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ABSTRACT

© Higher Education Press 2025

Urbanization and single-purpose flood-control infrastructure have
fundamentally restructured the hydrological regimes and canal
networks in many delta cities, with Bangkok’s diminishing canal
networks serving as a key example of this transformation. Once
vital for flood mitigation, irrigation, transportation, and cultural
functions, Bangkok’s canals have declined with the shift to
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land-based development and single-purpose flood control. This
study draws on spatial and land-use change analyses of three
representative canal networks, which exhibit varying levels of
urbanization and canal morphology, to illustrate different patterns
of canal loss, sub-canal fragmentation, and surrounding land-use
transitions over time. The findings show that canal loss closely



paralleled the expansion of impervious surfaces and land-use
change, reflecting not only a shift toward rigid, single-purpose
water management infrastructure but also a transformation in
societal perceptions from water-based to land-based living. This
dual shift has disconnected communities from their waterways,
weakened urban flood resilience, and neglected the broader
ecological and cultural value of canal networks. To address
these challenges, strategies for restoring and reconnecting canal
networks as multifunctional Blue-Green Infrastructure (BGl)

are recommended, including reconstructing missing segments,
enhancing lateral connectivity, and applying green engineering
solutions. The study highlights the importance of incorporating
historical canal data into hydrological models to support
evidence-based flood mitigation strategies, and also identifies
key research gaps concerning the socio-political feasibility of
canal restoration and the integration of future climate scenarios
into flood modeling. By reframing canal networks as critical
infrastructure for urban sustainability, this study contributes to
broader academic and policy discussions on adaptive water
management in delta cities.

KEYWORDS

Canal Network; Canal Network Fragmentation; Canal Restoration;
Blue—Green Infrastructure; Liquid Perception; Hydrological
Connectivity; Water Resilience; Adaptive Water Management

HIGHLIGHTS

 Urbanization and flood controls fragmented Bangkok’s canal
networks and disrupted water flows

+ Spatial analysis shows substantial canals in Bangkok remain
despite loss and disconnection

* Integrating waterscape urbanism highlights canals as cultural,
ecological, and flood resilience assets

» Land use policies should integrate canal conservation to prevent
further degradation

» Hydrological models must incorporate missing canals for data-
driven urban planning
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1 Introduction

Deltas are low-lying, flat landscapes shaped by seasonal cycles
of flooding and drought, creating highly dynamic wet and dry
conditions. Although once considered uninhabitable, many early
delta communities worldwide adapted the landscape and their
livelihood to align with natural hydrological regimes, making
life in these challenging environments possible!"™. This form of
adaptation also occurred in Bangkok, a city situated in the intertidal
zone of the Chao Phraya Delta (CPD). Bangkok developed in a low-
lying, fluvially active, flood-prone area characterized by annual
flood pulse hydrological dynamics. Since the 18th century, early
inhabitants modified the landscape using canals, ditches, and dikes
as land reclamation techniques to transform uninhabited land into
a productive landscape and water-based livelihoods* . These
waterways served multiple purposes, including draining excess
floodwater, protecting settlements from inundation, irrigating
agricultural lands, and providing essential transportation routes'
(Fig. 1). Houses, temples, orchards, and rice fields were closely
interconnected with the canal network, harmonizing daily life with
the rhythms of the delta’s hydrological regime".

The diverse usages of Bangkok’s canals in the past reflect
long-standing local knowledge and water-based adaptation
strategies that have existed for centuries. Although these practices

Fig. 1 Historical photographs of early Bangkok canals show them accommodating
floating houses, bustling waterways, and interconnected communities that supported

the transportation, trade, and daily life of inhabitants.
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originated independently of contemporary frameworks, they share
similar ideas with the concepts now described as Blue-Green
Infrastructure (BGI), a network of multifunctional natural and
semi-natural areas providing ecosystem services”**, Bangkok’s
complex network of canals can be recognized as an early form of
culture-based BGI, which has fostered flood resilience, sustained
biodiversity, and supported vital ecological processes such
as nutrient cycling and habitat connectivity. This traditional
“liquid perception” of living with water formed the foundation of
Bangkok’s urban ecology and cultural identity!®.

