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Abstract

This paper aims to compare the Rhine-Meuse-Scheldt Delta in Europe and the Taihu
Basin part of the Yangtze River Delta in China from a long-term historical perspec-
tive. Urbanized deltas are among the most prosperous and populated regions in the
world, but also the most vulnerable. To cope with growing uncertainty, their system-
atic comparison has become instrumental in building mutual learning on the theory
and practice of spatial planning and water resource management in such vulnerable
contexts. Based on a systematic comparative mapping approach of Delta Urban-
ism with critical review of policies, this research highlights important similarities
between these two deltas in terms of physical characteristics, dense occupation, and
management history evolving from a decentralized polder-based system to a central-
ized control model, and a recent adoption of integrated and adaptive water man-
agement strategies. On the other hand, the comparison reveals distinct management
focuses in current delta plans, as well as contrasting approaches to public partici-
pation and historical hydraulic landscapes. It is found from this comparative study
that, beyond the socio-cultural specificities that can explain the distinct management
practice of each region, the systematic use of mapping as a visualization and com-
munication tool would facilitate integrative and adaptive delta management.
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1 Introduction
1.1 Urbanized deltas: prosperous and vulnerable

Deltas are amongst the most prosperous and densely populated places on Earth.
Offering unique advantage for cultivation and water transportation, deltas have
attracted human activities and settlements since early ages. Many deltas have been
developed into flourishing agricultural and trading regions over time, resulting in
some of the largest and fastest growing metropolitan regions in the world today
(Saito 2001; Woodroffe et al. 2006; Shields 2008; Meyer and Nijhuis 2014). It is
estimated that deltas are home to more than 7% of the global population (Day et al.
2016).

While densely populated and economically prosperous, urbanized deltas are
extremely vulnerable. Because of their low elevation and impact of the surrounded
lands, rivers and sea, deltas are by nature exposed to both riverine and tidal flood
hazards (Nicholls 1995; Chan et al. 2012). In addition to natural factors, the vul-
nerability of urbanized deltas has been aggravated by human interventions and
occupation. Several reports showed how large scale infrastructural works aimed at
improving flood control, transportation, urban development and agricultural produc-
tion have negatively impacted the natural mechanism of delta formation and resulted
in increased coastal erosion, land subsidence, salinization of groundwater and eco-
logical degradation (Meyer 2013; Welch 2017; Haas 2014). Most of these natural
and human-induced risks are expected to be exacerbated due to rising sea-level and
changing precipitation regimes as a consequence of climate change (Kabat and Vel-
linga 2011; Nichols and Cazenave 2010).

These intricate challenges demonstrate how aspects of spatial planning, water
management and environmental protection are particularly intertwined in urbanised
deltas. It requires a coordinated and integrated approach to deal with present issues
and cope with future challenges.

1.2 Conceptualizing urban deltas

Urbanized deltas are very complex regions due to their natural dynamics and intense
concentration of activities. To shed an insight into them, several models were devel-
oped to conceptualize deltas and to describe their transformation. Among these, a
dual ‘co-evolutionary’ model conceives the development of deltas as the result of a
constant interchange between natural environment and artificial (engineering) inter-
ventions (Welch 2017; Wang and Boelens 2018).

A similar but slightly more sophisticated model is the notion of ‘Delta Urban-
ism’ developed by a dedicated research group at the Delft University of Technology
in the Netherlands. Combining the complex system theory (Mitchell 2009) and the
layered cartographic reading of landscapes (McHarg 1969), Delta Urbanism concep-
tualizes urbanized deltas as a dynamic overlay of three layers of systems: the natu-
ral background, the infrastructural networks, and the occupation (Meyer and Nijhuis
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2013). While each of these layers has its own logic and dynamic, they interact and
mutually influence each other, most of the time in a non-linear and unpredictable
way.

In this model, the historical evolution of deltas is conceived as a succession of
‘regimes’ or states of equilibrium within which a balance among nature, infrastruc-
tures and activities was established. Impacted from time to time by changes in the
socio-economic context, technological innovations, or climate change, the balance
among the three layers is disrupted. This can lead to different types of responses:
resistance, resilience, or adaptation (Bucx et al. 2014).

According to Meyer and Nijhuis (2014), a majority of urbanized deltas in the
world are currently in a transition phase. Stressed by the conflicting needs of protect-
ing the socio-economic activities, restoring the ecological function, and anticipating
the unpredictable consequences of climate change, most urbanized deltas need to
adopt adaptive management strategies. It is in this context that the comparison of
urbanized delta regions across the globe represents an insightful way to exchange
fundamental knowledge and practical experience.

1.3 Learning by comparing

A series of recent major flooding disasters, such as hurricane Katrina in New Orleans
in 2005 and storm Sandy in New-York in 2012, exposed to the world the limits of
traditional hard-engineering infrastructures to protect coastal and deltaic urban
areas. In response, the systematic comparison of deltaic regions from around the
world has been increasingly considered as an exploratory method to gain insight into
this. Initiated around the comparison of the Mississippi Delta with similar regions
(Campanella 2010), the comparative appraisal of urbanized deltas has been theo-
rized as a method thereafter (NRC 2013), experimented in various contexts (Tosi
2013; Bucx et al. 2014; Meyer and Nijhuis 2014; Welch 2017), and gave birth to
dedicated international research platforms such as the Delta Alliance International.

As a research method, the comparative analysis of deltas can be multiple or
paired (NRC 2013). Comparison across multiple cases allow for quantitative assess-
ments (Bucx et al. 2014; Jeuken et al. 2014), while paired comparisons allow for
more in-depth qualitative analogies, including a highlight of similarities and differ-
ences in terms of natural conditions, historical evolution and challenges, or manage-
ment approaches (Glantz 1988; Meyer et al. 1998; Meyer and Nijhuis 2013; Zeven-
bergen et al. 2018). Although two deltas are never exactly the same, the parallel
analysis and description of deltaic regions can contribute to mutual learning, such as
the exchange of knowledge, the transfer of best practices, as well as lessons learned
from failures. Also, by seeking similarities and stressing contrasts, the compari-
son of deltas can highlight the distinctive characteristics of each region, and hence
inform decision-making on place-specific strategies.
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2 Two comparable deltaic regions
2.1 Selection of the study areas

This paper brings in perspective two emblematic delta regions: the Rhine-Meuse-
Scheldt Delta (RMS) situated in Europe and the Taihu Basin (TB) part of the Yang-
tze River Delta (YRD) in China. The two regions share a number of similarities with
respect to their natural environment, historical evolution, socio-economic profiles
and environmental challenges (Table 1). Both deltas are also regarded in interna-
tional comparisons as the best practice of flood control and resilience (Bucx et al.
2014).

