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ABSTRACT

‘ore than 1.100 khlong' in Bangkok offer various opportunities for urban development. Over 2.200
i km still exist in the Province of Bangkok alone. Transport and living space on the water are found
only along certain parts of the system as khlong are predominantly used as open sewage, drainage and
irrigation system. The particular urban structure creates complementary spaces that interface water with
land. This article aims to understand the logic of structural elements of Bangkok in the Chao Phraya Delta
of Thailand and to change the viewpoint, to look from the water to the city. To understand the research
approach better the water space, consisting of the canal and the natural or planned flooded adjacent spaces,
is disentangled and reconnected to the built landscape.

Definitions are refined for a clearer understanding of terms, especially because water is addressed
interdisciplinary and hence needs a common language. Water spatial resilience is important because spatial
variations influence a system’s resilience. With the aim to identify the transformability of the spatial structure,
waterspace characteristics are recognized. These characteristics are derived from studying complex adaptive
systems, networks, the resilience-concepts, and innate properties of waterways, especially in the Chao
Phraya Delta. The framework condensing urban development principles from an amphibian perspective is
based on the adoption of space in Bangkok. Amphibious architecture, water-space urban design and water-
use planning evolving from a water-space-perspective can lead to an amphibian living space.

Keywords: Bangkok, khlong, Chao Phraya Delta, amphibian living space, social-ecological system,
complex adaptive system, resilience, built landscape, waterspace, identity, urban morphology

INTRODUCTION

The khlong (canal) in Bangkok are substantially
important to the delta-city. The importance is
derived from the spatial and thematic connectivity
on different scales. Previously, on a local scale,
researchers identified various positive effects on
urban development of Bangkok when considering the

reinvigoration of the khlong system. Transportation,
urban green spaces and urban water management
are the predominant issues (Nitichan 1988; Lucius
1992; Yordphol 1995; Assumption University 2008),
Others focus more on the issue of heritage (Bunnag
et al. 1982; DTCP 1998) or combine them with
urban and community development (Montira 2013).
Historical analyses of canal side developments

! khlong = waterway, canal
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Figure 1:
Khlong Bangkok Noi

observe the social and socio-spatial changes
(Chaweewan et al. 2000, 2002) and examine the
indigenous commercial building typology as an
interface of land and water (Nawit 2006). Recent
investigations deal with the peri-urban conflict of
urbanisation and agricultural use (Vudipong et al.
2012) and a proposed change of perception of
waterscape into more favourable conditions by
comparing solid and liquid perception (McGrath,
Danai 2010; Danai et al. 2013) based on urban
planning and design with water urbanism (cf.
Shannon, Meulder 2008).

On the regional scale, subsidence is more
threatening to Bangkok than raising sea levels.
(see Fig. 3) It has to learn to live with water. Even
by using maintenance and adaptation to keep the
level of flooding or storm surges to a minimum there
will be higher overall losses in coastal cities when a
disaster strikes. This is due to further urbanisation
and ongoing subsidence (Syvitski et al. 2009;
Hallegatte et al. 2013). A delta-city is part of several
specific processes and has characteristics which are
relevant for urban design and planning. In addition
to the water related threats mentioned above the
following are important to consider: reduction of
sediment by upstream construction of dams, dikes
and embankments, highly dynamic geomorphologic
processes, soft soils, water pollution due to
downstream position, highest densities of populated
places on earth, mostly fossil resources available
and highest economic value on the delta rivers and
estuaries of all ecosystems (Marchand et al. 2013).

The global landscape of Low-Elevation Coastal
Zones (LECZ, 100km inland from coastline and
100m MSL) is characterized by a high proportion
of inhabitants with 13% living on 2% of global land
area. Significant for the water space is the fact that
the most cities above 1 million inhabitants are lying
below 10m MSL (Small, Nicholls 2003). Deltas form
the biggest part of LECZ and are defined as land
areas below 10m MSL. Approx. 500 Million people
living on deltas, which are the most vulnerable
regions, aside from the arctic region (McGranahan
et al. 2007; Syvitski et al. 2009; Rogers et al.
2013). Megacities are mostly located in LECZ or
deltaregions and are notably affected by climate
change (Nicholls 1995, 2008; Weltbank 2010;
Hallegatte et al. 2013). In megacities like Bangkok
infrastructure for transport, utilities, and disposal or
sanitation is often lacking (Niemczynowicz 1996;
Yusuf 2007; Kraas 2007). Consequently water-
infrastructure plays a pivotal role here (UN-Water
2010). While the regional and global perspectives
place the water space in a broader context, it is
inevitable to contrast the water entity and the land
entity, especially in Bangkok.

