the
designing stage there was a protest from the people against the closing of the
Customs Road. However the Gandhi Park project was implemented
successfully and the road is now paved with concrete blocks. Now people use
this as a walking path.

A Sitting arrangement and structure
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Most of the people in Batticaloa like to sit under small huts and have
conversations. Even most of the urban spaces in Batticaloa can bsossen

kind of small huts. These structures are cool and comfortable reflects the
culture. The small kids like to sit under the trees and they like to play with
sand. But in Gandhi Park there is no sitting arrangement. There is a big issue in
deigning placs for people. Designers are not considering the cultural beliefs,
norms and traditions. Designers should create spaces for people. If the
designer, considers all the cultural aspects that particular urban design will
definitely give a cultural sense fordal people as well for foreigners. People
always like to have their cultural values in each and every design. Therefore
these elements should be taken in to consideration in the proper manner.
Otherwise the urban design will be alien to the particulaiitgca

A Water bodies

In Batticaloa; people worship the water as God. In most of temples there is a
pond. And they do Pooja to the pond. Mostly in Kovil festival (Tamil: Kovil
Thiruvila) times most people take a bath and engage in religious activities.
Geneanlly these kinds of the places reflect the cultural responsiveness. At the
Gandhi Park there is a Lagoon, located nearby, but it doesn't function very
well. There is an absence of the sense of cultural value. Park only enhances the
visual linkage to théagoon and gives a certain level of relaxation. The urban
part is only used for activities such as relaxation, doing exercise, chatting, etc.
But it is not culturally responsive to the city. The Batticaloa Lagoon is
connected with socio cultural values.divpeople see this water body as their
God. The livelihood of the fisher community depends on this water body. But
this park fails to bring out the sense of cultural value.

A Symbols
Batticaloa has its own identi trpanand
pl aces. Batticaloa is famous for O6Sin

sea as their God. So the sea and the mermaid have a close relationship with
Batticaloa social culture. Mermaid design can be seen at the entrance to the
Batticaloa townat Main roundabouts, Clock Tower, and the Railway Station.
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Figure 6: Mermaid designs which are located in several locations (Source: Compiled
by Author)

However, at the Gandhi Park there is no mmed design. Is Gandhi Park
trying to change the identity of Batticaloa? Two entrances of the park are
designed like a lotus. The designer has said that it was designed that way
because basically lotus is meant for peace. But not giving any recognition to
the mermaid symbol which gives the unique identity of Batticaloa is
guestionable. Thus, it appears this modern urban design is trying to change the
unique cultural identity and traditional elements of Batticoloa.

4.3 SKETCH OF TRADITIONAL SPACE IN BATTICALOA AND
PROVIDED SPACE IN GANDHI PARK
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Figure 7: Sketch of traditional space Figure 8: Sketch of provided space
(Source: Sketches drawn by the Author)
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4.4 CONCLUSION OF ANALYSIS

There is a wider critigue of modern design that it's not sociocultural responsive
to the local context. But in some extent Gandhi Park provides some benefits to
people. It does not reflect the socio cultural environment in its design. Most of
the people apreciate the Gandhi Park design and it functions well. But people
always try to create their own spaces to do their activities. The westernized
design elements do not suit the local context.

Urban designers should think that they are creating sustaundiale spaces for
people and they should consider whether to change the unique sociocultural
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character and the identity of the place or keep as it is. When designing places
for people preservinghe unique identity is the most important thing. Taking
into consideration the sociocultural values of a particular area will help to
develop a more sustainable urban design.

5. Conclusion

The objective of this study was to understand the sociocultispbnsiveness

of urban design initiatives in the Sri Lankan context. Gandhi Park located in
Batticoloa was selected as the case study. Urban design is an innovative
concept and different users give different meanings for urban designs. The
selected casedly is an urban park and a significant public space. It provides
activities for local people and tourists, as well as opportunities for social
interaction and connection, social inclusion, mingling of different cultures, and
building a sense of local commity it is a focal point for community
rebuilding and development. The urban park congregations a series of
functions, it is wusually a ©place ca
expectations and urban park should has a concentration of space ifbr soc
functions such as walk, stop, meet, chat, play, sell, buy, celebrate parties,
observe others, eat rest, wait and enjoy. Urban Park as urban design in Sri
Lanka cannot be restricted within space anywhere. The Batticaloa Gandhi Park
is one of good examglof that. It has connections with streets beyond the
public buildings. This created people to have more connections with Gandhi
Park and its surroundings.