In paired comparative studies, the RMS Delta is often referred as a model of
technological innovation and integration of water management and spatial planning
(van Koningsveld et al. 2008; Zegwaard et al. 2019). In contrast, the YRD has not
yet been subject to such systematic documentation and comparative analysis in the
international literature, even though its infrastructure and management are consid-
ered as the most sophisticated in Asia (Bucx et al. 2014).

The territory of the RMS Delta, also known as the Low-Countries, covers a large
share of the Netherlands and parts of Belgium. Due to the complex geomorphol-
ogy of the delta and the inconsistent appellation of its river system, there is no con-
ventional definition in the literature of the geographical boundaries of the RMS
Delta. Different calculation methods evaluate its area between 20,000 km? (Meyer
and Nijhuis 2014) and 25,000 km? (Tockner et al. 2009). To compare it with Taihu
Basin, this research defines the RMS Delta region as the coastal zone with an alti-
tude below 10 m above sea level (a.s.l.), and focuses exclusively on its Dutch part to
reflect on national-level data and policies. As a result, the study area under investi-
gation in this research covers 21,242 km?.

Likewise, the YRD is an ambiguous appellation that generally refers to the vast
economic megacity region spanning across the four provinces of Shanghai, Jiangsu,
Zhejiang and Anhui. Its geographical boundaries vary according to different studies
and reports (Xu and Yeh 2010; Zhang et al. 2011; Zhu et al. 2016; The State Coun-
cil of the PRC 2018). In this comparative study, the research area focuses on TB, a
clearly defined drainage basin that corresponds to the most intensively urbanized
part of the YRD. TB covers 36,895 km”, out of which 91% (around 33,414 km?)
corresponds to a plain with an altitude less than 10 m a.s.1.

2.2 Methods of comparison

This research uses a combination of methods to describe and compare TB and the
RMS Delta.

Firstly, literature review was conducted to explore the evolution of each study
area in terms of spatial evolution and water management. Sources comprised both
formal written sources such as papers, books, reports and chronicles, and graphic
documentation such as ancient maps, paintings and photographs.
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Fig. 1 Two comparable delta regions: the RMS Delta and TB regions share several commonalities in p
terms of a historical polder-based development, b landscape finely intertwining water, farmland and set-
tlements, and ¢ water quantity and quality challenges. (sources: (a) left: partial image of ‘Het Grootslag’,
Anonymous 1606, copyright Stadhuis Enkhuizen; right: partial image of ‘Prosperous Suzhou’, 1759,
public domain image, available at Wikipedia, https://en.wikipedia.org/wiki/Prosperous_Suzhou; (b) and
(c) left: national-water-plan-2016-2021 (NWP 2015); right: authors)

Secondly, a detailed and critical review of the most recent water management
plan was conducted for each study area: the National Water Plan 2016-2021 (NWP
2015) for the RMS Delta, and the 2014 Taihu Basin Comprehensive Masterplan
2012-2030 (TBA 2014) for TB.

Thirdly, a systematic mapping of both regions was developed. Applying the tech-
nique of layered spatial analysis (McHarg 1969), mapping is particularly relevant in
the frame of Delta Urbanism as it enables decomposing and comparing regions layer
by layer in a systematic way (Nijhuis and Pouderoijen 2014). In addition, as an agent
of visualization, mapping makes it possible to transcribe and interrelate information
and data of different nature in a spatialized way (Corner 1999) as well as to establish
a common language between stakeholders with different cultures and background
(Carton 2007) (Fig. 1). The information collected from the review of the literature
and management plans has been assembled, synthesized and translated graphically
through mapping. Using a frame of 300 kmx 300 km and data from open source
international GIS databases (ASTER 2011; OSM 2019), a series of original maps
were then produced to compare the RMS and TB study areas. A first set of maps
provides an overview of the physical features in terms of natural background, infra-
structural network, and occupation (Fig. 2). They are followed by paired maps rep-
resenting the administrative management units (Fig. 3), and a summary of the main
water and spatial challenges and the responses of the management plans (Fig. 4).

Finally, interviews were conducted to compensate the shortage of accessible
data in TB study area. Interviewees included twenty experts from the government,
research institutes, water boards and planning bureaus, and practitioners working in
the region.

2.3 Comparing features

Applying the layered spatial analysis method of Delta Urbanism, Fig. 2 proposes a
systematic comparison of the RMS Delta and TB in terms of (a) natural background,
(b) infrastructure network, and (c) occupation (population density). The spatial anal-
ysis is complemented by data collected from various sources and the result has been
summarized in Table 1.

2.3.1 Natural background

The formation of a delta is determined by the combined influence of river sediment
input, wave energy, and tidal dynamics (Bradshaw and Weaver 1995). From this
point of view, Table 1 shows that TB is, as a part of the YRD, a river-based delta.
The catchment area, average water discharge and sediment load of the Yangtze River
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Fig.2 Systematic comparison of the RMS Delta and TB in terms of a natural background, b infrastruc- p
tural network, and ¢ occupation (population density) (Sources: (a) authors, adapted from (OSM 2019)
and (ASTER 2011) and (Zhu 2014); (b) adapted from (OSM 2019); (c) adapted from https://luminocity
3d.org/WorldPopDen/, D. Smith, CASA UCL, 2016)

are respectively seven, ten and one hundred times more important than those of the
Rhine, the Meuse and the Scheldt rivers together (Rijkswaterstaat 2005; Yang et al.
2015). The RMS Delta is mainly sea-dominated due to sand banks formed by strong
tidal and marine currents (Rijkswaterstaat 2005).

Despite these distinct morphogenetic origins as described above, the two deltas
share a relatively similar geomorphological layout. Figure 2a indicates the altitude
of the two regions using grey and yellow colors according to three thresholds: the
area below 10 m a.s.l. which is conventionally defined as the low elevation coastal
zones potentially impacted by sea-level rise (McGranahan et al. 2007); the zones
less than 5 m a.s.l., which is considered a common indicator to assess the expo-
sure of delta regions to flooding risk (Meyer and Nijhuis 2014); finally, the areas
below 2 m a.s.l. for TB (Zhu 2014), and areas below sea-level for the RMS Delta,
which are evidently the most vulnerable. The comparison of maps reveals that both
regions are flat plains, characterized by central lowlands bordered by slightly ele-
vated coastal barriers formed by sand (RMS) or alluvial deposits (TB).

