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Preface

This report documents the ideas and exchanges presented at the seminar River basins and deltas
Water systems and port economies in times of climate change, held in Rotterdam and on-line on 11
and 12 October 2022. It was held precisely then and there in order to coincide with the 150
anniversary of the Nieuwe Waterweg, between Rotterdam and the North Sea.

The seminar had been envisaged as an activity of the Special Policy Study (SPS) River Basins of the
China Council for international Collaboration on Environment and Development. Awaiting the formal
start of the SPS, the seminar was held under the auspices of its lead organisations: PBL Netherlands
Environment Assessment Agency, The Nature Conservancy (TNC) and the China Academy of Urban
Planning and Design (CAUPD). The current report feeds the results of the seminar to the SPS, which
is now formally mandated, to the seminar participants and to others who expressed interest.

New challenges in the coming decades — climate change, decarbonisation, demographic, economic
and technology developments — will change the rules of the game in river basin management. Port
economies and the surrounding deltas are one exiting situation where this will be on display. Very

large interests are involved.

A premiss of the seminar was that in order to appreciate the scale and pervasiveness of the potential
solutions to this upcoming combination challenges, one needs to study the previous ‘game change’.
This previous ‘game change’ occurred typically 150 years ago, involved extensive engineering and
effectively subjugated environment conditions to the requirements of the economy and expanding
urbanisation. Changes in the coming decades would constitute a second game change and this time
around would need to rebalance environment and economy — no longer one dominating the other.

Intellectual inputs by all participants are gratefully acknowledged, as is financial and practical
support by the Netherlands’ Ministry of Infrastructure and Water Management and by PBL
Netherlands Environment Assessment Agency. On-line participation was facilitated by MWee
company; simultaneous translation was provided by Nancy Qin translators.

Han Meyer and Jan Bakkes (organizers)



PBL—-CAUPD — TNC SEMINAR RIVER BASINS & DELTAS 11-12 October 2022

Contents

o 1= =T SRR SUSRRR 2
l. Introduction and Kick-Off DOCUMENT .........couiiiiiie ettt eee e 4
[ MiINUEES OF TNE SEMINAT ... ..oi ittt et e et e e eeeenneeas 15
I (070 ] .41 010 o T TS1S] B T PSPPSR 21
V. R CETo00] 0] 0 4 T=] 0o Fo 1 o] LSRR 25
V. Programme and PreSENTAtIONS............ooiuiieiiii ettt et e e e sree e s eeeeeaneee e 28



PBL—CAUPD - TNC SEMINAR RIVER BASINS & DELTAS 11-12 October 2022

l.  Introduction and Kick-Off Document
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RIVER DYNAMICS IN
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© image from PBL River Basin & Delta Tool https://themasites.pbl.nl/future-water-challenges/river-basin-delta-tool/

Not just climate change

River basins and especially delta areas are currently confronted with climate change, which leads to
changing conditions and to greater vulnerability to flooding, salt intrusion, but also to problems such
as drought and freshwater shortages. However, it would be a mistake to look for the causes of these
problems in climate change alone. In the search for effective long-term strategies, the changes in the
physical conditions of river basins and delta areas, especially caused by human hands during the last
century and a half, must also be considered. Although there were good reasons for these changes
(economic development, urban growth and prosperity), the downside is that the resilience and
dynamism of the natural system in these areas has declined sharply. The effects of climate change,
such as rising sea levels and increasing peak discharges of rivers, can have a greater impact on river
basins and delta areas due to this reduced resilience (PBL 2018).

The seminar that PBL, TNC and CAUPD want to organize in the autumn of 2022 is based on the
observation that the transformation of river basins and delta areas during the 19" and 20" centuries
can be considered a ‘game-change’: the game changed from a dominating role of the dynamics of
natural systems to a dominating role of man-made land-use patterns, manipulating the natural
systems with an overload of engineering (cf. PBL 2021). The central hypothesis, which we want to
explore more carefully, is that we need a second game-change, which gives priority to restoring the
dynamics and resilience of natural systems in river basins and delta areas. The working conference
aims to discuss and determine whether such an approach is possible and effective. The question is
what consequences such an approach has/could have for economic and urban development, and
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how this approach can be combined with strategies for energy transition and making our economies,
cities and landscapes more sustainable.

To get a clear understanding of the current, second game-change, it is necessary to discuss also the
first game-change: in order to understand the deep consequences and character of such a game
change, and to learn fromit.

A concrete proposal for the structure of the working conference follows in the last paragraph. First,
we will discuss the backgrounds and character of the first and second ‘game changers'.

The dynamics and formative power of the delta's natural system

The world of the 21st century is facing the enormous challenge of a complex combination of
adaptation to climate change, of preventing an acceleration of climate change through energy
transition, and of restoring biodiversity and the resilience of natural systems.

This complex combination of tasks occurs to an extreme extent in the catchment areas of the major
river basins and in particular the delta areas, where the rivers flow into the sea and where the
greatest economic and urban growth has taken place worldwide over the past 150 years and is still
ongoing. The major rivers and especially their deltas are at the heart of the logistics process of
production, transport and consumption of modern industrial societies.

Itis true that this development has a long history. Nevertheless, we can say that the last century and
a half, from the mid-19th to the end of the 20th century, is the period in which most river basins and
delta areas experiencing a 'boost’ of large-scale transformations that served to accommodate
economic and urban growth. The Rhine, Yangtze and Mississippi deltas are striking examples.

These transformations not only resulted in a reclassification and functional change of the territory of
the delta, but also had a strong influence on the dynamic and formative character of the delta.
Deltas are the result of dynamic processes of rivers and sea, with regular and irregular changes in
currents, tides, wave action, sediment transport and sedimentation, vegetation, wind, precipitation.
Most deltas owe their present shape largely to the way in which these processes took place in the
last 12,000 years, after the last Glacial Period. The large amounts of sediment that were brought in
by rivers and the sea and subsequently became overgrown with vegetation, led to dynamic
processes of land formation (Kleinhans 2010; Jarriel et al. 2021).

The dynamic nature of the natural system of deltas gave rise to three main characteristics of deltas:
first, extraordinarily rich ecosystems. According to some, deltas and estuaries contain the richest
ecosystems, with the most 'ecosystem services' of any ecosystem in the world (Costanza et al. 1997).
Deltas include important intersections of migratory fish and migratory birds, which use deltas for
foraging, spawning, and breeding.
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Second, the dynamics of the delta led to the continuous formation of new (wet)land, which
increasingly served as a protective buffer in the coastal landscape. It is true that these processes
were erratic and in various places they also led to erosion and flooding of land. But the net result
over the centuries was that the land in the delta grew with or even grew faster than the sea level
rise (Seybold et al. 2007).

Third, the dynamics of water and sedimentation lead also, with some regularity, to structural
changes in the course of the main river discharge and thus in the shape of the delta. The
development of the Mississippi Delta shows several 'delta lobs', which are the result of changes in
the course of the main river discharge since the last Glacial Period (Campanella 2006; Blum, Roberts
2012; Giosan, Freeman, 2014). These changes occur once every few hundreds or thousand years and
are the result of the silting up of the estuary by sediment supply and deposits by the river itself and
the sea. Now as the riverbed of the main discharge starts to silt up, it starts to act as a blockage, and
the water tries to find another, easier way to the sea, especially in the case of huge peak discharges.
The development of the Rhine/Meuse delta shows a similar process. The main discharge of the
Rhine has moved south in several steps over the course of 12,000 years (Vos 2011).

These processes continued in most deltas until about the mid-nineteenth century, when large series
of major interventions are started that radically change the hydrological system and the spatial
structure of the deltas.

The first game change: From dynamic system to controlled mechanism

Two important developments during the nineteenth century are responsible for a fundamental
‘game change’ in the systems of river basins and delta: technology and the rise of nation-states.
These two developments created the conditions for the era called ‘the Anthropocene’
(www.brittannica.com ; Sijmons 2014).

The technological revolution of the nineteenth century includes the invention of the steam engine
and later the electric and gasoline engine, and the discovery and use of coal and later oil and gas as
energy sources. The new energy sources and technical equipment created the necessity as well as
the possibility of major adjustments to the water systems of deltas and rivers. The steam engine
allowed for larger ship sizes; the larger ships required deeper waterways, which were made possible
by steam and diesel-powered dredgers. Riverbed narrowing also took place on a large scale,
resulting in deep waterways on the one hand and more available land for agriculture and
urbanization on the other. The waters that mainly serve as a transport corridor are separated from
the land by high dikes, where urban, agricultural and industrial development can take place. Due to
intensive drainage of the swampy lowland, subsidence is occurring behind the dikes, increasing the
vulnerability to possible flooding.
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The new nation-states of the late 18" and 19" century created the institutional conditions for the
large-scale, cross-regional interventions in the river basins, like Rijkswaterstaat (National Water
Management Agency) in the Netherlands and the US Army Corps of Engineers in the USA (O’Neill
2006; Lonnquest et al., 2014; Meyer 2017).

The deltas of the Rhine, Yangtze and Mississippi all three show this development. It is true that there
are many differences between the characteristics of these three deltas, but essentially the
development process of each of these three deltas has the same characteristics. If you compare the
maps of the three deltas from ca. 1850 with those of 2022, you will not only see a spectacular
increase in urban and industrial land use, but also the consequences of large-scale river rectifications
and normalisations, of new land reclamations, of countless waterworks such as new canals, dikes,
dams, locks, of roads, railways, pipelines. We also see what has disappeared: many tens of square
kilometres of intertidal areas: wetlands, mud flats, salt marshes, sandbanks, beaches, dunes.

What took place during this period, which began with the deployment of the first steam-powered
ships, dredgers and drainage pumps, and has in fact still not ended, can be called a first fundamental
game-change. With the rise of the fossil fuel based industrial society, compared to the previous
centuries, a fundamental change of the game has taken place, with new players, new rules and new
outcomes.

The net result is that, during the last century and a half, delta areas have been drivers of explosive
economic growth and prosperity. Not only have the delta areas themselves become centers of
economic growth and wealth, but this development has also been crucial for the hinterland. The
Mississippi has become the main transportation corridor of the United States since the mid-19th
century; 90% of what is shipped across the Mississippi and its tributaries goes to or comes from
ports in the Mississippi Delta (O’Neill 2006). The Rhine basin is the economic artery of Europe, or the
‘Blue banana' according to the French geographer Roger Brunet (1989). For the development of the
Rhine into a Blue banana, the transformation of the Rhine delta into an efficient transhipment and
distribution center played a key role (Klemann, Wubs 2013).

In China, the Yangtze Delta and the Pearl River delta are the two most densely urbanized regions of
the national territory; together they are responsible for 40% of the GDP of China
(www.thinkchina.sg)

However, the flip side of this development is that the delta has changed from a natural system to
something resembling a mechanical system. The entire water system of the river and delta has taken
the form of an industrial machine. This also creates the illusion that rivers and their deltas can be
controlled and monitored like an industrial machine. The toll that must now be paid for this illusion
is threefold.
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Firstly, we must note that the ‘'mechanisation’ of the delta has led to a large decline in biodiversity.
In some deltas, the specific features of the delta ecosystem have largely or even almost completely
disappeared. Not only did this lead to a considerable impoverishment of fauna and flora in the delta
landscape itself; this also has major implications for life on Earth in a much larger context. With the
disappearance of large parts of delta nature, an essential link in the food chains of countless birds,
fish, shellfish and plants in our rivers, seas and oceans has disappeared
(https://www.worldwildlife.org/habitats/wetlands).

Directly linked to this is the second major problem: the disappearance of a large part of the
formative capacity and thus of the resilience of the natural system of the delta. Instead of processes
of siltation, land accretion and soil raising, other processes have come to dominate: erosion,
subsidence, ever higher water levels in the river mouths and a saltwater tongue penetrating deeper
and deeper into the land. And insofar as there is still a supply of sediment, as the most important
building block for land formation, it is dredged away to keep the rivers at their depth for shipping
(Ericson et al. 2006; Tessler et al. 2015; Hoitink et al. 2020).

Thirdly, the attempt of optimal control and fixation of the river and delta has led to the natural
process of displacement of the estuaries appears to have come to an end. We emphatically state
that this process 'appears to have come to an end’, as we see that water management authorities
over the past hundred years have been forced to build more and more engineering works in the
river system in order to maintain the existing main drainage riverbed. In the Mississippi Delta, a
series of dams, spillways and flood ways have been created around the connection between the
Mississippi and Atchafalya Rivers to counteract the natural system's tendency to divert the main
drainage to the Atchafalaya River. Nevertheless, it is feared that the time will come when this
tendency will no longer be countered, with disastrous consequences for the city of New Orleans and
the surrounding area (Barnett 2017; Day et al. 2014). In the complex network of river courses of the
Rhine/Meuse delta, a series of interventions have also taken place that counteract the tendency of
the Rhine and Maas rivers to discharge more and more water via the Haringvliet and force this
discharge out to sea increasingly via the Nieuwe Waterweg near Rotterdam (Vellinga et al. 2014).

More than fifty years ago it became clear that maintaining this approach to the river system is
harmful and unsustainable. The first large-scale protests against the loss of river and delta nature
date back to the 1960s and have led to the first major adjustments in the Netherlands, such as the
cancellation of the complete closure of the Oosterschelde and the construction of the Markerwaard.
Not coincidentally, the report for the Club of Rome, The Limits to Growth (1972), was published
during this period.

Although the main aim of these protests and changes was to prevent the disappearance of the delta
nature, the need for a fundamental change in economic growth was already hinted at as a guiding
principle in the development of natural landscapes (Buelens 2022). The American landscape
architect lan McHarg introduced an analysis and design method for wetland landscapes in the 1960s,
in which he introduced the need to make a distinction between slow (climatic, geological,
geomorphological, hydro morphological) change processes and faster, often human-initiated,
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change processes such as infrastructure development and urbanization (McHarg 1969). His position
was that it is important to take good account of the slow processes, to offer sufficient space for this,
and to adapt infrastructure and urbanization accordingly. In practice, he saw exactly the opposite
happening, with disastrous results. This method was later elaborated in the Netherlands and
became known as the 'layer approach’, which was advocated in various government memorandums
of the 1990s and 2000s (Meyer 2017).

The relevance of this layer approach became apparent from the 1990s, when the first signs of
climate change emerged and it became clear that the channelled river courses did not have
sufficient capacity to discharge the increasing amounts of melt and rainwater due to climate change.
The Dutch Room for the River program (2005-2015) was the first important implementation of the
layer approach. Restoration of the river ecosystem was combined with the task of increasing the
discharge capacity of the rivers and restoring and strengthening the resilience of the natural system
(Sijmons et al. 2017).

Also, in and around the Mississippi Delta, the first ideas for major modification of the river drainage
system date back to the 1990s and gained momentum after the 2005 Hurricane Katrina disaster. The
wetlands of the delta have been subject to severe erosion since the 1930s. As a result of the
channelling of the Mississippi river, all the tributaries that fed sediment- and nutrient-rich
freshwater into the wetlands were dammed. The wetlands form a buffer that dampens the force of
hurricanes. Erosion of these wetlands is catastrophic to the survival of the city of New Orleans
(Campanella 2006; Barnett 2017).

However, with the latest insights and predictions regarding climate change and sea level rise (IPCC
2022; Deltares 2018), the question is whether the changes in the Rhine/Meuse delta, Mississippi
delta and Yangtze delta are sufficient. The restoration of nature and especially the restoration of the
dynamics and the shaping capacity of the deltas requires a significantly more radical ‘game change'.

Towards a second game change: restore the dynamics and resilience of the natural

system in combination with energy transition

The need of a new ‘game change’, giving priority to nature-based solutions in delta areas, has
already been addressed frequently (Costanza 1997; Temmerman, Kirwan, 2015; Day et al. 2014).
However, the major task in delta areas is twofold: to restore the resilience of the natural system and
provide room for its dynamics, and to shape the transition from fossil to non-fossil energy sources.
This means a combination of maximum mitigation as well as adaptation.

One of the main driving forces behind these changes in deltas is the port and shipping industry. In
many cases, and certainly also in the deltas of Mississippi, Rhine and Meuse and Yangtze, the
transhipment, storage and processing of fossil fuels plays a central role. Port development and
shipping were the basis for the radical spatial and hydrological transformation of the delta, but also
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for the fact that the deltas have become central hubs in an economic system based on fossil energy
sources. Due to the large amount of space required and the many infrastructural systems, the port
and shipping system also appears to be the most difficult to change. Because of this strategic role of
ports and shipping in the delta areas, and to make the discussion more concrete, the consequences
for ports and shipping will have to be explicitly discussed when discussing possible future prospects
for these delta areas.

Discussions are ongoing in both the Netherlands and the Mississippi Delta about the most effective
and desirable strategies for making the delta resilient to sea level rise. In the Netherlands, three
approaches seem to emerge in the Sea Level Rise Knowledge Programme: (1) continue the
development of the past century, with even stronger civil engineering works and on a larger scale,
(2) a 'retreat’ of cities and economic activity to higher grounds, and (3) more room for restoration
and reinforcement of the natural system, in the expectation that this will also lead to processes that
make the delta less vulnerable to sea level rise and higher peak discharges (Ligtvoet et al. 2009,
2011; Haasnoot et al. 2019).

Also, in the Mississippi Delta there seems to be a balancing of comparable alternatives, as was
reflected in the design competition ‘Changing Course' (http://changingcourse.us/).

The first option (reinforcement of the existing system) only seems to cause more problems in both
deltas in the longer term. Maintaining an increasingly large-scale ‘armour* to protect low-lying
territory will encounter increasing technical, managerial and financial problems. It seems much too
early for the second option (‘retreat’); hopefully it doesn't have to come to that. To prevent this
option, something will have to be done in the delta areas.

That is why, during the working conference, we propose to seriously examine the possibilities for a
fundamental game change based on a new priority for space for the natural system.

The seminar October 11 - 12, 2022
The foregoing argument can be summarized with the following figure:

10
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Paradigm shift - an ecosystem-based approach
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Figure 1. (Ligtvoet et al. in prep.)

The transition of the upper relationship diagram between water and economy to the middle diagram
represents the first game change: from a system in which water is leading, and economic and urban
development is following, to a system in which economics and urban development are dominant,
resulting in adaptations of the water system. The transition from the middle relationship diagram to
the bottom one reflects the current task: a new 'game change', leading to the implementation of a
hybrid system in which the water system on the one hand and the economy and land use on the
other hand find a new balance.

The seminar ‘River basins and deltas - Water Systems and Port Economies in Times of Climate
Change: Rhine, Yangtze and Mississippi’ aims to investigate to what extent the idea of the first and
second game change is relevant for these three river basins and deltas, and in what sense it can give
direction to a new approach for a new balance between economic and environmental development.