With this analysis we may ask, to what extent the urban designs are socio
culturally responsive? Wen designing the spaces for people most of the
designers have failed to consider tt
result, most of the urban designs became failures. Although Batticaloa Gandhi
Park; functions very well, to some extent it does mdiect the socieultural
environment. As mentioned earlier in the analysis people of, Batticaloa have
their own tradition, cultural values, beliefs, behaviors and unique identity. Even
their own spaces reflect the sociocultural responsiveness which ¢anseen

in Gandhi Park. The reason is the design elements do not fit and the restrictions
does not allow the people to behave as they wish. If the space is designed
according to the peopleds wishes defi
to the ciy. But in modern urban designs most of the designers adopt the
western cultural designs. When the designs are implemented it does not go with
the local context. Even the design elements of sitting arrangement, lighting,
paved walking paths, green do ndteet the local sociocultural characteristics.

Modern urban designers are trying to change the local identity and character of
the place by not considering the cultural values. As an example each and every
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city has its symbols which help to reflect their identity and even that single
element has a lot of meaning. . In modern urban designers are not giving
priority to the use of those symbols in urban designs. They are trying to
introduce new symbs which do not fit to the particular local context. Those
symbols seem so alien to the local people. It does not give any sense to the
place.

The results of this study will help the urban designers and town planners and
other relevant professionals uaderstand the needs and aspirations of the local
people when designing the urban spaces for people. Most of the people are
attached to their social life and cultural values. Therefore the designers should
take into consideration the sodialtural valueof the people and the city when
creating urban designs for people.
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STRATEGY FOR DISASTER RESILIENT CITIES: A REVIEW OF
LITERATURE

JAYAKODY. R.R.J.C, AMARATHUNGA. D? & HAIGH. R®
L2 Yniversity ofHuddersfield, Huddersfield, United Kingdom
Chathuranganee.Jayakody@hud.ac.uk.

Abstract:

Public open spaces are often used as a mode to make cities sustainable from all
its three counts; economic, environmental and social. Most of contemporary
urban phnners, designers, and landscape architects use the public open spaces
as a mode to increase the urban quality of life, improve aesthetic attractiveness,
improve the environmental health, growth of economy, and to increase the
walkability, liveability and vitality of a city which direct towards the
sustainability. However, sustainable development should also encompass the
enhancements of disaster resilience. Yet, the use of public open spaces as a
strategy for disaster resilience, still remains largely nesesed when planning

and designing sustainable cities. Accordingly, the aim of this paper is to
emphasize the need of planning and designing public open spaces with a focus
on disaster resilience; as an agent of recovery, to provide essential life support
as a primary place to rescue and for shelters and potential for adaptive
response. Further, this ongoing research study analyses the current literature
and presents the significance of combination of disaster management strategies
with urban planning andesigning strategies in order to make cities resilience

to disasters. Finally, the analysis suggests a framework to plan and design
public open spaces for sustainable disaster resilience cities, proposing set of
concepts; loose space concept, Urban Sp&agk, Network of Open Spaces,
which can be potentially used when planning and designing public open spaces
for disaster resilient cities.

Keywords: Disaster Resilience cities, Public Open Spaces, Sustainable
Development, Urban Designing, Urban Planning

1. Introduction

Cities contain significant amount of people, infrastructure, amenities and

modern facilities. Pelling (2012) describes, cities as the engines of economic
growth, an integrated system linked with consumption and production, a source
of livelihood, a stock of accumulated assets, and a political and cultural arena.
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Hence, any adverse effect to a city means, adverse effect to significant number
of people, infrastructure, amenities and modern facilities and engines of
economic growth of a country.

This reflection is even more significant, in the global urban con@bdbal
urbanization trend pattern establishes, that there is population increase and
increase of human migration towards cities, most commonly for reasons such
as jobs, education and new lifestyle. Therefore, urban areas will contain
increasingly large mpor ti on of worl doés popul ati
(2015) state the percentage of urban population in 2014 is 54% and this will
increase up to 72% by 2050.