Another common feature of the deltas’ natural background is the very fertile
soil—composed of clay, sand and peat layers in the RMS Delta (Delta Alliance
20192019) and of clay and silt in TB—as well as a dense water system. Water is pre-
sent in both deltas in the form of estuarine river mouths, lagoons or lakes, alluvial
wetlands, and an intricate network of creeks and small canals. These natural condi-
tions—flat terrain, fertile soil, and abundance of water for irrigation and transport—
explain the early and flourishing development of agriculture in both regions.

2.3.2 Cultural landscape: polders

Halfway between natural background and infrastructure, the construction of polders
has been instrumental to the reclamation of land, management of water and develop-
ment of agriculture in both delta regions. In the RMS Delta, isolated cases of small
polders have been recorded since the tenth century. From the seventeenth century,
the development of drainage techniques using windmill-powered pumps made pol-
der construction evolve towards a territorial land reclamation system (van de Ven
2004). As a result, 26% of the Netherlands’ current land is reclaimed from the sea
and lies below sea level (AHN 2019). This portion of land is home to 3.93 million
people, equivalent to 23% of the total population (Hoes and Hut 2015).

In TB, similarly, the construction of polders has been fundamental to the gradual
consolidation and prosperous development of the delta region (Nolf et al. 2019).
From the early reclamation of lakes since 500 BC until the contemporary construc-
tion of large-scale polders, successive types and generations of polders have shaped
the agricultural landscape, regulated the water flows and determined the locations
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Fig. 3 Hydrographic, administrative and management entities of the RMS Delta and TB—situation in
2016 (source: authors)

ACTIONS.

Fig.4 Schematic maps and territorial cross-sections visualizing the main water challenges and responses
of the latest water management plan of the RMS Delta and TB regions (Sources: left: adapted from
(NWP 2015: Fig. 4); right: authors; cross-sections: authors)
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and morphologies of villages and towns (Zheng 1987; Xie 2017). In total, 2539 pol-
ders today cover around 28.8% of the total basin area (Huang et al. 2017).

Although the polders explain the structure of rural landscapes and pre-modern
cities in the two deltas (Hooijmeijer et al. 2005; Nolf and Vannoorbeeck 2018), they
have not been considered as equivalently important in contemporary water manage-
ment approaches. In the RMS Delta, polders have long been the subject of invento-
ries and conservation programs aimed at preserving part of their cultural and histori-
cal features (Vervloet et al. 2003; Janssen and Knippenberg 2008; Steenbergen et al.
2009; de Boer 2020). In TB, in contrast, the historical value of the polder system has
only been recognized recently by researchers, but has not yet been formally incorpo-
rated into the landscape conservation programs.

2.3.3 Infrastructure networks

In terms of infrastructure, the RMS Delta and TB are major maritime gateways of
their regions and they host the largest ports of Europe (Rotterdam and Antwerp) and
the world (Shanghai) respectively. In addition to sophisticated hydraulic infrastruc-
tures that regulate the water system, the two regions are covered with a very dense
network of roads, motorways, railways and subways that ensure a distributed acces-
sibility throughout the entire plain. Since good transport infrastructure can facilitate
socio-economic activity, these two delta regions contribute to a significant share of
their own national economy. The study area of the RMS Delta occupies 51% of the
national territory and contributed to 71% of the GDP of the Netherlands in 2019
(CBS 2019); TB covers 0.4% of China’s total surface, but contributes to 11.6% of its
GDP (TBA 2014).

Nevertheless, the infrastructure networks in the RMS Delta and TB differ in
terms of layout. Figure 2b shows how the RMS is characterized by a polycentric
radial structure interconnecting numerous urban and logistical centers. TB, in con-
trast, the infrastructure networks is characterized by a grid of motorways that den-
sify around Shanghai. While more or less completed and stable in the RMS, the
network of infrastructures in TB is still expanding rapidly, catalyzed by the recent
construction of bridges across the Yangtze and Qiantang estuaries and the relocation
of the offshore harbor.

2.3.4 Occupation

In terms of occupation, the land cover of both deltas is dominated by agriculture,
followed by a high percentage of urban land estimated to 22% in TB (TBA 2014),
and varying in the RMS Delta from 7.9% to 17% according to different measurement
methods (Corine Land Cover 2012; Meyer and Nijhuis 2014). Occupation can also
be defined by the density of population. The combination of elevation data (ASTER
2011) with population statistics (CBS 2019) shows that the total amount of people
living below 10 m a.s.l. in the RMS Delta can be estimated to 11 million, which is
equivalent to 63% of the country’s total population and corresponds to an average
density of 511 inhabitants per km?. In TB, the total amount of inhabitants living in
the area below 10 m a.s.l. was 57 million in 2018, which was equivalent to 4% of
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China’s population and corresponded to an average density of 2180 inhabitants per
km? (ASTER 2011; NBSC 2018).

Figure 2c represent more precisely how these human concentrations are distrib-
uted spatially (Smith 2016). In the case of the RMS Delta, except the ‘Randstad’
conurbation of main cities along the coast and a constellation of middle-sized cit-
ies, a large part of the population is spread homogeneously in a continuous and low
dense pattern that covers the entire region. It should be noted that the dispersed
occupation of the RMS Delta is a long-standing phenomenon favored by the high
productivity of the soil, the high accessibility by water and early roads, as well as
a governance model traditionally supporting decentralized political organizations
(Boelens 2014).

In TB, human occupation is also characterized by spatial dispersion. Next to
Shanghai (24 million inhabitants) and a series of highly interconnected cities of 1
to 5 million inhabitants, the so-called rural areas of TB are also densely and evenly
populated. Historical studies show that the dispersion of population in TB is the
result of an initial dense network of rural settlements, which had been consolidated
from the 1950s to the 1980s by a series of government-led industrialization pro-
grams aiming at an in-situ urbanization of the countryside (Fei 1939; Friedman
2005; Zhang 2018).