In particular, attention will be focused on:

a) the precise nature of the dynamics and shaping forces of the three delta regions; (b) how these
dynamics and formative forces were dealt with in the period late 19th century — early 21st century,
and what effects this had on the physical conditions of the delta; (c) what options are available to
use 'nature-based solutions' to create space for the dynamics of the delta and to use it to restore the
resilience of the natural system; (d) what possibilities there are for combining energy transition,
sustainable economic development and new land use patterns with more room for delta dynamics.

These four questions will be addressed on both days by three experts on the three deltas.
Subsequently, a panel of four experts in the field of water management, urban development,
ecology and port economics will reflect on the potential consequences of the proposed strategies for
these four fields.

11
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DAY 1

The first ‘game change’

The creation or our current rivers basins and deltas, starting with the large-scale interventions in the
water systems from the 19" century until the current state-of-affairs. What did the first game change
look like, and to what consequences did it lead? Delta development before the mid-19th century and
after. Consequences for current problems, exacerbated by climate change/accelerated sea level rise.

PBL director Hans Mommaas welcomes the participants and outlines background and purpose of
the seminar. In particular, attention will be focused on:
- the precise nature of the dynamics and shaping forces of the three delta regions;
how these dynamics and formative forces were dealt with in the period late 19th century —
early 21st century, and what effects this had on the physical conditions of the delta;
what options are available to use 'nature-based solutions' to create space for the dynamics
of the delta and to use it to restore the resilience of the natural system;
what possibilities there are for combining energy transition, sustainable economic
development and new land use patterns with more room for delta dynamics.

By way of overall introduction, Willem Ligtvoet (PBL principal investigator, international waters

programme), explains the need of another game change in the relation between economic
development and water systems. Deltas find themselves in a critical state, and this will worsen in the
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next decades due to plans for 3700 new dams in rivers worldwide, ongoing urbanization, sand
mining and other human actions, delivering profit at the short term but increasing problems at the
long term. Over and above this comes climate change, for example bringing sea level rise to deltas
that are already at risk of shrinking because insufficient sediment is supplied. All over the world, a
more sustainable approach of delta regions will result in costs at the short term, but larger benefits
at the long term.

The statement of Ligtvoet is illustrated and underlined by the three next speakers:

Jaap Kwadijk (NL, Deltares) argues that a fundamental transition in Dutch water management
started in the 1990s, after two extreme high-water events in the Dutch river area. The program
‘Room for the River®’ (2005 — 2015) and the Delta program (started in 2009) aim to create more
room for water and ‘working together with water’. This contrasts with the essentially reactive
policies of the decades and centuries before. Implementation of this new approach is possible
thanks to: (1) a modest but steady budget of 1 billion euro per year); (2) a law, namely the Delta Act;
(3) a programme with a long time horizon, namely the Delta Program; (4) institutional anchoring at
Minister-level, by way of the Delta Commissioner.

However, Kwadijk emphasized that the discussions on climate change and uncertainty concerning
sea level rise stimulate the rise of the idea that The Netherlands are not safe anymore for long term
economic investments and these perceptions are an economic reality in their own right. In
retrospect, decades of high-profile engineering are now looked upon with a mixture of pride
(because of effectiveness) and spite (because of the path dependency created). The current question
is how to find a new balance between necessary short-term interventions and investments, and a
new general belief in long term benefits and sustainability. One reason for ‘pride’ with the current
tools is to have set up a system of periodic review of the Delta Program.

Li YuanYuan (PRC, General Institute of Water Resources and Hydropower Planning and Design, vice-
president; National Committee of International Water Resources Association, president) shows the
importance of a solid analysis and comprehensive approach of (1) water dynamics, (2) socio-
economic dynamics and (3) ecological-environmental dynamics. These three types of dynamics are
highly dependent of their own driving forces, but they also influence each other. Itis important to
understand the gigantic scale of these forces as well as their mutual influences. Li argues that it is
necessary to develop a new general approach, implemented by new major measures.

The new general approach should be based on a solid relation between different scales of action:

the scale of the river basin (creating a sustainable water-sediment balance), the delta scale (creating
natural buffer areas for peak discharges as well as for fresh water storage during droughts), and the
city scale (compact urban and industrial development). New major measures should be: guaranteed

! A central Program Bureau was appointed by the State. This Program Bureau developed scenarios concerning
future expectations of peak discharges. These scenarios lead to the goal to increase the capacity of the whole
system to a discharge of 16.000 m3/sec (instead of the existing capacity of 12.000 m3/sec). Furthermore, the
Program Bureau ordered that this goal should be combined with the goal to improve the ecological and spatial
quality of the river bed areas substantially. Subsequently, 39 project locations, functioning until then as critical
bottlenecks during peak discharges, were appointed to implement these goals in concrete projects. For each
project location special project groups were appointed, with local stakeholders, representatives of local
interest groups, local politicians, together with hydraulic experts, spatial planners and landscape architects. A
special ‘quality team’, composed of different disciplinary experts, kept an eye on the implementation of the
general conditions of the Program Bureau. In this way a workable balance was created between central,
general goals and decentral, local involvement. See for more information: Sijmons, Dirk, Yttje Feddes, Fed
Feddes, Eric Luiten, 2017, Room for the River. Safe and attractive landscapes. Wageningen: Blauwdruk.
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fresh water supply by creating key reservoirs; flood control by changing flow diversion ratio in the
delta; and measures concerning ecological-environmental protection and improvement.

Justin Ehrenwerth (USA, The Water Institute of the Gulf) shows the importance of the repair of a
sustainable water-sediment balance for the Mississippi delta. Due to narrowing and diking the
Mississippi river, sediments don’t arrive anymore in the delta wetlands but disappear in the sea,
next to the mouth of the river. The result is a dramatic shrinkage of the wetlands during the last
century and the loss of their function as a buffer to protect New Orleans against the violence of
hurricanes.

The new Louisiana Coastal Masterplan provides a repair of a series of distributaries in the delta by
breakthroughs in the Mississippi dikes, which will lead to in a renewed sediment and freshwater
supply in the delta area itself, resulting in a recovery of the wetlands. Important features of the
masterplan are (i) consistent engagement of stakeholders, including major enterprises in the area;
(ii) ‘structured assessment’ of developments and options, as basis for everyone’s engagement; (iii)
periodic review of the plan.

Panel discussion

TU Qiyu (PRC, Shanghai Academy of Social Sciences) emphasizes the need and possibility to combine
ecological, economic and spatial ambitions, by referring to the central position of the Shanghai
water reservoir in the new Shanghai Metropolitan Masterplan. The lake is an important central
feature for fresh water supply as well as for spatial quality and recreation. Also other elements of
the main green ecological corridors can play these multifunctional roles. Interestingly, once the city
of Shanghai had declared its intention to give this central waterbody an important role in its plan, all
adjacent municipalities understood it was in their interest to join the planning process.

Bart Kuipers (NL, Erasmus University Rotterdam) emphasizes that the Chinese and Dutch deltas are
strongly interconnected with each other by trade flows. However, the question is if this strong
relationship will sustain in the future. Kuipers argues that a process of ‘deglobalization’ has started,
putting more emphasis on coherence of national and continental economies and trade flows than on
global interconnectedness. While current trade flows in the port of Rotterdam show a dominance of
import flows, Kuipers predicts a dominance of export of local industrial products in the next
decades. This transition makes it possible to reconsider the land use in the port in relation to
necessary environmental and water related interventions.

Arnoud Molenaar (NL, City of Rotterdam) is concerned about the lack of directives of central
authorities. Currently, spatial planning is at the mercy of ‘bottom-up’ initiatives, while a water
system needs a comprehensive, system-wide approach, especially when it is necessary to combine
this with other important societal questions, like energy transition and urban development. He
argues that the national authorities should take their responsibilities and take the lead in an
integrated water management and spatial planning program.

Anne Loes Nillesen (NL, DeFacto Urbanists) addresses the complexity of such a comprehensive
planning: Everything is different everywhere. For example, the Dutch water system is not one entity,
but a complex, hardly understandable composition of many different polder units, each with a
different groundwater level and with its own water patterns and problems, and in the same time all
these polders are very dependent from each other. The system of urban patterns shows a similar
complexity. This makes it very difficult and also dangerous to rely too much on a top-down
approach, especially with initiatives on a grand scale
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Nicole Silk (USA, TNC) reminds not to forget the social implications of interventions in urbanized
deltas. The applicable slogan is: ‘not about us without us’. Water related disasters, like floods and
droughts, have disproportional impacts for indigenous, black and poor people. Interventions to
restore water systems and wetlands should enhance ecosystems and communities.

Hans Mommaas closes the day by summarizing four themes which played a main role in the
discussion, reflecting the need to rebalance of economy and environment in river basins worldwide
- Attention to the relations between different scales: from local to global,
- We need systemic approaches, based upon understanding the ‘behavior’ of systems;
- We need integrated and holistic approaches, deliberation based on broader narratives
instead of a separation among different disciplinary ‘silos’;
- We need solid governance models, based on central coordination and direction but leaving
space to creative elaboration at a local scale.
Taken together, this means that our considerable and growing knowledge base must be used to
support an array of coalitions at various scale levels and places in a timely, transparent and
trustworthy manner. That is an intimidating assignment. It underlines that it is useful to look at and
learn from concrete cases, as we are doing during this seminar.

DAY 2

The second 'game change'

Approaches to river basin resilience. rebalancing river basin economies and the natural system while
both are changing and uncertainties are large. Options and limitations of nature-based solutions.
Possibilities to link adaptation to climate change, energy transition and new land use patterns.

Welcome by Li Xiaojiang (PRC, China Academy of Urban Planning and Design, former president).

In his opening speech, Professor Li emphasizes the need of regional collaboration in delta regions,
with the Pearl River delta as a clear example. From the 1990s to 2010, uncontrolled growth in the
PRD has led to ecosystem degradation and disappearance of natural resources and coastlines. Since
the 2010s, regional collaboration has resulted in the appointment of a series of nature conservation
areas.

Lv Xiaobei (PRC, China Academy of Urban Planning and Design, Deputy Director of the Shenzhen
Branch) presented an account of developments in regional collaboration, focusing on the case of the
Pearl River Delta. The delta, as so often, features important and fast-growing economic activity,
population increase and urbanisation (especially towards the coast) as well as land reclamation. At
the same time, the delta houses important nature reserves and is a node on bird migration routes.
Environment pressures range from pollution and steadily increasing water temperature to habitat
destruction. One key development is growing and successful public opposition to initiatives that
would have caused further nature loss.

Encouraged by the national government, regional collaboration is being explored between the
governments of Guangdong province, Macao and Hongkong (nearby across the water).
Collaboration faces the usual challenges such as differences in standards, approaches to land
reclamation and accountability mechanisms. Key ideas include setting up a regional coordination
mechanism in environmental impact assessments for the construction of large infrastructure such as
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ports; and integrating the nature reserves of the delta to form a linked regional conservation
initiative.

Marjolein Haasnoot (NL, Deltares) is a principal investigator of Deltares, involved in the Dutch Delta
program in order to formulate a proper strategy for enhancing the sustainability of the Dutch delta.
She emphasizes the need of combining adaptation (to already unavoidable future sea level rise) with
mitigation (by reduction of greenhouse emissions in order to prevent further climate change). This
means that we should look for possibilities to link adaptation measures to measures for energy
transition and new land use patterns. Climate, ecosystems and human society are coupled systems:
this a key to climate-resilient development. Several projects of the last decades show already that
adaptation measures can include substantial improvement of the urban landscape: Nature offers
significant untapped potential!

Currently, Deltares and the Delta program are exploring four different possible long-term
perspectives for the Netherlands in relation to sea level rise: (1) the delta as an open system (with a
lot of room for rivers and estuaries); (2) the delta as a closed system (with a closed coastline); (3) a
seaward approach (a new artificial coastline in front of the current one) and (4) retreat (moving
people and economic activities to higher grounds). Exploring the long-term solution space of each of
these perspectives helps: adaptation pathways can break adaptation into manageable steps and
illuminate lock-in and low-regret investments. Key to is to (i) consider multiple scenarios, including
for developments that your government does not control; employ a variety of tools, from story-
telling to quantitative modelling and engineering; consider history.

BAO Qifan (PRC, Shanghai International Port, former Vice President) reminds of the seven-century
history of Shanghai and highlights the expansion of its port infrastructure since the mid-1990s. The
agglomeration now measures 3 km?. Bao Qifan highlights the land reclamations in the Shanghai
region of the last decades. He argues that this land reclamation policy can be considered a ‘building
with nature’ approach, making use of the massive sediment deposits along the shoreline by tidal
currents of the sea. During the past ten years, Shanghai International port has expanded to deeper
waters. It will continue to do so, with planned new footholds on two far-out promontories, with 22
m depth.

Liu Kunyi (PRC, China Academy of Urban Planning and Design, Deputy Chief Planner of the Shanghai
Branch) explains how the Yangtze delta deals with an increased flood risk, as a result of
intensification of industrial and urban development in flood prone zones and a degradation of the
delta ecosystem, leading to a decrease of the capacity of the natural system to resist typhoon storm
surges. Especially the growth of many domestic and industrial ports has contributed to this
development. A flood would be catastrophically, because of the presence of a large number of
chemical industries along the shorelines. Spatial reorganization of shorelines and ecological
restoration of natural shorelines is a central goal: repair of the ecosystem should be combined with
creating new public spaces and flood defense along the shorelines.

Derek Hoeferlin (USA, Washington University St. Louis / Derek Hoeferlin Design) emphasizes the
coherence and interdependency of city scale, delta scale and river basin scale by explaining the way
of exploiting the Mississippi river basin during the last 150 years and how it influenced the state of
the delta and the city of New Orleans. The current state of the river basin can’t be changed just like
that: the area of the Mississippi river basin is the production area of 40% of the world’s food supply.
River regulation projects, dams, levees, land reclamations, they all serve the purpose of using the river
basin as much as possible for food production and using the river itself for transporting this food. This
development had a severe impact on the delta, as also showed by Justin Ehrenwerth at day 1. Hoeferlin
argues that it is not enough to focus only on the delta itself. Despite the enormous scale and the
complexity of the river basin, Hoeferlin shows that it is possible to define a set of different categories of
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subareas and sub-basins, which creates the possibility to define manageable projects, leading to a
restoration of the natural resilience of the river system.
Panel discussion

Carline Borest (NL, Rotterdam Port Authority) argues that we should be aware of the societal
importance of ports. For instance, the port like Rotterdam is an essential gateway for the supply of
goods and energy for more than 350 million people in Europe. Changing the port system needs very
serious considerations. Fundamental change needs time, and can only be organized in a series of
steps. We can’t control this change completely; we are dependent from many external forces, like
Covid, war in Ukraine, cybersecurity, criminality, etcetera. The policy of the Rotterdam Port is based
on four pillars: (1) optimizing efficiency and infrastructure; (2) a new energy system; (3) a new raw
material and fuel system; (4) sustainable transport. Together it should lead to 55% CO, reduction in
2030 and CO.-neutral in 2050.

Bart Kuipers (NL, Erasmus University Rotterdam) agrees with Borest that change of port areas needs
time, but we should be aware that there will be change in the next years. The Port Authority
Rotterdam itself published a policy document with four possible scenarios; two of them include a
decrease of the trade flow through the port of Rotterdam. So, we should be prepared seriously for
this scenario, and look carefully to the investments in and around port regions: they are signals
which can clarify which scenario will become reality.

Bas Roels (NL, World Wildlife Fund) is a bit disappointed by the presentations. He pleads for more
radical transformations in the deltas. Most of the presentations are rather positive, but still not
radical enough. We don’t have time anymore; changes are too little and too slow. ‘Adaptation’ has
become a poisoned word; it has lost its original meaning and is used too often for too small changes.
Moreover, he misses the people: Where are the people in the presentations?

TU Qiyu (PRC, Shanghai Academy of Social Sciences) agrees with Roels. A delta is water: people can
enjoy water! This aspect is underexposed in the lectures. More emphasis on water as an attractive
public amenity will contribute to a broad public support of radical changes in water systems.

Moreover, port cities represent a specific form of social capital [term introduced by the report
drafters — JB]. They are more than transportation hubs. Port cities offer valuable, long-lived social
and economic networks whose default orientation is way beyond the city — worldwide, for the
examples the seminar is discussing. This value should get more attention in any analysis of rivers
and deltas.

On the matter of globalisation or de-globalisation and its effect on port city economies, Professor Tu
observed that of the top ten global ports by volume, seven are on China’s East seaboard. This alone
suggests that a key avenue forward is perhaps not increased expansion, but specialisation and
upgrading.

Anne Loes Nillesen (NL, DeFacto Urbanists) refers to the presentation by Marjolein Haasnoot, talking
about the need to explore the long-term solution space of different perspectives of the Dutch delta.
She emphasizes the importance of ‘research by design’: exploring the long-term solution space is not
only a matter of scientific calculations, but should be a process of interaction among creative design,
scientific research and innovative engineering. The ‘radical transformations’, suggested by Bas Roels,
only can be realized with this type of interdisciplinary collaboration.

Han Meyer gratefully refers to the call by Bas Roels for creativity and innovation. He closes the
discussion by thanking all speakers and panel members.
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.  Common issues

Some elements figured in multiple presentations, panel reflections and discussions. They can be
grouped as follows.

DAMS AND o~ ENGINEERED DELTAS
RESERVOIRS

AGRICULTURE

URBANISATION AND
INDUSTRIALISATION

PORT DEVELOPMENT
AND SHIPPING

© image from PBL River Basin & Delta Tool https://themasites.pbl.nl/future-water-challenges/river-basin-delta-tool/

Game Change

After one and a half century dominance of economy on natural water systems, the general
conclusion is that this dominance has led to irresponsible distortion of natural systems and cannot
be continued. Creating a new balance between on the one hand economic driven land use and on
the other hand the dynamics of natural water systems should get absolute priority. This means a
radical revision of the dominating approach and use of river basins and deltas. Building with Nature
should lead to a restoration and improvement of biodiversity, and to a ‘working together’ with the
dynamics and forces of natural processes of water systems, including currents, waves, erosion,
sediment transport, siltation, etcetera.

An example of the start of the start of this game change is the new policy in the Mississippi delta,
aiming to create a series of cuts in the dikes alongside the river, in order to provide the wetlands of
the delta with sediments and fresh water of the river. This will turn the processes of erosion into
enforcement and extension of the wetlands. Restoration of these wetlands, which function as a
buffer to decrease the violence of hurricanes, is essential to maintain New Orleans. In recent history,
dike construction alongside the river was meant to improve the conditions for navigation and
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agriculture. In the next future, dike construction will also be meant to improve the conditions for
ecological restoration.

Another example is the experiment with ‘double dikes’ in The Netherlands. Letting seawater in the
strips of land between the dikes will result in a natural elevation of the land by sediment deposits.
Recent Chinese examples include the emphasis on green and blue infrastructure in urban
development, and the cleaning up and renaturing of shorelines of the Yangtze.

