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Editor's Note

FARU (Faculty of Architecture Research Unit) has been bringing
together academics, students and professionals to share research
outcome and knowledge in the field of built environments. This year’s
theme, “making built environments responsive”, focuses on multi-
dimensional responsibilities of the designers of built environment.
This conference is focused on discussing the need to make our living
indoors and outdoors responsive in many ways which involves socio-
cultural needs, economic sustainability, psychological and physical
needs, environmental sustainability etc. The conference is organized
around several main topics involving urban environments, energy
sustainability and human comfort, design technology, materiality,
economizing space, knowledge and education on current practices,
historic environments and practice.

Negligence of our responsibilities when creating built environment for
people is making our living environments vulnerable, people
uncomfortable and transforming our built environments less
responsive for the needs. Since we spend most of our time indoors,
making built environments responsive to our needs and nature
becomes essential. However, with the development economies and
advancement of sciences, there are many ways of minimizing
problems but such responsiveness is less visible in current practices.
Within this context, the conference of this year invites us to critically
think of our responsibilities as stakeholders of the built environments
and observe outcomes obtained so far through responsive built
environments encouraging us to take a step forward towards a holistic
approach.

Through the two day conference of FARU 2015 we will realize that
research on built environments and their impacts on the behavior and
comfort of people are immense and the need for promoting a research
culture among design professionals and academics. This in turn
influences policy makers and other government agencies to promote
and facilitate research on built environments.

In order to achieve this target, we should have the research skills and
courage to start thinking needs of people and response through
innovative 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 responsive
built environments.
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KEYNOTE ADDRESS 1

DIGITAL DESIGN REALITIES AND FUTURES
Educating Architectural Scientists

PROFESSOR MARC AUREL SCHNABEL
Victoria University of Wellington, Wellington, New Zealand
MarcAurel.Schnabel@vuw.ac.nz

Abstract

In the recent years, qualitative developments in the architectural profession are
affecting substantively all facets of design praxis. The way how professional
relationships, construction techniques, buildings- materials, design instruments and
ways of working are changing is often faster than an educational system can react to.
Hereby digital instruments are often the driving forces that facilitate change in
praxis and the understanding of architectural education. Computational instruments
are by far no longer basic recording and drawing media but progressive partner in
design that allow the power of computational logic to be applied to design. The
evolution of contemporary digital architecture facilitated by complex software and
mostly online networked communications as well as data mining capabilities are
among several technological and cultural developments that are driving architectural
education to novel directions.

Keywords: Thermal Comfort, Outdoor, Urban Form, Education, Learning

Paradigm Shift

The digital technologies have already moved beyond CAD, such as,
Building Information Modelling (BIM), parametric design, and digital
fabrication. These methodologies have fundamentally altered the how and
what of architectural design, especially in the professional context. Both, the
‘how’ of how we do, and the ‘what’ of what we do has changed. The way we
make architecture has been transformed by the digital instruments, processes
and methodologies. How the architectural education evolves to reflect,
interpret, translate, or challenge the modes of contemporary practice presents
a variety of opportunities as well as risks to ‘digital scholars’ and ‘digital
practitioners’. The possibilities afforded by BIM and parametric
technologies have directly affected not only ‘what’ we make with them but
at the same time also ‘how’ we educate architects. Integrating BIM into the
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way students are educated does subsequently shift the thinking about the
generation and definition of architecture, design, its communication and the
context it is placed in. New definitions have been developed, not based on
the abstract theories or assumptions of the past, but instead on emergent data
based in systems of simulation and information management. As the
conventions of communication and representation of the past were
determinant factors in those architectures the new conventions have
proposed new architectures that we can see worldwide. The design studio or
architectural praxis that embraces these new conventions in the age of
growing computational design sophistication will transform the architectural
design product as much as the architectural design process. This model for a
comprehensive design praxis examines the relationship between the scale of
design and the scale of representation and how this relationship undermines
the primacy of abstract representation in architectural design. The future of
architectural production and representation in practice and concept is at a
crossroads between parametric modelling and BIM as the profession moves
beyond traditional practice and its drawing-centric model into a dynamic
process/component oriented model of digital practices and the subsequent
re-definition of professional services and contractual deliverables.

A computational based architectural design praxis won’t take the design
of a building as destination but begin with a data-model of one already
designed, or that would define a building. The design process has to deal
with multi-dimensional logistical planning for construction and staged
building processes as well as detailed investigations or analyses of structural,
electrical or mechanical systems in consultation and so on. Hereby the
network with allied disciplines or consultants is crucial to allow architects to
engage in a larger environment of data, people and issues that the digital
realm offers to access. Fabrication of building elements, its various systems
at 1:1 scale from CNC-processes is hereby one conceptual vehicle for the
pedagogical lessons. The computational applications allow a far more
detailed simulation and actual construction of the design that conventional
studios cannot engage in. The possibility of starting with a data of a building
rather than ending with building data has fundamentally changed design
pedagogy and opened new possibilities for students in the architectural
education.

Digitally Driven Process as Design Partner

The possibility of starting with building rather than ending with building
might radically reposition curricular goals, concepts and knowledge in the
design studio. The design studio must now reflect new ways of teaching and
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addressing emergent digital design methods and processes, and critically
evaluate their effects and possibilities in architectural production.

Still, it seems necessary to acknowledge that the subject areas must move
beyond acting as end users of commercially available software in order that
architectural praxis and education as well as all stakeholders from students
to teachers, to professionals and end-users have to be engaged substantively
in shaping the direction of digital design, its instruments and technologies.
Students are impoverished by the blind use of the technology, such as by not
exercising the three-dimensional thinking skills of descriptive geometry,
unless their engagement goes beyond a superficial level. Here too, the means
to that engagement may vary widely. In all cases, some deeper reflection on
the nature of computation processes, such as might even be afforded by
considering how a calculator works, may provide a much needed foundation
over the sometimes superficial, gratuitous and flashy use of that technology.
The ultimate condemnation of digital design media is for it to be perceived
as a representational device, simply and solely. That it is seen in that way is
itself a condemnation of the teaching of digital design.

Social Intelligence

In the above context there is a need for researchers, educators, and
professionals to interact efficiently and effectively. However, this is not
always possible due to the different knowledge background or complexity of
the matter. In recent years, online interactions, multimedia, mobile
computing and face-to-face interactions create blended design environments
to which some universities or professional have reacted. Social networks, as
instruments for knowledge sharing, have provided a potentially fruitful
operative base in architecture. These technologies transfer communication,
leadership, democratic interaction, teamwork, social engagement and
responsibility away from the instructors to the participants. Implementing
responsive interactions can move design beyond its conventional realm and
enables stakeholders to develop architectural knowledge that is embedded
into a community experts with their expertise both online and offline.
Readily available as well as emerging technologies offers users from
various disciplines to tap into knowledge and share their ideas. Virtual and
augmented realties are employed more readily and such systems provide
increased potentials to compensate for other issues that are typically hidden
with in conventional representations. For example, by employing an
intelligent multi-dimensional model of a building environment, it is possible
to explore the influence that environment form micro to macro scales. The
results are interactively presented in media that allows architects, planners
and stakeholder to make informed decisions on the impact of their design.
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Yet it is not as simple as using another tool; parametric designing
fundamentally shifts the engagement with the design problem. Parametric
designing allows architects to be substantially deeper involved in the overall
design and development process extending it effectively beyond production
and lifecycle. Leaning parametric design strategies enhance architects’
critical engagement with their designs and their communication.
Subsequently, the computational aid of parametric modelling alters
substantially how and what students learn and architects practice.

While problem-based communication becomes an iterative and reflexive
process these current ways of interaction have pedagogical implications that
are empowering learners to collaborate and communicate differently by
integrating a variety of skills, knowledge and social environments with a rich
learning experience. There is a need for educators react proactively to these
possibilities of design activities and their digital instruments to allow
learners to understand complex dependencies and engage in
interprofessional collaboration right from the start. In developing learning
opportunities and curricula designer are offered novel opportunities to
extend their contribution beyond subject specific problems.

Using media-rich and social platforms allow us to reframe our problems
and subsequently the ways in which these problems can be explored in
learning activities. They are much more effective at tapping into social
capital; thus the process is less dependent on the teacher’s formulation of the
problem as it becomes possible to embrace global professional and
interprofessional social communities and achieve higher levels of collective
and social intelligence.

Architectural Scientists

The consequences of digitally driven processes and thinking on architectural
education will be profound. The underlying premise for design processes,
fabrication and construction will increasingly challenge the historic
relationships between architecture and its means of production leading to
new demands of the profession on education to adapt and prepare students
for digitally enabled Integrated Practice. Academia must completely revisit
the curricula and imagine a system that acknowledges the obsolescence of
the how and what of that which is taught in today’s schools of architecture.
Digital design realities already have shifted thinking that calls large
segments of contemporary architectural education into question and engages
in aspects of science that co-design our built environment.
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KEYNOTE ADDRESS 2

PROFESSOR DIPL.- ING. JUERGEN REICHARDT
MSA, Muenster School of Architecture, Muenster University of Applied Sciences,
Muenster, Germany

Summary

Prof. Juergen Reichardt, MSA Muenster School of Architecture, director of
RMA architects Essen, Germany, and BRAE architects and engineers,
Bangalore, India, has been engaged in various fields of research in
programming techniques, digital driven holistic planning energy and ecology
efficiency, comprising analysed and executed projects from domestical to
complex industrial architectural structures. Following are rough outlines for
research in passive houses, contribution to Solar Decathlon competition
2011, GENEering™ programming and SYNFAP® integrated design
techniques, moreover TRILOKA international academic university
collaboration and student exchange idea.