The starting point for this research is Bangkok’s
particular setting of the city structure. Again, different
scales helped to access the structural layers: the
parcel or lot as the smallest unit of spatial production,
the row or the block on the second layer, the soi
(finite lane system) as urban living space, the city
and then the territory or region. Intermediate levels of
spatial configuration are left out for comprehensibility
(e.g. trok and superblock). The dominant street
space and the neglected waterspace connect
the different layers. In addition, there are often
compartmentalisations of spatial expressions in the
urban Jlandscape, which affects the resilience. In
Bangkok this can be traced to the urban structure
of soi-ecologies, which are differently resilient to
perturbations, due to their enclosed nature. (see
Fig. 11) The research is an ongoing research and
uses the resilience-thinking to explore the building
typology and the urban structure in the water space.
The water space can be considered as a social-
ecological system in the complex adaptive system
of the delta-city Bangkok.

The flooding in 2011, which was the most severe
flood on record, raised an awareness of the
importance of living with water. The results of the
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flood had global repercussions because of supply-
chain disruptions from hard-disks to automotive
body parts. Nevertheless a 350 bn Baht Water-
Management Project (approx. 8.75 bn €) has been
projected with new canals for floodwater diversion,
new dams, and water monitoring systems. But the
project was stopped by the junta after taking power
in May 2014. They plan to finish a nationwide water
management plan by October 2014 that includes
wastewater management, issues of drought and
setting up a water resource policy and planning
agency (Patsara 2014; Yuthana 2014). In addition
to the mega-project, which shall solve a great
many governance problems of land use and water
resources management, another issue must be
addressed: The challenge to define basic principles
for designing and planning for the water spaces
embedded in the urban landscape within a megacity
is very important.

LANDSCAPE AS A CREATION BY
HUMAN ACTION

Initially, resilient landscapes evoke an image about
a strong ecological system to deal with high diversity
of species, an intermediate connectivity with other
ecological systems and adaptable spatial variations.
Aresilient landscape is a state at a certain moment,
like an architectural cross section or a financial
balance sheet, be it a good result or a bad one.
High resilience is not necessarily a good state of a
system. Accordingly resilience of landscapes should
be seen as a process rather than an outcome and
needs exact definitions of the system framework that
is under investigation (Cumming 2011). Landscape
can be seen as a social-ecological entity of people,
biotic and abiotic variations and interactions
between them, cohesively defined in space and time
(Cumming 2011), thus it can be regarded as being
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influenced by human actions. Indeed the word scape
is derived from the Indo-German word scapjan which
means to create something (Muller 1977). In its use
as a suffix it can be understood as a term showing
the relatedness of something which has been
created by human activity. The creation of additional
space through architecture and urban design and the
alteration of existing space through infrastructure,
agriculture and the utilisation of ecosystem services
by human actions alter the habitable surface of the
planet profoundly.

THE BUILT LANDSCAPE IN
BANGKOK

Human control over space is performed by
subdividing land into parcels. The agrarian parcel

sizes and possible readjustments by administrative
regulations and laws are constituent for the type of
built-up form and the connected open space. Land
links the building scale to the city scale and the
parcel links the built space to the open space. The
urban form, the city form and the built environment
can be merged into the term built landscape because
it marries concepts of built and open space and
connotes materiality (Moudon 1994).

There are three implications with the built landscape
in terms of definition:

First, landscape can be seen as an infrastructure
providing access to ecosystem services and is a
medium through which all ecological transactions
must pass (Weller 2006). The design of landscape-
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infrastructure should be understood as a means to
combine the multifunctional serving character of
infrastructure with the ecological processes. The
khlong in Bangkok could emerge as a second spatial
system (with the street as the complimentary system)
for the following urban infrastructural interfaces:

* It could be used as water-parks or as leisure-
space and playgrounds in the dry and hot
season.

* During the monsoon season it can be water-
retention space

* The wetlands that are between khlong and
agricultural or residential areas might be use
for reducing trophic levels or surface water
cleaning

* A decentralized wastewater treatment, one
that employs the urban structure of soi-
compartments with their often agrarian land
use or fallow land on the bordering khlong-
side.

* The wastewater, for instance, could be
treated and cooled down, with the use of
combined heat and cool power, for a district's
cooling system to substitute air-conditioning
in buildings.

Second, landscape can be explored with the
resilience concept. The spatiality or rather the
influence of and on spatial variations of landscape
is an important factor for analyzing resilience.?
Landscape as a social-ecological system can be
studied from different perspectives (e.g. agent-based
models, Panarchy, Complexity Theory Framework
or Sustainability Framework) and is considered as
a complex adaptive system with related concepts:
networks, asymmetries, information processing, non-
linearities, emergences and thresholds (Cumming
2011). The development of metaphors out of
such terms is an important part of conceptualizing
design theoretical processes, especially by using
the transformability of complex adaptive systems
in the sense of changing stability landscapes and
regimes (cf. Roggema et al. 2012; Geels 2006).
Even with those topics in a somewhat elusive

combination (complex adaptive systems, resilience
and spatial variations) it can be seen as a starting
point to question ongoing planning principles and
methods. Transformation can happen deliberately
or forced from external perturbations. A deliberate
transformation needs to assess the current stability
domain and its values and merits versus the
alternative potentially more favourable stability
domain (Folke et al. 2010).