3 Delta management: comparing the evolution, challenges
and responses

3.1 Management levels and units

The ‘low elevation coastal zone’ (less than 10 m a.s.l.) of the two delta regions
under investigation in this paper span across several administrative territories,
and their water management depends on an overlay of authority layers (Fig. 3).
At the highest level, the management of the RMS Delta depends on three
International River Basin District Commissions respectively for the Rhine, the
Meuse and the Scheldt.! Established in 2002 as part of the European Water
Framework Directive (EU 2000), these commissions coordinate issues relating to
water resource allocation, regulation and quality control across national bounda-
ries. At the national level (in the Dutch part only), the Ministry of Infrastructure
and Water Management defines a National Water Plan that includes a ‘structural
vision on infrastructure and space’. Being revised every six years, the vision is
then translated into concrete management plans and programs at national, basin
and sub-catchment levels, where local water boards ensure the implementation
process. Complementarily to the hierarchical organization, a transversal Delta
Commission established in 2008 is in charge of stimulating public consultation

! The RMS Delta depends from three International River Commissions: Rhine (ICPR) www.iksr.org;
Meuse Commission (IMC) www.meuse-maas.be; Scheldt (ISC): www.isc-cie.org.
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and cross-sectoral collaborations in the delta area, as well as preparing an annu-
ally updated Delta Programme (Delta Programme 2009; Boezeman et al. 2013).

For TB, the highest managing authority is the Changjiang (Yangtze) Water
Resources Commission, which was recently overseen by the new Ministry of
Ecological Environment. This authority produces comprehensive masterplans for
the monitoring, planning and management of water resources of the entire Yang-
tze River catchment. The latest version of the plan covers the period 2012-2030.
At the scale of TB, the Taihu Basin Water Resource Authority is in charge of
water resource monitoring, management and planning in TB since 1984. More
locally, water is managed by eight hydrologic units that were outlined according
to the topographical and water system features, administrative boundaries, and
the distinctions of water management measures (Wang 2006). The Taihu Basin
comprehensive masterplan (2012-2030) adheres to the combined governance at
both the basin and sub-units levels, and it clarifies the specific strategies respec-
tively for each unit via adapting to the local water conditions and the benefits of
local hydraulic departments.

This comparative overview of delta management units is, however, limitative.
It only provides a snapshot of current management organizations that have been
in constant evolution. To address the mutual learning objective ambitioned in this
paper, it appears more instructive to look at management practices from an evolu-
tionary perspective, as a succession of ‘regimes’. The following examines how, in
different phases, management practices in each delta have shifted their priorities,
adopted new paradigms, developed new instruments and reorganized their struc-
tures to cope with changing conditions.

3.2 Evolution of delta management in the RMS delta
3.2.1 Phase 1 (before the 1950s): decentralized and organic self-management

Originally, the management of water and space in the RMS Delta was distributed
among a myriad of polders. For each polder, a small dedicated water board was
in charge of constructing, controlling and maintaining the dikes, sluices, and mill
infrastructure (Raadschelders ans Toonen 1993). From the seventeenth century, the
upscaling of the polder system coincided with an upgrading of water boards into
autonomous socio-economic and political entities with their own tax and judicial
systems. Although the number of water boards was reduced by merging them from
2650 in 1950 to 21 today (DWA 2017), they still have a strong influence on the
decentralized management philosophy of the delta and the country, according to
Boelens (2014).

3.2.2 Phase 2 (1950s-1990s): centralization and resistance
From the nineteenth century, the creation of centralized and country-level public

works ministries such as the ‘Agency for Public Works and Water Management’,
known today as Rijkswaterstaat, has been instrumental to the formation of the Dutch
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nation-state (Bosch and van der Ham 1998; Meyer 2016). It was nevertheless a
devastating flood in 1953 and an ambitious coastal defence program developed in
response in 1958 that definitely triggered a shift to a centralized system based on
a paradigm of resistance (Gerritsen 2005). Known as the Delta Works, the coastal
defence program entailed the construction a new seawall dike system equipped with
storm surge barriers and transport infrastructure. The works not only completely
reconfigured the natural function of the delta and its management, but also enabled
and stimulated a new wave of urbanization in the delta plain, based on the road sys-
tem and largely independent of the logics of water (Meyer and Nijhuis 2013).

3.2.3 Phase 3 (1990s-2000s): integration and work with nature

Celebrated for several decades as a heroic demonstration of human power over
nature and as an agent of national identity and unity (Meyer 2016), the Delta Works
have gradually come under criticism for their high maintenance cost, negative eco-
logical impact, and inability to respond to new flood risk originating from peak river
discharges (Disco 2002; Ysebaert et al. 2016). In response, new approaches were
put forward since the 1990s by promoting preventive, integrative and environment-
friendly alternatives that combined flood protection with land-use planning and
nature-compatible design solutions (Kabat et al. 2009; van Buuren et al. 2011). Con-
crete projects, including the ‘Room for the River’ program (2006-2015), have been
accompanied by institutional reform, such as the integration of spatial planning and
water management competences under the same ministry.

3.2.4 Phase 4 (2008- on): climate change and adaptive management

In the latest phase of development, a growing awareness of climate and socio-eco-
nomic change has motivated the profound revision of instruments and approaches.
Influenced by the concept of Complex Adaptive System, existing institutions and
legal frameworks were made more open and flexible (Dammers 2014). In addition,
new planning instruments were created, such as the National Water Plan which
would be revised every 6 years since 2009, and a Delta Program which would be
updated annually. The adaptive philosophy of the Delta Program is reflected in key
principles such as the synchronization of investment agendas from different sectors
(e.g., flood risk management and freshwater supply), and the preparation of alterna-
tive planning strategies (Adaptive Delta Management 2017).

3.3 Evolution of delta management in Taihu Basin

3.3.1 Phase 1 (before 1949): polder-based management

The construction of rudimentary polders has been recorded in TB since 500 BC
(Miao 1982; Zhao and Liu 2003). However, it is the construction of the Grand Canal

during the Tang Dynasty (618-906) that is generally associated with the birth of
water management in the region. By regulating the tumultuous flows of water that
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repeatedly inundated the delta plain, the Grand Canal enabled the development of a
large-scale polder system known as Tangpu, which in turn facilitated the growth of
agriculture in the entire plain (Zheng 1987). From the thirteenth century, the central-
ized system fell into decay and fragmented into an organic system of small and self-
managed polders. This decentralized polder model nevertheless enabled agriculture
and urbanisation—including the famous water towns—to continue to prosper until
the nineteenth century (Xu 2006).