However, with the onset of modernization and rapid
urbanization, perceptions of water shifted from coexistence
to control. The construction of roads, land reclamation, and
engineered flood protection systems led to the large-scale
infilling and fragmentation of canal networks (Fig. 2), resulting
in a diminished capacity to handle the increasing intensity and
frequency of extreme rainfall events driven by climate change’*".
The original multifunctional BGI networks deteriorated, weakening
Bangkok’s natural capacity to manage seasonal flooding and
tidal fluctuations. Recently, the effects of this transformation
have become increasingly evident. Conventional flood control

infrastructure, which is the dominant measure practiced in

Bangkok, tends not to be enough to meet the demands of current
and future climate conditions"® "\, Combining BGI with gray
infrastructure is likely the key to mitigating this challenge!**'***),
Canal networks are one of the important BGI components, serving
as a backbone of green spaces that provide ecosystem services,
including urban flood risk mitigation.

While the Bangkok Metropolitan Administration (BMA) has
initiated efforts to promote more green spaces within the urban
fabric, the critical role of canal networks in water management
has been largely overlooked in contemporary planning. To
build a more flood-resilient city, it is essential to revisit and
revitalize Bangkok’s original canal-based BGI, complementing
it with modern Nature-based Solutions (NbS) that integrate
environmental values, flood risk mitigation, urban ecological
planning, and public health considerations. In this context,
this paper aims to highlight the importance of Bangkok’s canal
networks by illustrating the city’s historical resilience to floods
as a water-based community. Through the review of historical
documents, photographs, and relevant research, this study
reveals how early Bangkok settlements harmoniously coexisted
with seasonal flooding, and examines how modernization,
urbanization, and the shift in livelihood perceptions from water-

Fig. 2 A comparison of historical (1940) and present-day (2024) canal networks in Bangkok illustrates the impact of urban expansion on waterways, including the filling in of
canals and the reduction of agricultural areas. Data sources: land use data from the Land Development Department of Thailand (LDDJ; base map from the Royal Thai Survey
Department (RTSDJ; and canal GIS data from the Bangkok Metropolitan Administration (BMA).
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based to land-based communities have transformed the city’s
structure. Alongside a literature review, this study incorporates
a spatial analysis that compares historical and present-day canal
networks to assess changes in spatial patterns and the number
of canals. This interpretive and comparative approach enables

a critical discussion of overlooked aspects in current BMA flood
management strategies, emphasizing the need to strengthen
Bangkok’s resilience to natural hydrological processes and to
enhance the quality of life in this delta city.

2 Bangkok’s Landscape Characters and Natural
Contexts

The early city of Bangkok was founded on a deltaic high, where
its vicinity comprised an expansive lowland area with an average
elevation less than 2.5 m from the mean sea level (MSL) and
numerous tributaries of tidal rivers'®”**??, Flood pulse dynamics
occur annually from October to December!®*’**), during which
significant surface inundation converts the expansive lowland
region from land to occasional marshland, initiating various
ecological processes, such as reproductive cycles, decomposition,

(627-28] The soil in the lower delta is extremely

and nutrient cycling
soft, with poor drainage and high salinity, which offer specific
conditions for living organisms'®”**!, Proper land reclamation was
necessary in deltaic environments to modify the landscape for
human habitation and settlement. The primary technique involved
excavating a network of man-made canals, which later functioned
as hydro-ecological infrastructure and became the backbone of a
nature-based settlement system, enabling access, transportation,
and land-use zoning that supported ecosystem-based livelihoods

. . . . 4,6,29-30
such as rice farming and fishing'****>,

3 Living With Water: Traditional Settlements and
Their Adaptations

In the early 1900s, settlements in Bangkok were concentrated
along canal banks, with houses and temples oriented toward the
waterways and directly connected to them'**’!. These early nature-
based settlements were shaped by the city’s canal networks,
where houses were typically built close to canals for commuting
purposes, followed by orchards and other greenery that helped
control embankment erosion and acted as buffers between private
properties and public waterways (Fig. 3)'**".. Land use near
waterways mainly comprised orchards, which were integrated
with networks of water channels (ditches) and low bunds (dikes)
designed for irrigation and flood management in response to tidal
fluctuations and seasonal flood pulses'®. These water-adapted land
modifications reflect the liquid perception practices that fostered
resilience by enabling people to adjust their water management
strategies and sustain ecosystem-based livelihoods in tune with
hydrological regimes!®*”.. These flood-resilient practices and
livelihoods gave rise to a unique urban form that has been termed

»[16]

“waterscape urbanism”"™, which refers to urban landscapes shaped

by dynamic interactions between human settlements and hydro-
ecological systems, where water plays a central role in both spatial
organization and cultural identity.