Perception

It should not be taken for granted that things will stay as they are. Specifically, Li Yuanyuan
sketched an array of powerful changes with lasting impetus, including forces in the physical domain,
demography and spatial organisation, and measures in relation to safety and security.

After Views notably differ on the kind of ports required in the next decades. Will there be ongoing
globalisation and bulk trade? Will there be de-globalisation and more emphasis on goods with high
added value? Will there be no equivalent of current flows of fossil energy carriers, or, alternatively,
even larger volumes, consisting of sea-borne hydrogen? All current scenarios of container goods for
the Port of Rotterdam indicate some degree of shrinkage in volume; arguments regarding Shanghai
differed: ongoing growth versus upgrading and specialization only. Either would perhaps offer
opportunities for synergy in addressing various challenges in the basin as a whole, but in different
ways.

Stories of all three ports (in fact, regional groups of ports) depicted important spatial vectors: new
harbour facilities at new locations and further out to sea (Shanghai, at least in one of the views
presented); hydrogen-production further out to sea and high-value import/export based further
inland (Rotterdam, at least in some of the views presented.

Perceptions by market parties, including perceptions of climate risk and impending mitigation
efforts, can force the hand of local governments. Two speakers from the NL pointed to this
phenomenon. Arnoud Molenaar, of the city of Rotterdam, alluded to the considerable in-house
analytical capacities that enable investors and large enterprises to set their own course, if it takes
the government too long to reach consensus.

Scale
Many speakers supported the notion that the scale and pervasiveness of past and current changes
illustrates the scale and pervasiveness of upcoming changes and the necessary responses.

A number of examples illustrated the insight that the ongoing and required changes play at a
different scale than conventional strategic planning. The planning of the Great Shanghai
Metropolitan Area placed strong emphasis on blue and green infrastructure. This, in turn, made local
governments around Tai Hu Lake join the planning process of their own accord, as they understood
the benefits of being involved. Current comprehensive planning for the Mississippi started at the
lower reaches and then, logically, extended towards its middle reaches. Traditional river
management in The Netherlands, although working with international river commissions, essentially
behaved as if rivers begun where they entered this small country, for the last segment of the river’s
journey towards the sea.

Aside from spatial and temporal dimensions, the scale of invested capital is significant and was
often referred to during the seminar. Obviously, the scale of past investments points to the longevity
of traditional business interests. In turn, this makes it necessary that the powers representing past
and future investments engage in current discussions around the future of river deltas such as the
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three deltas highlighted at the seminar. Interestingly, large enterprises did engage in, and sign up to,
Louisiana’s Coastal master Plan. In contrast, similar power players in the Rotterdam/Rhine delta
seem underrepresented in the public discourse, while at the same time, no doubt, much corporate
research is going on.

Involvement and empowerment

Pleas were tabled to involve power players and affected groups and interests beyond the
incumbent. Principles were mentioned. For example, one such principle is “not about me without
me”. A related plea is for creativity to give future generations of people and businesses a voice.

Marjolijn Haasnoot underlined work of IPCC Working Group Il, reminding the seminar that the
traditional distinction between climate system, human system and ecosystems will no longer hold in
view of the challenges for the next decades. Interestingly, through biophysical logic and systems
thinking, this arrives at similar perspectives as ‘ecological civilisation’.

Examples of institutional mechanisms were mentioned, although not discussed in great detail.
Interestingly, ‘Structured Decision Making’ served well in the Mississippi delta. Strategic
Environment Assessment would be the equivalent in The Netherlands and in China, but was not
portrayed — probably because it requires a policy initiative for a start. Hans Mommaas, current DG of
PBL and key note speaker at the seminar, will soon chair the Netherlands Commission for
Environment Assessment.

Large investors seem, so far, almost invisible in discussions about redesigning Rhine delta and
rethinking the role of the port of Rotterdam. In contrast, large enterprises are part of The Louisiana
Coastal Master Plan.

The people

Several speakers asked ‘where are the people’? A real and radical game change of economy and
water system only can be reached when it will get broad public support. This, in turn, is only possible
if authorities, scientists, designers and engineers can show what the new, attractive aspect will be of
the ‘new game’. It should lead to an environment in which water plays a main role as an issue of
pleasure and joy. Li Xiaojiang referred to successful protests of the public to an extension of
Shenzhen Bay cruise ship sea tour route, because of serious concerns on the consequences for the
ecosystem and the quality of the landscape. Bas Roels referred to comparable public protests
against plans for dike-enhancement in the Dutch river area in the 1980s. The latter was the start of a
new way of thinking on the balance of safety against flooding, economic goals and quality of life,
resulting in the ‘Room for the River’ program.

The role of the central lake in Greater Shanghai is a good illustration, explained by Tu Qiyu. The lake
is important for water storage and fresh water supply in the region, but also for recreation and
leisure.

This makes it necessary to develop a new story, a new narrative on the role of water and water
systems in the urbanized world.

Long term vision as a beacon
The importance of a solid, government-sponsored vision for the long term was underlined by many.
Jaap Kwadijk, for example, praised as a reason for pride to have a nationally accepted long-term
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expectation combined with a mechanism of review every few years. He described it as a key
achievement in the development to finally move beyond policies that were in essence reactive.

On how to deal with the inherent uncertainties of the future, within the envelope of expectations,
four key insights emerged.

It was argued, but not generally supported, that in view of the large uncertainties starting
with small interventions is a wise strategy.

Nature based solutions were often mentioned, typically as one category within a large
toolbox. Looking back to the past 150 years, it is obvious that the technologies of hard
engineering required decades of experience in order to mature. That much time is not
available in addressing climate change and the implications of decarbonisation. Therefore, it
is important to (i) moderate expectations and (ii) speed up learning from any NbS
applications as much as possible.

In exploring future strategies vis-a-vis climate change in delta areas, it is key to antecipate a
range of scenarios — not just a most likely scenario or an accepted baseline. This requires
considerable homework and critical analysis. But it can be done and informs periodic
decision making, in view of ‘branch points’ --- orderly switching from one strategy to
another, if necessary. Marjolijn Haasnoot presented an example for the Rhine-Meuse-
Scheldt delta.

In order to be able to define a proper strategy, based upon the possibilities of the scenarios,
design explorations are necessary. Derek Hoeferlin (USA) and Anne Loes Nillesen (NL)
showed that these explorations, using the creative power of experienced designers, can
reveal unexpected possibilities and lead to new discoveries of the potential qualities of the
river- and delta territories. It leads to an awareness that the ‘game change’ of economy and
water system not only is necessary to avoid catastrophes, but also can lead to new
perspectives of attractive and desirable environments.

Remarkable interest

On a general note, the level of interest in this topic proved remarkable --- for this seminar as well as
for preceding and subsequent conferences on ‘redesigning the delta’. From individual reactions, the
impression of the organizers is that comprehensive view and almost-timely call for creativity have a
broad appeal.
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IV. Recommendations

The host organisations of the seminar, PBL, TNC and CAUPD, jointly lead the Special Policy Study
River Basins of the China Council for International Collaboration on Environment and Development?.
After scoping in 2020-2021, the Special Policy Study is now programmed for a five year period (2022-
2026). It will analyse interesting cases and periodically it will formulate policy recommendations. In
this context of policy recommendations, the following insights are pertinent.
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1. Rebalancing is necessary between the requirements for human activities (‘economy’, for
short) and the constraints posed by the natural system. Until one or two centuries ago, the
natural system — river dynamics, for example — dictated the possibilities for human
settlements and economic development. Then, in most situations typically 150 years ago,
hard engineering successfully turned this around and harnessed rivers and wetlands,
subjugating natural systems to the requirements of ‘the economy’. In the next decades,
multiple simultaneous developments will challenge this paradigm.

Instead, creativity from many disciplines will be needed in order to rebalance these mega-
systems, so that river systems and economic systems mutually support each other rather

2 https://cciced.eco/
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3.

than one side constraining and dominating the other. Mobilizing this creativity should be
supported with material resources, government guidance as well as the thinking power of all
interested parties.

Understanding systems is at the basis of wise management of socio-environment systems,
such as river basins. This calls for systematic analysis of deep drivers, such as physical
changes, demographic and economic changes, environmental impacts and response
strategies. Frameworks for this have been tabled at the seminar and are worthwhile
following up by regional think tanks and cooperation bodies.

Wise and effective governance and management of river basins requires a government-
backed authoritative policy. For international basins, the same applies, but in international
term. This authoritative policy can be a combination of

A. Scenario building: scientific explorations of possible futures, based upon plausible, or
maximum plausible, change in climate indicators as well as possible developments in
economy, demography, transport and urbanization, and identification of key biodiversity
assets. Scientific institutions should have the key role in defining these scenarios.

B. Defining a strategy. After public and political deliberation on the possible consequences
of the scenarios, the overarching authority of the river basin territory should define a
desirable and feasible strategy, based on the knowledge of the scenario studies and
desirable developments of society and the natural system.

C. Integral approach. Strategies concerning water safety and fresh water supply should be
combined and integrated with strategies concerning energy transition, sustainable
spatial planning and improvement of the ecosystem.

D. Defining and implementing projects. A strategy can only be implemented by defining a
series of concrete projects in the river basin and delta, which can be considered keys for
reaching the goals of the defined strategy.

E. Involvement of the public. Regional and local authorities, stakeholders and
representatives of residents should be able to contribute to the exact definition and
implementation of the projects.

Scenario building, strategy-definition, integrated approach, defining projects and
involvement of the public should be interconnected, leading to a continuous process of
evaluation and adjustment of scientific knowledge, political goals and practical instruments.
The Dutch ‘Room for the River’ program (2005-2015) can be considered an example.

Mechanisms exist to engage stakeholders and parties affected. For example, Structured
Decision Making and Strategic Environment Assessment. What are interesting experiences,
in view of the important and profound changes on the horizon?

Contrasting views exist on the type of international ports required in the future. Given the
dominant position of the ports in the basins considered by the seminar (New Orleans,
Rotterdam and Shanghai), it seems important to have discussion about the desired and
probable development in the open. Based on the seminar discussions, the following
observations can be made
each the developments discussed, for each port, means very distinct spatial
developments — East, West, towards promontories, etcetera;
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6.

a number of interventions responded to the advent of regional overcapacity and
suggested a potential for upgrading and or specialisation — implying possibilities for
redesigning the delta;

miraculously absent from public discourse around the future of mega ports, at least
in some regions, are the power players with large investments at stake.

One suggestion for the SPS is to stage a CCICED round table on this, mapping these potential
developments, possibly jointly with the WEF.

A key observation from IPCC WG Il needs to be echoed by the SPS: the climate system,
nature and the human living environment should be considered as one system — not three
separate systems. Therefore, policies and governance should be coordinated, if not
integrated.

Thus, a new general approach is advocated — most extensively, by Li Yuanyuan --
acknowledging and quantifying critical elements such as sediment flows, flows of fossil
energy carriers, and climate change. Importantly, such a new general approach works at
three levels of scale simultaneously: the basin scale, the delta scale and the city scale.
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V. Programme and presentations

Oklahema
ity

Mississippi

Rhine

Yangtze

© image from PBL River Basin & Delta Tool https://themasites.pbl.nl/future-water-challenges/river-basin-delta-tool/
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Seminar programme

Day 1: afternoon of 11 October 2022, Central European Summer Time
The first ‘game change’.

What did the first game change look like, and to what consequences did it lead? Delta development
before the mid-19th century and after. Consequences for current problems, exacerbated by climate
change/accelerated sea level rise.

14:00 CEST
Hans Mommaas (PBL, director-general) -- Welcome and kick-off (15 mins)

14:15 CEST
Introductions:
Willem Ligtvoet (PBL) - worldwide quantified overview (15 mins)

Jaap Kwadijk (Deltares) -- Rhine-Meuse delta (15 mins)

LI YuanYuan # (General Institute of Water Resources and Hydropower Planning and Design, vice-
president; National Committee of International Water Resources Association, president) -- Yangtze
delta (15 mins)

Justin Ehrenwerth # (Water Institute of the Gulf, CEO) -- Mississippi delta (15 mins)
15:15-15:30 PAUSE

15.30 CEST
Panel:
Anne Loes Nillesen (Defacto, founder), with a focus on spatial implications (5-10 mins)

TU Qiyu # (Shanghai Academy of Social Sciences), with a focus on social and spatial implications (5-
10 mins)

Arnoud Molenaar (City of Rotterdam, Chief Resilience Officer), with a focus on urban resilience (5-
10 mins)

Bart Kuipers (Erasmus Centre for Urban, Port and Transport Economics), with a focus on port
economy implications (5 — 10 mins)

Nicole Silk # (TNC, Global Director for Freshwater Outcomes), with a focus on environmental and
social implications (5-10 mins)

16:15 CEST
Discussion Moderated by Hans Mommaas

17:00 CEST closure; refreshments
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Day 2: afternoon of 12 October 2022, Central European Summer Time
The second game change

Approaches to river basin resilience. rebalancing river basin economies and the natural system while
both are changing and uncertainties are large. Options and limitations of nature based solutions.
Possibilities to link adaptation to climate change, energy transition and new land use patterns.

14:00 CEST
LI Xiaojiang # (China Academy of Urban Planning and Design, former president) -- Welcome and kick-
off (5 mins)

14:05 CEST
Introductions:
LV Xiaobei (CAUPD) — developments in regional collaboration (15 mins)

Marjolein Haasnoot (Deltares) -- Rhine-Meuse delta (15 mins)

BAO Qifan # (Shanghai International Port, former Vice President) -- Yangtze delta (15 mins)
LIU Kunyi (CAUPD) — sustainable use of Yangtze river banks (10 mins)

Derek Hoeferlin (Washington University in St Louis) -- Mississippi delta (15 mins)
15:15-15:30 PAUSE

15.30 CEST
Panel:
Anne Loes Nillesen, with a focus on spatial implications (5 mins)

TU Qiyu #, with a focus on social and spatial implications (5 mins)
Bas Roels (WWF Netherlands) with a focus on natural environment aspects (5-10 mins)
Bart Kuipers, with a focus on port economy implications (5 mins)

Carline Borest (Port of Rotterdam) with a focus on port development strategy (5-10 mins)

16:15 CEST
Discussion, conclusions
Moderator: Han Meyer

16:45 CEST
Concluding remarks
Han Meyer

17:00 CEST closure; refreshments

# On-line
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The Future of River Basins and Delta’s
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River basins and deltas play a central role in the
circulation of water on the planet and in the
atmosphere and in the creation of conditions for
biodiversity.

In that sense: ‘healthy’ river basins and deltas are
essentially for keeping the planet healthy.

At the same time, river basins and deltas play a
central role in economic development: as
transport corridors, as zones of agricultural,
industrial and urban growth.

PBL Netherlands Environmental
Assessment Agency

River basin Soiifce

A drainage basin is Tihe upland area where river begins

the entire area

drained by a river — Watirshisd
ANk tribULAES w & o The boundary (the dotted line)
' . dividing one drainage basin from
; \ .4!, - "‘fﬂ another — a ridge of high land

pbl.nl

Tribufary
Ariver joins a larger river "

Delta'/ mouth
Where the river flows into
the sea, or sometimes a lake

Source: PBL Concept
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Both aspects of river basins and deltas - a key role
in the environmental well-being of the

planet, and a key role in economic development -
are pre-eminently applicable to the river basins
and deltas of Rhine, Yangtze and Mississippi.

These river basins are quite different in size
(Rhine river basin 0.18 million km2, Yangtze 1.8
million km2, Mississippi 2.9 million km2) as well
regarding population (Rhine river basin 49 million,
Yangtze 480 million people, Mississippi 70 million).

But the common characteristic is that all three
play a key role in the drainage of their
continents as well as in economic
development. All three rivers are central
transport corridors and their deltas are the
territories of the largest port complexes of the
world.
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Until the nineteenth century, we can say that
the environmental characteristics of water
systems created the conditions for economic
and urban development: water- and ecosystems
steered the economy and land-use.

But, especially from the industrial revolution of
the nineteenth century, new technologies and
state power created the conditions that economic
and urban development increasingly steered
the water- and ecosystems of rivers basins
and deltas.

Assessment Agency

Increasing
technologies
and capabilities

% PBL Netherlands Environmental

From water/ecosystems steer economy and land use ...

Water

ecosystems

... to economy and land use steers water .....

Water

ecosystems
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This has resulted in substantial problems for
keeping the river basins and deltas in healthy
conditions, in two respects:

Second, the land- and water use for transport,

First, industrial and economic development port development, industrial development,
resulted in essential changes of the physical  Urbanization, has resulted in the fact that river
characteristics of rivers basins and deltas. basins and deltas have become main corridors of

Pollution, dike construction and river-narrowing, the fossil economy.
damming, land reclamations, dredging, has led to

a dramatic loss of biodiversity, to rising water

levels and increasing flood risks, to salt intrusion

and growing problems for fresh water supply. Facing the necessity of radical reduction of

greenhouse emissions, in order to avoid a too

I h ting in risi | | extreme climate change, an economic transition
Climate change, resulting in rising see level,  jj rjver basins and deltas will be crucial
increasing peak discharges of rivers and more

intense rainstorms, has strengthened these
problems and will strengthen them more in
the next future.
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Both respects mean that river basins and deltas
are confronted with the challenge to combine
two goals: adaptation, in order to be able to
deal with changes in the environment and climate
which already take place, and mitigation, in order
to avoid that climate change is going to get
completely out of hand.

From water/ecosystems steer economy and land use ...

‘ Water

ecosystems

... to economy and land use steers water .....

Water

Increasing
technologies
and capabilities

ecosystems

% PBL Netherlands Environmental
i —

Assessment Agency

If we consider the industrial revolution of the
nineteenth century and the following era as a first
‘reset’ or ‘game change’, leading to the paradigm
of ‘economy and land use steer water- and
ecosystems’, we have conclude that we need
another ‘reset’ or ‘game change’, leading to a
new paradigm, as a basic condition for a new and
sustainable balance between environmental and
economic development

... and back again: a new balance between water land use and economy

Transformation towards
a climate resilient and
sustainable future

Climate change

»

Potential
synergies
*Human health

Water

ecosystems

and safety
*Biodiversity
*Environment
*Landscapes

150 years ago today
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The seminar aims to investigate to
what extent the idea of the first and

second game change is relevant for In particular, attention will be focused on:
these three river basins and deltas,
and in what sense it can give a) the precise nature of the dynamics and
direction to a new approach for a shaping forces of the three delta regions;
new balance between economic and b) how these dynamics and formative forces were
environmental development. dealt with in the period late 19th century -
early 21st century, and what effects this had
z . on the physical conditions of the delta;
‘_ P N c) what options are available to use 'nature-
i _ based solutions' to create space for the

dynamics of the delta and to use it to restore
the resilience of the natural system;

d) what possibilities there are for combining
energy transition, sustainable economic
development and new land use patterns
with more room for delta dynamics.
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..building with nature..

From water/ecosystems steer economy and land use ...

Water

ecosystems

... to economy and land use steers water .....