This rapid population growth together with rapid urbanization, create
significant challengestboth natural and built environment in cities, including
more pressure on land and services resulting inadequate resource management,
settlements in hazard prone areas, lack of capacities, unclear mandated for
DRR at local level and decline of ecosysteams so on (UNISDR, 2012).
These challenges increases the exposure of the city dwellers to natural
disasters. As a result, most of the cities in the world which contain large
proportion of people, are at risk from the effects of climate change and natural
disasters. For instance, Huq, Kovats et al. (2007) states many cities in Africa
are at risk from sekevel rise and storm surges (e.g. Banjul, Lagos and
Alexandria) and many of the world largest cities in Asia are at risk of flood
inundation (e.g. flood pin of major rivers the GangeBrahmaputra, the
Mekong and the Yangtze). Therefore, it is increasingly important to plan and
design these cities with a focus on 6

Further, Malalgoda, et al. (2013) state that unplanned cities andisatiam

can be one of the major challenges ahead to create a disaster resilience built
environment in cities. Howevet,eén and March (2014&mphasize, urban
planning and dgigning can play a vital role in making cities resilience through

its ability to incorporate muhilimensional aspects affecting disaster risk
reduction. Adding to thisUNISDR (2012)states that strategic planning and
design of spatial elements and their influence on the natural and built
environment are directives of cityos
effectdisasters. Accordingly, it can be understood that, planning and designing
can play a significant role when incr

Further, to enhance the disaster resilience through planning and designing
interventions, the focus can be given on different spatial elements of a city such
as buildings, parks, playgrounds, streets, and infrastructure. Public open space
is one of the kegpatial elements which can play an important role in cities.
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However, the role of public open sp.
specially, encouraging adoptive response after a disaster, still remains as a
largely uncovered area (Hossain, 2014). Accordingly, this research paper main
focuses on identifying potential uses of public open spaces for disaster
resilience and to identify the planning and designing interventions that can be
used to harness theseidified potentials.

2. Research Method

This paper is based on the findings of a literature analysis, conducted to
evaluate the state of the art in the subject area which was carried out as part of
an ongoing PhD research study. Accordingly, the literatuas critically
evaluated to synthesis the findings. In order to ensure that the literature review
is complete and comprehensive the researcher has critically reviewed journal
papers, book chapters, conference papers as well as local and international
repats which discuss the issues in the subject area. At the same time, this
literature review has been presented in different national and international
audiences where the literature review has been critically examined and
modified according to the feedbaceived.

3. What is a 6Public Open Spacebd

As this study focuses on the use of public open spaces for disaster resilience,
first it is imperative to understand
Spacebd. The term O6Publ i ccerfupyemUnieg a c e €
Kingdom and United States, when allocating spaces for the improvement of the
health and quality of life of the working class people who lived in squalid and
congested urban environment (Gifésrti, Broomhall et al., 2005). According

to Swanwick, Dunnett et al. (2003), currently this term is widely used with
variety of meanings, ranging from 6gl
the types of public spaces counting streets and squares and also private spaces
including gardens, cowrds.

The definition of Public open spaces can be found from different standpoints.
Woolley (2006) introduced two forms of definitions. One is constructed on
primary purpose of allocation which derives from the policy stance.
Accordingly, Public Open spas is positioned in between green space and
civic space including Parks and gardens, Natural andsatuial green space,
including urban woodland, Green corridors, Outdoor sports facilities, Amenity
green space, playgrounds for children and young pgogletments,
community gardens and urban farms, Cemeteries, disused churchyards and
other burial grounds.
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The second definition place the Public Open spaces as a space that allows
different types of actities encircling necessary, optional and social activities.

This includes Parks, Playgrounds, Playing fields and sports grounds, School
pl aygrounds, Street s, City far ms, I n
definition i s mor eof\iewvather than the pueposa sfe r s
allocation. Two main important points that can be raised from these two
definitions are:

1. Public open space can be any space between green space and civic space
but has to be used by the public and

2. It should bean outdoor space which is not covered by buildings.
The following categorization of 6 Pul
Carmona (2010), opens up another dimension to this understanding. He
categorises the Public space in to three groups based on tssibiity,
ownership and use.

1. External Public Spacé All spaces between the private landholdings
including Public squares, streets, highways, parks, parking lots, stretches of
coastline, forests, lakes and rivers etc.

2. Internal Public Spacd Various public institutions (e.g. Libraries,
museums, town hall) and Public transport facilities (e.g. Bus stations, Train
stations)

3. External and internal Quasi Public Spac&his means privately owned
public spaces such as sports grounds, restaucamtsnas and shopping malls.
Places where legally private and nominally public.