Since then, Bangkok’s canal networks have benefited
the inhabitants by supporting traditional ecosystem-based

[30]

livelihoods™", while also providing multiple environmental benefits.

From a socioeconomic perspective, canals facilitated transportation,
provided access to water supply and natural food resources,
supported irrigation for orchards and rice fields, enhanced water
management, and improved drainage efficiency'®'. Moreover, the

Fig. 3 This cross-sectional diagram
illustrates the multifunctional use of land
at the edge of Bangkok’'s canal networks.
Key features include water transportation,
residential areas, excavation for reservoirs,
and orchard patches with perennial plants
and coconuts, while paddy fields occupy the
innermost areas. Such a water network is
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essential for connecting agricultural areas,
distributing water supply, and enabling boat
transportation (adapted from Ref. [6] with
permission).
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canals also served as social and leisure spaces and were recognized
as part of Bangkok’s cultural heritage. Apart from private
properties, markets and temples were also located near canals
that hosted public gatherings for entertainment and traditional
activities, such as the Boat Festival and Loy Krathong Festival.
These spaces and events create opportunities for hospitality and
tourism, contributing to local economic growth. Beyond their
social and economic value, the interconnected canal networks
also functioned as hydro-ecological infrastructure, promoting
the distribution of riparian plant communities, enhancing
ecological flows, and creating wildlife corridors that support

biodiversity™' .

4 The Decline of Waterscape Urbanism and the Rise
of Land-based Expansion

After Bangkok’s modernization in 1907, the city shifted
away from a form of waterscape urbanism toward a land-based
infrastructure system. Roads rapidly replaced canals as the
primary transportation mode!*, Initially, roads were constructed
by piling up mounds of soil excavated from canals. However, many
canals were later filled in to create more space for additional
vehicle lanes. This led to the loss and fragmentation of extensive
canal networks and natural distributaries (Fig. 2). To protect the
land-based infrastructure and people’s properties, Bangkok’s water
management shifted toward an engineering-driven prioritizing
flood protection for key economic zones over the traditional liquid
perception concept. Since the early 1910s, Bangkok implemented
a polder system for water management, beginning to use sluice
gates to control water levels in some major canals™. Later, the
Department of Drainage and Sewerage (DDS) was established in
the 1970s to manage and maintain Bangkok’s canal networks'**,
Since then, flood control efforts have shifted toward maintaining
water levels using sluice gates and pumping systems, which have

suppressed natural tidal fluctuations**

and resulted in stagnant
canals with deteriorating water quality"®®*!. Combined with land
use changes, this transition has dramatically accelerated the
decline of the city’s canal networks, reducing the city’s resilience
to floods and diminishing other ecosystem services provided by
the canal networks.

One of the primary drivers behind the deterioration of the canal
networks was land use change, which significantly altered the
structure and function of the city’s waterways. Rapid urbanization
has converted green and blue spaces into built-up areas,

leading to canal encroachment, narrowing, and even complete
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disappearance in some cases. To better understand these impacts,
this study examines three distinct zones within Bangkok and
adopts a qualitative review of literature and historical records
alongside a spatial analysis to explore how canal transformations
correspond to land-use changes over time. The selected canal
network cases are the Pra Khanong Canal (PK), Omnont Canal
(ON), and Sanamchai Canal (SN), which were chosen based on

the diversity of their spatial forms, historical developments,

and surrounding land-use changes. The PK case exemplifies a
more recent, engineered waterway characterized by a straight,
geometric alignment aimed at maximizing navigational efficiency.
The ON network represents an intermediate condition, combining
characteristics of both natural river courses and engineered
modifications. In contrast, the SN network exhibits a more natural,
meandering form, modified from the original distributaries of

the Chao Phraya River, and retains the least disturbed landscape
among the three cases. In addition to differences in canal
morphology and historical context, the selected cases also reflect
varying degrees of urbanization: the surroundings of PK network
have undergone extensive urban development, with a high

degree of sub-canal loss and infilling, whereas the areas around
ON and SN networks retain more semi-natural and agricultural
characteristics.