1. According official 2013 statistical government database 28% of overall
german energy demand is caused by private domestical households, 69%
of that share is due to mainly winter heating demands. A new European
energy strategy tries to cut down these heating demands dramatically.
The term passive house (Passivhaus in German) refers to a rigorous,
voluntary standard for energy efficiency, resulting in ultra low energy
demands for heating and cooling, reducing ecological footprint as well.
The standard is not only constricted to residential properties; several
office buildings, schools, kindergardens and even supermarkets have
also been constructed to this standard. Passive design is not an
attachment or supplement to architectural design, but a design process
that is integrated with architectural design. Although it is mostly applied
to new buildings, it has also been widely used for refurbishments.
Estimates of the number of passive house projects erected around the
world as as late 2014 range from 25,000 to 30,000 structures. The vast
majority of passive structures have been built in German-speaking
countries and Scandinavia.There was also other previous experience
with  low-energy building standards, notably the German
“Niedrigenergiehaus” (low-energy house) standard, as well as from
buildings constructed to the demanding energy codes of Sweden
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Denmark and Switzerland (“Min-Energie”). The passive house standard
requires that the building fulfills the following requirements:

1.1 The building must be designed to have an annual heating and
cooling demand as calculated with the Passivhaus Planning Package
of not more than 15 kWh/m2 (4,755 BTU/sq ft; 5.017 MJ/ sq ft)
per year in heating or cooling energy OR be designed with a peak
heat load of 10 W/m2 (1.2 hp/1000 sq ft)

1.2 Total primary energy (source energy for electricity, etc.)
consumption (primary energy for heating, hot water and electricity)
must not be more than 120 kWh/m2 (38,040 BTU/sq ft;

40.13 MJ/sq ft) per year.

1.3 The building must not leak more air than 0.6 times the house
volume per hour (n50 < 0.6 / hour) at 50 Pa (0.0073 psi) as tested
by a blower door

Research engagement of MSA, department Prof. Reichardt, in
collaboration with HBZ Muenster, was the development of a teaching
course for passive housing integrated design, available to architects and
utility engineer professionals as well as MSA students. (1)

Critical discussion towards ‘“high tech” german passive house
engineering approach led to collaboration with Wellington University,
New Zealand, department of Prof. Reichardt contributing BIM
techniques and energy simulation to energy plus house approach for
New Zealands “First Light House” entry to 2011 Solar Decathlon
global competition. The digital 3D- modelling was supported with
REVIT BIM techniques and IES dynamic energy simulation. The
project was rewarded with 1st rank in engineering and 3rd rank in
overall categories

GENEering™ is a meanwhile proven method for holistic workshop
programming. As the term — which linguistically combines ‘gene’ and
‘engineering’ — indicates this method is concerned with developing a
‘DNA code’ from the perspective of the object planning. This sets the
structural forming parameters in the buildings future lifecycle and thus
the performance of the object’s form under the motto “form follows
performance: Eight factors are identified and discussed in special
reference for individual project, then in further steps visualized through
expressive images out of these areas. Each individual factor is broken
down once more into three sub-concepts and examined from internal and
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external company perspectives. Through the ensuing group discussion of
the target concepts often arise highly original ideas, which may be
formative for solutions of building. GENEering™ gains particular
importance in the discussion on sustainability in construction. Already in
2002, in their highly acclaimed book “Cradle to Cradle” Braungart and
McDonough pointed to the — at the time still minimally considered —
side effects of industrial societies such as contaminants in products,
unresolved waste disposal or irreplaceable resources. The method of
using fractal analysis for solving complex problems with the aid of
guestion and answer dialogues within a field of mutually influencing
spheres of activity was discovered in 1919 and is referred to as the
“Sierpinksi Gasket” after the Polish mathematician who first formulated
it. Similarly, GENEering™ aims to exploit the creativity of workshop
participants by supporting spheres of activity and fractals of the factory
planning with visual association techniques. (3)

Once the goals have been defined, the basis for the actual planning data
base is set from the perspective of the functional and spatial planning
requires, introducing synergetic building design techniques SYNFAP®.

A critical view on the common practice of building design reveals
serious differences between ‘state of the art workflow’ in progressive
industries e.g. the aircraft or automobile industry and the design and
manufacturing methodologies of a building projects. In the thirties of the
last century already, masterminds like Buckminster Fuller referred to the
traditional backwardness of the building industry as opposed to more
progressive industries as ‘cultural lag’ at 20 years delay, due to the
focussing to non holistic sub-projects with a vast amount of interfaces.
For example process, location, building and building services
(HVACI/R) are carried out in a sequential planning method and therefore
consecutive design phases as opposed to timesaving simultaneous
engineering which is standard practice in the automobile industry.
According to synergetic building design SYNFAP® the new quality of
cooperative building lies in merging the spatially designed sub-projects
such as function, location, building and building services (HVAC/R) at
the earliest possible stage. Thus an integral operation continuously
refines a project’s 3D-structure from rough (presumption) to fine
(specification) and evaluates the decision making process by
comprehensively discussing variants. The set-up and maintenance of an
integrated and universal 3D-data model utilises the potential of state of
the art CAD/ CAM/ database technology in favour of comprehensive
project improvement and cyclic 3D-quality. Regarding the four
traditional levels of design synergetical planning is highly advantageous:
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4.1 design level location
A valuation system for alternative locations takes into account the
aspects of infrastructure, supply, disposal, site, labour market,
environment, expandability, planning and building laws as well as
purchasing price and communal promotion. At this the evaluation
criterions are being assessed and rated according to their relevance to
a project’s objective.

4.2 design level general development
The general development’s characteristics can either be stimulating or
restraining for future mutability. The types of requirements that have
to be met determine the choice of shapes as well as the criteria
regarding protection of property. A general master plan combines
guidelines for the layout of buildings and zoning of public
thoroughfares and open spaces within potential construction stages

4.3 design level building

Architectural design of a single part of the general development,
namely the building, embodies the four shaping design fields
regarding the components of a built structure: load bearing structure,
outer shell, media and finishings. These functional and construction
relevant criteria are complemented by the focus on the more
subjective aesthetic qualities of a building within the design field of
impression.

4.4 design level function and comfort
The structural possibilities for promoting physical and mental well-
being spatial environments calls for the most important parameters on
the design fields of communication, lighting, comfort, recreation and
fire prevention. These particular design elements and their relevance
to mutability must be looked into in detail.

Therefore the most urgent aim in designing a building has to be in-depth
discussion and amicable coordination of comprehensive performance
characteristics among everyone involved. These respective design elements
are compiled in matrix, advantages and disadvantages are assessed in team
discussion.(4)

5. A systematic approach is recommended with complete documentation of
assumptions, definitions and decisions, digital tools currently in use for
planning deny rash individual solutions and advocate a more integrated
approach of all subprojects. State of the art digital technology is based
upon object oriented 3D models, permitting integration of architecture,
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utilities, construction and further dynamic simulations for evaluation of
energy or light. BIM (Building Information Modeling) engineering
allows for appropriate know-how, discipline and transparency in
planning and in particular, exact space and cost evaluations throughout
all project phases. The implementation of integral digital 3D concept is
relatively new, technical basis are standardized 3D-CAD IFC interfaces
(Industry Foundation Classes). Based upon the software system, a
detailed precise three-dimensional building model is created during the
design stage. In addition to the object geometry, the central database of
BIM collects and networks all data related to production, analysis and
optimization as well as subsequent operations. All those participating in
the construction — from the users, to the architects and experts in statics
and building services, finally those erecting the building refer to the
central building information model, some major advantages are (5):

5.1 Parametric Geometry

The virtual building information model consists of parametric elements with
digital attachments of a lot of information as well as relationship to other
objects. Moreover all related documents such as floor plans, sections and
elevations are generated automatically.

5.2 Surfaces and Mass Analysis

The building information model can generate a lot of additional views based
upon the available geometric data of the objects. Building element may be
grouped to special schedules, offering numerical representation of objects in
the form of tables and reports besides classical planning documents such as
floor plans. The user has the option to consider, filter and change individual
information as and when required. Areas and rooms can for example be
represented in the form of a clearly ascertainable space book.

5.3 Virtual Construction Process

Finally after presentation and optimization of design variants, necessary
approvals from the client and tendering processes, the next step would be a
trouble-free construction of the building project, a very important phase due
to the usual time and cost pressure. Both planners and construction
companies strain to avoid site driven conflicts and time schedule overlaps.
Thus, not only individual construction phases, but also complex construction
processes can be simulated and visualized 3 dimensionally before the
groundbreaking.

5.4 Simulation of daylight and artificial light

The BIM technology also makes it possible to understanding of light and
shade. Conditions can be simulated, along with necessary qualitative and
guantitative calculations. In the 3D building model is transferred into light
simulation software, along with informations about the site, surroundings,



20
JUERGEN REICHARDT

global positioning and the sun’s location. After defining the site specific
weather information and the required time intervals for simulations,
evaluations can be made.

5.5 Energy analysis

In the past, often low construction investment and the possibility of
amortization of the pure construction costs in a few years, were decisive
criteria for design selections.Over the years rising energy prices, the
introduction of the Renewable Energy Heat Acts and the introduction and
steady tightening of Energy Saving Ordinance for buildings have
substantially changed the thinking of those involved in planning like
architects, engineers and especially investors and users. Even seemingly
simple design decisions in the early design stages, such as the geographic
positioning of building volumes on a site, can have significant impact on the
future energy balance of a building and avoid unnecessarily high life cycle
operating costs for heating and cooling.

6. TRILOKA is the idea of academic and cultural multinational
cooperation in architecture between Europe and South Asia. Aim is to
organize international symposiums enabling facetted views on
environmental as well as architectural focus points, common work on
projects, contributing to multilevel potential of international teaching
and research. TRILOKA is moreover a field- related university-
partnership between MSA, Muenster School of Architecture, and
Faculty of Architecture, University of Moratuwa. German Government
through DAAD institute was able to donate the program 2004 till 2008,
with annual year books reflecting activities and specifocus points of
programs.(6)

The credo of FARU conference Colombo 2015, Making Built nvironments
Responsive, is mirrored nicely in the TRILOKA idea framework. Thus SA
Muenster School of Architecture underlines admiration for the Moratuwa
University organisation of the FARU congress 2015, and wishes all
participants, speakers and auditorium, brilliant days of symposium.
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KEYNOTE ADDRESS 3

URBANIZATION AND RESPONSIVENESS TO HEALTH:
Exploring multi- disciplinary attributes for a holistic approach

PROFESSOR SAROJ JAYASINGHE
Professor in the Department of Clinical Medicine
Faculty of Medicine, University of Colombo, Sri Lanka

Urbanization is a leading global trend. With the intensifying drift in
urbanization in developing nations, 70% of global population will
concentrate in the cities of Asia and Africa by the year 2030. Sri Lanka is
also seeing a process of rapid planned and unplanned urbanization estimates
are that close to 3 million (or 17%) of the population live in urban areas.
This figure is likely to increase further with the planned ambitious
Megapolis project of the government covering the whole of the Western
Province.

Urbanization has the ability to widen socio-economic opportunities (e.g.
trade, employment) and promote health gains (e.g. easier access to amenities
and health services). However, the urban environment and the process of
urbanization carry unexpected challenges to health and wellbeing. These
include adverse effects on quality of life due to lack of recreation space,
thermal discomfort from heat islands within cities due to anthropogenic heat
generation and buildings that trap environmental heat, and the direct
promotion of certain illnesses. An example of the latter is the increased
prevalence of bronchial asthma and chronic obstructive pulmonary disease
associated with air pollution from vehicles. Other varying examples of
health impacts of the urban environment include the following:

a. Urban living leads to higher rates of non-communicable diseases
partly due to lack of opportunities for physical exercise, increased
stress, and easy availability of unhealthy ‘fast’ food

b. HI-structured buildings promote illnesses such as respiratory
diseases (e.g. the ‘sick building syndrome’) and social fragmentation
(e.g. due to lack of space for community activities)

c. High-rise apartment blocks become nuclei for drug dealers, crime
and inner city violence.
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d. Highway conduits become sources for disease transmission (e.g.
dengue from increased human mobility, and HIV by long-haul
drivers due to availability of commercial sex workers along the
route).

e. Development of highways leading to an increased incidence of high
impact accidents from speeding vehicles, which requires
management by emergency teams and dedicated trauma units

This close link between health and urbanization has three potential linkage
or influences on the health sector. Firstly, to identify solutions at the
planning stage that mitigates or minimises adverse health impacts. This
requires collaboration, research and policymaking by multi-disciplinary
teams. Secondly, a response by the health sector to meet changing needs and
increased demand (e.g. trauma centres, new clinics and other services by the
Ministry of Health and private providers). Finally, urbanization offers
investment opportunities in the medical industry (e.g. bio-technology) and in
health services (e.g. medical tourism). The latter includes the growth of an
affluent urban population that would include foreigners.