The adaptation measures proposed in 2009 by
the Climate Change Impact and Adaptation Study
(e.g. raise dike crest elevation; increase pumping
capacities and ground elevation of building sites)
for Bangkok Metropolitan Region (Babel et al.
2009) and in 2013 by the 350-bn-Baht-Water-
Management-Plan are seen solely from the water
sector’s perspective. Based on the presumption that
Bangkok’s water management is on the rim to tip
into a degraded stability domain and considering the
high ability of Thai society to adopt new influences
and adapt to changed settings, are these measures
sufficient to keep the stability domain broad enough
to cope with future perturbations? Social-ecological
and cultural memory might help to identify indigenous
knowledge as one foundation pillar - also in its very
literal sense - to transform the water space. It is
crucial then to identify also the transformability of
the building typology and the urban structure to find
starting points either for planned system failures
or for catalyst implementation. The khlong and its
water spaces are predestined for a sustainable
development in its very sense and the resilience
concept reveals the key components to measure
the spatial transformability: building typology, urban
structure, social-ecological and cultural memory, and
institutional and jurisdictional structure.

Third, water is, unsurprisingly, a fundamental part of
landscape. Water drives geomorphologic processes
(besides volcanoes, glaciers and earthquakes)
and thus forms the space we live in. Water can
be a threat in several dimensions for the built
landscape: flooding, storm water, storm surge, and,
considering saltwater intrusion or the depletion,
also the groundwater, and scarcity of water. Within
or under the built landscape water, as a procedural

2 Carpenter et al. 2001 suggest that resilience consists of (1) the amount of disturbance that a system can absorb while
still remaining within the same state or domain of attraction; (2) the degree of self-organization (versus lack of organization
or organization forced by external factors); and (3) the degree of adaptive capacity, which can be related to the existence
of institutions that facilitate experimentation, discovery, and innovation.



product, has been dealt with and a waterscape
has been formed. This has been done mostly
by sanitizing, canalizing, hiding, processing and
covering the water with engineered infrastructure.
Even without the water “controlled”, be it in slum-
agglomerations, in neglected, abandoned or
shrinking settlements or due to poorly maintained or
inadequate infrastructure, the waterscape would be
a part of that locality. When water is perceptible with
all senses in an urban, peri-urban or agrarian area,
then the waterscape with its defined borders, usages
and processes can be understood and be dealt with
in an urban design perspective. Notwithstanding
the necessity to include the urban water cycles into
planning and design, it is important to understand the
dynamic and procedural nature of water especially
in urban waterways.

The waterspace is defined here as the space within
the canal banks and the possibly inundated space,
be it the actual or the intended (planned) urban
floodplain. The urban floodplain obviously needs
to be integrated into the built landscape. The urban
flood scape as a necessary part of procedural urban
transformation in Bangkok would raise awareness
and resilience of floodplain-residents to water-
related hazards, because they will learn to live with
water. This social-ecological resilience would not
increase, if it is not embedded in a corresponding
built landscape. The spatial resilience of the built
landscape in the planned floodplain considers
several characteristics, which can quantify the
identity of the waterspace-system: variability,
flexibility, adaptability, modularity, transformability
and connectivity.

WATERSPATIAL RESILIENCE OF
BANGKOK

Urban waterways are an anthropogenic infrastructure
and offer a space-accessing network, of which the
connecting lines of exchange constitute a spatial
(three-dimensional) entity. Thus planning, adaptation
and transformation are possible in, next to, around
and on the waterspace. The spatial extents,
variations of the system to be explored (waterspace)
and its characteristics have been defined. The
framework for a waterspatial resilience needs to
define further the

¢ different scales in which the system is
operating

Amphibian Identity?
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* very elements of this building block (in a
spatial-structural sense) of a Bangkok

¢ timeframe, which is the zeitgeist of the places
and its spatial equivalent of the genius loci as
a palimpsest of imprinted history in place

¢ institutional and jurisdictional structure, with
its overlapping responsibilities on the ridge
of the bank border

¢ technical and infrastructural merging with the
environment

¢ geomorphologic and climatic foundations for
the system

* economical structure
¢ policy and planning level
* social-ecological characteristics

With this framework there could be possible answers
to the question “... resilience of what, to what”
(Carpenter et al. 2001). With the resilience being
increased in one part, it can be lowered in another
part. Even if it is an essential task and a common
aim in policy and planning agendas, it would not
help Bangkok to make the built landscape adjacent
to urban waterways resilient only to flooding. The
spatial design of fixed flood-defences can lead to
less sensibility about the potential risks. These
risks are still persisting and thus lead to a lowered
resilience of the community to a sudden disturbance
of perceived safety.