For this comparative analysis, the historical canal networks
were digitized as vector data using a compiled map of 33
geographical map sheets surveyed and produced by the Royal
Survey Department between 1910 and 1940. These historical
maps were georeferenced and validated by Tachakitkachorn',
who assessed their positional accuracy and determined the
Root Mean Square (RMS) error of 37.13 m. While reflecting
some expected positional inaccuracies in historical geospatial
analysis, it remains within an acceptable range for hand-drawn
maps and historical urban landscape studies, allowing reliable
comparison with the modern coordinate system'*?. Following the
digitization process, the historical canal networks were compared
with current GIS data on canals and natural waterways provided
by BMA. Changes over time in the canal network were analyzed
by identifying the loss of canals between the two datasets, with
the total loss quantified as a percentage to assess the degree of
disappearance. The urban expansion, canal loss, major physical
(414347 in the three

cases between 1940 and 2024 are summarized in Table 1. The

changes, and key responsible authorities

analysis results revealed how the patterns of canal loss were
closely tied to the changes in land use and flood management
strategies, especially how flood control interventions and land use



Table 1: Summary of urban area expansion, canal loss, major physical changes, and key responsible authorities of the three canal network cases (1940-2024)

Canal Urban area Urban area Urban Canal Canal canal loss Major physical Intervention Key
network in 1940 in 2024 growth length length  (loss ratio) changes responsible
area (ratio of the (ratio of the in 1940 in 2024 authority

total area) total area)
PK 2.45 km? 189.17 km” 186.72 km®* 683,780 m 439,720 m 244,060 Canal loss Canal infilled BMA
(1%) (82%) (36%)
Riparian loss/degradation  Channelization DDS, BMA
Aquatic habitat degradation Canal bed dredging DDS, BMA
ON 30.44 km’ 179.80 km*  149.36 km® 575,680 m 472,405m 103,275  Canalloss Canal infilled BMA
(13%) (78%) (18%)
Canal fragmentation and Sluice gate and pumping  RID, DDS
disconnected flows station construction
Riparian loss/degradation - Channelization DDS, BMA

- Flood wall construction

SN 3.10 km? 127.77 km®*  124.67 km* 654,050 m 543,950 m 110,100  Canal loss Canal infilled BMA
(1%) (56%) (17%)
Canal fragmentation and - Sluice gate and pumping RID, DDS
disconnected flow station construction

- Weir construction

Riparian loss/degradation  Channelization DDS, BMA
Aquatic habitat degradation Canal bed dredging DDS, BMA
NOTES
1. RID stands for the Royal Irrigation Department of Thailand.
2. Source: Refs. [41,43-47].
shifts contributed to canal degradation and the fragmentation of leaving only a few orchards remaining by the late 20th century'*?.
Bangkok’s historic canal networks. As roads became the primary infrastructure mode, the canal was
gradually neglected and declined*". Consequently, the connection
4.1 The PK Case between local communities and the canal weakened as its primary
The PK network, located on the southeastern side of the Chao function shifted to urban drainage, resulting in poor water quality
Phraya River, is one of Bangkok’s most historically significant and severe pollution*"**),
canals, dating back to the 19th century'*". Originally, the canal was Between 1940 and 2024, the urban area ratio of the PK case
a natural tributary of the river, and then it was dredged to extend expanded from around 1% to over 80%, marking the most rapid
its length for transportation purposes in 1837 and again in 1878"", urbanization among the three cases. This growth corresponded
The latter development attracted new Thai, Chinese, and Muslim with the increasing replacement of orchards, rice fields, and
communities, leading to the establishment of settlements along open spaces by roads, airports, railways, and residential areas.
its banks*!. Over the past century, urbanization has dramatically The total length of canals in the PK network decreased by
transformed the canal’s surroundings, including itself (Fig. 4). approximately 36%, reflecting extensive infill and fragmentation.
Extensive road construction has introduced various types of land Together, these changes illustrate that urban expansion has
use, such as airports, railways, and residential developments, directly contributed to the degradation of the canal network and
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total length of canals of the ON network declined by nearly 18%,
reflecting the infill, narrowing, and disconnection of secondary
ditches and sub-canals, which disrupted water networks, reduced

the ecosystem services of BGI, diminished canal flows, and
increased pollution from runoff and illegal greywater disposal.
Furthermore, the loss of BGI has heightened flood risks by
decreasing pervious surfaces and limiting water retention capacity.

4.3 The SN Case
The SN was dredged during the Ayutthaya period (in the early

18th century) to enhance navigation by connecting the Chao Phraya
River with the Tha Chin River in the western part of the CPD"*". The
canal network is situated in the brackish zone of the CPD, an area

Fig. 4 The changes between 1940 and 2024 of the PK network demonstrate the
significant impact of urban development, which has altered land use and contributed
to the decline of the canal network. Data sources: land use data from LDD; base map
from RTSD; and canal GIS data from BMA.