Increasing Water

techno!ogies ecosystems
and capabilities

... and back again: a new balance between water land use and economy

Climate change Potential
. synergies
Transformation towards Water *Human health
a climate resilient and DN *gf“:j,safeﬁ\lfy
1 ecosystems iodiversi
sustainable future » EERGIFGRMERE
*Landscapes

150 years ago today
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River deltas - living at the edge
Towards ‘systemic’ strategies to bend the trend

Willem Ligtvoet, PBL Netherlands Environmental Assessment Agency
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Deltas are under

- Changing precipitation l Increasing
h I h re S S u re evaporation patterns heat
L B B | vC)Ad
< )=
PVQ
| . I . - Agriculture THEfE AgFlGlE Melting
Q Me tl ng g aclers ICT:ZEZ{::USEPIOMS - Cities/households GremtRes
. - Nature i :\rlwitustrv v
@ Changing water flows gl il - Nature
storms Emissions  abstraction L Watnr
I | . Emissions  gbstraction
Q Sea evel rise Sea level rise Land subsidence

Salinization Sand mining

=

Dams +
reservoirs

for hydropower
and irrigation

@ Weather extremes

(storms, floods, droughts)

groundwater

@ Upstream dams
@ Upstream water use

@ Sediment mining Living at the edge

@ Urbanization and infrastructure
Globally ca. 700 min people

@ Land subsidence and salinization

@ Water pollution 2
]
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Focus: critical processes

Sediment dynamics

* land use change and erosion & B a i RS i iy ATl
dam construction trapping sediments

* sand mining 4 Water

ecosystems

Land subsidence and sea level rise

* groundwater withdrawal ... to economy and land use steers water .....

* sediment accretion measures Water

Protection of deltas and coasts

* improving protection/reducing adaptation AR DK S DA BARTE e eI Hpte T I A e 4 oy
deficit K e,

* applying nature-based solutions Ay VVater W

*Environment
*Landscapes

Bending the trend

Bending the trend

* towards a systemic approach

* re-balancing water, land use and economy
O climate change
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Sediments are trapped by dams ...

Upstream sediment trapped by dams in 2005

In %
With regional differences in
resulting sediment flow:
I @ Northern hemisphere
y sediment starvation
North America Vs Europe . .
. ks (trapping > erosion)

@ Southern hemisphere

Insufficient . .
data sediment flows still large.
(erosion > trapping)
66%
South America Africa Asia (including the Oceania
Middle East and Turkey) (including Australia, New
Zealand, and Indonesia) .
Source: Ericson et al. 2006 ealand, and Indonesia Source: Zarfl and Dunn 2022
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... and numerous new dams will be built

Baseline + 980 dams by 2070
M A e Dl SN RN e But plans for 3700 new dams

$

Huge impact on water
and sediment flows

@ Flapned dams (FRHeD. Zarfel al. 2015)

e '“f:;, > @ Dam:under business-as-usual {2070)

@ Current dams (GHanD wi.3. Lehner et al, zon;}
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Deltas are subsiding ...

Sea level
rise (m)

Impact of global sea level rise and average land subsidence, for several coastal cities

Land subsidence (m)

e
-
~

Ho Chi Minh City

===~ Bangkok
=~ Manilla
=== Shanghai
A
Ay
Y
\
\
N
N\
A
N Jakarta
\\
S
.
Tokyo
1500 1925 1950 1975 2000 2025
— Absolute sea level rise  — Bangkok — Tokyo — Jakarta
— Randstad Holland — Ho Chi Minh City — Manilla — Shanghai

Main cause
groundwater
withdrawal

Source PBL/River Basin Delta Tool
based on various publications



... with land
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subsidence > sea level rise

(a) LOS max subsidence velocity (mm/yr)|
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Reducing land subsidence: example Mekong

Subsidence rate
Scenario 2030 2050 2080 2100 Groundwater withdrawal scenarios:

1991
’ B2 ’ ’ ’ ’ B2 +4%/yr gw withdrawal

. ’ ’ ’ Bl +2%/yr gw withdrawal
'201‘3 M1 d '~ -~ M1: 2019 -1.5%; 2020 -0.5%; after 2020 stable
’ M2 ‘: M2: 2018-2028: -5%/yr; after 2028 stable
"o & M3:2018-2033: - 5%/yr; after 2033 stable

, . Structural adaptation of water use:
« Y0 'l &8 M4:complete stop after 2018 g [ncreasing water use efficiency
' Treated river water
Desalinated brackish ground water
Desalinated sea water
Offshore fresh groundwater

M4

Source:
Minderhoud et al. 2020 5

w W W W
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Sand use projected to increase by 45% globally
=> [ncreasing pressure on sand mining

Canada L Rusma and
Central
L West and
Central Europe

North America China
Region
2020 : Snuth F—
B BAU Business As Usual 2060 Middle East a_"'d Japan and
= Moderate ambition 2060 Northern Africa I Oceania

High ambition 2060
. Southeast

Asia
In million tons L_ Sub-

600 .. Central and Saharan
300 - ; Africa
o _ilins South America

Sand use in concrete and glass, representing
Source: Zhong et al. (2022) 1/3-1/2 of the global sand use
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Urban development and infrastructure
hamper sediment enhancing strategies

X
SEESESELS L PP ST L EL ¢

@ Promising rates, but

(a)
250 1 B River sediment diversions .
B Tidsl flooding @ Implementation on ca.
200 - [ Sedimentation structures 0,1% of the total delta area
] Vegetation planting

@ Large scale implementation
very difficult due to
compartmentation of
deltas by urbanization and
infrastructure

150

1001

un
o

Sedimentation rate (mm/yr)

RCP 8.5
RCP 2.6

0 _:
Observed sedimentation rates in 19 projects aimed to enhance (restore) the accretion of deltas.
Source: Cox et al. 2022.
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Improving protection of deltas & coasts pays off

Benefit/Cost Ratio of improving flood protection in many countries positive

R - "-_E*‘_f— o - - -
— e _..__-' - _— -
—r1 T o, _ Wt =

L A =
-

W Ry
by 7
e
o ke
Global protection deficit it
Improved protection, based on: N
* socio-economic development 2l
* 4+ adaptation: SLR RCP 6.0 ¥ F %
Grey measures L a

Source: Van Tiggeloven et al. 2020 . .
99 Benefit/Cost ratio

i ooor  QaQl ol d o3 3 3 n e -} >L0 11
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Combining grey and Nature Based Solutions

Benefit/Cost Ratio of combining grey/NBS measures in many countries positive

_ _ St | High ambition pathway:
Y | combining protection levels
S e f”r moderate ambition +

| Nature Based Solutions

8-
¥

WAS | ; )
WEU | — {
World | I ‘
MEOD ‘10'0.0 '7," &mmm.m 0% 30% 20% 10% 0% 10% 20% 30% 40% 50% s
Reglons Structual/Hybrid (%)
Benefit/Cost ratio
Benefit/Cost ratio 12
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Historic context of sea level rise and deltas:
what if the past is representative for the future?

% of deltas Most deltas formed

Sea level

formed in 9000-7000 years ago change (m)
the past SLR 5-10 mm/yr
24 20 16 12 8 4 0

Years before present (X 1000)
Read full source

Geological research revealed that most deltas in the world
have formed when the rate of sea level rise slowed down to
5-10 mmy/year. Source Tuner et al. 2017.

Projected rate global sea level rise

Sea level rise (mm/yr)
20

16 Deltas at risk

-~

No mitigation

Today many deltas are more sensitive

for sea level rise due to:

- Constructed dams upstream, reducing
sediment flows

- Sediment mining for urban and
infrastructure development, reducing
sediment flows

- Land subsidence and salinization, caused
by groundwater abstraction and
reclamation

- Compartmentation due to levees, dikes,
built-up area and infrastructure

Critical rate for delta

conservation (5 - 10 mm/yr)

6 _ (undisturbed situation)
a = Strong mitigation
5 — | Deltas likely safe

=}

[=%
07 T T T T T T T T 1
2020 2040 2060 2080 2100 2120 2140

Year

Source: https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool

Draft
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Today: all signs for deltas are on red

Diagnosis: overview of future trends of critical drivers for deltas

IPCC 2021:
@ 1.5° or 2° C target

increasingly uncertain
@ Weather extremes intensify
beyond model projections

Projection Business-as-Usual:
Vulnerability increases

Change river discharge regime More droughts, higher flood peaks

|
fri—

PAST: Climate change : + : : + ' FUTURE
l Do we start losing
Deltas formed at . hoelertion e lovelite — L b l Mitigation | - our deltas this century?
------------------------------- 4 NN NN I NN NN NN NEENEEEEEEENEEEEEEEEEE T T e r 4
5-10 mm/yr : + : : + : HEE -
= Land subsidence 1 —_— Exceeds SLR in many deltas 1 7] Adaptation 1
+ : . + :
; 4 R 50-75% (current dams) +
Sediment trapped by dams & R L0000 e e t IPCC 2022:
+ : : + : @ No signs of adequate
Socioeconomic Sand and gravel mining 1 —_— Demand +45% in 2060 1 adaptation responses
developments 1 . @ Spatial developments
and exposure 5 : + : . +

increase exposure
@ Hardly transformational

]

4
Sedimentation/accretion - No structural improvement

& : - + : approaches found
Land use and erosion management 1 —_— No structural improvement t
+ : : - :

- Upstream de- and re-forestation & No structural improvement

_
A

L .
|




The future:
bending the trend should be possible, but a

transboundary

complex challenge River basin

\ trans-national area Whole System
. N national area h ded
Reducing land subsidence s = approach neede
_ . ater use
=> restructur_‘lng fresh water :_:,upply Dam construction
(treated river water, brackish groundwater, Polluting emissions
seawater, off-shore fresh groundwater) River flow regulation

Improving flood protection
=> integrating NBS and sedimentation

/| Upstream challenges
| - Sediment flows

- Water flows

- Sand mining

Steering spatial development
=> water robust development,
reducing exposure

=




e
Navigating deltas towards a sustainable future

Still questions rather than answers:

@ How long can populated delta systems be sustained, under what
strategies?

@ How can upstream and downstream measures contribute?

@ Will it be possble to reduce land subsidence and restore sediment
dynamics? How relevant is this, if sea level rise really accelerates?

@ How far can nature-based approaches in the deltas take us?

@ What approaches today are interesting ‘to bend the trend’ :

from short-term sectoral to long-term systemic strategies?
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Thank you!

Website in progress:
https://themasites.pbl.nl/future-water-challenges/river-basin-delta-tool/

S & , PBL Netherlands Environmental
f‘@} Assessment Agency

1. Setting the scene 2. Understanding the system ||3. Future of our deltas | 4. Bending the trend | 5. Four examples

PART 1

RIVERS AND DELTAS

@ Rhine

@ Yangtze

@ Mekong

@ Mississippi

17
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Rhine-Meuse delta

The evolution of Dutch Water
Management

Jaap Kwadijk, Marjolijn Haasnoot

Deltares & Universiteit Twente, Utrecht University

@ enabling delta life



The Netherlands

- Below sea level e B /500
|:| Above sealevel .~ ,\& . . 1250
e\ 112,000
[ 1/4.000
I 1/10.000
.‘ & I /40.000
g I 1/100.000
‘ :; 'ﬂ v
y
i?
2/3 flc?od-_prone_, The flood standards
9 million inhabitants, Sophisticated risk-
65% GNP,_ based approach
€ 1800 B invested

value

Deltares



The Dutch

Awareness gap of the Dutch

“the “awareness gap”- ...Dutch citizens take current levels of water
security for granted. As a consequence, they tend to be less

RSN Marhon R W gr involved in water policy debates, to ignore water risks and functions
Water Governance when they develop property, and to be little concerned with water

in the Netherlands pollution.... (OESO, 2014)

FIT FOR THE FUTURE?

@) OECD irainage__
(OECD, 2014) system
polder a=«

Deltares



Greetings from Holland




The Dutch are draining down their land
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Subsidence and sea level rise (m)
3

200 1000 1100 1200 1300 1400 1500 1600 1700 1800 1200 2000 2100



Main flood events (all generations have their own flood)

8 Overstroomde gebieden bij stormvioeden in 1675, 1682, 1916 en 1953

2 — e

schaal 1:4 000000

1675 1682 1916 1953

Deltares



Following the 1916 flood the Dutch reacted by

Building the closure dike
=>
Creation of |Jssel Lake
and
the Wieringermeer
polder




Following the 1953 flood the Dutch reacted by

Maeslantkering
L i Ussed
Haringvlietda \
gvlietdam
Hﬂ'uﬂlﬂg
Imﬂd?
Volkerakdam
Grevelingendam 4
nnn*ru-h'h:‘-:l:? o Philipsdam
Dikes and barriers
Veersegatdam ,Eut: ndbrug
" The delta works
7
.F_..r
i j*.ﬂ_.

Deltar




THE TRANSITION



Flooding from rivers (my generation flood 1993,1995)
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The Dutch reacted by Room for the River

Deltares

Flood reduction by:

2 - lowering groynes

3 - deepening main channel
7 - removal embankments
8 - side channels

9 - lowering floodplain

10 - changing vegetation

11 - removal of obstacles

13 - displacement main river dike
14 - retention behind dike

15 - stopping lateral inflow



~2000

Water Policy for the 21st century included Sea level rise and Climate Change

t The Netherlands

| Safety Standard
! per Dike-ring area
Legend

12 number of dike-ring area
[ 110,000 per year
E 1/4,000 peryear
[ 12000 peryear
D 111,250 peryear

high grounds (also
outside The Netherlands)

primary water defence
outside The Netherlands

North Sea

Extremely high safety standards + maintenance| ¢ 2
were put in the law => "
Safest delta in the world

Deltares

Belgium

Germany




2005-2006

New Orleans
Hurricane Katrina

Al Gore,
inconvenient truth




Now we had a problem:

The risk of climate change /
sea level rise is not the flood hazard itself

but

The image that the Netherlands might
not be safe anymore for investments

Now that is a major risk!!

Deltares
15



2d Delta commission

Finding: Scientists do not agree on
magnitude of Climate Change and
Sea Level Rise

Asked basically four questions

1. What is the maximum plausible
SLR between now and 2100 (130cm)

2. Are we able to defend the
Netherlands to that rise (YES)

3. Whatwill itcost(~ €1B/yr)

4. Can we pay this (YES)

OK, than that is what we will do, discussion closed
=> Parlement agreed upon the Delta Act

Deltares




Essentials for adaptive prevention

Delta programme

A budget ( €1B annually)
A law (the Delta act)
A Plan(Delta programme)

A delta commissioner (at Minister-level)

Deltares



Li Yuanyuan



Seminar of the CCICED special policy study River Basins, 11- 12 October 2022
River basins and deltas Water Systems and Port Economies in Times of Climate Change: Rhine, Yangtze, and Mississippi

Water Security of
Large River Deltas in China

Yuanyuan LI

Vice President, General Institute of Water Resources and Hydropower Planning and Design (GIWP), Ministry of Water Resources, P. R. China
President, International Water Resources Association (IWRA)

11 October 2022
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Major delta distribution in China

Luan Rive
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. kiao River
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Bohai Sea

Yellow Sea

YellowRiver

-
A

¥y East Sea
3

South Sea



Estuary Formation

Drastic changes in river deltas promoted the formation of modern deltas of large rivers

® Yangtze River Estuary. With moderate tidal environment and rich incoming water and sediment, modern estuary
has developed since the middle of 17 century, spatial pattern is three-tier branches and four outlets into the sea

® Yellow River Estuary. With weak tide, sandy inflow and frequent oscillation, modern estuary has developed since
the large-swing of river channel in 1855, entering Bohai Sea through Shandong province

® Peal River Estuary. As a relatively-weak tidal estuary with more water and less sediment, network water system
pattern is three rivers converge and eight outlets diverge
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1.1 Water Dynamics

» High impact of basin scale. Since 2000, runoff into sea has slightly decreased, especially that from
deltas in North China due to impacts of rainfall, land surface change and obvious water consumption

increase

» Large runoff variation. For major rivers, runoff in wet years are 15-80% more than annual mean runoff,

runoff in dry years are 22-63% less than annual mean runoff
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1.1 Water Dynamics

» Sediments discharge reduced. Sediment amount into sea reduced sharply due to soil and water
conservation and construction of water projects in upper and middle reaches as well dredging sediment,
which exacerbate unbalanced water-sediment relationship

® Sedimentinto sea from Yellow River accounts for more than 50%
of that from China
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1.2 Socio-economic Dynamics

» Aggregated population growth. The vibrant delta areas attracted population to aggregate, the major

deltas cover 44% of national population, with 108 million increase from 2000-2020, accounting 74% of
national increase

e Population density are the highest in these deltas except Beijing and Tianjin in China

e Urbanization rate reached 89% in Shanghai, which is highest in China

| Population intensity of Yangtze River Basin
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1.2 Socio-economic Dynamics

» Rapid economic development. With convenient inland-outsea transportation, rich land and water

resources, these major deltas are the most rapidly developed regions with several megacities in China,
converge 53% of national GDP
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1.3 Ecological-environmental Dynamics

» Accumulative impacts. As gradual transition from rivers to estuaries, deltas owns rich aquatic
biodiversity, which reflects long-term cumulative impacts of water-land development and pollution basin-
wide and within the deltas

» Beach space reduced. Coastal reclamation activities have experienced the development with rapid
speed, large area and wide range since 2000

» Heavy metal emissions increased. Although water eco-environment shows improving trend,

directly discharge of some heavy metals into sea by coastal provinces such as Cré*, Hg & Cd, increased by
70-80% from 2015 to 2021

Beach space change of Yellow River Estuary
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Source: China Bulletin of Sea Ecological-Environmental Condition
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2.1 Water Shortage

» Estuarine hydrodynamic processes changed greatly. Influenced by declined surface water
inflow and enhanced water resources development and utilization, the rates of runoff into the sea to

surface water resources decreased by 36%, 75% and 89% respectively for Liaohe River, Haihe River and
Yellow River (2001-2019 vs. 1956-1979)

» Available water resources varied obviously. Global climate changes, land surface change within
river basins, and water utilization of upper and middle reaches have changed water resources availability

® Since 2000, water supply in Yangtze River Basin has increased by 23.5 billion m3, accounting for 80% of national
increase, runoff amount and hydrological process entering into basin downstream (beyond Hukou) changed
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2.1 Water Shortage

» Seawater intrusion influence water supply in dry season. Influenced by continuous water use
increase in the estuaries, less inflow from upperstream, sea level rise, and riverbed cutting- down,

seawater intrusion in Pearl River estuary has intensified in recent years
® Pearl: Serious in Dec-Mar , with farthest upstream distance 70km, both intrusion distance and quality-excess

time of main water intakes increases under the same runoff condition

® Yangtze: Serious in Jan-Mar. When flow of Datong Station in dry season is less than 10000m3/s, salinity of each
representative station generally increases. In Feb 2014, water sources suffered the longest seawater intrusion