3.3.2 Phase 2 (1949-1984): rationalization of the polder landscape

Shortly after the foundation of the People’s Republic of China in 1949, a major flood
disaster devastated Taihu Basin in 1954. This disaster, breaking eighty percent of the
small polders in the plain’s area, revealed the vulnerability of the inherited decen-
tralized system (Wang 2006). Similar to the reaction of Dutch authorities to their
1953 flood, the newly created Chinese Ministry of Water Resources set up a vast
protection and rationalization plan for the delta region, followed in the next decades
by several infrastructure works and programs of polder merging that combined flood
defence, water supply and food security objectives (Fang et al. 1997).

3.3.3 Phase 3 (1984-2002): comprehensive control plans, industrialization
and generic urbanization

In the 1980s, new commissions were created for the seven major river basins and
sub-catchments of China to coordinate local flood control, water resource man-
agement and infrastructure projects.” Founded in 1984, the Taihu Basin Authority
played a major role in the development of a Comprehensive Water Control Plan
(1991-2000) that, in response to another major flood disaster in 1991, systemized
the use of concrete embankments, gates, valves, and pumps. By effectively reduc-
ing the frequency of floods, the mechanization of the water system has enabled the
massive development generic forms of urbanization independent from the logics of
pre-existing water landscapes (Nolf et al. 2019). At the same time, the segmentation
of the network of canals and lakes led, together with the intensive development of
polluting industrial activities, to a significant deterioration of the ecological quality
and ecosystem functioning in the region (Xie et al. 2017; Zhang et al. 2017; Chen
et al. 2018; Xu et al. 2019).

3.3.4 Phase 4(2002-2014): gradual integration and environmental concern

From 2002, successive revisions of the Chinese Water Law were undertaken to pro-
mote more integrative and preventive approaches to water management (NPC 2002;
Cosier and Shen 2009). These reforms coincided with a pollution disaster in Taihu
Lake that caused a major water supply crisis and revealed the critical importance of

2 The seven large river basins of China are Changjiang (Yangtze), Yellow River, Huaihe, Haihe, Pearl
River, Song-Liao, and Taihu.
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maintaining water quality (China Dialogue 2007; Qin et al. 2010). The latest Taihu
Basin Comprehensive Masterplan (2012-2030) reflects these environmental con-
cerns with an explicit emphasis on water security, pollution control, and ecological
restoration (TBA 2014). The plan also mentions aspects of management and com-
munication, such as a ‘improving the consciousness of disaster control in the soci-
ety’, without actually suggesting how to implement them (TBA 2014).

3.4 Comparing the evolution: parallel trajectories

The historical review of management approaches in the two delta regions reveals a
comparable succession of ‘regimes’. In both cases, an initial organic and decentral-
ized management model based on polders was replaced, in response to a major flood
disaster, by a centralized and comprehensive water control model in the mid-twenti-
eth century. Focused on flood defence and infrastructure works, water management
in this period was at the same time instrumentalized as an agent of national iden-
tity and unification. The works not only consolidated the two regions as coherent
territories and facilitated their urbanisation, but also severely impacted the natural
formation of the deltas and their ecological function. At the turn of the twenty-first
century, growing environmental concerns led to a paradigmatic shift from resistance
to resilience, with the adoption of integrated water resource management principles
and a decentralization approach of water management responsibilities (Wesselink
et al. 2015). While TB reached the phase of integration recently, the RMS Delta has
already moved to the next level of adaptive delta management (Dammers 2014).

The similar evolution, albeit each time pioneered by the Dutch case, could be
interpreted as parallel trajectories in which the RMS Delta plays an exploratory role
for TB. From this perspective, the Chinese delta region can learn not only from suc-
cessful experiments conducted in its Dutch counterpart, but also from obstacles and
failures, such as the unexpected post-realization maintenance costs of the ‘Room
for the River’ program that had not been fully anticipated (Warner and van Buuren
2011).

3.5 Comparing current challenges and responses

Figure 4 visualizes and compares spatially the water challenges currently faced
by each delta and the strategies proposed in response in their latest management
plan. Borrowed from the Dutch National Water Plan (NWP 2015), the map of the
RMS uses graphic textures and diagrammatic symbols to represent the current water
issues and the strategies adopted in response. The map of TB was produced by the
authors using the same graphic codes as the RMS Water Plan map to visualize the
main water challenges and the written recommendations of the Taihu Basin Master-
plan. The two maps are each supplemented by a territorial cross-section produced by
the authors, offering an additional perspective to the challenges.

@ Springer



613

Asia-Pacific Journal of Regional Science (2021) 5:597-624

S[1BIOp QIOW IO T'f 109§ 99§

s10Ae] WAISAS

SUOT)OR/SAZANENS

X UIALIP I ur
$10J0B} SUIALIP IO SISNED UIe

X syuenyjod-ororur pue sapronsad Jo asn Jy} JUIAIJ $o11Se[d-0IOIU PUE SOUIOTpA
X ronuoo uonnyjod 9omos jutod-uoN  ‘ermy[norniSe woij uonnjjod 901n0s JuroduoN Kypenb 1ayepn
X surep [01u0d uorsord dn oreos
X X S90INOS SISALI JOUJO WOIJ UOISIOAIP [enjuajod arojdxq
’ R syurod oyejur JO UoNBZIUIES
X X s1o1ynq (oye]) Jojemysaiy juoueuriod 9SeaIOUT IOUIN,] $301N0Sa1 10JEMPUNOIS SULIBMOT
I9)eM JO 9sNal 9Y) 93BINOOUD PUE ‘IdJem MO[ SuLnp uorn Ajddns u1 sanavdsip jpuosvag
X -nqrusIp ay) isnfpe ‘suSreduwres uoreULIONUT pue SHIIE) YSNOIY) PUBIIAP Y} 9JeIopo]y  yimoiS uonerndod 0] onp puewIop 9AISSEOXH Iojem UsaIf JO Joe]
Sureas [10s 0}
$ANId JO USISIP ISNQoI-pooy onp seare ueqin ur A11oeded 95eI01s AW
X 9jowoid pue QuaI[ISaI-POO] Sk seare AJeuSIsap :Surpooy Jo saouanbasuod oy I 107eM punosSiopun jo Sur
X 191em punoidopun jo Surdwind 9y jonuoos pue jrur] -dwnd 9A1SS90X9 A3 0] NP IdUIPISANS pue| Surpooy (00T
X ssausnoratodur 9yesuadwod pue JwI| LONEIUGLIIPSS oL
' ' o Kyoedeo o3e103s paonpay
X Jy31oy 9yAp Jo asearour ‘39 Juowosoidur AQ seare snotasadw paseasouy
werdord ATy oy oy S)Ipfuina asuajul 2410 SIOALI
X X wWooy, “8'9 :WISAS [BUBD PUB JAALI ) JO Aj1oeded o5eI0)s pue a3eurelp Jy) 210IS9Y 10} onp SITILYISIP JOALL eI 9Y) woij poo[
SULIOIS DAY
X X syuowuysTuadar pues YIim SISLIIEq [BISe0d ApUBS 90IOJUIOI PUB 9AIOSAIJ 2814 242]-Dag
X (sIo11IRq 93INS ULIO)S PUR [[EMBIS) SWIISAS 99UdJop pooy apeiddn pue tredoy ASI0UQ [ep1) 0] NP UOISOID [BISLO))  BIS 9} WOIJ POO[]
(6] I N
pareAnoe (a8upyo appuind 01 payui] =o1i1)