+ © Mingkwan Nantavisai, Kiatkamon Nilapornkun, Pakkasem Tongchai, Ying Palopakon
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and the subsequent loss of water connectivity. Data sources: land use data from LDD;
base map from RTSD; and canal GIS data from BMA.

the shift from a water-based agricultural landscape to a highly
urbanized environment.

4.2 The ON Case

Lad Muang Nont Canal was excavated during the Ayutthaya
period (17th century)™" to shorten the navigation route through
the meandering course of the Chao Phraya River in Nonthaburi.
Thereby, the bypassed meandering section was transformed into

the ON"", which was lined with traditional houses and orchards,
with perpendicular ditches providing water supply and transport
access to the surrounding agricultural areas (Fig. 5). Historically, the
ON has served as critical drainage infrastructure along the western
bank of Chao Phraya River in both Bangkok and Nonthaburi,
reducing flood risk while conveying water to the local orchards™".
However, rapid urbanization in the late 20th and early 21st
centuries transformed the area around the ON into low-density
residential developments™®. From 1940 to 2024, the urban area

ratio increased from about 13% to approximately 78%. This

significant shift from agricultural to urban land use corresponded

with the infilling or disconnection of many smaller waterways. B Water B Urban I Agricutture [ Forest Miscellaneous
As vast impervious surfaces replaced productive farmlands, the . . . . N

o ] . i 43] ___Main __ Perennial __Intermittent __lrrigation  ___ Filled-in
complex network of irrigation ditches became disconnected*’. The river stream stream canal canal
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characterized by the distribution of back-mangrove communities.
Historically, along the SN, vast orchards and local communities

once thrived, benefiting from ideal soil and water conditions that
favored fruit tree cultivation and facilitated transportation, and

the canal itself served as a significant route for transportation and
military operations, which led to the establishment of marketplaces,
temples, and numerous villages along its banks (Fig. 6)*",

In recent times, however, the SN network has suffered
degradation due to urbanization and road expansion. The urban
area ratio increased from approximately 1% in 1940 to around
56% by 2024, replacing former mangrove groves, fruit orchards,
and rice paddies with residential areas, warehouses, and industrial
facilities!*®. As the transition towards land-based development, the
SN network shifted to serving mainly as drainage infrastructure
for flood diversion, helping alleviate flooding in western Bangkok
and surrounding areas, though often overlooking its ecological
and socioeconomic services. The total length of canals in the SN

Fig. 6 The SN network’s evolution between 1940 and 2024 reflects a pattern
consistent with other regions in Bangkok, where urban sprawl and infrastructure

development have reduced the connectivity of canal networks. Data sources: land use
data from LDD; base map from RTSD; and canal GIS data from BMA.

[ Water I Urban Agriculture I Forest Miscellaneous
Main Perennial Intermittent Irrigation  __ _ Filled-in
river stream stream canal canal
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network decreased by approximately 17%, reflecting the gradual
infill and fragmentation of the network. While the SN area remains
less urbanized compared with the other two cases, its land-based
development has diminished the canal network’s ecological and
hydrological functions, reorienting its role from a socio-ecological
lifeline to a single-purpose flood drainage channel.

These three cases demonstrate similar problems within the canal
networks at varying levels, where changes in land use and a shift
toward land-based infrastructure are the leading drivers of canal
network degradation. The quantified canal loss closely mirrors
the growth of built-up areas has deteriorated the connectivity,
ecological functions, and water resilience once supported by its
canal networks. The transition from liquid perception to a solid-
state perception, from an indigenous water-based livelihood
to a permanent, static, solid land-based environment®, has
weakened the connection between people and canals. As a result,
both Bangkok’s inhabitants and authorities have overlooked the
importance of canals beyond their drainage function, leading to
neglect and, ultimately, inadequate maintenance'". The disregard
for canal networks, coupled with permissive land development
regulations, has encouraged full-scale property development,
often resulting in the reclamation and infilling of parts or entire
canals to maximize land potential (Figs. 4 ~ 6). This ongoing
transformation not only diminishes the ecological and hydrological
functions of canal networks but also exacerbates urban flooding,
further highlighting the urgent need for more vigorous regulatory
enforcement and sustainable urban planning.