The typological and urban morphological
configuration, inside and outside the waterspace,
influences the waterspatial resilience. The urban
design and its connectivity and modularity in the
waterspace determine how robust the urban structure
can deal with changes on the subjacent level of
architecture. The architecture needs variability,
flexibility and adaptability. Both architecture and
urban design play an important role in forming
the identity of a place. Identity is an important and
connecting characteristic of complex adaptive
systems and resilience. “Within the system, cohesion
would be lost and the system would lose its identity
if the forces that hold the system elements together
(centripetal forces) [e.g. social capital or trade] were
weaker than those that pull or push system elements
apart (centrifugal forces) [e.g. habitat destruction
or conflict].... Complete removal or elimination of
a system, even if it is replaced by a very similar
system, constitutes a loss of identity” and “Identity
derives from the maintenance of key components
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and relationships, and the continuity of these through
time. If resilience is low, identity may be lost; and
correspondingly, if identity is lost, we can conclude
that resilience was low. Resilience can thus be
operational by quantifying identity and assessing the
potential for changes in identity.” (Cumming 2011,
pp. 10 and 13).

Amphibian architecture (stilted, floating, on a dike,
on a dwelling mound or with waterfront , cf. Nillesen
et al. 2011) is well-known and can be found in the
Chao Phraya Delta. Amphibian architecture requires
a certain level of water quality, which might appear
as a daunting task for Bangkok, but considering
the positive effects, which can be gained by partial
amphibious urban structures; those of urban climate,
amenities of water-transportation for leisure or for
mobility, water-based commerce and businesses,
local urban agri- and aquaculture. An amphibian
identity could emerge even though it was not
planned.

The level of urban planning deserves a closer look.
Transposing the concept of green belts to blue
belts and determining an agenda for waterspace
planning with its bluefields (Pinch, Munt 2002) could
tackled at the planning level if it is in combination
with hydrology based district or even province
borders (Dircke et al. 2010). For a more substantial
shift in planning with social-ecological systems the
consideration of waterspaces as complex adaptive
systems with a network characteristic and panarchic
adaptive cycles can also generate starting points
for interventions. One way is to induce abnormal
system ends; to simulate the crash of the system
by setting predetermined breaking points. Thus
leaving the paradigm for safety-planning and use the
different weak points of the different system-scales
as starting points to possibly accept the failure. For
example, it could be more efficient and cost-saving
to let spaces be inundated than to build ever higher
dams (Roggema 2012).

In Bangkok, planning would need to start at the
soi-level, setting up community-based planning
principles for an emerging distinctness of soi-
development. The next higher level could start from
line-based axes, khlong and street, planning the
adjacent spaces. This would correspond to the urban

configuration and to the development pattern of
Bangkok and could handle system failures in the line-
based axes with the local actors in the surrounding
areas to design morpho-logical and socio-spatial
acceptable solutions.

BANGKOK’S TEAM?
CONFIGURATION

Spatial variability is high in the desakota? of the mega-
urban region of Bangkok. In this peri-urban area
contradictory juxtapositions of land-uses are driven
by urban development dominated market-forces.
Bangkok has within its administrative boundaries of
around 1.570 km? an extensive waterway-network
of 1.161 khlong with a total length of about 2.200
km (Department of Drainage and Sewerage 2010).
The khlong are basic for the terrestrial accessibility,
they frame and guide the road system development.
The co-evolution of street and khlong produced finite,
diverse and mostly not interconnected cluster-like
settlement-structures (soi-ecologies). These are
often spatially limited by the khlong and strung at
“development axes” forming so-called superblocks
with sizes around 20 km?. These superblocks mostly
run parallel to khlong and are sparsely intersected by
streets without a secondary road-network. Therefore,
high spatial densities are framing the superblocks,
with the skytrain-infrastructure boosting the built
frames. The lack of secondary road networks with
an intersecting khlong-infrastructure helps keeps
the inner area to maintain low densities of orchards
or paddy-fields. This overall configuration does not
apply to the highly densified structures of the central
areas of the eastern bank of Bangkok, but keeps
valid in the peri-urban areas.