The presentation focuses on the potential effects of urbanization on non-
communicable diseases and their prevention through appropriate planning
measures. This is increasingly of relevance because Sri Lanka is undergoing
rapid urbanization as well as facing an epidemic of NCDs. Obesity, one of
the important risk factors for NCDs, is also on the increase. Data from a
nationally representative sample of 18 years and above found overweight
and obesity to be as high as 25.2% and 9.2% respectively. Similar figures are
now seen even in rural areas of Moneragala and spells and impending crisis
for Sri Lanka. Therefore, interventions at the planning stages of urbanization
are crucial if we are to mitigate a future health crisis.

The built environment comprises of urban design, land use and
transportation access. It is one of the many factors in the urban environment
that can influence individual behavior and lifestyle associated with obesity
and NCDs (e.g. low physical activity due to motorized transport and lack of
urban open spaces). Availability and accessibility to facilities in the built-
environment for recreation and healthy eating influences weight gain among
its residents. Other factors in the built environment that encourage unhealthy
life styles include easy availability of calorie dense food and lack of
dedicated road networks for walking or cycling. Stress from overcrowding,
ill-planned urban areas and noise pollution will all contribute to further
NCDs. Recent data suggests that vehicle induced air pollutants too have an
important influence in promoting NCDs from their action on the immune
system. Thus, a range of factors in urbanization have the ability to interact
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with each other in a dynamic manner, to generate, promote or inhibit the
epidemic of NCDs.

Urban planners, architects, engineers and policymakers need to be
responsive to these health impacts of urbanization. It is necessary to take a
more holistic view and attempt to predict likely health impacts of these at the
urban planning stages. This would require conceptualizing urban areas to
consist of interacting dynamic systems, and novel analytical techniques such
as mathematical modelling and computer simulation. A large body of
science exists in these areas, which needs to be tapped by Sri Lanka. The

strides made by the University of Moratuwa (e.g. in modelling transport and
impacts on health) in this regards is commendable. It is also encouraging to
note that organizations such as the National Science Foundation,
Universities of Moratuwa, and Colombo, and Urban Development Authority
are showing a keen interest in these areas of multi-disciplinary research.
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Abstract

This paper is a summary of the South Asian region’s status and interests
concerning the seven thematic societal challenges identified under the EU’s
Horizon 2020 research programme: Health, demographic change and
wellbeing; Food security, sustainable agricultures, marine and maritime
research and the bio-based economy; Clean and efficient energy; Smart,
green and integrated transport; Climate action, resource efficiency and raw
materials; A changing world - inclusive, innovative and reflective societies;
and, Secure societies - protecting freedom and security of the country and its
citizens.

This paper considers the position of seven countries in South Asia:
Afghanistan; Bangladesh; Bhutan; Maldives; Nepal; Pakistan; and, Sri
Lanka'. It also identifies national and regional priorities for the seven themes
under consideration.

This paper is an output of the CASCADE project (Collaborative Action
towards Societal Challenges through Awareness, Development, and
Education) that aims to provide the foundation for a future International
Cooperation Network programme targeting South Asian Countries, which
will promote bi-regional coordination of Science & Technology cooperation.
The EU recognise a need to strengthen internationalisation through strategic
policy action. The need for linkages with Asian countries has been
highlighted given the region’s rapidly growing research and innovation
capacities and the urgency to address global challenges.

The project coincides with the launch of Horizon 2020, a Europe 2020
flagship initiative aimed at securing Europe’s global competitiveness.
Running from 2014 to 2020 with a budget of just over €80 billion, the EU’s
new programme for research and innovation is part of the drive to tackle
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global societal challenges, and create new growth and jobs. International
cooperation in research and innovation is an essential element for meeting
the objectives of Europe 2020. Recognising the global nature of producing
and using knowledge, Horizon 2020 builds on the success of international
cooperation in previous framework programmes and is fully open to
participation from third countries.

1. Introduction

This paper is a summary of the South Asian region’s status and interests
concerning the seven thematic societal challenges identified under the EU’s
Horizon 2020 research programme: Health, demographic change and
wellbeing; Food security, sustainable agricultures, marine and maritime
research and the bio-based economy; Clean and efficient energy; Smart,
green and integrated transport; Climate action, resource efficiency and raw
materials; A changing world - inclusive, innovative and reflective societies;
and, Secure societies - protecting freedom and security of the country and its
citizens.

The paper considers the position of seven countries in South Asia:
Afghanistan; Bangladesh; Bhutan; Maldives; Nepal; Pakistan; and, Sri
Lanka. It also identifies national and regional priorities for the seven themes
under consideration.

Table 1: Country profiles (adapted from World Bank, 2014)

South Income Population  Population Land area GDP per Life Literacy rate,

Asian level (2013, growth  (sg. km) capita expectancy Adult

Country million)  (annual %) (2013, at birth total (%

current (2012, of people

US$) years) ages 15

and above)

Afghanistan Low 30.55 2.4 652,860 664.8 61 32

Bangladesh Low 156.60 1.2 130,170 957.8 70 59
Bhutan Lower

middle 0.75 1.6 38,117 2,362.6 68 -

Maldives  Upper 0.35 1.9 300  6,665.8 78 -
middle

Nepal Low 27.80 1.2 143,350 694.1 68 57

Palistan  Lower g, 17 770880 12753 66 55
middle

SriLanka - Lower 5, 4o 08 62710 32799 74 91

middle
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There is great diversity among the seven South Asian countries considered
within this paper, as summarised in Table 1.

There are several countries covering a large land area (Afghanistan,
Pakistan), while there are also very small countries by land area (Bhutan),
including a small island state (Maldives). Several are land locked
(Afghanistan, Bhutan and Nepal), while others are islands (Maldives, Sri
Lanka) or have substantial coastal regions (Bangladesh, Pakistan).

Similarly, populations range from the very small (Maldives, Bhutan) to some
of the largest in the world® (Bangladesh is 8", Pakistan is 6™). All seven
countries are experiencing population growth, but the rate of growth varies
greatly, from 0.8% per annum (Maldives), to 2.4% (Afghanistan).

The region has three low income countries (Afghanistan, Bangladesh and
Nepal) but also an upper middle income country (Maldives). The others
(Bhutan, Pakistan and Sri Lanka) are all lower middle. Health and education
also vary greatly. Conflict affected Afghanistan has very poor indicators in
health and education, while Sri Lanka for example, has a comparatively high
adult literacy rate.

Despite these diverse profiles, the region faces many common concerns that
link to the Horizon 2020 societal challenges.

2. Context of this paper
2.1 CASCADE project

This paper is an output of the CASCADE project (Collaborative Action
towards Societal Challenges through Awareness, Development, and
Education) that aims to provide the foundation for a future International
Cooperation Network programme targeting South Asian Countries, which
will promote bi-regional coordination of Science & Technology cooperation.
The EU, whilst representing only 7% of the world’s population, is
responsible for 24% of world expenditure on research, 32% of high impact
publications and 32% of patent applications, making it a world leader in
research and innovation (European Commission, 2012). However, over the
past few decades, new key players have emerged within the international
landscape shifting the previously dominant position held by the EU towards
emerging economies.

The EU recognise a need to strengthen internationalisation through strategic
policy action. The need for linkages with Asian countries has been
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highlighted given the region’s rapidly growing research and innovation
capacities and the urgency to address global challenges (Annerberg et al,
2010). South Asia in particular is home to more than 40% of the world’s
absolute poor, but will contribute nearly 40% of the growth in the world’s
working-age population in the coming decades.

CASCADE is an opportunity for raising awareness of the potential for EU-
Southern Asia cooperation and stimulating regional and international
participation. With the active contribution of South Asian countries, the
endeavour will be to pave the way for more advanced, inclusive and
innovative societies.

The 18 month CASCADE project is led by Professors Dilanthi Amaratunga
& Richard Haigh from the University of Huddersfield, UK but targets and
has the participation of all seven South Asian countries specified in the call:
Afghanistan, Bangladesh, Bhutan, Maldives, Nepal, Pakistan and Sri Lanka.
The project set out to:

1. Compile a regional position paper that identifies global challenges
and research priorities

2. Map and develop an inventory of national and regional stakeholders
related to global challenges

3. Raise awareness on research & innovation priorities for fostering
cooperation and towards building mutual understanding on how to
address common global societal challenges

2.2 Horizon 2020

The project coincides with the launch of Horizon 2020, a Europe 2020
flagship initiative aimed at securing Europe’s global competitiveness.
Running from 2014 to 2020 with a budget of just over €80 billion, the EU’s
new programme for research and innovation is part of the drive to tackle
global societal challenges, and create new growth and jobs. International
cooperation in research and innovation is an essential element for meeting
the objectives of Europe 2020. Recognising the global nature of producing
and using knowledge, Horizon 2020 builds on the success of international
cooperation in previous framework programmes and is fully open to
participation from third countries.

2.3 Methodology

This regional paper draws upon the findings of seven national positions
developed for Afghanistan (Sherzaman, 2014), Bangladesh (Asian Disaster
Preparedness Center and Patuakhali Science and Technology University,
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2014), Bhutan (Tshering, 2014), Maldives (Khalid, 2014), Nepal (Sitoula,
2014), Pakistan (Hussain et al, 2014) and Sri Lanka (Goonesekera et al,
2014). In doing so, it provides a regional perspective on global societal
challenges of mutual interest to the EU and South Asian region.

Table 2: Lead contributors to national and regional papers

National / regional paper Lead contributors

Afghanistan Nangarhar University

Bangladesh Patuakhali Science and Technology University
Asian Disaster Preparedness Center

Bhutan Royal Institute of Management

Maldives ECO CARE

Nepal Institute of Engineering
Volunteers for Development Nepal

Pakistan University of Engineering & Technology, Peshawar
Local Councils Association of the Punjab

Sri Lanka University of Moratuwa, Sri Lanka
Federation of Sri Lankan Local Government Authorities

South Asia University of Huddersfield

University of Central Lancashire
Asian Disaster Preparedness Center

Although each national paper was developed and written by a local, in-
country team (Table 2), data collection and analysis was coordinated to
ensure consistency. This was achieved through a series of briefing and
training events, as well as the issuing of standard protocols and templates. A
detailed presentation of the data collection and analysis carried out for each
country can be found in the respective national position papers. Below is a
summary of the overall methodology.

The methodology was carried out in two phases. Phase 1 of consisted of a
detailed policy analysis and Phase 2 used a combination of semi-structured
interviews and focus groups.