5 Canals as Single-Purpose Flood Control
Infrastructure: A Missed Multifunctional
Opportunity

Another major factor contributing to the deterioration of
Bangkok’s canal networks is the shift to an engineered approach
to stormwater management. Over time, this approach has evolved
into a one-dimensional and short-sighted flood control strategy,
prioritizing rapid drainage efficiency while overlooking the
broader ecological and social services that canals can offer. BMA
has tasked DDS with stormwater management, primarily focusing
on expediting rainwater drainage through engineered systems
integrated with Bangkok’s canal networks. Therefore, the canal
networks have been mostly utilized as an engineered solution
for stormwater management rather than as a component of a
multifunctional BGI. Most canals in Bangkok are equipped with
sluice gates, flood walls, and pumping stations to control water

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



levels and drain water efficiently within a desirable timeframe,

reducing their role to single-purpose hydraulic infrastructure*”

(Fig. 7).

However, climate change has altered precipitation patterns,
making them more unpredictable compared with historical rainfall
statistics'*”.. These changes have resulted in more frequent and
intense extreme rainfall occurring over shorter periods, further
exacerbated by the expansion of impervious land surfaces!* %, Such
drainage systems struggle to handle heavy and continuous rainfall,
which will likely increase flood risk in BMA in the near future. To
address these challenges, the DDS has continued to focus on adding
more control systems and managing the canal networks to expedite
water drainage. Nevertheless, these problems persist due to the
limitations of rigid infrastructure and the failure to fully explore
the potential of BGI, which serves purposes beyond recreational
spaces.

Bangkok’s current water management approach prioritizes
conventional drainage standards, focusing on the rapid conveyance
of stormwater into waterways, often with limited consideration for
water quality and ecological impacts. This approach corresponds to
the second (sewered city) and third (drained city) stages of urban
water management, as outlined in the Urban Water Management
Transition Framework®®*!. This demonstrates that Bangkok’s
water management remains far from the more sustainable practices
envisioned in the advanced stages of the framework. Contrasting
with the “liquid perception” historical water management of
Bangkok, the current systems lack flexibility and constrain the
resilience of the urban water management system'®. Specifically,

the existing flood protection systems are poorly equipped to
accommodate tidal dynamics in the low-lying plains of Bangkok.
To address these challenges, Bangkok urgently needs to adopt a
new water management paradigm, such as BGI and NbS, while also
reconsidering its original waterscape urbanism, which integrated
environmental values, urban ecological planning, flood control,
public health, and sustainable economics.

6 Discussion: Learning From the Past to Revitalize
Bangkok’s Culture-Based BGI

What we found in this study highlights the importance of
Bangkok’s canal networks as the city’s structural backbone. The
historical practices to manage and adapt to deltaic water regimes
through canal-oriented settlements and land use exemplify the

16,43 . .
(16431 \which repositions urban

paradigm of waterscape urbanism
design within the dynamic rhythms of natural hydrology, thereby
strengthening the city’s water resilience and delivering multiple
urban benefits. These benefits to the city remain discernible, even
though the canal network has undergone considerable decline
and disconnection. The spatial analysis in this study shows that

while the city’s canal networks have been significantly fragmented,

(D The framework, developed by the National Urban Water Governance Program,
Monash University, defines six stages of urban water governance—water supply
city, sewered city, drained city, waterways city, water cycle city, and water-
sensitive city—which reflect how ideologies and technologies evolve as cities
transition toward more sustainable water management (source: Ref. [53]).

Fig. 7 Comparison of canal networks in the South Sukhumvit-Srinakarin sub-polder between 1940 and 2024, highlighting loss and fragmentation of canal networks. This area is
now designed as a polder that collects precipitation and sewage, and the dredged canals have aligned with a floodwall to accommodate higher water levels in the channel. Due to

the flat topography, the system relies on fossil-fuel-powered pumping engines to expedite water drainage from the polder to the Chao Phraya River. Data sources: canal GIS data
from BMA; and the basemap from “Light Gray Canvas” by Esri, accessed via ArcGIS Pro basemap services.
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a substantial portion of the system remains physically present,
which offers a clear opportunity for canal networks to be restored,
reconstructed, and rehabilitated. Systematically reviving the canal
networks by restoring the canals as a central structuring agent of
urban form would not only enhance integrated water management
but also strengthen BGI connectivity, enabling more effective
delivery of ecosystem services and reinforcing the city’s cultural
identity. This approach embodies waterscape urbanism, which
complements the BGI framework by emphasizing place-based,
historically rooted, and culturally adaptive strategies to enhance
resilience in delta cities. Reintegrating these spatial and cultural
water logics into modern urban and BGI planning promotes a more
holistic approach that aligns ecological restoration with socio-
hydrological relationships.