SONSSI JJeMm UIBJA!

SINY

(ST0Z dMN woiy pajdepe ‘sioygne :0010§) "194e] (O) uonednooo pue () YI0MISU [BINJONISEIJUT ‘(N) PUNOISYORq [LINJBU SIOAR[-WISAS PAJIOIOS JO SWLID) UT PIJBN[BAD

“(1207-9107) Ueld Ioepr TeuoneN yong 2y £q asuodsar ur paydope suonoe pue saI3ajens o) pue ‘sosned J1ay) ‘SonssT Iojem UTew S BIa SIAY oY) Jo Arewrwng g 3jqe]

pringer

As



Asia-Pacific Journal of Regional Science (2021) 5:597-624

614

sonor
Addns 191em KouaSrows ([euorSalsuen)) pue 93eI0)s [RUOSEIS
X I0J SITOAISAI pue o5e10)s weansdn Iojem YSOIJ MU 9181
(010 ‘Surueard ‘oxeyur) uonezIuIeS
X X suonoUNy I9)eMm J0J SOUOZ Pajodjoid pue soAIasal 9JeusSIsa(] a1qe) Jo1eM 3y Jo SuLemor]
019 ‘sanI[1oe} SUIABS J9jeMm ‘I9)em 9[0ADaI pue Apddns u1 sayrandsip [puosvag
X X Apuaroyje o1ow asn ‘uondwNSuOd 90NPAI :PUBIAP ) SJLIOPOIA ymois uonerndod 0) onp puBwOP SAISSAOXH  Iojem UsaIJ JO Joe]
X S9NI2 }SNQOI-POOY, UTISIP PUL JUII[ISAI-POOY SB SEaTe JeuIISA
QIOUYMIS[O PoYBAId
s1 ApoqIorem A1ojesuaduiod B ssa[un ‘pamof[e SI [[Jpue] ou Sureos [10s 0} anp seore ueqin ur Ajoedes oSe10)s poywr|
X [wYsAs 1ajem Ay Jo Ajroeded o3eI0)S pue SurureIp [ejol Yy Xij oM Surpooy
X I91em punoidiopun jo Surdwnd oy 9jendar Aong punoi3opun jo Surdwind 9AISSIOX AU} 0) ANP OUIPISQNS puL| 82071

Speo1 SuIpooyj, mau
JO UONONISUOD AY) PUE ‘S| PUB S[BUBD ‘SIIALI JO SUISPaIp oy}
X X y3noayy urerd oy Jo Kyoedes o3e1ols pue a5eurelp ) aaoxduwy

UONBIUSWIPIS JIATY
Kyoeded o3e101s paonpay
seare snoratadwr pasearouy

(uo-$107) 2anentur A1) a3uodg ay) Spfuin.a asuagul 240 SIOALI 9} WO}
X X 11 sweaSoxd ySnoayy ssausnorarddwr sonpar pue esuadwo)) 10} 9np SAFIBYDISIP JOALL B Poold
sarmonnsesjur Jurdden uooyds
X X JUSWIPIS )M UOTBULIOJ [BISBOD JO Ssad01d [eInjeu oy AJe[nung OSLI [0A[-BaS vas o) woly
X SIOLLIEQ 93INS WLIO)S PUR [[EMBIS :SWISAS 90udJap pooy apersdn sjuawiIpas Jo A[ddns paonpar 01 anp UOISOId [BISEO) poorq
(O] I N
PaIeATIOR
S10Ke] WAISAS SuoNoe/sAZARNS  (28upyd 23pw1]d 01 payul] = I1]pi1) SI10)9.J FUIALIP IO SISNED UTR[A  SINSSI JAJBM UIRJA

qdL

(5119d%9 JO SMITAIUI Aq pajualt
-o[dwod ‘4107 V4L woiy paydepe :2010§) 19Ae] (O) uonednodo pue ‘(T) }Iom)au [eImonmseljul ‘(N) punoidyoeq [eInjeu :SIAAB[-WISAS PAIIOI[OS JO SULID) UI PAJeNn[eAd
“0€0Z7—2107) uerdiaiseq aarsuayaidwo)) urseq nyre], ay) £q asuodsar ur pajdope suonoe pue sa139Je1s 9y} pue ‘Sasned JIoy) ‘Sanssy I9jem Urew s g, Jo Arewuing € ajqel

pringer

As



615

Asia-Pacific Journal of Regional Science (2021) 5:597-624

S[TBIOp 9IOW JOJ T'§ 199§ 99§

(oY1 nyre], punole UONONNSUOI(I) puB[IOM

s10AR] WaIsAg SUOTOR/SAIZANENS

(28upyd 21pwi)d 01 payui] = 1]vi1) $10)9€J SUIALIP IO SISNED UTRJA[

X X 3°9) soye[ pue SIOALI SUO[E SBATR J9]Nq [BJ150]099 Juswa[duy
(J1omiau Iarem 9[q
-nop,) Ioyem 9)Sem JO aFeUTRIp I} 0} PAJBIIPAP WSS [QUUEBYD
X JOUNSIP B IIM ‘S[UURYD AFBUIRIP JO JI0MIOU ) JOOUU0IY
surEIoys
S, 9Ye NYIE], pUnoIe sNIpel unyf ¢ & Ul SANIANOL [eIM[noLISe pue
rernsnput Sunnpjod piqioj <39 :Ao1jod soury pay Iy, YL, JI0MIaU JoJEM
X )M SAUOZ [BUOTIOUN] JJeM OYI0ads UT 9Sn-pue| Jo [0Nuod JIIIg o1 JO UOHRIUSWISEI} PUE UTBLIS) 2 9U) O] oNp ‘SIONEM UBUSEIS
X a8reyosip jueinyjod Jo s20IN0s APILNS [0NUOD PUB JUIAI] (satnsnput pue AImnoLI3e)
sasn pue[ Junnjjog
X JUSUNEBAI) 93eMIS JZITEIIUID) JUSUNEBAT) IJeMI)SEM JO Jor'] Kyrrenb 1a1epM
(6] I N
PAeATIOR