During phase 1, a content analysis approach was carried out to analyse
available policies in the seven South Asian countries targeted by the
CASCADE project. The focus was specifically on each of the seven societal
challenges targeted under Horizon 2020. This phase set out the current
statistics and trends, assessed the policy availability in each area, carried out
a situational analysis, and finally, identified key informants that have
knowledge or are responsible for developing policies in those areas. These
key informants provided the basis for identifying interview and focus group
respondents in phase 2.
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During the 2nd Phase of the project, semi-structured interviews were used to
gather information on each of the Horizon 2020 challenges (Challenge 1 -
Health, demographic change and wellbeing; Challenge 2 - Food security,
sustainable agricultures, marine and maritime research and the bio-based
economy; Challenge 3 - Clean and efficient energy; Challenge 4 - Smart,
green and integrated transport; Challenge 5 - Climate action, resource
efficiency and raw materials; Challenge 6 - A changing world - inclusive,
innovative and reflective societies; and, Challenge 7 - Secure societies -
protecting freedom and security of the country and its citizens) and to gain
an understanding of each challenge and its impact to the society and country.
The experts represented academia, industry and public organisations. 348
interviews were conducted across the seven countries, as summarised in
Table 3.

Following analysis of the interview data, a series of focus groups was
conducted to get an overall perspective and consensus on all seven Horizon
2020 challenges, and to get an understanding of the key challenges and their
impact to the society and country. There were 135 participants in sixteen
focus groups across the seven countries, as summarised in Table 4. The
experts represented academia, industry and public organisations.

The analysis and writing up of the national position papers was led by the
local in-country teams from the CASCADE partner organisations (Table 2).
Draft papers were presented to the CASCADE steering committee, and
subject to a cycle of feedback and re-writing.

Table 3: Interviews conducted

Challenge Afghanistan Bangladesh Bhutan Maldives Nepal Pakistan Srilanka Total

1 2 18 5 4 3 18 2 47
2 2 18 7 6 2 19 1 55
3 4 3 5 2 13 1 35
4 3 4 4 2 19 1 39
5 5 27 7 5 2 29 2 77
6 2 13 4 2 4 8 2 35
7 2 7 4 4 2 39 2 60
Total 20 91 34 30 17 145 11 348

Upon completion of the national papers, a team was appointed to draft the
regional paper, which would draw upon the findings of all seven national
papers. Priorities and opportunities for EU-South Asian cooperation in
research and innovation were proposed based on a summary of the national
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papers, and subsequently discussed and agreed during several project
meetings with the CASCADE consortium.

Table 4: Focus groups participants (number of focus groups in brackets)

Afghanistan Bangladesh Bhutan Maldives Nepal Pakistan SrilLanka Total

Total  13(1) 21(3) 23(1) 11 22(1) 12(2 336) 135

3. Thematic societal challenges: Regional priorities and pportunities for
EU-South Asia collaboration in research and innovation

Below sections highlight the policy and interests of seven countries in South
Asia with respect to the seven thematic societal challenges identified under
the EU’s Horizon 2020 research and innovation programme: Health,
demographic change and wellbeing; Food security, sustainable agricultures,
marine and maritime research and the bio-based economy; Clean and
efficient energy; Smart, green and integrated transport; Climate action,
resource efficiency and raw materials; A changing world - inclusive,
innovative and reflective societies; and, Secure societies - protecting
freedom and security of the country and its citizens.

3.1 Health, demographic change and wellbeing

e Poor health indicators: Low life expectancy and high rates of
malnutrition, infant mortality, and incidence of tuberculosis (TB) and
HIV/AIDS, as well as widespread malaria are some of the major health
challenges facing the region. Exchange of science and technology in the
health sector is considered a key area of mutual collaboration. The
transfer of knowledge will help South Asian countries to adopt new
technologies, used for diagnosis, which can help in the early mitigation
of diseases and by taking early steps through preventive measures.
Priority areas for mutual collaboration with the EU in the health sector
include devising integrated health policies, developing physical and
technological infrastructure for health care services and delivery,
designing and practicing state-of-the-art surveillance systems to detect
outbreaks of diseases treat early in time (e.g. cango virus, dengue fever,
bird flue), and designing cost-effective and efficient vaccines for
prevention of diseases (e.g. hepatitis, TB, malaria, polio, rabies,
measles).

e Reducing the burden of NCDs: Lower-income countries generally
have lower capacity for the prevention and control of NCDs. To lessen
the impact of NCDs on individuals and society, a comprehensive
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approach is needed that requires all sectors, including health, finance,
foreign affairs, education, agriculture, planning and others, to work
together to reduce the risks associated with NCDs, as well as promote
the interventions to prevent and control them. There is an urgent need to
lessen the risk factors associated with these diseases. Low-cost solutions
exist to reduce the common modifiable risk factors (mainly tobacco use,
unhealthy diet and physical inactivity, and the harmful use of alcohol)
and map the epidemic of NCDs and their risk factors. Other ways to
reduce NCDs are high impact, essential NCD interventions that can be
delivered through a primary health-care approach to strengthen early
detection and timely treatment. The creation of healthy public policies
that promote NCD prevention and control, and reorienting health
systems to address the needs of people with such diseases, are also
priorities.

Financing healthcare and affordability: Most countries in South Asia
need to give more people access to affordable, quality health care. Too
many people, especially women, cannot get the medical treatment they
need due to high costs, difficulties in getting permission to see a doctor
or a lack of health care providers in rural areas. There is a need for
capacity building for health personnel, disease awareness and
prevention.

Addressing the care and well being of the ageing population: South
Asia faces significant challenges in dealing with how future economic
growth rates respond to the aging of the work force and the ultimate
slowing in its growth. The region will need to ensure their social
insurance systems are well adapted to confront the issues posed by an
ageing population, and that the medical systems and social insurance are
able to cope with the requirements of rising longevity, including the
associated costs.

3.2 Food security, sustainable agricultures, marine and maritime

research and the bio-based economy

New and climate resistant crops and varieties (e.g., high yield
varieties) and technologies to increase productivity and
sustainability: The health and well-being of the world’s growing
population are largely dependent on the ability of the agricultural
industry to raise high yielding and climate resistant food crops. Inclusive
growth provides opportunities for those with meagre assets and skills,
and improves the livelihoods and incomes of the poor, especially in
agriculture. It is therefore among the most effective tools for fighting
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hunger and food insecurity, and for attaining sustainable progress.
Enhancing the productivity of resources held by smallholder family
farmers, fishing and forest communities, and promoting their rural
economic integration through well-functioning markets, are also
essential elements of inclusive growth. Technology and knowledge
transfers can also help in achieving increased productivity and quality
standards (particularly in relation to packaging and transportation) of
agricultural and fish produce. This would, in turn, aid in the creation of
new international markets for local produce.

Protecting agricultural lands: A large proportion of South Asian land
area is in agricultural use. How this important natural resource is used is
vital to sustainable development. This includes taking the right decisions
about protecting it from inappropriate development.

Improve farmers’ quality of life and livelihood security: Improving
the quality of life of farmers and fishermen will be important to sustain
agriculture and redress the rural to urban migration. Improving the
productivity of resources held by family farmers and smallholders is, in
most cases, an essential element of inclusive growth and has broad
implications for the livelihoods of the rural poor and for the rural
economy in general. Well-functioning markets for food, inputs and
labour can help to integrate family farmers and smallholders in the rural
economy and enable the rural poor to diversify their livelihoods, which
is critical for managing risk, and reducing hunger and malnutrition.

Use of bio-technology in marine and fisheries to exploit sea based
resources: Marine biotechnology is essential to satisfy the growing
demand for healthy products from fisheries and aquaculture in a
sustainable way. The growing demand for marine food will need to be
increasingly  delivered through intensive aquaculture. Marine
biotechnology has the potential to contribute significantly to increasing
production efficiency and product quality, to the introduction of new
species for intensive cultivation and to the development of sustainable
practices in South Asia.

3.3 Clean and efficient energy

Harness hydro, wind, solar, biomass and other renewables:
Achieving ambitious deep cuts in emissions and accelerating green
growth will require the development and diffusion of carbon-efficient
technologies. South Asia has great potential for energy efficiency and
renewable energy, including hydro, geothermal, wind, solar and tidal
energy.
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Conservation and efficiency improvements through smart national
power grid, including transmission and distribution: Innovative
finance mechanisms and policies are needed to reduce the risks
perceived by mainstream lending institutions in cleaner technology
investments and to enhance their capacity to finance low-carbon
technologies and resource options. Extensive research activities on
energy consumption and the efficient use of energy is required,
including exchange of science knowledge on the use of smart
technologies used in the energy sector for improving efficiency and
security, and introducing environmentally friendly technologies for
producing energy.

Regional cooperation in knowledge sharing, energy development
and trade: There is a need to understand the national energy policies
and resource endowments of these countries in order to identify common
features and complementarities necessary for a viable regional energy
security framework. South Asian countries need enhanced regional
energy transfer to leverage economies of scale through a more vibrant
intra and inter regional energy trade structure. Key issues faced in
energy sector cooperation are centered on the need to develop a regional
power market, energy supply availability, energy trade infrastructure,
and harmonised legal and regulatory frameworks.

3.4 Smart, green and integrated transport

Environmentally friendly, green transport: Given the rapid rise in
vehicular traffic, a trend that is likely to continue due to population and
economic growth, affordable, green private and public transport will be
essential to control emissions.

Introduce / improve ‘smart’ traffic management: With limited
financial capacity to expand transport infrastructure, intelligent use of
existing capacity will be vital to support growth.

Integrated transport: An integrated and efficient transport network is
an essential element of the enabling environment for a globalised
economy. Effective integration of the transport system in South Asia
could also contribute greatly in enhancing access to remote areas,
thereby extending economic development.

Improved safety standards for all transport infrastructure and
services: Establish missing safety regulations, supported by strict
enforcement and policing. Create awareness among people about road
safety and also help developing countries to attract investment from
multilateral institutions to improve their accident-prone highways.



35
SOUTH ASIA AND SOCIETAL CHALLENGES

Priorities also include awareness programmes to influence the behaviour
of road users, and improving care and rehabilitation following accidents.

3.5 Climate action, resource efficiency and raw materials

3.6

Integration of climate change adaptation within national policies
and planning: This may include appropriate land-use planning,
conservation and biodiversity, community empowerment, and investing
in innovative, adaptive and absorptive capacity building activities.

Early warning, preparedness and mitigation towards increased
resilience: Shift development towards a mindset of resilience and
innovation. Much of South Asia is economically poor, socially and
politically marginalised and otherwise vulnerable. Resilience building
measures must be inclusive. Research activities are needed on the rapid
increase of global warming and air pollution in the southern Asian
region, encouraging low carbon growth through the use of new
technologies, introducing cost-effective and innovative climate change
adaptation methodologies, developing disaster management systems
through early warning systems, the efficient use of material, waste
management and recycling, and encouraging environmentally friendly
innovations in the new private sector.

Promote the green and blue economy, develop climate resistant
crops and promote economically viable ecosystems and services:
Economic diversification is not the key response needed. What is needed
is for all sectors of the economy to be prepared to withstand climate
change. In agriculture, for example, new technologies such as rice
cultivation systems with more efficient water and nutrient use should be
promoted. Altering planting times, using resistant varieties, and
diversifying crops can help.