Currently the khlong in Bangkok are used as a
drainage and sewage system with some functionality
for transport. Generally, in Europe, inland
waterways have been identified by researchers as
a multifunctional and multidimensional entity and are
understood as a catalyst for

* urban and rural renewal processes

¢ strategic and dynamic planning to connect
places along the waterways

3 terrestrial-amphibian

4 Desakota is a term used for the interlocking of desa=village and kota=city as a typical spatial phenomena in Southeast

Asia McGee, Robinson 1995; McGee 2009
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Figure 4:

Typical delta-based canal settlement, location not specified, can be found alike at Khlong Saen Saeb in Chachoengsao
Province, source: Nitichan 1988
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Figure 5:

The land based shophouse-rows and the detached houses and high-rise are the usual building blocks of the terrestrial
urban structure in Bangkok
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Figure 6:

Highly urbanized area (Sukhumvit) with persisting khlong-network

¢ private sector investments

¢ giving identity and thereby deliver a key factor
for city marketing

If waterspaces are accepted with their cultural
and historic relevance, they can also serve the
tourism and construction-sectors attracting creative
industries and social services. By considering the
planning of waterspaces health-related, educational
and free-time-activities could also take place in
these areas. These planned waterspace activities
could put a positive character onto the image of the
city (after Kevin Lynch) for residents. The spaces
and activities foster social cohesion and connect
cultural and natural spaces. The broad and deep
connectivity at the structural (institutional), spatial
and individual level of the waterspace establishes
a sounds basis for identification and identity (Pinch,
Munt 2002; O’Gorman et al. 2009; EU 2012). This list

of qualities should not be understood as a normative
goal for the khlong development, instead it sums up
possible planning directions.

In Bangkok there are specific elements relevant to
integrate the khlong-network into the urban fabric;
the existence of historic canal settlements and canal
markets and vernacular architectural design (stilted,
floating) for a living with water (Montira 2013).

The cultural urban heritage would add an important
part to the investigation-scheme of khlong in Bangkok
by also considering the khlong themselves and the
two other building blocks of traditional settlement
structures in the Chao Phraya Delta, which are
often found adjacent to khlong: the temples and
the markets. In contrast, modern building blocks
are the malls, the skyscrapers and the skytrains,
often disconnected from the ground by skywalks, or



Figure 7:
Canal system in East-Bangkok and green spaces, agrarian use or fallow land with connection to khlong

car-park levels over the ground. Moving further on
the lot-layer of Bangkok, the shophouse appears
as a highly adaptive container for urbanity. This
typology can be well retrofitted to future demands for
individual housing and working (Casper 2009) and
might even be able to adapt to constant flooding by
using the constructed additional height of the ground
floor as a flexible space for living with water.

Considering the three-dimensionality of the
waterspace, it is useful to define the adoption and
perception of space. The adoption and perception

Amphibian Identity?
Waterspatial Resilience of Khlong in Bangkok

green space, fallow
land or agricultural
land next to khlong

khlong
s0i

street

O

1,5 km

illustrate the transformation of the urban society
in Bangkok: the aquatic, amphibian, terrestrial,
planar (planare lat.: to flatten/ to smooth sth) and
for future visions the volaric adoption of space.
The waterspace in the areas of possible inundation
can understood to be amphibian. The street level
is terrestrial and the skytrain is on the planar level.
The adoptions of space are in constant flux. The
flow of material as a process for construction has
measurable effects on the amphibian landscape
and hence on the amphibian identity. With an infill of
about 5,700m3km?/year in the Bangkok region, the
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delta’s ground subsidence cannot be levelled, but
the amphibian waterspace is constantly reduced and
transformed to terrestrial (Hara et al. 2008).

This is one of the variables changing the conditions
of living in the waterspace, very slowly but with
possible influence on the stability domain in the
long run.

TEAM-STRATEGIES

The amphibian identity of Bangkok is a process,
which needs long-term visions, transformed
planning procedures and urban design principles
for waterspace planning.

The mutations of the lots and the urban morphology
can identify the forming language of waterspace
through time. The issue of urban structural
transformations by changing use of basic energy
forms (solar etc.) and changing modes of mobility
(electric boat, copter technologies, cable cars etc.)
is basic variable for change of cities by innovation.
Bangkok could pursue accelerated transformation
by innovations in water-mobility. The urban
morphological approach helps to identify adaptive
urban form for such innovations. It is important to
note that in the morphological approach, the built
form has a partial autonomy over the utilization
(Curdes 1997; Raith 2000). However, the utilization
of the built landscape can identify its potential of
modification:

Figure 8:
Khlong Saen Saeb, Wat Theep Lila

To deduce metaphors for operationalising an urban
morphological approach on waterscapes further
exploration is necessary. The ongoing research
does not yet got into detail concerning the socio-
spatial, the institutional and the jurisdictional issues.
A better understanding of the dynamics of urban
development in Bangkok would help to evaluate
transformability.

Possible outcomes are developing water-use
planning parallel to land-use planning, generating
a basis for definition of hydrological districts and/
or provinces, understanding bluefield strategies,
principles for waterspace design and encouraging
indigenous amphibian architecture to establish an
amphibian living space.

Innate (non-)utilization or facilities act...

(actively operating)
transformative by...