The accessibility and the use, are two main important points for this study

which can be identified in this cate:q
s paces 0 itwbhutihii isinotaaccessible to the public, that cannot be

considered as O6Public Open Spaced. Tt
be accessible to public and also should be allocated for public use which was
al so identifiednby Woolleybs definiti
Accordingly, it can be summari sed t he
Spaced in this study, is any outdoor

allocated for the public activities, e.g. Public squares, Parks and gardens,
Amenity green gaces and coastlines. With this understanding, next section
discusses the current use of Public Open Space and potential future use for
disaster resilience.
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4. The use of Public Open Spaces for Disaster Resile

Most of the contemporary urban planners and designers, use the Public Open
Spaces to make sustainable cities in mukibteensions. Public Open spaces

are mostly used to improve the scenic amenity and to promote active and
passive engagement with tpéace, benefiting the physical and psychological
wellbeing of urban dwellers. Further, these public open spaces are also used to
promote social interaction and cohesion. In addition, green public open spaces
offer the environmental benefits such as watwat air purification, noise and

wind filtering and microclimatic comfort. Furthermore, all the above values
and functions of Public Open spaces directly and indirectly contribute to the
economic growth of cities.

However, VargatMoreno, Meece et al. (201ighlights that Public Open
spaces have the potential to act proactive manner, contributing-stemiki
within the entire city to solve the current and future problems and issues. At the
same ti me, as discussed bef diereetot he
disasters, is an increasingly important and one of the key proactive approaches
for sustainable cities. However, the current planning and designing lens has not
been fully utilized to look at the use of public open spaces for disaster
resilience

Confirming this, Hossain (2014) state that the role of public open spaces in
increasing citiesd resilience to dis
Consequently, this paper attempts to analyse the current literature which
discusses the potertiases of Public Open space as a strategy for disaster
resilience cities and establishes the research gap, through the discussion on
current problems and issues of harnessing these potentials. Accordingly, the
literature analysis reveals that the publicepspaces in a city have the
potential to contribute three main stages in disaster management; emergency
evacuation, recovery and mitigation.

4.1EMERGENCY RESPONSE AND RECOVERY

The potential use of Public Open Spaces for emergency response and recovery,
is mostly discussed in the literature related to earthquakes and Tsunami events.
With a major contributionAllan and Bryant (2010), analyse critical role of
public open spaces in an earthquake event:. case study in San Francisco,
Northern California. Thistudy reveals that, after the earthquake, parks and
playgrounds in the city were mainly used as safer places to gather, shelters, to
build low cost cabins and sometimes the sloping land of some parks became
inconvenient to build the camps. Moreover, thiglysis discloses that after a
maj or earthquake, cityos open space:
simple to multifaceted services such as gathering, sheltering, distribution of
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goods and service, temporary inhabitation and commemoration. Accordingly, it
can be identified, the importance of having different typologies of open spaces
(small squares to parks) contributing different functions of emergency
management and recovery amdso the importance of consideration on
connectivity among those Spaces with

Conversely, Fuentes and Tastes (2015) emphasize the significance of
connectivity between the public open spaces in a city, through the
corsideration on linkage between open space, resilience and urban design as an
integral way to plan and design resilient cities. Further, their research on
earthquake and tsunami in Chile 2010; Case study on San Pedro de La Paz,
recommend the need of desigminpen space network contributing to urban
resilience. Further, this study recommends to take account of open spaces as an
urban asset for seismic events under the resilience framework.

Adding to this argument, Le6n and March (2014) demonstrate that, along with
the connectivity, the consideration need to be given on three other factors,
when wusing public open space as a to
undertaken with a specifibcus on tsunami prone coastal urban communities
and the findings reveal that Open spaces and streets need to be planned and
designed with a focus on Tsunami evacuation providing safe assembly spaces,
basic emergency services and utilities, such as #fids, fresh water,
electricity, and communication. Further, they emphasize that, along with the
accessibility and connectivity, public open spaces need to be planned and
designed with adequate location, capacity and terrain qualities for Tsunami
prone coaml urban communities. Accordingly, it can be understood that these
factors such as accessibility, connectivity and terrain qualities, may vary
according to the type of the disaster, yet there is a significant potential of using
public open spaces for engency evacuation and recovery after a disaster.
Further mor e, it is imperative to har
resilience to disasters.

4.2 DISASTER MITIGATION

Apart from emergency management and recovery, the literature analysis
explores the potential use of public open spaces to mitigate the impacts of
natural hazards. Currently, this usage has been identified mostly in flood risk
mitigation strategies and has included to flood risk management frameworks.
Confirming this, Burby and Freh (1981) and White and Richards (2007) state
that flood prone areas need to be protected from future development and the
most common way to do this, is to keep the flpoone areas for open space
purposes.
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However, most of these discussions merely recommend to preserve the hazard
prone lands as open spaces and lack of consideration is given to understand the
practical implementation of this strategy to cities. As a solution, these-flood
prone areas can be contest to public open spaces with designated uses.
Confirming this, Kubal, Haase et al., (2009) state that preserved land in flood
prone areas can potentially be converted to public open spaces promoting
wildlife habitat and recreational activities. This dana vital solution to get the
highest and best use of land in rapidly urbanizing areas and at the same time, as
a strategy for disaster resilience.