Management of resources and development of pollution standards
and compliance: Countries need to look at better management of
resources and services. Better coastal zone management, efforts to
protect riverbanks from erosion and building climate-proofed roads,
bridges and other infrastructure is needed. In the water sector,
groundwater should be protected.

A changing world: inclusive, innovative and reflective societies
Improve transparency and accountability towards good governance:

Good governance depends on an ability to exercise power, and to make
good decisions over time, across a spectrum of economic, social,
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environmental and other areas. This is linked with the government’s
capacity for knowledge, mediation, resource allocation, implementation
and maintenance of key relationships. Key factors for the development

of better governance and transparency in South Asia include: technical
and managerial competence: organisational capacity, reliability,
predictability and the rule of law; accountability; transparency and open
information systems; participation.

Greater inclusivity and improved social harmonisation among
diverse populations: This includes participation of women and youth,
and consideration of the wvulnerable, internationalisation, and
employment. Labour market policies are also in need of reform. There is
a need to move from protecting “jobs” to protecting “workers”. Public
works in countries like Bangladesh have been around for decades, but
have lacked an explicit youth component. Employment programmes can
directly produce jobs, in addition to spreading good labour practices and
growing markets. Social protection for first-time job seekers, including
unemployment assistance and employment guarantee schemes are also
needed to protect the most vulnerable.

Cooperation in education system reform: This may include
introducing modern teaching technologies, updating curricula and
education system management, and strengthening relationships with
foreign universities to exchange lecturers and students. It may also
involve conducting studies on how to strengthen commercial
connections to regional and global economies, and research activities to
gather accurate data on the labour market to provide research- and
evidence-based policies, and strengthen the governance system.

3.7 Secure societies: protecting freedom and security of the country and

its citizens

Disaster risk reduction, including related information systems: In
accordance with the new Sendai Framework (2015-2030), there is a need
for South Asia to ‘prevent new and reduce existing disaster risk through
the implementation of integrated and inclusive economic, structural,
legal, social, health, cultural, educational, environmental, technological,
political and institutional measures that prevent and reduce hazard
exposure and vulnerability to disaster, increase preparedness for
response and recovery, and thus strengthen resilience’. Priorities include
a shift from disaster loss to disaster risk, and from disaster management
to disaster risk management. A focus on a people-centred preventive
approach to risk reduction will be vital, as will defining the primary
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responsibility of States for risk reduction, but also shared responsibility
with stakeholders. The scope of such measures must include slow-onset,
man-made and biohazards.

Border security, crime, and surveillance: Fighting crime and terrorism
will require new technologies and capabilities for fighting and
preventing crime (including cyber-crime), illegal trafficking and
terrorism (including cyber-terrorism), including understanding and
tackling terrorist ideas and beliefs to also avoid aviation-related threats.
The EU’s external security policies in civilian tasks, ranging from civil
protection to humanitarian relief, border management or peace-keeping
and post-crisis stabilisation, including conflict prevention, peace-
building and mediation, will also be invaluable in the region. Other
priorities include collaboration in the field of smart technologies for civil
registration, to strengthen border management with high-tech protection
tools and introducing e-governance.

3.8 Cross cutting themes

Development and financing of infrastructure: Adequate physical
infrastructure is a key element of economic growth. However, the
developing world needs far more financing for infrastructure than can be
provided through overseas development aid and domestic public
finances alone. The cost of maintaining existing infrastructure and
undertaking necessary extensions of its coverage is estimated at 7 per
cent of developing country GDP, equivalent to about 600 billion US
dollars (USD) per year. Public spending on infrastructure in developing
countries is presently around 3 per cent. Given the shortage of public
funds in most developing countries, one solution is to invite greater
private sector participation and expand the use of public-private
partnerships (PPP).

Adopt an evidence-based approach to policy: The national position
papers identified that most of the seven countries under consideration
had developed policies aimed towards the thematic areas in Horizon
2020. However, the quality of the policymaking, as well as policy
implementation and evaluation, was frequently questioned. Evidence
based policy can have an even more significant impact in developing
countries. Evidence based policy is a discourse or set of methods which
informs the policy process, rather than aiming to directly affect the
eventual goals of the policy. It advocates a more rational, rigorous and
systematic approach. The pursuit of evidence based policy is based on
the premise that policy decisions should be better informed by available
evidence and should include rational analysis. This is because policy
which is based on systematic evidence is seen to produce better
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outcomes. The approach has also come to incorporate evidence-based
practices. Evidence based policy tends to be less well established in
developing countries than in developed ones, and therefore the potential
for change is greater. Better utilisation of evidence in policy and practice
can help save lives, reduce poverty and improve development
performance in developing countries.

Capacity building and sustainable development: International
cooperation and collaborations will be essential to address and tackle
common global societal challenges, and the need for cooperation
towards capacity development was frequently identified at the national
level within South Asia.

The concept of capacity building or capacity development appeared in
the late 1980s and became deeply entrenched within the development
agenda in the 1990s. Rather than representing a new idea, it reflected
growing criticism of many development assistance programmes. In
contrast to this extraneous approach, it emphasised the need to build
development on indigenous resources, ownership and leadership and by
bringing human resources development to the fore. The concept of
capacity development was therefore a move away from ‘aid’ or
‘assistance’ towards a ‘help yourself’ approach that was designed to
prevent a dependency on aid emerging. Capacity development is based
on learning and acquisition of skills and resources among individuals
and organisations. While this process may rely on some imported
resources, external capacity is seen as a knowledge-sharing device,
which allows the strengthening and developing of the local capacity. As
such, it relates closely to some definitions of resilience, which stress the
objective is to build resilience by maximising the capacity to adapt to
complex situations, and whereby resilience describes an active process
of self-righting, learned resourcefulness and growth.

Capacity development is committed to sustainable development, to a
long rather than short term perspective, and attempts to overcome the
shortcomings of traditional donor- led projects that have been prevalent
in many development projects — typically criticised for being too short
term rather than sustainable, and not always addressing the needs of the
recipients. Development within a capacity building context allows
communities and countries to identify their own needs, and design and
implement the best strategy within the local context. As a process, it
builds on monitoring and evaluation in order to identify existing
capacities, deficiencies and the progress and achievements of
development.
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4, Final note

Research activity based on which this brief is written has been carried out
with the financial assistance of the European Union. The contents are the
sole responsibility of the Network consortium and can under no
circumstances be regarded as reflecting the position of the European Union.

The material in this publication is copyrighted. No use of this publication
may be made for resale or other commercial purposes without prior written
consent of the CASCADE project. All images remain the sole property of
the quoted sources and may not be used for any purpose without written
permission from the relevant sources. For permission to make available
online, distribute or reprint any part of this work please contact the

CASCADE project, at: cascade@disaster-resilience.net.
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organisations and individuals in contributing to this report.
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Abstract

Theory of colour, a long-established tradition of artists, differentiates
between the impacts of warm and cool colours on human beings. The lack of
scientific and statistically substantiated knowledge on aforesaid colour
associated thermal perception (CTP) deems to hinder its optimum
integration in creating responsive built environments. Current investigation
seeks scientific explanation on manifestation and contributing factors of
CTP with reference to a warm colour (red-RTP) and a cool colour (blue-
BTP). Hypothesised potentials of CTP to manifest as a psychological
response, a biological response, altering core body temperature or an actual
thermal sensation caused via the human skin due to heat radiation emitted
via coloured surfaces were tested. A crossover experiment was executed
with a sample of healthy male undergraduates (n=111) selected via stratified
simple random sampling  (age 19 — 30) under controlled laboratory
conditions. Substantiating colour theory, subjects demonstrated a propensity
to perceive red as warm/hot (64.2%) and blue as cool/cold (59.3%). As
revealed by logistic regression, CTP neither manifests due to a fluctuation in
core body temperature nor as an actual thermal sensation. It is a
psychological response characterised by common as well as colour specific
factors. Accordingly, thermal impacts of colour could be integrated in built
environments to psychologically manipulate the perceived thermal
environment against the real thermal condition to achieve the desirable
thermal milieu.

Keywords: Colour associated thermal perception, infrared thermal
monitoring, Likert Scale, temporal artery temperature.

1. Introduction

Focusing on the imperative role of colour in creating environments
responsive for human behavior, the current study accentuates that a colour
scheme, while being pleasing aesthetically, should aptly ~ contribute to the
appropriate milieu corresponding to the feelings, emotions, expressions and
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behavioral patterns associated with the  intended activities of any built
space. The human responses to colour which could be integrated in creating
responsive environments are threefold.

Colour is an expressive agent (Rihlama, 1999) which can convey ideas,
concepts, signs, symbols, meanings, and messages associated with the
intended ambience of built spaces. Colours are found to alter
perceived dimensions and properties of a space; height, width, depth,
proportions, weight, temperature, stability and smell (Mahnke 1996). Most
notably colour is a psychophysiological agent which could trigger
corresponding emotional and behavioral responses within  humans in built
spaces (Mahnke 1996 and Rihlama 1999). Amidst the diverse colour
associated human responses, the current study focuses on a less
investigated and less utilized, yet an extremely important  association;
Colour associated Thermal Perception (CTP) of human beings, which is the
macro research paradigm under consideration.

2. Background to research

As per Ballast (2002 cited in Daggett, at el, 2008), colours have been
theoretically explained in temperature terms. Theory of colour has been
pioneered and evolved through practice over the course of time by artists and
painters and has taken the form of a long held tradition followed up to date,
though not satisfactorily substantiated with scientific proof. The colour
wheel, being the nucleolus of the traditional theory of colour, makes a clear
division between duality of warm and cool colours.

Hypothetically, colour has the power to suggest warmth or coolness
(Mahnke, 1996). The theories and principles on the properties,
characteristics and effects of colour too are principally explained to be dual
based on the aforesaid warm / cool dichotomy. For instance warm colors are
identified to be stimulating and cool colours are pacifying (Whitfield
&Wiltshire 1990, Stone 2001 and Ballast 2002).

A considerable amount of research in the fields of experimental
psychology, applied psychology and psychological ergonomics has been
done on the possible influence of colours or coloured surfaces on thermal
sensation and thermal comfort (Albers et al, 2013). The  studies conducted
by Itten (1961), Morton (1995), Mahnke (1996), Stone (2001), Hutchison
(2003) has been able to witness the thermal impacts of colour while the
investigations done by Bennett and Rey (1972), Pedersen, Johnson and
West (1978) and Greene and Bell (1980) has not been able to identify a
significant association between colour and perceived temperature. The
supportive evidence on the thermal effects of colours in the 20" century was
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found to be quite substandard. It has long been assumed that the impact of
visual and thermal stimulation is interactive, yet this long-held belief has
accumulated surprisingly little experimental support (Candas and Dufour,
2005).

The handful of scholars who have attempted thus far in generalizing CTP
have vyielded controversial outcomes. Even though there are many
hypothetical explanations, there is a significant lack of scientific
investigation conducted seeking the logic, or rather the justification behind
manifestation of CTP and its significant parameters.