To translate this vision into action, it necessitates integrating
the canal networks into Bangkok’s broader water management and
BGI strategies. To reconnect Bangkok’s canal networks, this should
begin with reconstructing missing sections of historic canals,
while also restoring or creating sub-canals to improve network
interconnectivity. In more detail, site-specific interventions can

directly address the distinct forms of degradation identified in
Table 1. For example, in areas affected by channelization, the
removal of concrete embankments and replacement with soft,
vegetated edges can help restore ecological function and improve
rainwater absorption®***\, Where canals have been buried or

5% and transforming canal corridors

[54-55

covered, daylighting them
into multifunctional linear parks I can further support both
stormwater management and public amenity provision. In areas
where canals are blocked by structures like sluice gates, pumps,

or weirs, adjusting or bypassing these barriers can help reconnect
the flow between canals. These measures target not only canal

loss but also flow disruption, embankment barriers, and riparian
degradation, all key drivers of declining canal performance in
delivering ecosystem services.

Alongside physical restoration, legal regulations should be
strengthened to protect canal networks from being filled, reclaimed,
or covered, and prevent further degradation. For instance, stronger
and more enforceable setback regulations should be implemented
than those currently applied for new developments near canals
to protect riparian zones and maintain open spaces, thereby

Fig. 8 Comparison between Bangkok’s current surface water protection regulations and proposed alternatives for canal-side land management. The left diagrams show that

Bangkok's current surface water protection regulations are one-dimensional, focusing solely on the horizontal setback of buildings from water bodies based on their width and

intended use. However, retaining walls, fences, and embankment structures are not addressed or regulated as potential impediments to canals, leading to canal infill and the loss

of riparian zones.
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helping restore and conserve their ecological functions (Fig. 8).
Additionally, separating sewage and stormwater systems would
reduce pollution loads in canals and enable the reuse of rainwater
for urban landscaping and agriculture. These measures would not
only enhance water quality and retention capacity but also provide
more spaces for recreation while reinforcing the ecological and
socio-economic values of canals”**®, Promoting green spaces and
restoring riparian areas along canal banks can further provide
wildlife habitats and enhance urban biodiversity. Collectively,
these actions deliver a wide range of ecosystem services, including
carbon sequestration, microclimate regulation, recreation, cultural
and educational opportunities, and improved public health.

However, there are challenges in putting these measures into
practice. Urban encroachment, floodwalls, and fences continue
to obstruct canal access and connectivity. Moreover, government
institutional challenges, including fragmented responsibilities,
weak enforcement, and lack of sustainable financing mechanisms,
remain significant obstacles to canal restoration and BGI
implementation. An equally critical barrier is the absence
of holistic, integrated planning for BGI. While the BMA has
initiated green projects, such as pocket parks or isolated canal
improvements, these efforts are often conceived on a site-by-site
basis rather than as part of a coordinated city-scale BGI strategy.
This piecemeal approach risks overlooking the systemic hydro-
ecological functions that connected canal networks can provide.
Compounding this issue is the limited recognition of landscape
architects and other professionals specializing in BGI as strategic
contributors to urban water management planning. They are
often confined to site-level design rather than engaged in shaping
broader, integrated BGI visions. To overcome these barriers, multi-
level coordination, regulatory reform, and inclusive planning
processes involving local communities, stakeholders, landscape
architects, and other relevant experts are essential.