> Deteriorated water quality threaten water supply. Wastewater of Yangtze Delta is 1/5 of
national total, wastewater from Peal Delta increased by more 3 time since 1980’s. Poor quality together
with weak hydrodynamics in coastal plains, local resources is difficult to support water supply with

unstable mainstream inflow
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2.2 High Resources Use and Demand

» Huge pressure on water resources & ecological-environment. The major deltas support 44%
population and 53% GDP with 11% territory at national scale

» Higher future requirements. With implementation of national strategies of Yangtze River Delta

Integration Development, Guangdong-Hong Kong-Macao Greater Bay Area Construction, etc., demand to
water/land/sea resources will continue to increase, bring higher exposure to disasters
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2.3 Flooding Risks

» Vulnerable to disasters. In low-laying areas close to estuaries, upstream incoming flood together with
regional storm and coastal storm surge, these deltas are prone to flood, waterlogging and tide disasters,
and storm aggravates the situation when overlapped with astronomical tide

» Exacerbation of extreme events. Affected by global climate change, rising sea level and elevated
flood water table together with more frequent extreme hydrometeorological events (such as tropical
cyclone, rainstorms) intensify disaster risks

e Rate of sea level rise along China coast is 3.4 mm/yr since 1980s

» Flood storage-detention-discharge space occupation. Expanding urbanization and land
reclamation compressed flooding space, flood level continues to rise under the same flood volume
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2.3 Flooding Risks

» High tide level backward flood. The high tide level of the Pearl River has continuously reached new
highs since 1990

» Heavy disaster losses. Yearly mean economic losses ratio of flood and waterlogging disasters are 83
billion CNY of the major deltas, 37% of national average during 2011-2020, and the ratio of Yangtze River
Delta was 16%

e Over 80% of sea disaster economic losses comes from storm surge in China

I Yangtze river delta Yellow River delta
billion CNY Pearl River delta mmm Bohai-Ring delta %
160 Ratio to national average of major deltas 60
(2]
= o
§ 140 Pai q 50 g
120 v
S Average 37% 49 3
o 100 =
2 « 80 30 2
g & = i
2 «n 60
3 — ] 208
E e B = 10 8
z 20 <
-5 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Flood of Weihe River merged into Yellow River Flood disaster economic losses of major deltas



2.4 Ecological-environmental Degradation

» Longer water exchange period. With the change of rivers-lakes relationship, high-intensity landuse
and massive beach reclamation, water exchange cycle becomes longer in lower coastal plain areas

» Natural buffer space decrease. Land reclamation and beaches reclamation reduced the area of coastal
natural buffer space, especially in Yellow River estuary, where wetlands decreased by 55% since 1976

» Water pollution. Domestic, industrial and agriculture wastewater from upstream and within deltas
threats water quality of estuary and sea, affecting water supply as well as aquatic and sea ecology
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2.5 Higher Security Standards Required

» Security standard enhancement for water services with higher quality. Increasing demands
for decent life, happiness and health, requires strengthening drinking water security, flood control
standards, water quality, and ecological-friendly habitat

» Inadequate infrastructure for adverse impacts. Current infrastructure cannot cope with long-
term cumulative impacts, basin aggregated impacts, climate change, sea level rise and other impacts
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3.1 General Approach

Complex ' Upstream transitive influence | | Local accumulative pressure | Seaside backward Effect
Cha"enges * Water rgsource reduce/utlllzatlon * Socio-economic development * Seawater |.ntru5|on
* Flood discharge * geomorphology change * Sea level rise
_* Water pollution ‘ . * Beach development _* Tidal table rise
l\]ested Basin scale Delta scale City scale
Linkage w
e Maintain water-sediment e Maintain natural buffer areas for e Compact city/industrial
balance flood, tide and ecology development space to minimize
Targeted e Protect river source and soil e Stabilize flow discharge routes to intervention to deltas
Approach erosion areas extend their usefulness e Strength water saving
e Strictly control water ® Regulate flow rationally to e Coordinate urban waterlogging
consumption improve hydrodynamic control and basin flood control
e Regulate water resources and conditions e Strength urban and industrial
flood in upper and middle e Prevent and control seawater water pollution control
reaches properly intrusion e Enhance early warning and
e Strengthen pollution control of e Prevent typhoon and tide emergency response system
mainstream and tributary disasters by proper sea levees

and tide barrages

Aquatic ecological | Water environment

Delta Water Flood control ‘ l health protection

Security




3.1 General Approach

Overall Layout

Clean river corridor

® Ecological corridor
® Main flood channel
® Main water source allocation

Green ecological barrier

@® \Water sources protection

® Soil and water conservation
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® Maintaining flood-waterlogging discharge
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® Combination of flood, waterlogging and
tide control

® Estuary regulation

Coastal protection belt

® Ecological sea dike construction

® Estuary & coastal shoal protection &
restoration

Compact development zones

® Water use efficiency improvement
® Key habitat protection
® Total water pollutants decrease



3.2 Major Measures — Water Supply

® Develop multiple water sources, remote water sources
and independent water sources to control seawater 2
intrusion

Water
BiEH shortage

darea
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shortage
area
Eﬁi? (]

® Strength water regulation at basin scale by key reservoir
group in dry period, activate water supply potential of
key projects in the middle and upper reaches
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® Enlarge and interlink water supply network, and
promote local emergency and backup water sources to
enhance capacity coping with regional drought and
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3.3 Major Measures — Flood control

Better prepare for channel swing and estuary recession through rationally changing flow diversion ratio,
and improving channel shape and water depth conditions to stabilize overall estuary pattern

Properly arrange flood discharge route, strengthen flood discharge capacity of backbone waterways,
keep estuaries stable and unblocked, and give room to flood

Strengthen joint operation of flood controlling reservoirs in middle and upper reaches, and strengthen
proper use of flood storage and detention areas in middle reaches to reduce flood pressure in estuaries

Projects regulation system (Yangtze River)




3.3 Major Measures — Flood control

® Upgrade existing tide barrages, build necessary tide barrages to reduce backwater effect of high tide level
and enhance flood discharge capacity

® Enhance risk management capability, improve the system of flood monitoring, prediction, warning and
emergency response plan, strengthen the control of flood storage space, pay more attention to climate
disaster events and over-standard flood, and improve flood risk analysis, assessment and mapping

® Construct resilient flood control system, explore Nature-based Solutions in deltas by ecological sea dike
construction, rivers-lakes connection, natural wetlands restoration, sponge city, returning farmland to
wetlands and beaches, etc.
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3.4 Major Measures — Ecological-environmental Protection

® Strength water source conversation & soil and water conservation

® Strengthen the protection and regulation of shoreline, tidal beaches and estuaries to enhance the
resilience for flood discharge, tidal absorption, sediment discharge, navigation and ecological functions

® Ensure ecological flows in dry seasons through joint operation of upstream reservoirs, and maintain the
balance of salt and fresh water interface in estuaries

ome e mwo.

Mitigate seawater intrusion by joint-operation of upper key Water release from Datengxia Water
reservoirs of Peal River Delta Control Project in Guangxi Province

(upstream of Peal River)



3.4 Major Measures — Ecological-environmental Protection

Promote rivers-lakes connectivity and joint-
operation of water projects to improve
hydrodynamic conditions in lower river network

Strengthen investigation and optimization of
sewage outlets into the sea, conduct urban-rural
pollution control as well as mariculture and ships-
ports pollution control

Protect habitats for rare and endangered aquatic
species, such as Chinese sturgeon and Yangtze
finless

Strength comprehensive monitoring for water,
sediment, salinity, tidal flat, and biological
population

Establish and improve the compensation
mechanism of river basin ecological protection,
especially for upper regions

—

(4 o
' >
> \ r Y &
T . y S \
. LI \ )
“ e L
ey X [:
c ~ \
¢ -
p bl U

= S -
| s / — i
.]d AL A &
2 { .
i S v Wy 1 r A Lixiahe
3 i wE N '4; : -~ "/'( t“ Region
\7_\, a5 N : ..M. ; a

W0 R
\ ¢ 7 o S AP | AGHHET |
W e AT e

P S By e HE

5
s
\\—
1
H.
#
-
- el
“\

;_ R @ -ﬁ}--'f'g  ReEET
3 @ ¥ oy
p | W o T %‘_

AT
f"“’*‘ :
N&Y A “
f_ ; « o = \ o .
il (o 7 ol = kRIS
‘ g‘ P ‘ = "', P S
= S =7 # : . 73
~ |5 - . 9 )
s s SR B o 4
s ,/m e
b | {
o J
i" { e 5 E 2
‘-‘.‘7 r R P OO
\. L)
§ 8
9 L
<
e
B .
@ e P o
o Ml LR ) h:f_";‘ -~
M R (YT iR - N~
- 3

Comprehensive Harness of Taihu Lake and Lixiahe Region



THANK YOU !



Justin Ehrenwerth



oY

THE WATER INSTITUTE
OF THE GULF"

RIVER BASINS AND
DELTAS WATER
SYSTEMS AND PORT
ECONOMIES IN TIMES
OF CLIMATE CHANGE

The Mississippi River Delta

Justin R. Ehrenwerth
President & CEO

11 October 2022




COASTAL LOUISIANA FACES ON OF THE
HIGHEST LAND LOSS RATES IN THE WORLD

aUSGS 100+ Years of Land Change for Coastal Louisiana

‘scfence for a changing world

SUMMARY
Coastal Louisiana has lost an average of 34 square miles of land, primarily marsh, per year for
the last 50 years. From 1932 to 2000, coastal Louisiana has lost 1,900 square miles of land, roughly
an area the size of the state of Delaware. If nothing is done to stop this land loss, Louisiana could
potentially lose approximately 700 square miles of land, or about equal to the size of the greater
Washington D.C-Baltimore arca, in the next 50 years, Further, Louisiana aceounted for an estimated
90 percent of the coastal marsh loss (o the lower 48 states during the 1990s.

Predicted Land Loss 2000 - 2050

Land Gain 1932 - 2000

- Predicted Land Gain 2000 - 2050

N Louisiana Land Change Study Boundary

Prepared by:
U.5. Geological Su

NﬁmﬂwmmwchMr Background is 2000 Thematic Mapper panchromatic band,
Lafayette, LA Mg 10 USGS-INWRC 2003-03-085

December 20, 2022 2
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GEOLOGICAL INVESTIGATION
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FUTURE WITHOUT ACTION (THE RED MAP)
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Climate change, subsidence, sea level rise, and tropical
storms, exacerpbated by levees and canals.
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COULD HAVE SEEN IT COMING

« “...A complete system of absolutely protective
levees... [will create] disadvantages to future
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LOUISIANA'S COASTAL MASTER
PLAN




WHAT THE COASTAL MASTER PLAN
DELIVERS

~

PROVIDES
DIVERSITY
OF PROJECTS

PROVIDES
ECONOMIC |

| DEVELOPMENT 23&2%5
OPPORTUNITIES LAND




RECONNECTING THE RIVER
SEDIMENT DIVERSIONS




RECONNECTING THE MISSISSIPPI RIVER

EPROPOSED MID-BARATARIA

PROJECT SITE

B LAND GAINED AND SUSTAINED
MARSH CREATION PROJECT

Modeling to inform design

.



MODEL PROJECTS

Case: OMBAO5
Year 0

]

Elevation (ft): -5 -45 -4 -35 -3 -25 -2 -156 -1 -05 0 05 1 15 2

December 20, 2022 28




DESIGNING AT MULTIPLE SCALES

MULTIPLE LINES OF DEFENSE: FROM COAST TO CURB

urban water  ayacuation

sound - flood gates = i_n;_fr_gs!:\_rélcture

barrier highway levee elevated
islands foundation buildings

Graphic: LSU Coastal Sustainability Studio



ABOUT THE
WATER INSTITUTE

Resilient and

equitable communities
VISION Sustainable

environments

Thriving economies

Advancing science
and developing
MISSION integrated methods to
solve complex
environmental and
societal challenges

RESEARCH
AREAS

Applied Geosciences

Coastal and Deltaic
Systems Modeling

Coastal Ecology

Human
Dimensions

Planning
and Policy




DISCOVERY &
ENGAGEMENT

ADAPTIVE
MANAGEMENT

METRICS &
DATA
EVALUATION

PLANNING &
POLICY
DEVELOPMENT /~

HOW WE WORK

We employ applied science RIGOR &
to assist communities to LEERIE 1)
make informed decisions and

plan for an uncertain future TRANSLATION

TOOL
DEVELOPMENT

ALTERNATIVES
ANALYSIS

PRIORITIZATION



HISTORY

More than 10 years of
connecting public, private,
and academic knowledge to
address some of the most
pressing challenges facing
Louisiana and Coastal
communities everywhere

WHERE WE WORK

Then and now

Argentina
Chile
T South Pacific
The Netherlands



STRUCTURED
DECISION

MAKING

“A formalization of common sense for decision
problems which are too complex for informal use of
common sense.” (Keeney 1982)

Bare e eeaana
. . R b Al

LOUISIANA
CLIMATE ACTION PLAN

a -
. |
|
A |
> § . e
CLIMATE INI X FORCE
RECOMM E ERNOR
February

CaPitTAL AREA GROUNDWATER
CONSERVATION DISTRICT



WORK THROUGH DECISION-MAKING IN A
COLLABORATIVE PROCESS WITH STAKEHOLDERS

PrOACT Framework for Structuring Decisions:

Problem/

* Defining the Problem (Decision Context) Conten

« Determining the Objectives _— a
Take Action _ _ Objectives
» |dentifying Alternatives (Solutions) 4

» Evaluating alternatives and
forecasting the Consequences

» Evaluating the Trade-offs

» Making the decision and taking action

December 20, 2022



PARTNERSHIP s
WORKING COAST




POWC:PHASE 2

PARTNERSHIP " |

s ‘!?'rﬁ'é'f?‘ff!“‘“ | WORKING COAST

A Community-Informed
Transdisciplinary Approach to

MAXIMIZING BENEFITS OF
DREDGED SEDIMENT FOR
WETLAND RESTORATION PLANNING

at Pod Fourchan, Lavisiana

EXECUTIVE SUMMARY

BARATARIA .
BAY

TERREBONMNE ®

BAY PORT ¢y

FOURCHON

December 20, 2022

Leeville
wetlands -
projects (1)

4

North of Port Fourchon
wetlands projects (3)

West of Port Fourchon
wetlands projects (4)

Port Fourchon

North of Port Fourchon
wetlands projects (2)

East of Port Fourchon
linear wetiands
projects (6)

-~
East ofort Fourchon
br wetlands

,/rojecis (5)

Modeled Marsh
Creation Areas

Guif of Mexico 1




Lake
Salvador

Prefe rred A

relocation g \_
| site (182)

Jean
Charles

Gulf of Mexico Terrebonne Bay
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NATURE ALWAYS BATS LAST

October 11, 2022
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OF THE GULF"

Justin Ehrenwerth

Baton Rouge New Orleans

1110 RIVER ROAD SOUTH, SUITE 200 WWW.THEWATERINSTITUTE.ORG 2021 LAKESHORE DRIVE, SUITE 310
BATON ROUGE, LA 70802 o @THEH20INSTITUTE NEW ORLEANS, LA 70148
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Balgstuw Ramspol vaker Kampereiland: ruimte voor landbouw,
dicht op lange termijn. waterberging, natuurontwikkeling of
Omvaren, sluis bouwen of een combinatie?
andere oplossingsrichting?
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Integrated land use
and water system

maps Defacto Metropolitan region Amsterdam (MRA)



Legenda

Hoogte Watersysteem

B 7tot5m- NAP = Slotenstructuur
5 tot 2 m - NAP droogmakerijen
2 tot 0 m - NAP = Slotenstructuur
O tot 8 m+ NAP overige polders

8 tot 20 m + NAP
20 tot 30 m + NAP

B >30m+NAP @




Explore directions

____________________________________________________________________________________________

i 1 Reducing the risk by
! strengthening the dike

1
: ----- x---\‘

FLOOD RISK '
MANAGEMENT |

1 Supply
extra water

WATER AVAILABILITY _/j-:_\\,_‘

1 Discharge
extra water

WATER DISCHARGE

. 1 Purification plant
WATER QUALITY




2) MORE ROBUST SYSTEM 3) ADAPTING LAND USE

2 Reducing the risk
through more buffer
(space)

’ ______________ > / \

3 Consequence
reduction
{damage and

: : p\casualhes)
3 Adapting
I plantations/crops

3 Adapting
land use

2 Buffering (collecting) and
infiltrating water

- -

2 Storing and
retaining water

- -

2 Naturally purify and
infiltrate rainwater

33
—uhiuthalbshiniha—
-

3 Adapting plantations/
land use {salinization)
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Panel Discussion

Qiyu Tu
Deputy Director
Institute of Urban and Demographic Studies
Shanghai Academy of Social Sciences



LAKE MATTERS
The Planning of Great Shanghai Metropolitan Area
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LBl S #Me(2017-20355)

LBHIEPIBRABHNE ) Ecological Coordination in Shanghai and Its Neighboring Areas

SHANGHAI
Spatial Structure of the City Cluster in the Yangtze River Delta
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Arnoud Molenaar



Arnoud Molenaar

Chief Resilience Officer, City of Rotterdam

) @ResilientRdam
www.resilientrotterdam.nl
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Trend 1. BRI: disruptive developments war Ukraine
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Trend 2. Deglobalization: China is leading since 2006

Merchandise trade as a share of GDP, 1990-2021

180
160
140
120 ===China
100 —==Central Europe and the Baltics
30 —=European Union
———~"| —Netherlands
% 60
—nited States
40 =\ orld
20 o N — —
0
O N < O 00 O N < O 0 O N & O 0 O
A OO OO OO OO O O O O O ™ = o «+H =
a OO OO 0o 00 O O O O O O O O O o o
™1 = = AN AN AN AN AN AN AN AN AN NN

Source: Worldbank



Trend 3. Slowing Rotterdam port throughput

THROUGHPUT PER SCENARIO TOWARDS 2050 et Sl n e

Fossil energy falls to zero in 2050;
lN M"-LIONS OF TONN Es instead Icrqe amounts of renewable
energy (e.g. Hz, NHs). Strong increase in
containers due to growing global trade.
The Port of Rotterdam has developed

four global scenarios, each resulting in
a distinctive forecast of the throughput
development towards 2050.

WAKE-UP CALL

More biomass imports as feedstock for
energy and chemicals. Late but rapid
energy transition requires CO; storage.
Increase in containers cue to favourable
economic climate.

REGIONAL WELL-BEING

Strong decline in crude oil, coal, iron ore
due to contaction of energy-intensive
industries. As a result, more genernal cargo
volume due to imported semi-finished
products

4

Key points throughput forecast

* Share of general cargo in throughput increases in all scenarios.

* Liquid bulk volume decreases in all scenarios; the extent to
which is dependent on substitution to renewable flows and
pace of energy transition.