This notion is correspondingly applicable to most of the other types of hazards.
For instance, the reser discussions on minimizing the effect of Tsunami,
suggest to demarcate the development setback line through the integration of
land use maps and Tsunami hazard maps (Amarathunga, Haigh et al., 2015)
and then to use the protected areas for open spacsspporting this view,
Ardekani and Hosseini (2012) propose that these preserved areas from
development setbacks, have the potential to be used for agriculturespgmen

or scenic amenity. Accordingly, it can be understood that in a city, hazard
prone aea have the potential to be converted to Public Open Spaces
contributing to disaster mitigation and also to the everyday use of the city.

5. Discussion: Necessity of Planning and Designing Inputs

Above discussion revealed the potential role of publienogpace as a strategy

to make disaster resilience cities, as a facilitator for emergency evacuation, as
an agent of recovery and as a strategy for disaster mitigation. However, these
potentials cannot be effectively harnessed without considering thecplact
implementation side of it. Accordingly, this section is focused towards the
current issues and problems of using Public Open Spaces for disaster resilience
in cities. Further, the researcher propose set of the potential strategies that can
be used tmvercome these problems through a literature analysis on potential
concepts, theories and practices of urban planning and urban designing.

5.1 PLAN FOR EVERYDAY USE

As it was identified, the public open spaces have the potential to be used for
emergency evacuation and recovery in disaster situations and can act as an
essential life support in an event of emergency. In practice, most of the
recovery planners identifyhé open spaces as a component of the natural
environment under emergency management plan but not as a part of the built
environment. However, as Allan and Bryant (2010) point out, if these open
spaces are planned and designed for the only purpose of ecemanning

and recovery without having any connection with everyday life of the city,
these places will become isolated in long run and result to have unstructured
open spaces which are not physically prepared and not identified by the public
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in an event emergency. Further, this is not practical in a city where the rapid
urbanization is taking place and not rather compatible with sustainable city
concept.

As a solution, these open spaces can be placémmetl ad esi gned as 6
spacesd in a way to f unct-ememenaydnel i n
Confirming this, Allan and Bryant (2010)highlight that the emergency
management plans and recovery plans become more effective when it is
aligned with everyday life of the city through urban planning and designing
strategies. Leon and March (2014) further confirm the necessity of planning
and aesigning public open spaces to function well, during both emergency and
norremergency times through their study on Tsunami rapid resilience.
Accordingly, it can be understood that, for the effective use of public open
space as a strategy for emergency vepp and mitigation, it needs to be
planned and designed, aligned with everyday life of the cities.

5.2 NETWORK OF PUBLIC OPEN SPACES

The literature analysis identified that, connectivity is one of the main factors
which effects for the effective use ofullic Open Spaces in emergency
management and recovery. At the same time, it has been discussed that, after a
di saster, cityos open spaces have t
contributing simple to complex services such as gathering, sheltering,
distribution of goods and service and temporary inhabitation etc. Fuétitesm,

and Bryant (2010) suggest that the successful integration of recovery planning
and urban design, facilitate to | ook
network of ope spaces. In supporting this viewuentes and Tastes (2015)
further confirms the idea of design public open space network for the urban
resilience. Accordingly, this discussion emphasize the importance of planning
and designing a network of Public openasps contributing both urban
resilience and disaster resilience.

At the same time, urban planners and designers demonstrate the benefits of
having interconnected Public open spaces system in cities. Confirming this,
Rogers and Sukolratanametee (2009kdtiadt integrated network of parks and
open space can promote the walkability, promote the interlinked recreational
facilities, beneficial for neighbourhood designs and can be used to facilitate the
sense of community. Further, Carmona (2010) says netafodpen spaces
linked with green corridors integrate the natural and the built environment
which is a key to create cities sustainable environment. Accordingly, it can be
understood that, designing a network of Public open spaces have the potential
to faciitate both disaster resilience, urban resilience and sustainable cities.
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However, this need to be done in line with the fact of design for everyday life
of city which was discussed at the previous section.