(stays passive, holds)
persistent by...

dynamic by...

functioning as central

location in the city-grid

inert by...

high density / lack of space

unchanging land tenure

(Example for temples (wat) with different potentials of modification due to local characteristics of the system with changeable

attitudes depending to temporal occurrence)
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Figure 9: Figure 10:
Khlong Bang Chak Khlong Saen Saeb
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Thonburi, a metaphorical image of the compartmentalization of soi-ecologies




74

Nakhara

Benjamin Casper

Carpenter, Steve; Walker, Brian; Anderies, J. Marty; Abel,
Nick (2001): From Metaphor to Measurement: Resilience of
What to What? In Ecosystems 4 (8), pp. 765—781. Available
online at http://www.jstor.org/stable/3659056.

Casper, Benjamin (2009): Das Shophaus - Ein Thai-
chinesischer Hausyp in Bangkok. In Thailand-Rundschau

3).

Chaweewan Denpaiboon; Tohiguchi, Mamoru; Matsuda,
Hiroyuki; Hashimoto, Seiyu (2000): Typology and Life
Style Analysis of the Raft House (ruan pae) in Riverine
Settlements in Thailand. In Journal of Archit. Plann.
Environ. Engng. (533), pp. 173-180.

Chaweewan Denpaiboon; Tohiguchi, Mamoru; Matsuda,
Hiroyuki; Hashimoto, Seiyu (2002): Relationship Between
Life-style of Inhabitant and Canal-side Environments in the
Process of Transformation in Greater Bangkok. In Journal
of Archit. Plann. Environ. Engng. (552), pp. 263-270.

Cumming, Graeme S. (2011): Spatial Resilience in Social-
Ecological Systems. Dordrecht: Springer Science+Business
Media B.V. Available online at http://site.ebrary.com/lib/
alltitles/docDetail.action?doclD=10448086.

Curdes, Gerhard (1997): Stadtstruktur und Stadtgestaltung.
2" ed. Stuttgart: Kohlhammer.

Danai Thaitakoo; McGrath, Brian; Suebsiri Srithanyarat;
Ying Palopakon (2013): Bangkok: The Ecology and
Design of an Aqua-City. In S.T.A Pickett, M.L Cadenasso,
Brian McGrath (Eds.): Resilience in Ecology and Urban
Design. Linking Theory and Practice for Sustainable Cities.
Dordrecht: Springer (Future City, 3), pp. 427—442.

Department of Drainage and Sewerage (Ed.) (2010):
Khlong in Bangkok. BMA. Bangkok. Available online at
http://dds.bangkok.go.th/klong2553/klong01.pdf, checked
on 10/04/2013.

Dircke, Piet; Aerts, Jeroen; Molenaar, Arnoud (2010):
Connecting delta Cities. Amsterdam: VU University Press.
Available online at http://www.c40cities.org/home, checked
on 17/09/2013.

DTCP (1998): Studienbericht Thema: Wiederherstellung
und Aufwertung der Khlong im Bezirk Bangkok. von der
Arbeitsgruppe fir die Wiederherstellung und Aufwertung
der Khlong in Bangkok, Stadtplanungsamt. Bangkok.

EU (Ed.) (2012): Waterways for Growth. Interreg IVB North
Sea Region. Framework for the Sustainable Development
of Inland Waterways. The European Regional Development
Fund. Available online at http://www.waterwaysforgrowth.
eu/resources/project-results.html, checked on 1/10/2013.

Folke, Carl; Carpenter, Stephen R.; Walker, Brian;
Scheffer, Martin; Chapin, Terry; Rockstrom, Johan (2010):
Resilience Thinking: Integrating Resilience, Adaptability
and Transformability. In Ecology & Society 15 (4). Available
online at http://www.ecologyandsociety.org/vol15/iss4/,
checked on 31/05/2014.

Geels, Frank W. (2005): Technological Transitions and
System Innovations. A co-evolutionary and Socio-technical
Analysis. Cheltenham, U.K, Northampton, Mass: Edward
Elgar. Available online at http://site.ebrary.com/lib/alltitles/
docDetail.action?docID=10471418.

Hallegatte, Stephane; Green, Colin; Nicholls, Robert
J.; Corfee-Morlot, Jan (2013): Future Flood Losses in
Major Coastal Cities. In Nature Climate Change 3 (9), pp.
802-806.

Hara, Yuiji; Thaitakoo, Danai; Takeuchi, Kazuhiko (2008):
Landform Transformation on the Urban Fringe of Bangkok:
The Need to Review Land-use Planning Processes with
Consideration of the Flow of Fill Materials to Developing
Areas. In Landscape and Urban Planning 84 (1), pp. 74-91.

Kraas, Frauke (2007): Megacities and Global Change
in East, Southeast and South Asia. In Asien - The German
Journal on Contemporary Asia (103), pp. 9-22.