* Dry bulk volume highly dependent on use of biomass and
strength of NW Europe as industrial engine.

= Growth in container valumes in all scenarios until 2035.

Current situation

Balanced portfolio with significant shares of
containers and liquid bulk. Considerable share
of dry bulk. Minimal throughput of renewable
raw materials and renewable energy.

Trade barriers lead to delayed substitution
to renewable energy. Considerably less
crude ol refining. Less general cargo due
to reshoring and nearshoring.
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Seminar Programme:

The Future of River Basins and Deltas EheNature
onservancy

Environmental and Social

TR sty 7

Nicole Silk



Global
Context

84% freshwater species loss 30% of freshwater ecosystem loss 50% in water stressed areas by 2025
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China Council for International Cooperation
on Environment and Development

CCICED
"

SR E = FRIRES

River Basin Governance under Climate Change

Z=B%T Li Xiaojiang
AREE IS RBRRERRE Former president of China Academy of Urban Planning and Design

Hans Mommaas
=15 T4&E (PBL) E£JE President of PBL

Fernando Miralles-Wilhelm

KBRS (TNC)2EKIRE B E S Lead Scientist of Glc
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T £FH

F55it¥! Research fociin 5 subsequent years of SPS

R FEHAFEREN/ER AJHERIEAFRE R

{3  Principle/Theme of annual research Possible research focus*

2022- MiERLEGISEITHE Xy S {EHLH

2023 Make good on your responsibility stretching from The mechanism for regional collaboration
the headwaters to the coastal seas

2023- RIEEFRSMLLZE IR ENEN SRR RS

2024  Adopt a 100-year perspective and plan your steps A proactive approach to adapt to projected climate change and

increase resilience

2024- AAZ5, ERHRRBSR ETZFRAmAMERR

2025  Engage everybody who can contribute and develop  The organization of collaboration in multi-subjects’ interests
a shared vision

2025- EREEESHIEZRASEEMINEMEEREDR NMISIESN. BEDFEIRENAREL

2026  Adapt to climate change and other principal river Dealing with the uncertainty of climate change and other
stressors in every aspect of the management of river  stressors, and of disasters
areas

2026-  FFEEhnsEFOCUHT DA, ARTK. BERTEMBREMERMETES, EfRE

2027  Continue to strengthen and innovate 7

Management approaches, knowledge programs, policy tools and
forward-looking financing mechanisms, etc.; international
exchanges 2




XiME TR LIOBEEXFEPSE

Protection and Governance of the Pearl River Estuary Coastal Zone under Regional Collaboration

—, KIOBFEwXANERIAR

Basic understanding of the Pearl River Estuary coastal zone area

=, KIOsEmXaX TR

Risks & Challenges of the Pearl River Estuary coastal zone area

=. FINsFwEERERAG

Protection and governance of the Pearl River Estuary coastal zone area




IO 8FFXIERANR—

m IRTi%l Pearl River Basin
RTEFERREE AR, FRamEmR

FSTXIZR  Research Objects

2945377 5K, HRERARTEER
A4 21T B FFK. The Pearl River is the
second largest river in China in terms of
runoff, with a total basin area of about
45.37Km?2, including a basin area of
44.21Km2 within China.
B [ HREHKLRIEEX Pearl River
Basin in Guangdong Province
RER LAEEREE S8 5 %HIEE T E
. 80%RUISHRAMAM67AIKIREZEK. The
Pearl River Basin in Guangdong Province
carries 85% of the province's total urban
economy, 80% of the pollution load and
67% of the water demand.

B IO Pearl River Estuary
NI/ KONNE omES. B8/, M.
NI F. P BRE. TI)FE/\NEH, 2

FERGEDMERES, ADERESAEX. The |

Pearl River enters the sea from eight major
gateways, and is distributed in eight cities,
including Hong Kong, Macau, Guangzhou,

Shenzhen, Dongguan, Zhongshan, Zhuhai
and Jiangmen, which are the most densely
distributed and populated areas in China.
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B IO8FEIXBERAR—#

I R IARETHX

B ERINBEFwX

Pearl River Estuary coastal zone area

BN IOMXBRREXARETNMX, W82
REWEELZL, FAEEGEE—TE (K) FITHE
7t. It refers to the area with the closest
interaction between sea and land in the
Pearl River Estuary, seaward to the baseline
of Guangdong Province's territorial waters,
and landward to the first county (district)
level administrative unit along the coast.

B SfA: 4972Km?
Total area: 4972Km?
EEEtHREEN30%, BELREK41000E

m EEAO: 30125A(2018) Sl
Resident population : 30.12 million
EEtm GRUIL TN K=, L. ZRig+EB.
H]) BEAORERY45.8%
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m AOFE: 6057 A/ FFAE, | oJBIL <
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() BIOSEERNEAAR— EAMIESRE Natural Geographic Conditions
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Coastal Type
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KRiIOBEsIEERNERAIR— BHAIESEY Natural Geographic Conditions

n EEEMNSEKFEBEZ—

One of the world's most important bird migration corridors
PRI FRT—RAFIAIHR SitiEEs £, EEPMREIEMESEE
LIRS, 8% 15%7(‘ IRIORYIFERIKE29/955000R, £57KE
2&53_1 0B,

n EREQFRIPSERS

Many National key protected bird species
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KRiIOBEsIEERNERAIR— BHAIESEY Natural Geographic Conditions
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i%iIEIiﬁE"E%*tﬂ!IZEIQEZISiMH— Al:'ﬁ*ﬁ'l%;ﬂ Population Distribution

KEXAOS7H-1980

Population
Distribution in the
Greater Bay Area-1980

Source: GHSL




i%iIDiﬁF”Eﬁiﬂ!lZH’:‘lEZISiMR— Al:'ﬁ*ﬁ'l%;ﬂ Population Distribution

KEXAOSH-1990

Population ; ¥
Distribution in the / S0
Greater Bay Area-1990 ;
q
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Source: GHSL



i%iIEIiﬁE"E%*tﬂ!IZEIQEZISiMH— Al:'ﬁ*ﬁ'l%;ﬂ Population Distribution

KiEXAO$7E-2000

Population
Distribution in the
Greater Bay Area-2000

Source: GHSL



HiIDiﬁE%*tEIZHQEZISiME— AEIf:‘N’E’I%}R Population Distribution

KERAOSTE-2015 i

Population
Distribution in the
Greater Bay Area-2015




¥ IOBEFEAERINR— REIR BN Town construction

ARFERFA OIS RAVIBX
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B 1207615.19 - 2058486.35
W 2058486.36 - 3808351.07
N 3808351.08 - 6830461.43

N
Areas of future town and population growth - @
n MR RNER SRS R TR, The Bl et i
seven strategically important areas for urban
development are all located along the Pearl River
Estuzﬂ' y. e A . L R . G
m ERE=NEBRKESFREFRX: s i,
1#2E, Including three new urban areas for the
development of regional cooperation : Qianhai,
Nansha and Henggin. e 0 I N gttt g
® I = s ,/" o5
e = B AP
vap 5II\-] - + . wrperemm el B 1 }‘ -4
8 =8 é%
§ 2 9%
= oL it i
- - OO sIossss
S ] REEAERTA
an bz AL e _Q:?H&f.'ﬁ : [: 0 10m
e :nw s e [ 1 10~20m
g = Eﬂﬁﬂﬁrm_iﬁw" Y [ 20-~50m
BEE AR ) 50~100m
L L 1 AR
S84 TARFHFLR "
. e 11803 - 534319.71 e
i 534319.72 - 1207615.18 SRS x



iﬂEiIEliﬁi?"Eﬁiﬂ’.IZH’:‘lEZISiAiﬂ— F"Eﬁ*ﬂﬁﬁ’l%iﬂ Shoreline utilization

SR RERIEBIARE, FEA
THIEEZFIRH.

The trend of cities and towns
developing towards the sea is
obvious, and the artificiality of the
shoreline is increasing year by year

n IEFEAEHRERNT, BYRFMEEL
/B[X, The area of reclamation is among the

largest in the world.

BIEMEAER, 1973520175, IO

B ERYGE K T 15% . The Gulf is

gradually shrinking in size




i%iIDiﬁF"EﬁiEIZHQEZISiAiH— F:ﬁ*“ﬁa'lﬁ;ﬂ Shoreline utilization

100 ¢

. II-I-I \ﬂ\§ =]
ALFgbbliERA L I_@ .
The proportion of artificial shoreline 3 60 I I I
. C . 10
is rapidly increasing. B w0 | —RBRERES
19735~20165F, M10% EFHZE65%, ﬁ 20 T I I I
From 1973 to 2016, it rose from 10% to 65%. 0
1973 1978 1988 1998 2008 2015
CRaiml2Z " EER " EGEIERE - DERS
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BT OB R X AR — RR{E Wetland degradation
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Continued degradation of wetland areas TAATRE ) Mg ™7 Jbe ¢ WS - T .?x!?” 3

represented by mangroves ‘ ‘ ' '
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f*iIDiﬁﬁﬁfmzﬂgmBﬁHEﬁf— 7](% =~_% Water Environment Pollution

SMEEESTRHEN. KERNATESKEBRS REN
50%L,u: T I L. RS OIS KM E WS
FFMERIYAT, IKSTHINEKR, RESTOFBE.
High-intensity concentrated discharge of pollutants. The volume
of waste water entering the river in the Greater Bay Area used to
account for more than 50% of Guangdong Province.

RERKIEFKISHRIEE, KIOBE LIS TIVREKKERZ
IJUE xg_ﬁ%ﬂﬁ HE/I@}_ iiﬂ%ﬂ(ﬂ(ﬁ HZIIBUIV EE/I_%;M"

B iR HR B AR SRR AE, Z_Z_V SR LA
TKW(ZWQO

Serious water pollution in some local water bodies. The Pearl
River estuary seawater quality is worse than IV and shows heavy

eutrophication.
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IO 8w KBRS HEEE— 7KIAIE;52R Water Environment Pollution

KREEF. 8HOKERIRRE, BKENA. SRR S
Blmes. BFEVSHELIC. FHENEERS, Fi
o). REEMEMZERENEYE. AINRFEEERT.

Water eutrophication.

ﬁiﬁﬂ: 2020FF, THRERERBSR, BWIOARIISEEE.
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Red tide.
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Nearshore marine litter.
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Ilmate change -induc %dlsaster risk

Average temperatures rise in the Greater Bay Area as heat and drought intensify
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Salty tide upwelling, Water withdrawals in the basin are under pressur,_ |
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i*illiliﬁi:—"ﬁ ili’.EE’.‘M%?F '3; R ?‘izx, \1,\ Social Consensus
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The public is increasingly concerned about marine ecological protection

B 20196F, ERIRRITEMATIER, ARDEMEILETHF
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m Public power prevents extension of Shenzhen Bay cruise ship
sea tour route.
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IﬂEiIEIi@"é*%ﬂEIZEIQﬁ?F"—EiE‘ _Wﬁ‘ff-‘iﬂﬁ Government Initiatives

EXM™EEEEIRE. (RIFEAFESZ, EsFEs
BRI EE
The State strictly controls reclamation, protects natural shorelines,

and strengthens spatial planning and management of coastal
zones.

B 20185, ESENE (ETIEEE BN RS REE
BUEND) |, S BT HSEREEE e T A

| Comprehenswe and strict control over the approval of new
reclamation projects.

m 2020%F, Exitie (BESERNE) IR ERREEERE

B State Issues Measures to Control Reclamation
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m The establishment and implementation of the marine ecological
red line system.
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m Set up a special plan for the coastal zone.
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ﬁflnigﬁﬁszM%;F'—aiﬁ _Wﬁ‘ff-‘iﬂﬁ Government Initiatives
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The government vigo!'ously carries out ecological restoration gagﬁgfg' “‘Fﬁiﬂ%ﬁﬁmg
and improvement actions E SiEE ESmEEE R
B USEEEEET . "BeETT | PHEREEFESE = RIEZIEHFIRERS.

E‘fi’ﬁ]ﬂ!*&ﬁ!&ﬁﬁ)& In recent years, Guangdong Province

has implemented more than 100
ecological restoration projects in the
coastal zone, with a total investment of
billions of yuan. The main projects
include coastal remediation and
restoration, beach remediation and
restoration, comprehensive
improvement of the sea, mangrove
planting, coastal wetland construction,
coastal corridor construction, marine
sctenceexhibition-eenstruetion and
marine protected area construction, etc.
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O) BIOEEENRAREASAE— KIBWME  Regional Collaboration

["FE. SEMRNARRESIE, 2018-2021F %48
EFEHRAHEERXER SR 2R

Guangdong Province, Hong Kong and Macao to carry out
regional cooperation and jointly publish the Greater Bay Area
Climate Monitoring Bulletin for three consecutive years from
2018-2021.
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IO 8FEEANERPSIGE— KIHME Regional Collaboration
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Challenge: Marine water quality monitoring standards are not yet unified
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Challenges: Differences in approach and level of mangrove wetland conservation

PALT it o f—Maitd

't

REREN, B2, BYSENR, ISR

T FRYER IR IR ER
BUFSIFBRFRNAFAE 8IS
ToEBAARE SBELFHE

XTELRIEIERIFBL RS 22 SINERAYMER,
FEUBFAES, BYERARIPRMESLHE,
FRAMMEIESES, B RAREE.
A T FEERHRALKEHIMRANSEER,
dMMEER (MCF) , FHBFZRTEEEM

=53 [ERLNRE A,

4 BR#ED it

fivale Land Zore
R B I E g AT {Iﬂ E a ﬂﬁ
-1 - N V
-

VAR R R R AR

OUHRUT

S 1L Y i
(TP Mg A=
\@ oy A i
|
g
F
2
Fi

iChauy—f*

i
s < L i TR RALES St F
3 3 |8 ‘
" ) v "“ e n e "
iz ' s Eomparen o A VBT
e ; : : RS
— o ot
; ¥ 1 , : 2 — ——
s i Ak =
g il e . \é« e
| e Scale o ARSRERE R

28




IO BFmEXERIPSE

— XIRME

Hhik: EIRSHNRFRIEMAAEFEER

Challenges: Differences in decision-making mechanisms and approaches to reclamation

Regional Collaboration
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ERIO8FFEXNFRIASIRE— KIFME  Regional Collaboration

By EERASKER— SRR X MENSG, S5z
Xz —a0i s N R,

Establish a regional collaboration mechanism for unified management
and joint management of rivers and seas in the Guangdong-Hong
Kong-Macao Greater Bay Area, starting with unified regional standards
for monitoring and control of pollutants.

EVINIOMXED. FR. BIESFAEBMSEERERIRRRT
AR X R

Establish a regional coordination mechanism in environmental impact
assessment for the construction of large infrastructure such as ports,
bridges and roads in the Pearl River Estuary region

EVEBRASKEBOKES, BUXEMMEHESEETHRSHE,
Z LR X BB eI T O ESIMERIRZ M0,

Establish the Guangdong-Hong Kong-Macao Greater Bay Area Port
Alliance, etc., to improve the operation and service efficiency of
facilities through regional collaboration, and gradually reduce the
impact of large-scale infrastructure construction on the ecological
environment of the Pearl River Estuary.
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Establish regional biodiversity conservation cooperation platforms for special and rare species
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Zal Fa. aENAIERIOMBARPEK,
FZ Rk —BAEIRI IR S IEIRIF 4T

Integrating the nature reserves of Guangdong
Province, Hong Kong and Shenzhen in the Pearl
River Estuary to form a unified and linked regional
cooperation conservation initiative
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f*iIDiEF:%MlZHg{%;F'—ﬁfﬁﬂ— EHWM’E Regional Collaboration

AIE BB KNS EFBARIA

Shenzhen and Hong Kong to build a marine
nature reserve around Dapeng Bay
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IR Research Program

Xk ME FERLO 8 FEIXBFRPSISE
Protection and governance of the coastal zone area of the Pearl River Estuary under regional collaboration
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@ Years of historical changes of sea reclamation; Years of historical sg& | R “ﬁmg |
changes of shoreline types & Years of mangrove distribution and A& | ERRSBTMEENT | wo. e, wwsw |
status: ' OSERE K. tBHFLXF !

@ Similarities and differences in mangrove conservation and L r,:f:ffff:I:ffff:.‘fff:f.’f—!f"'Iffﬁﬁ?ﬁﬂiﬁﬁﬁ%@ﬁfffffi:fff_':f_'\‘
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® Under the national strategy of Great Bay Area, a policy proposal ~ ~ /T LT )
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is proposed, drawing on the experience and lessons learned T

from the governance of the Rhine and Mississippi River basins. 34
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Deltares

The Rhine-Meuse Delta:

fransitioning to a climate neutral
and climate robust delta for all

Marjolijn Haasnoot, Jaap Kwadijk



The Netherlands: anticipating change and integrated
water management

Deltaprogramme:
« Abudget ( €1B annually)

« Alaw (the Delta act)
 APIlan (Delta programme)
* Adelta commissioner (at Minister-level)

DELTA SCENARIO Busy/Rest ‘Warm/Steam

CURRENT 2015 2100 2100

measures for the region and users measures for the region and users measures for the region and users

& effective and efficient water continue shost-term measures @ @ accept shortages

sl Sprmaientsien Werk aan de delta
’ ’ Em . De beslissingen om Nederland

. mm —2] — veilig en leefbaar te houden
S

» optimise flushing

ofor

. ® permanent water buffer in ® further increase permanent
. Jeumie SR MR 7 sselmeeq Makemmeerand | 7 Water bufferin isselmeer
& Usselmeer and Markermeer lakes e i s
20cm and robust design o

max. 40 350 am - .
N . @ adjust discharge distribution

7 duringlowwater: more across
the lissel, less across the Waal




Adaptation pathways

Action A

lllll

Current
situation

Action C
Action D

Signals

Anticipate with adaptive plan oo
Book chapters: Dynamic Adaptive Policy Pathways, Adaptive Delta Management Uncertainty

From Theoty to Practice

DMDU

Deltares Haasnoot et al 2013 GEC, 2019



A new climate reality?

IPCC WG2:

» Adaptation is happening but the
scale and rate is insufficient to
keep up with climate change.

* Climate change is already
affecting humans and nature.

* Tipping points with low probability
but large consequences
(Antarctica).

Deltares __:\I -







Do we know the (current) climate
extremes well enough?

 Floods in Canada, China
« Extreme heat and forest fires Greece, Turkey, Russia, USA
« Extreme heat in Canada-BC en NW. YSA

« Extreme heatin Siberie

« July large flooding “waterbom” Germany, Belgium, Netherlands

https.//www.worldweatherattribution.org

Deltares



What if... the extreme 2021-rainfall
happend in the Netherlands?