At the same time, it was identified the need of different typologies of open
spaces contributing to different functions of disaster aftermath. This factor can
be amalgamate with the planning concept of having variety of Public Open
spaces contributing varietf needs of the city. As Thompson (2002) state, the
diversity of public open spaces and their individual characters invite different
uses and contribute the cityobds funct.
Carmona (2010) states that the exé¢public open spaces provide life breath

to the cities by adding recreational opportunities, venues for special events,
wildlife habitats and opportunities for the movement of the people.
Accordingly, it can be understood that planning and designing netafo
public open spaces focusing both disaster resilience and sustainable cities
should also encompass the notion of different typologies of spaces contributing
different functions of the city and as well as the factors of disaster resilience
framework.

5.3 LOOSE SPACE

However, Planning and designing different typologies of public Open spaces to
function well in both emergency and remergency situation, is not a simple
task. For instance, planning and designing for everyday life may include the
factors such as seatirfigcilities, promote walkability, space for cycling, space

for different recreational activities and children play areas, green spaces and so
on. Further, as it was discussed, planning for disaster resilience may include
facilitating emergency evacuatiorhedtering, first aid and so on. Therefore, in
order to function well in both of these situations, the identified public open
spaces need to be planned and designed in a flexible manner allowing variety
of uses.

However, addressing multiple objectiveseth el ement-6i 0d OdLLO:
can be potentially used to plan and design public open spaces allowing variety
of functions. The studies of F+ranck
Fitd environments are not phteause kid and
more unregulated, loose, opended and the user will decide the use of the
space, rather than following the decisions of the urban planner or designer. In
supporting this view, Thompson (2002
p eopl eftasge of nedds in ways that designed spaces do not. Applying the
same theory, if the Public Open spaces can be planned and designed as a
6Loose spaced offering the sense of
potential to function well in both evetgy life and in disaster situation.
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5.4 MITIGATION AND URBAN SPONGE PARK

Most of the literature findings which discuss the use of open spaces to mitigate
the disaster impact, consider the open spaces@ssarvation and preservation
strategy but not as an asset to the city. As an exarBpidy and French
(1981) and White and Richards (2007) state that most common way of
protecting flood prone area, is preserve the flpazhe area as open space. It
was also discussed that these preserved land have the potential to be used as
Public spacesMoving another step forward, Drake and Kim (2011) introduce
the concept of Urban Sponge Park which marries the storm water engineering,
urban design, and urban habitat concepts. Using this concept, they converted a
large marshy wetland area in Gowanustdma new site for large residential
development. Under this master plan, the parks were designed as a working
landscape, proposing strategies to divert excess storm wateff fian use in

the public park along the canal, thus reducing the load intseatver system.
Likewise, this concept of urban sponge park have the potential to be used to
achieve multiple objectives including liveable cities which are physically
feasible, environmentally sustainable and disaster resilience built
environments.

Furthe, the potential conversion of hazard prone areas to public open spaces
does not mean an additional development in vulnerable areas, but it should be
planned and designed to make the use of hgmamke areas safer to the
community and wise use of the spaia cities. Accordingly, this discussion
shows the potential of planning and designing urban hazard prone areas as
Public open spaces addressing multiple objectives incorporating sustainability,
disaster resilience, liveable community, protecting opercespar wildlife
habitat, enhancing economic vitality, and promoting social equity, and
benefiting to future generation.

6. Conclusion

This paper has offered an overview of the use of public open space as a key
spatial element to enhance the disaster e in cities by mean of a critical
analysis and synthesis of literature. Further, this study attempts to deliver the
message, that current planning and designing focus on public open spaces
should not be limited to the factors such as increasing sceatgy) improving

the environmental health, economic growth, increasing the walkability,
liveability and vitality of a city and creating sustainable cities. Nevertheless,
the focus should also be expanded towards the disaster resilience as an
emerging needf sustainable cities.
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Accordingly, the literature analysis first discusses the potential uses of Public
Open spaces as a facilitator for emergency evacuation, as an agent of recovery
and as a strategy for ngation. Further, the discussion section points out the
current issues and problems associated with harnessing these potential uses.
Finally, this paper suggest the potential planning and design interventions that
can be incorporated when using public oppaces for disaster resilience cities.

In conclusion, the factors which have been discussed in this paper can be
framed as follows (Figure 1), as a preliminary framework to plan and design
public open spaces for sustainable disaster resilience cities.

Figure 1,Framework to plan and design public open spaces for sustainable disaster
resilience cities