3. Research Problem:

“The problems associated with the usage habits of colour associated
temperature in prescribing colours have always been a matter of debate and
puzzlement” (Gage, 1995). The lack of recently conducted empirical
research supported with statistically validated evidences on CTP and the
nature of its manifestation may have contributed to such
controversy, hindering the utilization of CTP to create responsive built
environments. The current study intends to investigate the nature of
manifestation and the significant parameters of CTP.

4. Research Objectives:

The investigation aimed at providing empirical evidence to the  thermal
impacts of colour and to reveal the basis behind the manifestation and
statistically significant factors of CTP with reference to a warm colour; red
(RTP) and a cool colour; blue (BTP).

5. Contributions

Each human activity demands a corresponding comfortable thermal
ambience characterized by the nature and the pace of existence for its
optimum performance. For instance, class room temperature is found to have
an impact on the learning process (Pawel & Wyon 2006 and Fisher 2001).
Holmberg and Wyon (1969) revealed that student’s reading comprehension
and speed were reduced during elevated classroom temperature conditions.
As revealed by Stone (2001), reading task was found to be lowered in
a red environment. It is  suggestive that red being the predominantly warm
colour in the colour wheel has caused similar impacts on reading. Setting up
this thermal ambience is vital in creating environments responsive to the
intended human behavior. Accordingly, comprehending the nature and
parameters of colour associated thermal impacts will enable strategic
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integration of colours to manipulate the thermal environment
responsive to human activities in an optimal manner.

6. Theoretical Framework: Review of Literature

Colour is a visual stimulus in the form of electromagnetic energy
recognized to be perceived by the visual sense of humans; the eye,
particularly by the photo receptive corns in the retina which enables the
visual perception process (Rihlama, 1999). Gardner (1992) defines visual
perception as the ability of the human brain to understand, make sense and
interpret the sensory stimulus of the things seen by the eye. Preceiving
thermal stimuli is firmly established to take place via the human skin,
significantly by the thermal sensitive skin receptors; Ruffini's endings,
Krause end bulbs (Hedge, 2008). The possibilities as to how colour, which is
a visual stimulus could be perceived in thermal terms is the question under
consideration. Carefully synthesizing the available literature from several
disciplines, a comprehensive explanation for the nature and manifestation of
CTP is summed up below.

It was assumed that a clear distinction between the phenomenon of CTP and
colour temperature (black body theory) prevails. Red occurs at lower
temperatures while blue occurs at higher temperatures when referring to
colour temperature based on black body theory, which is the extreme
opposite of the common cultural association of colour in thermal terms
which sees red as hot and blue as cold (Gage, 1995, George, 2008). ‘Hue-
Heat Hypothesis’ as explained by physicists was distinguished as the most
discussed and frequently studied potential explanation for CTP. The hue-
heat hypothesis puts forward the idea that light waves with long wavelengths
at the red end of the spectrum are felt as warm and those at the blue end of
the spectrum with shorter wavelengths are felt as being cool (Landgrebe
et al., 2008, Michael et al., 2010; Kanaya, Matsushima and Yokosawa 2012).
In view of this, the possibility of human skin cells and/or domains in the
human eye to perceive colour in the form of heat is proposed. Based on the
colour experience pyramid of Mahnke (1996), colour associated thermal
impacts can be argued to be a learnt, subjective psychological
response, while a part is played by the universal, archetypal
associations which are common to all. Another strong theory in
literature identifies CTP to be a biologically fixed bodily reaction caused due
to altered core body temperature correlated with the corresponding
frequency/wavelength of each colour (Mahnke 1996, Kopacz 2003,
Cornelissen and Knoop 2012). Another supposition is that CTP is a
synesthetic response uniting the visual and thermal senses, which is not yet
substantiated and thus, inconclusive (Marks 1978, Cytowic 1989, 1993 and
Mahnke 1996). Principles of colour therapy put forward the opinion that
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colour energy is capable of altering core body temperature of human beings
via the fixed metaphysical association between colour energy and human
energy field, consequently altering their thermal perception as well (Farser
2011, Manuel 2011, Lung 2011).

Accordingly, suppositions found in literature to explain the CTP are many.
Scrutinizing and synthesising the aforementioned suppositions, three
hypotheses  were arrived at demarcating the scope and
limitations of the study which set the baseline in formulating the
research design, seeking scientific justification for CTP.

7. Hypotheses

7.1 HYPOTHESIS 1: CTP AS A PSYCHOLOGICAL RESPONSE.
Possibility of CTP to be a learnt subjective psychological reaction which is
unique from person to person, molded by socio, cultural, religious
influences and mannerisms and the ability of CTP to manifest as a fixed
innate psychological reaction where the humans react in a universal pattern
based on primordial associations was questioned here.

7.2 HYPOTHESIS 2: CTP AS A FIXED BIOLOGICAL RESPONSE; AN
ALTERATION IN CORE BODY TEMPERATURE.

The possibility of colour stimuli to trigger an actual change in the core body
temperature as a part of the established biological and physiological
responses to colour, enabling to perceive red as warm and blue as cool in
general terms was questioned here.

7.3 HYPOTHESIS 3: CTP AS AN ACTUAL THERMAL SENSATION
CAUSED DUE TO HEAT RADIATION EMITTED VIA THE
COLOURED SURFACE.

Manifestation of CTP due to the distinctive surface temperature  generated
by applied colour is considered here. It is assumed that the properties of the
colour such as the reflective value, absorption value and emissivity may
contribute to differences in the temperature of the colored surface,
consequently causing an actual thermal sensation pertaining to differences
in CTP.

There may be other theories and philosophies that could be used to explain
CTP, for instance synesthesia and metaphysical correlation could be
considered. However all these cannot be covered due the vastness of the area
and considered as future research directions.
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8. Research Design

Qualitative and quantitative methods being mixed in several stages, the
current study was executed as a mixed model research. A sample
representing the undergraduate male population of Faculty of
Architecture, University of Moratuwa, Sri Lanka was selected via stratified
simple random sampling representing four affiliated sub populations;
departments. This sample has a rich mix of students  representing a fair
cross-section of the whole country and the different secondary educational
streams followed, enabling the findings to be generalized to a greater extent.
The sample was limited only to males to assure more validity in data as
females are established to demonstrate fluctuations in the core body
temperature caused by ovulation (Swedan 2001, Barron and Fehring 2005).

A three stage thorough screening process was designed to filter the best
fitting subjects from the initial sample (n=155), which also served as the first
phase of data collection. Preliminary screening was conducted via a
questionnaire survey on known medical history  (self-report) while the
written consent of subjects was obtained via a letter of consent, fulfilling
ethical clearance.

The second phase of screening was a general health checkup carried out by a
registered medical practitioner. It was conducted to test the vision, general
physical and mental health condition and most importantly to screen the
subjects having illnesses pertaining to a high or low core body temperature
than the normal range. Subjects qualifying for the next level were
provided with an explicit set of guidelines to follow as preparation for the
final trial.

Final screening was an eligibility interview done just before entering the lab
to recheck the physical and psychological fitness of the subjects. Checks
on adherence to the set guidelines were made and subjects with temperatures
beyond normal core body temperature were screened out. The final sample
consisted of most eligible 111 (n=111 with 95% confidence level and 7.5%

margin of error).

Fig 1; Colour Lab with three colour workstations

L
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Thermal perception of the subjects was tested in two coloured workstations;
Red (RWS) and Blue (BWS), positioned within controlled laboratory
conditions; fixed room temperature (78.8 °F; 26°C),  humidity (50% rh),
lighting level (350 lux - Asian standards) and fixed interior finishes (matt)
and colour (black). Red and blue were selected in the investigation to study
the associated thermal impacts with careful deliberation to have the best
representation of warm and cool dual colour paradigms. The study
investigated the impact of a single, flat colour with a matt finish and did not
measure any outcomes for the effect of colour combinations, finishes,
textures or colour patterns as this would widen the scope of research.

A White Workstation (WWS) having identical conditions was integrated as
the control and to washout carryover effects from first colour treatment. The
investigation was conducted as a crossover trial having two study arms; BR
Study arm (Blue treatment followed by red treatment) and RB study arm
(Red treatment followed by blue treatment). Prior to first colour treatment
each subject was kept inside the WWS for 10-15 minutes until he reached
his basal temperature level. Experiment started with the subject being
exposed to RWS (alternately BWS) for 15 minutes. In order to washout
carry over effects from the first treatment he was sent back to the WWS for
another 10 minutes. Once the subject reached a constant/basal temperature
level he was exposed to the BWS (alternately RWS) for another 15 minutes.
Out of 10 research subjects that underwent through the trial per a day, equal
number of subjects were allocated to both study arms (RB study arm =5 and
BR study arm = 5; in total 50-RB and 51-BR).

Colour of the Work Stations being the independent variable, was
manipulated to test the impact on thermal perception, the dependent variable.
All the aspects of experiment was designed to control the diverse
participant and situational extraneous parameters of visual perception and
thermal perception. The confounding factors beyond control of the
investigation were recorded or measured and included in the regression
model.

During the first phase of data collection which took place simultaneously
with the screening process, part of qualitative data associated with predictor
variables; vision (Vis), level of previous exposure to colour theory and usage
(Loe), religion (RIgn), race (Rce) , study stream followed for secondary
education (Sec_Edu), favorite colour/colours (Fvc) , sensitivity to
warm conditions (Sen_Warm) , sensitivity to cool conditions (Sen_Cool),
rate of sweating (Ros) and quantitative data; average temperature of the
home town (HT_temp), body mass index (BMI) and age were recorded.
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Second phase of data collection was done during the lab experiment where
CTP in RWS and BWS (RTP and BTP) was rated by the subjects in a 5-pont
Likert scale. Qualitative data related to predictor variables; feelings and
emotions induced (R_Psy/B_Psy) and preference to colour exposure
(R_Pre/B_Pre) in RWS and BWS were reported by the subjects via a
guestionnaire survey.

Quantitative data related to predictor variables too were recorded. Temporal
artery temperature (TAT) of subjects in RWS and BWS via a Temporal
Scanner, Surface temperature of RWS (R_SFT) and BWS (B_SFT) using
Inferred thermal monitoring (FLIR i60 camera), outdoor temperature (OT)
via a mini data logger and test time zone (TTZ) by a digital clock were
monitored.

Analysis of the data was done with the use of statistical regression. Complex
Sampling Ordinal Logistic Regression Model (CSOLRM) was applied for
both RTP and BTP including 18 predictor variables in order to provide a
statistically significant explanation and to understand the most powerful
explanatory variables.

—_—

Fig 2; Research subjects undergoing colour exposure
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Figure 3: RTP vs. BTP
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Substantiating thermal impacts of warm and cool colours 64.20% of the
subjects perceived red as warm/hot and 59.30% perceived blue as cool/ cold.
The above graph demonstrates that the trend line of RTP values lie on a
higher level than BTP. Accordingly, BTP is found to be cooler and RTP to
be warmer.

9.2 COMPARISON BETWEEN RTAT AND BTAT

RTAT fluctuation: - 0.4 °F — 0.8 °F, Avg: 0.083 °F.
BTAT fluctuation: - 0.4 °F—0.9 °F, Avg: 0.08 °F.