Lucius, Douglas (1992): Khlong. A Study of the Bangkok
Canal System. 1%t ed. AIT. Bangkok.

Marchand, Marcel; Bucx, Tom; Makaske, Bart; van de
Guchte, Cees; van Driel, Wim (2013): Enabling Delta Life -
What Makes Managing Land and Water in Deltas Different?
Discussion paper. Edited by Delta Alliance International.
Global Water Partnership; Alterra Wageningen; Deltares.
Delft-Wageningen (Delta Alliance report, 4). Available
online at http://www.delta-alliance.org/publications,
checked on 24/10/2013.

McGee, T. G. (2009): The Spaciality of Urbanization: The
Policy Challenges of Mega-Urban and Desakota Regions
of Southeast Asia. United Nations University (UNU-
IAS Working Paper, 161). Available online at https://www.
ias.unu.edu/.

McGee, T. G.; Robinson, Ira M. (Eds.) (1995): The mega-
urban Regions of Southeast Asia. ebrary, Inc. Vancouver:
UBC Press (1). Available online at http://site.ebrary.com/
lib/academiccompletetitles/home.action.

McGranahan, G.; Balk, D.; Anderson, B. (2007): The
Rising Tide: Assessing the Risks of Climate Change and
Human Settlements in Low Elevation Coastal Zones. In
Environment and Urbanization 19 (1), pp. 17-37. Available
online at http://eau.sagepub.com/content/19/1/17 .abstract,
checked on 15/10/2013.

McGrath, Brian; Thaitakoo, Danai (2010): Bangkok Liquid
Perception: Waterscape Urbanism in the Chaophraya River
Delta and Implications to Climate Change Adaptation. In
R. Shaw, Danai Thaitakoo (Eds.): Water communities:
Emerald Group Publishing Limited, pp. 35-50.

Montira Horayangura Unakul (2013): Reconnecting
Bangkok’s Heritage Landscape: Urban Waterways and the
Modern City. In Christopher John Baker (Ed.): Protecting
Siam’s Heritage. Bangkok. Bangkok: Silkworm Books, pp.
183-208.



Moudon, Anne Vernez (1994): Getting to Know the
Built Landscape: Typomorphology. In Karen A. Franck,
Lynda H. Schneekloth (Eds.): Ordering space. Types in
architecture and design. New York: Van Nostrand Reinhold,
pp. 289-311.

Mller, G. (1977): Zur Geschichte des Wortes Landschaft.
In Alfred Hartlieb von Wallthor, Heinz Quirin (Eds.):
“Landschaft” als interdisziplinares Forschungsproblem.
Vortrage und Diskussionen des Kolloquiums am 7./8.
November 1975 in Munster. Munster, Westfalen:
Aschendorff (Veroffentlichungen des Provinzialinstituts
fir Westfalische Landes- und Volksforschung des
Landschaftsverbandes Westfalen-Lippe. Reihe 1, 21),
pp. 4-13.

Nawit Ongsavangchai (2006): Spatial Organization of
Shophouses in Market Towns in the Central Plains of
Thailand. The case of Talat Khlong Suan (606), pp. 916,
checked on 28/05/2012.

Nicholls, Robert J. (1995): Coastal Megacities and Climate
Change. In GeoJdournal 37 (3), pp. 369-379.

Nicholls, Robert J. (2008): Ranking Port Cities with High
Exposure and Vulnerability to Climate Extremes: Exposure
Estimates. Exposure Estimates. With assistance of S.
Hanson, C. Herweijer, N. Patmore, S. Hallegatte, J. Corfee-
Morlot, Jean Chateau, Robert Muir-Wood. Edited by OECD.
OECD (OECD Environment Working Papers, 1).

Niemczynowicz, Janusz (1996): Megacities from a Water
Perspective. In Water Int. 21 (4), pp. 198-205.

Nillesen, Anne Loes; Singelenberg, Jeroen; Fliggen,
Gregor (2011): Waterwonen in Nederland. Architecture
and Urbanism on the Water Amphibious Housing in the
Netherlands. Rotterdam: NAi Uitg.

Nitichan Pleumarom (1988): Soziale, 6kologische und
asthetische Aspekte der Freiraumplanung in Bangkok.
Kassel: Gesamthochschulbibliothek.

O’Gorman, Stefanie; Bann, Camille; Caldwell, Valerie
(2009): Benefits of Inland Waterways. Final Report. Defra
and the Inland Waterways Advisory Council. Edited by
Jacobs UK Ltd. Britsh Waterway Board; Inland Waterway
Advisory Board. Available online at http://www.waterways-
forward.eu/wp-content/uploads/2012/06/The-Benefits-of-
Inland-Waterways_Final-Report-July-2009_JACO.pdf,
checked on 18/07/2013.