* Flooding of polders > 7 days
* Large damagesin alarge area
* Crisis management will be difficult

e Levee breaches with casualties cannot be ruled out

Deltares
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Simultaneous extreme events compound risks

* Multiple extreme - eas
dpid onset events wildfire =
events that compound e RS U Y-

the risks are more N i
. . Footprint
difficult to manage. _EXpOsUre | urban ,,
. infraslirrh?;ure & E
* Risks occur across energy supply vass N Vegeta

mortality burned

sectors and regions. Y phaen

systems

- y
2 Water Emergency
: j{ contami- responses

- Industry & _ Social
manufac- | infrastruc-

ture |

™ Financial international Social Economic ’
markets i supply chain ecosystem B8RS impacts € |mpacts /|
: & trade . services [ M

p
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Climate, ecosystems and - AS© <
human society are coupled 5 Chmate systom

" VA Limitinc
systems key to climate i

4 global warming w_

resilient development A
CLIMATE
RESILIENT
IPCC WG2: We can no longer DEVELOPMENT
think in silos. B il
Wellbei |
Examples: Human systems g B Ecosystem
‘ - transitions transitions
- Increasing (ground) water levels in peat areas
and adjustments of land use limits CO2 SIB, B & Lond, frashetr
emissions and helps ecosystem adaptation Energy; Industry; ’“a.\k A ecosystams &
. .. ) .. SYocietal N N glicies: =l biodiversity
- Greening of cities, 15 min cities reduces - DI ——pat=— -

impacts to humans and ecosystems and has
benefits for health and climate

Deltares



Adaptation has reduced impacts and has additional benefits

Protect / Advance: Planned relocation
engineering and
ecosystem based

Deltares



Nature offers significant untapped potential

Deltares



Maladaptation

Adaptation resulting in unintended consequences such as increased risk, emissions
and lock-in. Maladaptation can be avoided by multi-sectoral and inclusive planning

with flexible pathways that account for long-term adaptation commitment.

Protected areas attract Limits space for adaptation Drainage = subsidence =
development (Levee-effect), (store water, raise levees) drainage
but when it fails...

‘820,000 homes planned in area

vulnerable to climate change’

www.rli.nl




Long term adaptation needs

due to comittement to sea level rise

Zeespiegelstijging t.o.v. 1995-2014 (m)

et
O | —

SSP5-8.5
SSP3-7.0

SSP2-4.5
SSP1-2.6

SSP1-1.9

vewna |28g0

2050

2100

2150

2300

/\ .
Potential
’ ~ adaptation needs
8 (>15m)
° Potential
c adaptation needs
under high warming
4
3 Adaptation gap
due to short time
? horizon
1
Minimal

o adaptation needs



Large challenges in the long-term

E Protect-closed

Assessment of options,
pathways, short-term actions

« Rivers: space & pumps ~3000 m3/s

« Large amounts of sand needed:

- ~240 times Palm island for
Advance,

— scalability of nourishment
uncertain

« Salt intrusion cannot avoided

HaaSHOOt et al 201 9 (|n DUtCh), van Alphen 2022 Cartoons developed by Carof for Deltares
https://www.deltacommissaris.nl/deltaprogramma/documenten/publicaties/2019/09/30/verkenning-deltares---
strategieen-voor-adaptatie-aan-hoge-en-versnelde-zeespieqgelstijging



https://www.deltacommissaris.nl/deltaprogramma/documenten/publicaties/2019/09/30/verkenning-deltares---strategieen-voor-adaptatie-aan-hoge-en-versnelde-zeespiegelstijging

Exploring the long-term solution space helps
adaptation pathways can break adaptation into manageale steps
and illuminate lock-in and low-regret investments

E Beschermen gesloten

Spatial development in the
coastal zone could trigger a
transition towards Advance.

Advance becomes too expensive to
apply to all of the Netherlands. Floods
cannot be prevented everywhere.
Locally transition to Accommodate.

Storm surge barriers
need to close more
often, which affects
their functionality.

DP2015 *

Increase levees and
close of rivers or
switch to Advance or
Accommodate.

Increase in closure
criteria of barriers and
raising levees protected
by barriers. Adapt water
supply or land use.

— — Advance

Increasing volumes required for
sand nourishment. Protecting
the whole coastal zone becomes
too costly. Locally transition to
Accommodate.

Protect-closed

New barriers needed.
Increase in salt intrusion
due to upward seepage
and sluices.

Protect-open

|

Transition towards
Accommodate through
changes in land use.

Sea-level rise

O iy Accommodate

Storm surge barriers maintain open.
Accommodate through for example
flood-proof levees and elevated or
floating buildings in flood prone areas.




Critical choices (need to) happen also in the near-term

In the next 20 years: space is the key,

 Maintain , advance or retreat

flexible investments, seize opportunities

 Hard, sediment-based, nature-based
from other developments.

Coast: hard or

But also:
» Biodiversity loss Estuaries:
* Need for housing Closed or open Rivers: distribution,

« Energy transition ey, Ny i il balance between storag

« Agriculture transition o el elrelinziore

Deltares Salt or fresh




Summary

* Current crisis challenge long-term thinking
which is needed for a climate robust and
climate neutral delta for all.

* Anticipating change through exploring pathways
help to identify path-dependencies, limits and
opportunities, at national and river basin scale.

* Near term choices (of others) can determine
future adaptation needs and possibilities

e Climate-nature-human balance is important.
Nature based solutions offer untapped potential.
Engineering measures will also be necessary.

Deltares




Liu Kunyi



—SIERZAIMUAKRFESEBOLZET: LEEED, KIIMZEAELLTHE)

——Water system and port economy under climate change: examples of the Rhine, the
Yangtze and the Mississippi rivers

USINR s T ER e 22 i TS
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ﬁﬁ?-ﬁ%% Study background
S5E5852021-2022F ({KRIERHERSEMSIEIENL) R

In 2022 CCICED Development of low-carbon and resilient cities and adaptation to climate change
SELHUEE TERXNTRENSEXE Sk

1. Risks and challenges of global river basins under climate change

2 EF2050E K T AIBES,. BB S5
2. 2050 idea, vision and action of the Yangtze River Basin governance TEFEsERERAEERS
3 K TS IR SRR E IR ST RS

3. Climate change and risk analysis of disaster impact of the Yangtze River Basin
4 EfRmiEaIEEeEs
4. Experience from global river basins governance

ST SRR (EN/HME) SR8

5. Climate change resilience (adaptability/resilience) strategy in the Yangtze River Basin
EHERRESRERINKT N FESMCTI FERE

6. Optimal utilization strategy of the lower Yangtze River shoreline based on ecological low-carbon livelihood
7 RN SRR RI AT S 2B AR

7. Gender equity and social inclusion of river basins to cope with climate change 22557

8. BERS TN

8. Policies and recommendations

BT R RS ERSIREL
—REZEAER TRIERENS T SEN



)’Eiﬁﬂiﬁ% Exchange framework

1. KT it X LI RIH1IE
1. Status quo of shoreline in the lower reaches of the Yangtze River

2. {REIH<RIHE =AY )

2. Issues occurred during rapid growth

3. SEZARIMCHEIGRIbLR
3. Challenges under climate change

4. EFKFIP TFRIFESTES

4. New trends and thoughts under ecological conservation



EH?B?B'—EI 'l:eiI-Fiﬁgtﬂ’,zScope: the lower reaches of the Yangtze River

B KIIFHEERUFERIANGORFSZ, S8RFRETHNSFES.
B shoreline from the main stream of the Yangtze River below Nanjing to the estuary of
the Yangtze River, including the shoreline of the main river and islands;

B THEEE#ESRR. 5. @M. BN T F. BN, BEE. EisheEmR.

B The administrative scope covers Nanjing, Zhenjiang, Yangzhou, Changzhou, Wuxi,
Taizhou, Suzhou, Nantong and Shanghai.

[5 :
Nanjing ofs LB

Shanghai

KiTihrSE
Schematic Diagram of the
Yangtze River Basin



‘ 1 .'l;ﬁfI-Fﬁ?J:—"Eﬁ,EW’IE;R Overall situation of shoreline

201 0F &2 IKE1978KM
2010 total length: 1,978KM

T+EEEIEMN42KM
42KM increase in ten years

2020F FZRIKE2020KM
2020 total length: 2,020KM




ﬁiIFiﬁﬁﬁiﬂ’lkﬁgg Status quo of shoreline in the lower reaches of

the Yangtze River

m B T{E: ARKIASEUTESTIARERIIR
B Basic work: Map the current shoreline utilization of the Yangtze River below
Nanjing
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SRR
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AR RS
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Ei%ﬁﬂjﬂﬂ?zﬂiﬂgﬁ]ﬂﬂ Issues occurred during rapid growth
2.1 FEFIBHE, 88, RERELHE

Extensive, inefficient shoreline utilization, without overall arrangement

2020 FAER BIMA THBAFZE AL
[W —e 100%
B ATEEHLFIAEES -
B Intensive artificial shoreline o
exploitation and utilization 20%
0%
n HEEEE. TABORGIEMEHR, p— —
TisOREEEATELE73% ;Eg;f s
2010-2020F FRALFEEARFIAER
B Fastest shoreline growth of 350
domestic and industrial portsin
the past decade, the shoreline of
industrial ports accounting for o
ego o . 50
73% of the artificial shoreline 0 L
Tl RE EEFL HfthFIFRRZ

20108 ™ 20204



m LUBORGHE: FRRSAE, SHESER. BYES

OAVA S -

inefficient competition
FSHIIRX, ERWEREEEX

Long shoreline, huge gap in use efficiency

IS B BEFIRRAIRIFETE

Severe business decentralization and homogenization
KRFL#EEI LA, FRREREREREE

Occupied quality shorelines by enterprises, large idle
and wasted shorelines

Fiog KL aOREsHrEE
Shoreline Distribution of Ports in the
Lower Reaches of the Yangtze River

Ll
e 2 ;_K‘; I f : i = %DE%
' N Port shoreline
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| W BB TR TEA TR RIHAERACAE T e R ROIAMI R, LA BRI

. ®m Complete berth types by adjacent cities during big exploitation, difficult scale

effect
A€ Taicang Port

#7748 Changshu Port

Etva‘q&;ﬁ Zhangjlagang Port

m el

metallurgical

&R 2Ry s B HRY i Effr\ E i) s
HFRIEWR (s EERFLX %I A s N
= FREBX (sl 55
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2.2 5T TAAVERE, DHElFRENDK, HiInR2RE

chemical industry cluster along the river, with great pressure on energy conservation, carbon reduction,
and potential safety hazards

B KIITBHEPEDERR AT, WX siFEFEAI~LSTRESIEEX;

The lower reaches of the Yangtze River has the most heavy chemical industries like chemical industry,
steel industry and energy industry in China and even the world;

IR BHEE,

Densely distributed chemical parks in the lower reaches of the Yangtze River;

B0, whEE. BHRUNIOURANSORBSES:
High nitrogen and phosphorus in ports, urban shorelines, urban inland river inlets and sea inlets;
e i e e By v #“%fiTmW” T I 5 A P

: L = T A
: £ R 2 R I -
AL ool i | EEATHE “m

L -

. N iy . B R R KK
FMFELFITR R - : - Rk LR
B~ e E e T s g




2.3 iEiI%EEEEﬁﬁEE?{Eﬂ(BEEE@EEI‘EI Intensive and continuous

exploitation along the river reduces the aquatic ana terrestrial ecological space
B EHEBRARLERL TU170TK, BRAFEERSATFZLZILE20105E7: 35535/920205F6: 4;
B \IF&SEEERFE, BHRRZESZEMERSE;

Intensive and continuous exploitation of artificial shorelines, without buffer spaces for ecological
security in cities;

AT EEFRFIRMKIE. EYHRithSFESURXINa SRR,

Exploitation and utilization of artificial shorelines undermine ecologically sensitive areas such as
water sources and biological habitats
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3. Eyﬂiﬁfbﬂ‘j{'&ﬁ“ﬁﬂgﬂkﬁﬁ Challenges under climate change
m Ot mEiGEEE LA S KX R XS

Sea level rise and typhoon storm surge in estuary areas
RESES LFHEEEET O RTIKT, ARRKMTAAEEEEA, MAOMRIINCE

China’ s shoreline rising rate is slightly higher than the global average, with more and severer typhoon storm surges,
impacting estuary areas
SERENT, BSETOMXMNHT, TEEPRIAH: SEFRREMNESIRSE TS
Under climate change, studies on estuary areas focus on coastal wetland erosion and comprehensive vulnerability
assessment = 1949-20165m_ LBl XIS RRREZ R AT

= 1949-2016 statistics of typhoon storm surges affecting Shanghai

- 1980-201 4§ﬁ@§§$ﬁtﬂﬁ% F 221 19492006 SEREER bl 0 5 P DAL R S ls O S i

Table 2-1 Typhoon storm disasters in Shanghai from 194980 2016

= 1980-2014 China rising trend of sea level 9507 Janis 7m0 i 57 / 167
Sid B R — BIEAUE R BHAR BN Sk G608 Herb 935 9 19 ! 4261
e U (hPa) i (em) 7S] CHITY 9711 Winnie 920 12 235 7 63490
100 4906 Gloria 960 10 150 1670 [ oorz 963 1 165 ! 12200
i — N 0014 920 10 147 ! 1500
E BO 1 5116 Amy 960 12 f 3s !
= ’,/)" —- 0102 960 12 120 f 200
60 — 5617 Fand 5 5 351 o 20X
] \,/SO/ \/_ S612 Wanda He 12 230 12 2000 0205 Rammasun 950 12 171 & ’
= =
- e 6207 Nora 971 12 203 49 300000 0216 Sinlaku 950 r f ! 210
24 1 . 7 0 y
= ,[}—Q(f\ 6312 Gloria Nng ! ' " ! 0407 Mindule 950 9 142 1 1180
o . .
413 Mary 958 1 160 10 3200 0414 Ramanim 950 12 o7 f 240
P P C RS T T S, A ! k
208 B o S S S S S 708 Babe 08 " 128 2 2200 ou7 920 ' 79 : '
o e 7909 lIrving 955 10 99 / 2774 0509 950 13 132 7 135800
[ 1-1 1980-2014 = rH EHYHEHE TV I FE R AE (0 mm) A4 ESHEEER . 20150 790 Judy 908 10 142 5 28072 0515 Khanun 945 0 ! 36950
o o S18 11 The scm level change of Chins Const fiom 1980-2014 8114 Agnes 949 12 170 6 MB13 0608 Saomai 915 ’ ’ /
EFRiS¥RE (2012-2014) : 8310 Fomest 876 12 192 i 200 0713 Wipha 933 o 83 ! 100
. o . o7 o5 35 2 22 5700
State Oceanic Administration 2012-2014) : 8506 Jet 96 1 1 26 / s Foe e B o ’, o
CESEE = M 72 8613 Vera 923 12 147 9 6303 ngo 53 : i
?\Z;EILIIESFEEZOSOEI ﬂ-%é’901457k'027k o3 K N g ‘ ; | 497 0908  Morakot 950 12 100 ! 33200
. A 8913 en 50 22 97 e o1s N o , -
China's coastal sea level will rise by about 0.145m-0.2m e , 2 Muifa ' - . 1300
8923 Vemn 98D 10 101 / 395 1w . 5 5 .
2 aikui 960 14 117 2 SO0
by 2050 J0LS Aba s 10 &9 3 3857 1323 Fiow 945 14 125 1 9300
IPCC-AR6 WGIETRRIRS: 9216 Polly 975 9 134 ! 530 1416 Fungwong 982 10 ' ' ;
I 51 1509  Chan-hem 935 15 ' ] 500

Report by IPCC-AR6 WGI: e oo e Moo N
:?:21 OOEE, ﬂ%@go.zs*-‘l .01 }K iR AMEETH (2005) SR ERFEE, AWM FiE.

Rise by about 0.28m - 1.01m by 2100 FHKE: (SPELASTHBARRHSAEMNRSITHEREEEREHE—I ESHEae) , B8
:"721 505, FHE£90.37K-1.885K Data source: Risk Assessment of the Combined Effects of Sea Level Rise and Possible Maximum Storm Surge and Its
Rise by 0.37m - 1.88m by 2150 Adaptation Strategies - A Study of Shanghai Region as an Example, Yi Si




B SXHNZIECMT P SHEREESEDAS

m  Higher shoreline inundation risk and flood control and drainage pressure under typhoon and storm

surge N = 203002050 _k;51-tthFI AN
REMFHISEEE: BT LSRR, SLURET. MREORES, B . o 0o chnohossd s sadiction
Wi RS FRERENZHIERAXE N “
Shoreline inundation under storm surge: it can withstand moderate and low-

intensity storm surges due to Shanghai’ s high levee level, but with a high risk of
high-intensity storm surges in extreme weather
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31°30'N
31730N

LHFIRE
fEaflin

31°0'N
[
31°0'N

REMERAK: LSS REKESES, Bl RS O o] [ ]
Flood caused by storm surge: measures and standards for flood control and [ 522030 4 412050 4 L5 - AR
drainage need to be further improved due to Shanghai’ s high impermeable -
surface ratio = 2030712050 LigZEREEMRHTM THEFIREER
6FIAFEERE (V1-V6) RMFERMAE (32°/75°) » Shanghai economic losses in 2030 and 2050 under the strongest storm surge
RFEBZMT L8hEMESH —~ > N 5 G
Distribution of Shanghai’ s inundated areas g - " :
under storm surges with six intensities (V1-V6) fd"w
and two landing angles (32 °/75 °) SO
[ P S, _ : _ -
- - - — A B &y =3 sk &y o 3
T 32 A 30 " 32_B_30 2 75.B_30 7 75D 30
- - @ w = -
- - -~
b 4 S
~ —~ ~ S — I..._. i { 2 \ o \ . 5 ol N {
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- S ke X =]
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urios of SLR-PMSS in Shanghai
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m R, SERSI O XSRS IEZiﬁﬁimjc

B More vulnerable estuary wetlands under climate change by S|mulat|o

'I:I.Jll

> SAMEERISIRELEN

> Impact under climate change in five dimensions
OBFELFAER. OMIETE/IaHESE
OKEESE. @RIIEKHE. ©RRESR

@ Sea level rise rate @ Land subsidence/lifting rate

® Current wetland elevation @ Average daily flooding time ®
Deposition rate

(BURE T IPCC R HEEESAHEIBESFHIRCPS.SER)

Data: RCP8.5 scenario in the 5th IPCC assessment of greenhouse gas emission

sce # 6-4 RCP3.S MR T RILO BN BHRBESH T (%)
Table6-4 The percentage of vulnerability for the coastal wetlands in the Yangtze Estuary in the 2030s,
2050s and 2100s under RCP8.5 scenario (%)

TR e
R § Rt 11

Pk e fE) LB i gs S48
Frifs % & - p
2010-2030 85.3 127 2.0 0.0 -1 mstes

RCP8.5 2010-2050 74.3 14.6 8.9 2.2 =gk -2m AL
2010-2100 65.1 10.2 11.5 13.2 LT T
N ovmms R I!n.dc.