Diff RTAT Avg-WTAT basal vs Diff BTAT Avg- WTAT Basal
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Figure 4; Body Temperature Fluctuations for Red and Blue exposure

As per the scatter plot representing the average temporal artery
temperature fluctuation of each subject when exposed to red and blue from
the basal temperature level reached in WWS, both trend lines overlap and
run horizontally. Accordingly it is suggestive that CTP is not associated with
an alteration in core body temperature.

9.3 SURFACE TEMPERATURE OF RWS VS. BWS
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Figure 5; Surface Temperature of Red/ Blue Work Stations
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The temperature of blue surface (B_SFT) was found to be mildly higher than
temperature of the red surface (R_SFT), suggesting the possibility of colour
to emit heat/radiation, potentially playing a part in the external thermal
milieu (average difference: 0.71 ° F) even if a majority of subjects perceived
BWS to be cooler and RWS as warmer. However, considering the
measurement error of the camera (2% of the reading) observed average
increase of B_SFT value (0.71 ° F) cannot be considered as a significant
increase.

9.4) COMPLEX SAMPLING: ORDINAL REGRESSION
RTP - SIGNIFICANT MODEL

RTP = b0 x Sec_Edu + bl x FVC + b2 x RIgn + +b3 x R_Psy + b4 x R_Pre
As per the test of model effects it was found that the predictors Sec_Edu,
FVC, Rlgn, R_Psy, R_Pre are statistically significant for RTP.

9.5) COMPLEX SAMPLING: ORDINAL REGRESSION
BTP - SIGNIFICANT MODEL

BTP = b0 (Sec_Edu) + b 1 (Age) + b2 (B_Psy) + b3 (B_Pre) + b4 (B_SFT)
As per the test of model effects it was found that the predictors Sec_Edu,
Age, B_Psy, B_Pre and B_SFT are statistically significant for BTP.

A major finding of the statistical analysis is the common significance of
psychological factors for CTP. Psychological state induced by the colour
exposure (R_Psy / B_Psy), preference to colour exposure (R_Pre / B_Pre)
and preconceived learnt ideas of the secondary education stream followed
(Sec_Edu) dominate as commonly significant factors for both RTP and BTP.
Adding to psychological factors, favorite colour (FVC) and religion (RIgn)
were identified as statistically significant for RTP. BTP was found to be
affected by the subject’s age. Parallel to the hunch that SFT could have an
impact on RTP/BTP, it was found that B_SFT is significant for BTP.

None of the considered parameters of (actual) thermal perception were
identified as significant for neither RTP nor BTP (other than B_SFT which
was found to be significant for BTP) by the statistical model, suggesting that
CTP is not linked to an actual thermal sensation. Average B_SFT being 0.71
° F higher than R_SFT signified possibility of colored surfaces to emit
heat/radiation, yet not in an impacting level. CSOLR model rejected
temporal artery temperature fluctuation as  being significant for both RTP
and BTP.
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RTP Model: Pseudo R2 = .334 (Cox and Snell); .364 (Nagelkerke)
BTP Model: Pseudo R2 =.371 (Cox and Snell); .405 (Nagelkerke)

In the current investigation RTP models gave correct classification for
55.2% of the predictors studied. BTP provided classification for 58.3%
suggesting a good model fit.

10. Conclusions

This investigation, while adding to the minimal amount of supportive
empirical evidence on the dichotomous impacts of warm and cool colors on
thermal perception, claims it’s originality for filling the long awaited
research gap for an empirical explanation on the nature of CTP with
reference to its manifestation and significant parameters. It was revealed that
CTP neither manifests as a result of a fluctuation in core body temperature
by means of a biological reaction nor does it demonstrate traits of an actual
thermal sensation caused physically via the human skin. CTP experienced by
normal sighted healthy subjects demonstrates traits to be a psychological
response with combinations of learnt reactions as well as certain common
connotations. Further, CTP manifests to the most part as a response to
visually transmitted thermal information which are interpreted via this
psychological  process. Accordingly, colour is a 'non-thermal stimuli' and
the  associated impacts are induced psychologically. Irrespective of the
real indoor thermal condition of the laboratory which was regulated at 78.8 °
F, the presence of red colour in the RWS has been ableto  psychologically
manipulate the subjects to perceive the environment as warmer while
exposure to blue colour in BWS has psychologically induced a cooler
perception. This key new knowledge has a greater significance in
architectural and design related solutions which may lead the future colour
applications in to a different dimension where colour works as a
psychological agent to generate thermally conducive, comfortable and
responsive environments supportive in engendering optimum human
behaviour.
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Abstract

This paper aims to demonstrate that high-performance building envelopes
can improve both the ventilation of urban space and the revenue of real
estate industry, and will investigate how such improvements can be used to
negotiate between objective and regulation in planning standards. Building
on the observations made by architecture and other related disciplines, that
planning standards often fail to meet their own objectives, this paper
addresses a research site with a small public open space in Mong Kok, Hong
Kong, to contextualize design research at the interface between high-
performance building envelopes and planning standards. Escalating property
values catalyse high redevelopment pressure in Mong Kok. Due to amended
planning standards, architecture in the vicinity is successively replaced by
grander development. If the building mass is maximized in concurrence with
amended planning standards, it will obstruct the climatological conditions of
light and ventilation, and thus diminish the performance of the small public
open space, which produces a socio-economic conflict between public good
and real estate interests. To mediate the conflict, this paper will show that
negotiations between high-performance building envelope and zoning
envelope can both improve the performance of small public open space, and
accommodate the amplified turn-over rate on land coverage.

Keywords. high-performance building envelope; zoning envelope; airflow

1. Planning objectives

Zoning is the key tool for carrying out planning policy. Aldo Rossi (1982)
verifies that zoning was modernized in the 1870s by the Prussian planner
Reinhard Baumeister, and Carol Willis (1995) describes that zoning was
exported to the USA at the turn of the nineteenth century to tame the
intensified problems of the laissez-faire city. The first comprehensive zoning
ordinance was enacted 1916 in New York. Edward M. Bassett (1932)
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clarifies its objective to protect “the public safety, health, morals and general
welfare.” Dividing New York into three classes of districts (residence,
business, and unclassified), the ordinance consequently implemented the
zoning envelope, which Per-Johan Dahl (2014) describes as “a formula in
which height and setback restrictions combine to outline the maximum
allowable construction.”

Following New York, comprehensive zoning was introduced to Hong
Kong in 1939, which Lawrence Lai (1996) clarifies. Richard F. Babcock
(1966) describes that zoning was molded into a universal tool for land-use
control, while Jonathan Barnett (1982) and Christine M. Boyer (1983)
combine to elucidate that comprehensive zoning was widely criticized
during the post-World War 11 era for failing to comply with social, cultural,
and technical advancements. Impervious to critical reviews, comprehensive
zoning remained the key tool for carrying out planning policy in global
cities. While the premises of urbanization have changed dramatically since
the early twentieth century, the premises of comprehensive zoning remain
largely unchanged. In Hong Kong, for example, the Town Planning
Ordinance (1997) deploys comprehensive zoning to “promote the health,
safety, convenience, and general welfare of the community.”

1.2 THE HEIGHT RESTRICTIONS

The building height restrictions at Mong Kok were introduced to guide
future development and redevelopment. The Hong Kong Town Planning
Board (HKTPB) (2010) says that “[g]iven its location and the fact that there
are many old buildings in [Mong Kok, the] area is under immense
redevelopment pressure.” Thus, the HKTPB imposed building height
restrictions in Mong Kok because the existing building stock is likely to be
demolished and replaced with grander developments.

1.3 THE GAP BETWEEN OBJECTIVE AND REGULATION IN
PLANNING STANDARDS

Any comprehensive zoning prompts the standards for maximum allowable
real estate. When the development pressure is high, as the in case of Mong
Kok, real estate speculation will successively replace the existing building
stock with developments that maximize the floor area ratio in concurrence
with enacted provision. As the building height restrictions have been limited
to 80 and 100 meters, depending on the plot area, we may expect the
building mass in Mong Kok to increase with more than 200%, which will
affect the ventilation of the sitting-out areas. Scholars have correlated
ventilation with wind speed to demonstrate how building form affects the
wind environment at the ground level. Edward Ng (2009), for example,
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explains that varying building heights in dense urban space diverts winds to
the lower levels, and S.H.L Yim et.al. (2009) show that buildings shaped as
a “wall” hamper the flow of natural air, which reduces wind ventilation and
causes pollution to accumulate at the ground level. Drawing from previous
scholarship, we can predict that the increased building mass in Mong Kok
will obstruct the ventilation of the sitting-out areas, thus diminishing their
performance.

Light and ventilation determine the performative aspects of public space;
ventilation is interconnected with the health of urban dwellers. Ricky
Burdett (2011), director of the London School of Economics Cities and
Urban Age, argues that with “70 per cent of the world’s population forecast
to be living in urban areas by 2050, global well-being will increasingly be
determined by the health of urban dwellers.” Addressing the health of urban
dwellers, Anna Tibaijuka (2005), executive director of the United Nations
Human Settlements, argues that “city parks and recreation facilities make for
better living environments.” Thus, these arguments suggest that the health of
urban dwellers improves in accordance with access to well performing
sitting-out areas.

As the increased building mass amplifies the turn-over rate on land
coverage, the regulation responds to the financial interests of real estate
industry by diminishing the ventilation of sitting-out areas. As already
verified, the objective in Hong Kong’s planning standards serves the public
good by promoting the health of the community. When the regulation in
planning standards stimulates intensified building mass, which will have
negative impact on the health of urban dwellers, then comprehensive zoning
produces a socio-economic conflict between the public good and real estate
interests. This conflict, thus, is upheld by the gap between objective and
regulation in planning standards.

1.4 RESEARCH DESIGN

This research project puts forth the hypothesis that planning standards tend
to prevent architecture from actively participating in improving the
performance of sitting-out areas. The objective of this research project is,
therefore, to demonstrate that architects can shape building forms that
accelerate wind speeds and, thus, improve the performance of sitting-out
areas by advancing the ventilation of the ground level in a high density
urban area. As such an objective requires negotiation between design and
regulation, this project targets the interface between high-performance
building envelopes and planning standards to postulate the research
guestion: Can architecture mediate the conflict between real estate interests
and the public good by designing a building form that accommodates both
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the financial interests of maximized floor area ratio, and the community
interests of ventilated urban space? Design thinking was deployed for this

project because such methodology allows research to oscillate between
empirical data, scientific data, and form experiments.

2. Study method

Eight city blocks in the Mong Kok district of Hong Kong were used to
contextualize design research (See Figure 1). The massing of the eight city
blocks is comprised of medium-sized buildings, and five sitting-out areas. A
building inventory was made for the research area, which informed the
creation of a digital model for computer simulation purposes, with
Rhinoceros software used for digital modelling: the Rhinoceros software
was deployed because it supports both Euclidian geometry and topological
transformations. Climatological data was obtained from the Hong Kong
Observatory. The data verified median values during the 30-year period of
1981-2010: the average wind speed is 11 km/h (3.056 m/s), the prevailing
wind direction is 90° (east wind), and the average temperature is 23.2°C.
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Fig. 1. Research area and research site.