SonSSI Iajem UTeJA

qdL

(ponunuoo) ¢ s|qey

pringer

As



616 Asia-Pacific Journal of Regional Science (2021) 5:597-624

In addition to the maps, Table 2, 3 summarize the main water issues, the driv-
ing factors, the strategies and the actions proposed in the water plan of each delta.
The causes and driving factors are listed independently, even though some factors
are intricately interconnected, such as sea-level rise, coastal erosion and salinization.
However, their one-by-one enumeration helps to disentangle the complex mecha-
nisms at work in the deltas and to identify the factors linked to climate change.

4 Discussion
4.1 Common challenges and human-driven factors

The numerous water issues identified in the RMS Delta and TB water management
plans indicate that the balance between the three systems (i.e., natural background,
infrastructure networks and occupation) is unstable and requires continuous adapta-
tions. As summarized in Table, 2, 3, the water issues in both contexts are essentially
linked to flooding, lack of fresh water resources, and water pollution. Some of these
issues—such as flooding or stagnant water—are inherent to the natural vulnerability
of these low-lying plains with limited storage and drainage capacity. The majority
of other issues, however, can be interpreted as the consequence of human-driven
factors.

A first group of human-driven factors impacting the delta are linked to interven-
tions on the river and estuarial systems. In the case of the Yangtze, it has been esti-
mated that the implementation of more than 50,000 dams in its entire catchment
since the 1950s (including the recent Three Gorges Dam built in 2003) has caused a
70% reduction of silt discharge in total (Yang et al. 2015), which in return aggravates
coastal erosion and salt water intrusion in the delta (Li et al. 2012). In the RMS, the
implementation of storm barriers and dikes as part of the Delta Works has disrupted
natural sediment fluxes and negatively affected derived ecosystem services, and thus
requires additional maintenance and management efforts (van Wesenbeeck et al.
2014; Ysebaert et al. 2016).

A second group of human-driven factors are related to the occupation of the delta
itself. In both regions, the excessive runoff due to soil sealing and land subsidence
due to excessive pumping of ground water have been, although now closely moni-
tored, aggravating the risks of flooding and salinization of aquifers (NWP 2015; Shi
et al. 2012). In terms of water pollution, no existing study makes it possible to com-
pare the two regions according to a same water quality index. However, local reports
indicate that the overall water quality in the RMS Delta has ‘improved substantially
in recent years’, with the exception of the persistence of medicines, micro-plastics
and chemicals (NWP 2015). In TB, in contrast, the water quality remains severe due
to point pollution source from untreated industrial and sewage outlets, and nonpoint
pollution source from agricultural nutrients and waterway transportations (TBA
2014; Yao et al. 2015; Lin et al. 2015).

The issue of water quality in the deltas is particularly critical given the high
demand for fresh water from the dense population and intensive agricultural and
industrial activities. Produced by 40% from surface water in the RMS Delta (Sjerps
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et al. 2017), the fresh water availability per capita in this region is around 600 m®/
person year (Table 1). This amount has until now been sufficient to meet the annual
demand but may become scarce in case of droughts (Delta Programme 2019). In
TB, all water supply is produced from rivers and lakes as the exploitation of ground-
water has been prohibited since 2005 to prevent land subsidence. However, it has
been estimated that in the period 2003-2016 more than 70% of surface water in
TB could not meet the national standards for drinking water (TBA 2014; Lou et al.
2019). As a consequence of pollution, despite abundant natural precipitations and
natural reservoirs, the annual amount of fresh water per capita in TB is limited to
350 m*/person year, equivalent to half of the demand (TBA 2014; Ge et al.2017).
In return, this requires considerable and extra investments in terms of water inflows.

Climate change, finally, as an indirect but significant human-driven factor, will
aggravate current risks. Tables 2, 3 highlight in particular how the rise of sea-level
and the changing rainfall patterns will exacerbate seasonal disparities in water sup-
ply and increase the frequency and intensity of flooding in both delta regions.’

4.2 Comparing the responses in system-layers

Tables 2, 3 review the measures of water management plans in response to water
challenges. In the form of policies, regulations, or physical transformations, these
responses solicit the three system-layers of natural background, infrastructural net-
work, and occupation, either independently or in combination.

Natural background The strategies and actions involving the natural background
are essentially aimed at restoring and reactivating the natural mechanisms of forma-
tion and regulation of deltas. Applied to address both issues of water quantity (flood
risk management) and to control and improve water quality, the reactivation of the
natural system is best exemplified in TB with the reconstruction of wetlands and the
reconnection of canals and rivers networks. In the RMS, ‘natural’ measures consist
of the replenishment with sand of the coast and the 'Room for the River’ program
that reclaims the drainage and storage capacity of the river system. It must be noted
that the ‘natural’ strategies in the highly artificialized contexts of TB and the RMS
are not aimed to substitute the existing engineered infrastructural system, but rather
to complement it to increase its flexibility and resilience.

Infrastructural network In both deltas, measures focused on infrastructure pre-
vailed in the years 1950-80 with the construction of dikes, seawalls, storm surge
barriers, and reservoirs. Today, these infrastructures must be upgraded to respond
to new risks associated with climate change and changing demands. In TB, hard
engineering solutions remain the dominant paradigm, with the creation of additional

3 In the RMS Delta, climate change scenarios forecast a 25-80 cm rise in sea levels by 2085, and an
increase by 12.5% (Rhine) and 20% (Meuse) of peak discharge in the rainy season, and drier summers
with low discharges diminished by 40% to 50% (NWP 2015). In the YRD, the rate of sea-level rise in the
delta was 2.4 mm per year in 1981-2015 (Wang et al. 2018a, b). In 2000, it was estimated that relative
sea level around the YRD would rise 25-50 cm by the year 2050 (Shi et al. 2000). The annual precipita-
tion in the YRD will increase by 1-10%, and flooding frequency and intensity will increase by 5%-8%
(Gu 2011).
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drainage channels and reservoirs to address issues of flood risks and water supply. In
the RMS Delta, existing water infrastructures are essentially repaired and scaled up,
while complemented by ‘soft’ engineering solutions related to the occupation of the
land.