Patsara Jikkham (2014): Shake-up of Public Water Sector
Looms. In Bangkok Post, 12/08/2014. Available online at
http://www.bangkokpost.com/news/local/426225/shake-
up-of-public-water-sector-looms, checked on 14/08/2014.

Phien-wej, N.; Giao, P.H; Nutalaya, P. (2006): Land
Subsidence in Bangkok, Thailand. In Engineering Geology
82 (4), pp. 187-201.

Pinch, Phil; Munt, lan (2002): Blue Belts: An Agenda for
‘Waterspace’ Planning in the UK. In Planning Practice &
Research 17 (2), pp. 159-174.

Amphibian Identity?
Waterspatial Resilience of Khlong in Bangkok

Prajamwong, S.; Suppataratarn, P. (2009): Flood
Mitigation Management in Urban Areas. UNESCAP.
Bangkok. Available online at http://www.unescap.org/idd/
events/2009_EGM-DRR/index.asp, checked on 1/10/2013

Raith, Erich (2000): Stadtmorphologie. Annaherungen,
Umsetzungen, Aussichten. Techn. Univ., Habil.-Schr.--
Wien, 1998. Wien: Springer.

Rogers, Kimberly G.; Syvitski, James P.M; Overeem, Irina;
Higgins, Stephanie; Gilligan, Jonathan M. (2013): Farming
Practices and Anthropogenic Delta Dynamics. Proceedings
of Knowledge for Future. Joint Assembly. IAHS-IAPSO-
IASPEI, Goéteborg, 22.-26.07.2013. Edited by IAHS
Publication. University of Colorado; Vanderbilt University;
IAHS; IAPSO; IASPEI; IUGG. Goteborg. Available online at
http://iahs-iapso-iaspei2013.com/, checked on 28/10/2013.

Roggema, Rob (Ed.) (2012): Swarming Landscapes.
The Art of Designing for Climate Adaptation. Dordrecht:
Springer (Advances in Global Change Research, 48).
Available online at http://dx.doi.org/10.1007/978-94-007-
4378-6.

Roggema, Rob; Vermeend, Tim; Timmermans, Wim (2012):
Transition and Transformation. In Rob Roggema (Ed.):
Swarming Landscapes. The Art of Designing For Climate
Adaptation. Dordrecht: Springer (Advances in Global
Change Research, 48), pp. 67-90.

Shannon, Kelly; Meulder, Bruno de (Eds.) (2008): Water
Urbanisms. With assistance of Martin Prominski. Katholieke
Universiteit Leuven. Amsterdam, Amsterdam: SUN; Idea
Books (ufo, 1).

Small, C.; Nicholls, Robert J. (2003): A Global Analysis of
Human Settlement in Coastal Zones. In Journal of Coastal
Research 19 (3), pp. 584-599. Available online at http:/
www.jstor.org/stable/4299200, checked on 14/10/2013.

Syvitski, James P. M.; Kettner, Albert J.; Overeem,
Irina; Hutton, Eric W. H.; Hannon, Mark T.; Brakenridge,
G. Robert et al. (2009): Sinking Deltas Due to Human
Activities. In Nature Geosci 2 (10), pp. 681-686.

UN-Water (Ed.) (2010): Climate Change Adaptation: The
Pivotal Role of Water. UN-Water. Available online at www.
unwater.org, checked on 22/03/2013.

Vudipong Davivongs; Yokohari, Makoto; Hara, Yuji (2012):
Neglected Canals: Deterioration of Indigenous Irrigation
System by Urbanization in the West Peri-Urban Area of
Bangkok Metropolitan Region. In Water 4 (4), pp. 12-27.

Weller, Richard (2006): An Art of Instrumentality: Thinking
Through Landscape Urbanism. In Charles Waldheim (Ed.):
The landscape urbanism reader. New York: Princeton
Architectural Press, pp. 69-86.

Weltbank (Ed.) (2010): Climate Risks and Adaptation in
Asian Coastal Megacities. A Synthesis Report. 15! ed. Asian
Development Bank; JICA. Washington, D.C. Available
online at www.worldbank.org/climatechange, checked on
31/01/2013.

75

Nakhara



76

Nakhara

Benjamin Casper

Yordphol Tanaboriboon (1995): Bangkok Water Transport:
An Overlooked Alternative. In Rinio Bruttomesso (Ed.):
Cities on water and transport. Venedig: Citta d’Acqua,
pp. 43-52.

Yusuf, Shahid (2007): About Urban Mega Regions: Knowns
and Unknowns. With assistance of Marinella Yadao.
Edited by Weltbank. Washington, D.C. (World bank Policy
Research Working Paper, 4252).

Yuthana Praiwan (2014): “New Water Management
Plan Nears Completion”. In Bangkok Post, 25/07/2014.
Available online at http://www.bangkokpost.com/business/
news/422350/new-water-management-plan-nears-
completion, checked on 14/08/2014.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