Following the building inventory, the documents that combine to outline
comprehensive zoning in Hong Kong were collected, and the empirical data
was consolidated. These documents are the Outline Zoning Plan (OZP
S/K3/30) and the CAP 123F Building (Planning) Regulations (BPR). Hence
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a zoning table was compiled to outline the comprehensive zoning of the
research area. (See Table 1) By correlating the zoning table with the size of
each plot, the zoning envelopes of the eight city blocks were drafted to guide

the subsequent investigation.

Table 1. (a) Comprehensive zoning at Mong Kok.

wall

45m

Code Measure Condition Source
Height restriction 100 m R(A), R(A)4; Site Area >400 | OZP S/K3/30
2
m
Height restriction 80m R(A), R(A)4; Site Area < OZP S/K3/30
400 m’
Plot ratio 3.3-75 Domestic in R(A) OZP S/K3/30, BPR
Plot ratio 3.3-9.0 Non-domestic in R(A), OZP S/K3/30, BPR
R(A)4
Site coverage 33.33%-80% Domestic BPR
Height of story 2-2.5m Floor/Ceiling 2.5; BPR
Floor/Beam 2.3;
Inclination >2
Open space 1/2-1/4 Domestic; A: 1/2,B:1/3,C, | BPR
1/4 of covered area
Setback, open space | 1.5m Setback to open space BPR
Setback, street 2.25m Street width <4.5 m, BPR
setback from center line
Setback, cuttings 2.5m 2.5 m, 1/4 height of the BPR
cuttings
Setback, retaining 1.5m Height of retaining wall > BPR

Table 1 (b) Building height, site coverage, and plot ratio
(buildings in Class A - C).

Building height Site coverage (%) Plot Ratio

(meters) Class A Class B Class C Class A Class B Class C
H<15 66.6 75 80 33 3.75 4.0
15<H<18 60 67 72 3.6 4.0 4.3
18<H<21 56 62 67 3.9 4.3 4.7
21<H<24 52 58 63 4.2 4.6 5.0
24<H<27 49 55 59 4.4 4.9 5.3
27<H<30 46 52 55 4.6 5.2 5.5
30<H<36 42 47.5 50 5.0 5.7 6.0
36<H<43 39 44 47 5.4 6.1 6.5
43<H<49 37 41 44 5.9 6.5 7.0
49<H<55 35 39 42 6.3 7.0 7.5
55<H<61 34 38 41 6.8 7.6 8.0
H>61 33.33 37.5 40 8.0 9.0 10.0

With climatological data and empirical data that verifies the discrepancy
between current building mass and planning standards, computer simulations

were executed to verify wind flow, illumination, and solar radiation at the
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ground level in Mong Kok’s urban canyons (See Figure 2). Both the existing
building stock and the projected building stock, which maximizes the floor
area ratio in concurrence with comprehensive zoning, were used for
simulations. As singular buildings can be replaced in the digital model, form
experiments were additionally initiated, and scientific data was collected on
the correlation between the shifting climatological conditions at the ground
level and the specific shape of buildings. Multiple data with relevance to the
fields of urbanism, urban design, environmental science, and architecture
was collected. The extensive data additionally served to verify the accuracy
of obtained values. As this article takes the ventilation of sitting-out areas as
the subject matter to problematize the interface between high-performance
building envelopes and planning standards, the following text will focus on
the relationship between wind speeds and building forms.

Fig. 2. Computer simulation of wind flows.

2.1. DETECTING THE RESEARCH SITE

To answer the research question, a research site was needed for in-depth
analysis (See Figure 1). As the research objective was to collect data on
building forms that improve the performance of small public open spaces by
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accelerating wind speeds at the ground level, the research site ought to
include one sitting-out area and one built-out plot. The research plan was to
measure the impact from the existing building envelope; from the as-of-right
building envelope; and from multiple high-performance building envelopes.
Comparison analysis would, hence, point to correlations and discrepancies
between the efficiency of planning standards and the performative aspects of
building form.

Fig. 3. The research site with the Portland Street/Man Ming Lane Sitting-Out
area.

As computer simulations of the eight city blocks had proved the eastern
facades to be superior in advancing ventilation at the ground level in Mong
Kok, a research site was composed to include the east-facing Portland
Street/Man Ming Lane Sitting-Out Area, and the two aligning plots at 370
Shanghai Street and 364-368 Shanghai Street (See Figure 3). The research
site measures 857 m?; the sitting-out area measures 443 m2. As the larger
plot at 364-368 Shanghai Street comprises 270 m2, the zoning envelope
measures 80 meters; as the combined plots with easement comprise 414 m?,
the zoning envelope measures 100 meters.

3. Results

Any dense urban block affects wind flow, thus the performance of a small
public open space is linked to the density of the surrounding building mass.
With a digital model of the research area, and with wind data from the Hong
Kong Observatory, wind flow at the ground level of the research site was
measured through computer simulation. An 80-meter as-of-right tower was
modeled with the Rhinoceros software and inserted into the digital model.
Two software products were deployed for computer simulation: Autodesk
Ecotect Analysis, and Autodesk Flow Design. Both software products
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verified the prevailing wind speed at the ground level of the research site to
0.09 m/s.

As the zoning envelope at the research site measures 100 meters, the 80-
meter tower was replaced by a 100-meter tower. The computer simulation
verified that the prevailing wind speed remained at 0.09 m/s, which
demonstrates that a tower as-of-right does not accelerate wind speeds at the
ground level of the research site.

3.1. SHAPING THE HIGH-PERFORMANCE BUILDING ENVELOPE

Per-Johan Dahl (2014) argues that comprehensive zoning complies with
Euclidian geometry, while Greg Lynn (2004) states that the performative
aspect of building form complies with topology. As the speculative forces of
real estate tend to maximize the floor area ratio in concurrence with enacted
provision, the geometrical principles implicit in zoning tend to guide the
architecture of most developments. As economics comprise our main mode
of city governance — a connotation Pier Vittorio Aureli (2011) clearly
articulates — topology is rarely an alternative for building designs as-of-right.
We may therefor assume that building envelopes shaped beyond the zoning
envelope can comply with topology and thus accelerate stronger wind speeds
than building envelopes shaped as-of-right.

While scholarship on high-performance building envelopes, such as
scholarship by Sheila J. Hayter, Paul A. Torcellini, Richard B. Hayter and
Ron Judkoff (2001), tends to focus on the functions taking place within the
private realm of buildings, this paper expands disciplinary impact by
elucidating means for high-performance building envelopes to improve the
quality of public space. If the regulations in planning standards prevent
architecture from shaping high-performance building envelopes capable of
improving the performance of public space, then the objective in planning
standards may assist architecture in negotiating the restrictions imposed by
the zoning envelope.

After measuring the wind speed created by the tower as-of-right, 20 high-
performance building envelopes were modelled with the Rhinoceros
software and used for simulation: ten high-performance building envelopes
measured 100 meters, thus the same height as the tower as-of-right, and ten
high-performance building envelopes measured 120 meters, thus 20 meters
above the tower as-of- right. All 20 high-performance building envelopes
were modelled as closed polysurface volumes, and they all rebelled against
the zoning envelope because they accelerated wind speeds through
correlation between maximized building footprints and cantilevering facades
(See Figure 4). The cantilevering fagades were composed of flat and curved
angulations of 2°, 4°, 6°, 8°, and 10°. All 20 high-performance building
envelopes exceeded the zoning envelope, thus they all submitted to the real



ARCHITECTURE’S NEGOTIATING CAPACITY

estate interests at Mong Kok by implying floor area ratios beyond the tower
as-of-right.

Fig. 4. Computer simulation of a 120-meter high-performance building envelope.

3.2. ANALYZING THE HIGH-PERFORMANCE BUILDING ENVELOPE

As Autodesk Ecotect Analysis proved incapable of measuring data on
cantilevering facades, Autodesk Flow Design was deployed for computer
simulations of the 20 high-performance building envelopes. An axonometric
drawing was composed to instigate comparison analysis between the 20
high-performance building envelopes, and the zoning envelope, see Fig. 5.
The axonometric drawing was used because it correlates the urban plan with
the building profiles and the massing impacts. While representing the
relationship between the different profiles and the sitting-out area, the
axonometric drawing also facilitated the drafting of an 80-meter street wall,
which measures relationships between the different building height
regulations of the zoning plan and the building height beyond the zoning
plan, which was used by the research project, see Fig. 5. Of the ten 100-
meter high-performance building envelopes, eight increased the wind speeds
at the research site, while two decreased the wind speeds, see Fig. 5. Of the
ten 120-meter high-performance building envelopes, seven increased the
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wind speeds at the research site, while one proved similar capacities as the
tower as-of-right and two decreased the wind speeds, see Fig. 5.

The high-performance building envelope that accelerated the strongest
wind speeds at the research site, and thus proved to be most successful in
improving the performance of the sitting-out area, was composed of curved
angulation of 8° (8° Tilt + Curve) and measured 120 meters: this high-
performance building envelope increased the wind speed at the ground level
of the research area with 290%, see Fig. 5.
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Fig. 5. Wind speed fluctuations at the center of the small public open space
(%) building heights 100 meters and 120 meters (m).

4. Conclusions

This research project elucidates discrepancies between the planning
objectives and the planning standards in Mong Kok, Hong Kong. The
research project shows that negotiations between architectural design and
comprehensive zoning encompass a viable method for the Hong Kong Town
Planning Board to deploy when seeking to accomplish the objective in
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planning standards. This project additionally demonstrates that well-
performing public spaces do not necessary correlate with building height
restrictions, which call for new routines in planning administration. As this
project is limited to one in-depth analysis, further studies are needed to
verify its impact on the wider scope of urbanization.

This research project deployed architecture to investigate issues of
urbanization. As the discipline of architecture addresses the question of
scale, which tends to be disregarded by urban practices, this research project
uncovers new information on the detail in urban processes. City agencies
administrate urban space through planning; architects shape urban space
through design. As design is much more responsive to the specific qualities
of a site, architecture provides valuable methods for how to negotiate the
private interests of building form with the public interests of the urban
realm. The results from this research project, for example, demonstrate that
miniscule adjustments of fagade geometries catalyses tremendous impact on
the performative aspects of public space. Thus the care for detail should go
beyond the discipline of architecture and involve also the discipline of
urbanism. Such a shift in the attention to scale opens up a field of research
on the proficiency of planning standards to embrace incremental approaches
to urban development and transformation.
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Abstract

This research is an enquiry into architectural design and construction. The
study looks at the personalized houses done by local Chartered Architects in
Sri Lanka. It is an examination on how architects ‘experiment and innovate’.
Key hypotheses for the research were; “Architects are not sufficiently
involved in experimenting with building material and technology” and “the
limited experimenting is mainly due to cost issues”. This sector receives the
most active contribution from the professionals but the approaches are
confined to a limited set of practice conventions. Therefore, this segment of
the industry is identified as the most appropriate section to carry throughout
the research. The study investigates the effects of ‘cost’ in relation to
experiment and attempts to establish the notion of 