Occupation In the densely populated TB and RMS regions, a large number of
strategies are focused on the occupation of the delta and its resources. In both del-
tas, specific regulations and tariffs targeting a moderated consumption of water are
accompanied by land use regulations aiming at limiting imperviousness and pollu-
tion. Restrictive planning measures preventing polluting agricultural and industrial
activities are complemented by proactive measures designating flood-resilient areas
and fostering the design of flood prone forms of urbanization—such as the Sponge
City program in TB (Chan et al. 2018).

4.3 Contrasted approaches to historical landscapes and public participation

Besides the many similarities, the comparison of water management plans in the two
deltas also stresses significant differences. Some differences are logically related to
the type of challenges faced by in each context, with a stronger emphasis on flood-
ing issues in the RMS Delta, and water quality issues in TB. Beyond these structural
motives, other differences are reflecting distinct cultural approaches.

A first major difference relates to the consideration of historical hydraulic land-
scapes in contemporary management approaches. As mentioned above, the tradi-
tional system of polders and dikes in the RMS Delta is recognized and protected not
only as cultural landscape (Janssen 2009; Steenbergen 2009), but also as the heart of
contemporary ecological and water management strategies. In contrast, the polder
system of TB has been, to date, largely ignored. Except a few very recent studies
(Guo 2016; Xie 2017; Xie and Nolf 2020), the centuries-old landscape is generally
ignored by current agriculture land consolidation or ecological restoration programs.
This gap is an invitation to better understand the decentralized and adaptive logics
of indigenous agriculture landscape and urbanism, and to explore how these logics
could potentially find new relevance today (Yuan 2016).

A second main difference resides in the role of public awareness and participa-
tion. The benefits of public participation have since long been acknowledged in the
European context (Blomqvist 2004), and are reflected in the planning of the RMS
Delta by a vivid culture of communication, public consultation and debates sup-
ported by a profusion of didactic brochures, interactive websites, and open access
databases.* In contrast, delta management in TB remains limited to a univocal, one-
way form of communication. Although participation and transparency have been
formally encouraged from 2002 by the Chinese Revised Water Law and is men-
tioned in the latest Masterplan of TB (TBA 2014), Chinese bureaus remain reluctant
to sharing information and reports with the public and other departments (Yang and
Griffith 2010).

4 See for instance www.onswater.nl/ or websites related to specific programs: https://www.ruimtevoor
derivier.nl/; https://www.platformparticipatie.nl/.
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This major difference can be explained by the status of land. In the Netherlands,
the ownership and use of land is defined by a multitude of owners and actors. The
active involvement of every stakeholder in a participatory and co-productive pro-
cess is thus a prerequisite to any change (Chen et al. 2019). In the Chinese con-
text, land is owned and regulated by the state, which makes public participation only
accessory. However, according to some previous researches, the lack of participation
and transparency of public authorities in water management and planning in China
weakens the legitimacy of law enforcement by authorities, which can potentially
trigger public resistance (Yang et al. 2013).

5 Conclusion

This paper addressed the question of delta management in the RMS Delta and the
TB part of the YRD. Combining the systematic comparative mapping approach of
Delta Urbanism with historical analysis and critical policy review as a methodol-
ogy, this research unveils important similarities between the two regions in terms of
physical features, intense occupation, water challenges and human-driven factors at
the origin of these challenges. In addition, the parallel retrospective of water man-
agement practices in each delta reveals a comparable succession of phases charac-
terized by a distinct paradigm: an initial decentralized polder-based management;
a centralized control model in the mid-twentieth century; integrative and resilient
strategies at the turn of the twenty-first century; and lastly, in the case of the RMS
Delta only, an adaptive management model. In both cases, the paradigm shifts were
each time motivated in response to a disaster, but also took advantage of new tech-
nological means and implied a governance reform. These observed similarities are
nuancing the presumed opposition between a European bottom-up and a Chinese
top-down approach that previous research tended to over-emphasize (Yang and
Griffith 2010; Yang 2013; Zhou and Zhao 2017). On the other hand, the review
reveals distinct management priorities in the current delta plans in the RMS and
TB—focused respectively on flood control and water pollution-, as well as con-
trasting approaches to public participation and conservation of historical hydraulic
landscapes. These contrasts can be explained by not only fundamental differences in
terms of land ownership and control, socio-cultural tradition, but also distinct devel-
opment stages.

This cross-regional comparison of the RMS Delta and TB validates the useful-
ness of Delta Urbanism methods to inform a knowledge-based management and
planning of deltas (Welch 2017). The similarities identified in this paper will lead to
potential exchanges of good practices, even though these transfers should be envis-
aged with respect to the socio-cultural specificities of each delta (Zegwaard et al.
2019). Conversely, the contrasts identify possible areas of improvement and stress
the distinctive characteristics of the two regions.

Beyond the mutual learnings, this comparative research highlights the funda-
mental importance of mapping as an instrument of integrated and adaptive delta
management. Mapping and visual communication are at the heart of delta manage-
ment and planning in the RMS Delta case, as exemplified by the richly illustrated
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National Water Plan (NWP 2015). In the TB Masterplan of 2014, in contrast, the
communication mode is limited to a textual and technical language, even though the
content described implies strong interplays of water management, spatial planning
and environmental planning. Additionally, since 2014, recent programs such as the
Sponge City program and the ambitious reorganisation of responsibilities under two
new Ministries of Ecological Environment (MEE) and Natural Resources (MNR)
are revolutionizing the sectoral approach that prevailed in China (Chan 2018; China
Dialogue 2018).

In the new organizational context of natural resource planning in China, an
intense collaboration will henceforth be required between stakeholders from dif-
ferent sectors, administrative authority levels and expertise domains (Nolf and Xie
2020). This research, by proposing a spatial visualization of water challenges and
strategies in TB, is the first experiment of its genre in China. It is hoped that similar
mapping practices can be systemized in the future for analyzing and adapting plan-
ning and management of delta regions.
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