To support these proposed interventions and overcome the
implementation challenges outlined above, further research is
essential to provide a stronger evidence base for planning and
decision-making. After reviewing the literature on BMA'’s historical
and present stormwater management and flood mitigation
policies, several critical research gaps were identified that warrant
further investigation. Specifically, flood model simulations
incorporating historical, abandoned, or reconstructed canals
remain understudied, and few studies have examined the effects
of canal network fragmentation and reconstruction on flood
risk reduction, particularly at the city or provincial scale”®* ",
Addressing this gap is essential for providing policymakers with
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accurate data-driven insights to formulate effective flood mitigation
strategies and sustainable urban planning policies, especially
regarding the restoration and reconstruction of Bangkok’s canal
networks, which could potentially enhance the overall resilience
of urban infrastructure. Additionally, expanding flood simulation
frameworks to include climate change scenarios can help
improve the long-term performance of existing flood mitigation
infrastructure, particularly through comparison to integrated
approaches that combine current measures with BGI strategies.
In addition to technical modeling, further studies should also
examine the socioeconomic dimensions of canal restoration. Future
research could, for instance, conduct cost-benefit analyses that
evaluate both direct and indirect costs (e.g., construction, land
acquisition, maintenance), alongside potential benefits including
reduced flood damage, improved public health, enhanced property
values, and opportunities for recreation and tourism. Moreover,
feasibility assessments on financial, institutional, regulatory,
and land-use constraints are crucial for informing the practical
implementation of canal rehabilitation projects in densely
urbanized environments like Bangkok. Such studies will not
only guide decision-makers in prioritizing interventions but also
support more equitable and efficient implementation processes.
Based on the analyses and discussions presented in this
manuscript, this study makes several key academic contributions
to the field of water-related landscape and urban planning, with
particular relevance to delta cities. It advances the discourse
on climate adaptation by examining Bangkok’s canal networks
through the integrated lens of waterscape urbanism and modern
BGI strategies. By combining historical cartographic data, spatial
analysis, and policy-oriented recommendations, it offers an
interdisciplinary framework that connects culturally embedded
water practices with present-day resilience planning. While
centered on Bangkok, the insights and methods presented here
are applicable to other rapidly urbanizing delta cities facing
similar challenges of climate-induced flood risks and ecological
disconnection.

7 Conclusions

The dynamics of the wet and dry seasons of the CPD influence
Bangkok’s ecological conditions. Traditionally, livelihood coexisted
in tandem with these dynamics, with canals providing ecosystem
services that supported human settlement, transportation,
irrigation, and flood adaptation. However, urbanization and
the expansion of road networks, combined with inadequate



land development controls and weak building regulations, ACKNOWLEDGEMENTS

have facilitated canal encroachment and infilling, leading to

the fragmentation and loss of canals. In the meantime, DDS The authors gratefully acknowledge the Office of National Archives of

Thailand for granting permission to use historical photographs of Bangkok’s

has continued to focus on rapid drainage through engineered
p & & & canals for academic purposes. They also wish to thank Mr. Sirisompornkong

infrastructure, which often overlooks ecological, socio-economic, for his valuable assistance in drafting the section of the canal and its
and cultural services. This approach is undergoing despite its surrounding illustrated in Fig. 3.
limitations on adaptability under climate change conditions. A
stronger synthesis of these findings highlights that the current
one-dimensional flood control paradigm fails to leverage the
multifunctionality of Bangkok’s canal networks and misses
opportunities for integrated, adaptive urban water management.
Addressing the challenges of urban floods in Bangkok necessitates
a comprehensive rethink of its rainwater management
strategies. Reconstructing the canal networks to improve water
flow and reduce flood risk, coupled with BGI and NbS, offers
a pathway toward sustainability that also revives Bangkok’s
original waterscape urbanism, reconnecting the city with its
historically rooted, water-oriented urban form. By reinforcing
the multifunctional value of canal systems, beyond drainage
alone, Bangkok can pursue a more holistic approach to water
management, enhancing the city’s resilience to climate change
impacts, capitalize on the resource potential of urban stormwater,
and promote a more sustainable and equitable urban environment.
At the same time, several limitations must be acknowledged.
The study relied on scanned historical maps from 1910 to 1940,
which, despite their value, may contain inaccuracies due to their
hand-drawn nature and georeferencing constraints, potentially
leading to slight overestimations or underestimations of canal
loss or urban expansion. Furthermore, the lack of systematically
collected and openly accessible spatial data, both historical
and contemporary, poses a significant barrier to research and
evidence-based planning. Addressing this data gap through
standardized, transparent, and accessible datasets would
significantly enhance future studies and the development of
realistic, equitable, and long-term flood resilience strategies. In
addition, further research on integrating missing or reconstructed
canals into hydrological models is needed to enhance
understanding of their role in urban flood mitigation. More efforts
should also be made to explore the socio-economic and ecological
implications of canal reconstruction to assess its cost-benefit
potential to reduce the pressure of land-use changes and mitigate
the impact on the declining efficiency of canal flow. Future
work could also examine implementation feasibility, regulatory

frameworks, and governance challenges to help translate
restoration strategies into actionable policies. Competing interests | The authors declare that they have no competing interests.
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