> KHBRE (2100£F) , BIRSEEMBXEESHE: S e
RENFSIGE. M2 SRFNEIDEERE. hELEF C
» Inthelong run (2100), highly vulnerable areas are
mainly along Chongming south coast and East China 121°30°0"E RFreE
Sea coast, Hengsha island west coast and Jinshan RCP8.5BETRAR (2010-2100) KINEGEIEIIE=RAS
beach coast, Jiuduansha south coast BEEE: (SEELARWTRIOESSRSEIET) | EF1E

LTy A
M




4. ESKFIFTRIFEENES

New trends and thoughts under ecological conservation

B ERERBER National policies
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mg5e: TAKR, 801, £S5k, £

Measures: industrial removal, port relocation, ecological protection and city introduction

eSS

Case classification

TAVFS ke R

Shoreline transformation of industrial wharf

BN ESEFS
Transform into ecological
shoreline

mEALREIESES
Nantong five mountains and
riverside ecological restoration

LisimaRIL. RCRIF
Riversides of Shanghai Yangpu,
Xuhui, etc

BRELESIES
Ecological restoration of natural
shoreline

AR LIt S0KEEi
Lvshuiwan Wetland of Nanjing Jiangbei
New Area

TER B S E BRI, AORTER TR KR AF
KT Urban section Yunhe Sanwan Ecological Riverside renewal Jiangdu South Water to North Source
Yangtze River Culture Park of Nanjing Xiaguan and Pukou Park
shoreline iLFERII ARER
Jiangyin Riverside Park
Construction
SREFEG itk "SITERKI" & AR
. Qiaolin "Chunjiang Shili . N
Suburb section e ieme e e Nanjing Longpao Wetland
MBREDVESES SRIPFRMEM,. hERVigith
Rugao Changgqgingsha Chongming Dongtan Wetland and
ecological restoration Jiuduansha Wetland
HILFRFRIPRERES
Restoration of Zhenjiang Porpoise
Reserve
BEEMNS ARHTNERE AR
Key islands Nanjing New Jeju National Wetland

Park

IKITBIIIS—EWMLSE
EBES
Ecological restoration of Zhangjiagang
Shuangshan Island of No.1 Bay of the

Yangtze River




. N N= N =
Zh:. EiEEmIf%RE
Case 1: Full opening of Shanghai Huangpu River
B 20175, SHIIRFASRBFEARTHSMESLEE, kO LiSEERNFNEE
m 2017 saw the full opening of the public space along the 45km shoreline &
on both sides of the Huangpu River, as a key open space in Shanghai

m A TSR B CHERESEE

B From "Industrial Rust Belt" to "Life Show Belt"

N TS SHFEREITIZA
BRNREISE HERRILER Diversified riverside space

Smart riverside space Historic riverside space

M "HIE" EM "EIE" B TWRE 5 L1 1%55%{&
From BT A ; 9 FI7KE |8
"manufacturing” to 2 Combine "indugﬁribii i i At Move the &
"smart elements” withi life to the
manufacturing” "subsequent - shore




201 2 RiERR TiAF IR ILEI Sk
Shipyard and enterprise dock before 2012
2013FSAT ShIBSLBL, Mkt aEEEEEE

From shipyards and enterprise dock to urban living functions in 2013

FRER: KITHAaEk + hREI AR + BT EEEEX
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A3\
| E%—EEIX Considerations and recommendations

fﬂfﬁiﬁﬁ?ﬁﬁ]gﬂgﬂﬂ'ﬁ*fﬁ . Eﬁ%ﬁ{ﬂgi Spatial organization along river lines is critical and of lasting

[ B B3OS 2248 [y N T importance. We should advocate for non-use of land along river
§\I.$° 1ET'E'JQE%'D%\:|:1&£EE ' ?jEE;'_E shorelines to provide strategic flexibility for future applicability
EI’\JJEFH'TEEETE TIE@%E"Z%E?E'& ' TIET"'?J%EE& measures and improve the security level of the River Basin.

FIKE,

Establish the concept of '"co-management of water and land",

*H:Z "7.1(55;:5%:\" ﬂ@' nugﬁﬁﬁgwg;g and strengthen the overall management and control of the

shoreline and the coordinated management of water and land

=] &K N/ DL SN Ry 7 AN
*uﬂ(ﬂﬁmw}ﬁl Eﬂ° %éfﬁﬁ@ﬁéﬁﬁ,}ﬁﬂ:{u ! areas. Carry out shoreline resource evaluation systematically,

HEFKREBERE, By "/KiE-FE-fEaE coordinate the allocation of shoreline resources, and establish a
Z5]" B EES . Skl 22 At collaborative management mechanism of "water-shoreline-land
ﬁzlEﬂ\ E,JT’jJ'_:E E'E%ﬂﬁ%u: ?:”EE"% 7'}( ':'Bl_‘_jﬂljgﬁ space"; strengthen the overall coordination of water-related
%wj\lﬁ, ?ﬁ%ggfj'ﬁgﬁ;ﬂﬁﬂ:ﬁﬁ[]ﬁﬁﬁﬁljﬁ* departments, and explore the implementation of joint review of
= p: .K /\Eu shoreline resource development and utilization departments to avoid
$ I ﬁ%7 BED RJo

separation of land and water development and utilization.

*!IEEH%;EE’J#&%%;F |_5§¥‘ﬁ' ?ET%'EE?&?'—E Formulate policies to promote shoreline protection and

renewal, and increase the proportion of ecological and urban

iﬁﬁﬂi_&hiﬁﬁ?ﬁthﬁﬂo Eﬁg%égz ﬁ‘:’ii%ﬁmr&ﬁ'], life shorelines. Establish a comprehensive benefit assessment
\LE Hj 1&&&:’_5% ﬁ% @ﬁ E gkﬁéfﬁﬂj HEAES mechanism to withdraw from low-efficiency polluted shorelines;
A /! =X i\ = 10N

establish an incentive mechanism for the protection and restoration

BRI ESmNLE]; ENxERE/KIgHE of natural shorelines and ecological spaces; and establish a
mechanism to promote the renewal of waterfront cities and the

3z \HZ3
T iE}Jn/lA :,tEf.ﬂ E—'.]EII‘JHL%UO increase of public space.



Derek Hoeferlin
This presentation is a preview of a forthcoming book:
Way Beyond Bigness: The Need for a Watershed Architecture, ORO Editions.

http://watershed-architecture.com/home



Water Systems and Port Economies
in Times of Climate Change: Rhine,

Yangtze and Mississippil

Derek Hoeferlin
Washington University in St. Louils
[dhd] derek hoeferlin design

"Misslissippl River Basin & Delta”

12 October 2022
Rotterdam, Netherlands



IT TOOKA
“NATURAL"
DISASTER TO BUILD A
$14.5 BILLION
WALL
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Image courtesy H3 Studio, Inc.




New Orleans; Louisiana, 2005
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WHEN FOUNDED, THE REGION
WAS ABOVE SEA LEVEL. NOW,
50% OF NEW ORLEANS IS
BENEATH SEA LEVEL AND STILL
SINKING. -



St. Bernard Parish, Louisiana, 2012



~ sea level - 6 feet below sea level
(wild boars, pelicans, (humans, cars)
alligators)

St Bernard Parish, Louistana, 2012
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Salt Marsh
South Louisiana
2014



Evon Dive

3







8l Beac
St. Berrj@@®arish, Lot

.‘.
A~

y & iSI Ay
MRO1L ol

|




= -
3 -
- - = ";—5 ' =
- -
- -
_‘? —
- -
- . 1‘\ - o
- - " ’
< -, ” - - f_‘t"?
N - " il
-— "
o e
S ’ e
. wt
. - .
- e .
.
Lo -
- -~ &
> -‘.' r r-" L. - e

& e g

= . L4 "

: - .

i " . - T
- & Yo vy "ﬁ' F & 2 a.‘.’. : ke
e AL W N WA

we can say its’

ead o
- . o w
- ™
Z-

Thrée Torks, Missouri River, 2018

_—
-



ol v

= bl
- r
4 !,“-‘-\Iﬂ'j‘-"'

- " AT "*;23{”'
e e '-,-‘;_.'.ai".,g;&-‘ B b T
. - R -,Er'::s '__’{ N " % ,‘m.,‘ﬁ

& s RN

A
2










&
5







STRSEONCE o B INReE
‘:-rJ-. SIPPL i'*:l'.'a‘*' 0

il -, 3 —___ .. . " ..-‘.__ — K- i B
e e e R S T e

" - = b 2 QLTS : e -









in Price Locks & Dam
Alton, Illinois
2017




Judicial Branch

[Supreme Court cases]

1904
Bedford v. United States

1913
Jackson v. United States
Hughes v. United States

1916
Cubbins v. MRC

o
I

A

Cmmeue
T

Legislative Branch

[

Swamp Land Act of 1850

States given millions of acres
“unusable” swampland lo sell and
wse the proceeds for flood prolection.

acts of Congress]

Damages to property as a result of levees and
revetments are consequential and nol the
liability of the United States or the MRC.

Floodwater overflow does not constitute a
taking of land under the Fifth Amendment,

\

1879
formation of the

Mississippi River and

Tributaries Project

~—- (4) major project features: -—

Sloodwalls and levees

NOAA Representative
(2) USACF Officers

tributary basin improvements
channel improvements and stability

Sloodways

Mississippi River Commission

— MRC@® ——

P

(3) Civilians

— membership —

resident

lodds

&
|
|
|
|
I
|
|
|
|

NGOs

American Rivers

Amenica's Watershed Initiative
America’s Wetland Foundation
Mississippn River Cities and Towns Initiatwe

The Nature Conservancy

The Water Institute of the Gulf

and many others associated with:

agriculture industry, petrochemical industry,
barge industry, and environmental advocacy.

Y .
E.’IG[‘:l punn
:u:n- poan

Executive Branch
[governmental departments]

e of
T'he President

o~ i b .,
Department of Department of
Commerce Defense
' i
NOAA Department of
National Oceanic The Army
and Atmospheric
Adminissration |

Assistant Secretary of the Army
Jor Civil Works (ASACTY)

T |
—— USACE

United States Army Corps of Engineers
—— F12020 budgel: $7.65 Wllion

= ~- MISSIONS
Civil Works
Military Missions

Environmental
Emergency Operations
Research and Development
Sustainahility

— dwisions —

North Atlantic

South Adantic

Greal Lakes & Ohio River

““— Mississippi Valley (MVD) ———,
Northwestern o dirtlnc[.r o
Southwestern St. Paul
Seitly Pavidi Rock Island

St Louis
Memphis
Vicksburg (HQ)
New Orleans




USACE

United States Army Corps of Engineers

DIVISIONS & DISTRICTS

Nasrthrste i

Diviviinn

NORTH ATLANTIC

SOUTH ATLANTIC

GREAT LAKES & OBIO RIVER

MISSISSIPPL VALLEY

NORTHWESTERN

SOUTHWESTERN

SOUTH PACIFIC -

Sowmly Paafy

— dhstricts

Mom Bagland Lheitiif
Seae deed Jhustred
Faludeipiing Sl
Fattemear JRuni 1
Nowfulh Idtnics

ERartrobm FRumet
B Sbmargit Ldostiscd
Sermmmah Phtont
Mdalite Dt
Jacksaurile fimeet

Detroit District
Chicago District
Buffalo District
Pittshurgh District
Huntington District
Louisville Distric
Nasheille District

St. Paul District

Rock Island District

St Louis Disirict
Memphis District
Vicksburg District (HO)
New Orleans District

Seattle District
Portiand District
Walla Wakis District
Omaha District
Kansas City Districi

Little Rock District
Tiisa District

Fort Worth Disirict
Galzeston District

San Francisco District
Sacramento District
Los Angeles District
Albuquerque Distrct

AMISSISSIPP VALLEY DIvISiON - NRC (@)
Aivstovipp Ricer
{nprmissen

/ RY
ST PAUL DISTRICT
3 states
- 139,000 square land miles
243.6 miles of Mississippi River navigation channel
13 locks & dams ;on the Mississippi’

ROCK ISLAND DISTRICT
3 suates
78,000 square land milcs
314 miles of Mississippi River navigation channel
12 locks & dams (on the Mississippi

ST. LOUIS DISTRICT

2 states

% 28,000 squarc Jand miles
/ 300 miles of Mississippi River navigation channcl

4 locks & dams fon the Mississippi

MEMPHIS DISTRICT

6 states

m 25,000 square land miles
355 miles of Mississippi River navigation channe]

| spillway (on the Mississippi)

VICKSBURG DISTRICT (HQ)
3 states
68,000 square land miles
978 miles of Mississippi River navigation channel

NEW ORLEANS DISTRICT
1 state
~ 20,000 square land miles (delta cver-changing)
400 miles ol Mississippi Riv tion channel
2 spillways (on the Mississippi)




Mssiss prl Rwer Basin & the World Quoting Colin Wellenkamp, the executive director of the
Massissippr Rwer Cities and “Towns Inttiatwe:

“Forty percent of the world’s food supply comes out of the Mississippi

River Basin. An additional forty percent of all United States agricultural

output from coast to coast moves up and down the river. One in every

twelve human beings on Earth ingests commodities made in the

- Mississippi River Basin. Eighty percent of what is grown in the

' Mississippi River Basin goes overseas. If you wanted to
destroy or otherwise compromise the globe’s food

web, shut down the Mississippi River and it
could collapse.”
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FOLLOWING THE PATH OF THE MISSISSIPPI RIVER



lerritory O1:
Missouri

River Basin

_____..-J—

. _q{—' EHF v m‘ 1-

T g .".‘“—‘
— -

savins Point SpillwayMiSeonit Rives NebraskarSouth Dikotis bopder, 2018




¥ —

A -
\ — —
" . o ~—— _
= “‘—*v Proposed Keystone XL Pipeline 2~
- LY e -
— —
— -
. = ; h Bakken Shale Formation e,
\ —
Blackfeet Reservaton X T
- o . : | — Reystone Pipeline

= Fort Peck Reservanony

Morony Dam
Ryan Dam
Cochrane Dam
Rainbow Dam

Black Eagle Damn

- Garnson Dam

Holter Dam -

Hauser Dam = ;
Canyon Ferry Dam--— 1
Totson Dam {
S
r
Sty
s
¢
L e \",‘__ S~ e
'y
- v
: ATy \ \ / Standing Rock Resen;\uon !
n : H e L A iml Y Northern Cheyenne Resenvation '\' “)
A r “FR s Y I { \, -
- Ly - F il ~, L
n W i { - T \' ‘J\ — ==l | BN ————_ Y v
Browers Spring . --...f . " Cheyenne River Reservation L Mississippi River ‘J
'|\ a7 A N \'\ Minneapolis | St. Paul 4
) LA T Ner ?
M } Vil I
- \Rl‘ (;I()N 01 -
Y 7
A f
Wind River Reservation 4 ( } -
Y i, _ir
L
4
Gavins Point Dam St A
High Plains Aquifer Fre - Dakota Access Pipeline
. (Ogaltala) - h ! :
-\ .
d y Missowri River
¥ N
~
{1
~ .
N
\ 3!
, = ; S Lo
Colorado River WA '.... Missouri Basm —---L......_...-- £
=) o — 3 e : : roel
\\ Arkansas-Red-White Basin — I = — P J‘?\c.."‘ i G W I
; Ks I T W 7|4 Mo
Rio Grande L 3 [ . Sy AR
\ | v S | P, \
JZA - 4
| . ! e ’,/- ~
) 7 Arkansas River H ;"
~Revatone Py A T rra -
) — TERRITORY 01
\ : MISSOURI RIVER BASIN
N Ok White Riy A) ‘
!-‘ [ I
) a}wﬁ- s <



-~ T
_I/—%
L}
e
Gavins Point Dam E - w
For Peck Dam
Mt Jefferson
A 10,916 ft ] c
Big Bend Dam
Gavins Point Dam
Continental Divide B
Garison Dam N
Fort Randall Dam
Brower’s Spring | Oahe Dam
o SEoelit Lake Fort Peck Lake Sakakawea Lake Oahe Lake Sharpe Lake Francis Case Lewts and Clarke Lake
2 18,688,000 ac-ft Reservoir 23,821,000 ac-ft Reservoir 28,137,000 ac-fi Reservoir 1,859,000 ac-ft Reservoir 5,418,000 ac-ft Reservoir 470,000 ac-ft Reservoir
\l"— 1,139,968 ac-fi (6.1%) Loss 1,238,692 ac-fi (5.2%) Loss 786,658 ac-ft (3.4%) Loss 158,015 ac-ft (8.5%) Loss 796, H6 ac-ft (14.7%) Loss 120,000 ac-ft (25.9%) Loss
I\, \, Three Forks
0756 Torson Dam R
Canyon Ferry Dam PICK SLOAN PLAN
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i NE KS

Black Eagle Dam

: 12 | Rambow Dam

}: i Cochrane Dam s

g | | Ryan Dam

% ||| Morouy Dam Western Area Power Administration
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SECTION B-B
FOLLOWING THE PATH OF THE MISSOURI RIVER
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Missoun River Pre-lnumdation

Mussoum River Curvent

Power Intake Structure

Axis ol Oahe Dam

Powerplant Tunnels

230k\

Powerhouse F og0L v
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Discharge Channel

Missoun River
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MISSOURI RIVER

Unopened

Terrain Edge Belund

Approach Channel

{ JTEFI

P GIT N

25,000 cfs Average Release Durmg June 2010

Tervawn Edge Behind

: %

Flood Control Tunnels

Outlet Works
Intake Strucnure

54,000 cfs Average Flow Through Powerplant
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Powerplant Tunnels |
Powerplant ’

Intake Structure Axis of Oahe Dam



Axis of Oahe Dam

Spillway Discharge Channel

| A LEEil]

Axis of Oahe Dam

.............................................................................. J SECTION D-D

SECTION THROUGH THE OAHE DAM SPILLIWAY

144,200 cfs Average Release During June 2011 Missouri Floods

S
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Stiling Basin -~ Dischorge Channel

SECTION E-E

SECTION THROUGH THE OAHE DAM FLOOD CONTROL TUNNELS
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Swrge Tank

» 1660 fi

Powerplant

Twbine Stilling Basin
786,030 K\ Capacity SECTION F-F
SECTION THROUGIH THE OAHE DAM POWERPLANT
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Extract

upper night:

Civeo Killdedr Lodge “pre-fabricated workforce accommiodation facility,” (Killdeer, North Dakota)
background:

typical Bakken Shale Formation oil and naturil gas drilling site, (Killdeer, North Dakota), 2018







Release

upper right:

Garrison Spillway (North Dakota), 2018
background:

Gavins Point Spillway (South Dakota), 2018
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i ople.
A Revered Leader, Chief, Husband, and Father, Loyal to his Peop
Tatanka Iyotake, a Hunkpapa Lakota was born near Many C?chﬁeslq‘l:: ;l;e_
Grand River in South Dakota. At the age of 14 he coyr-ltec} his firs é‘]
and was given the name Tatanka Iyotake “Sitting Buil®. Fe grew up to be
4 prominent warrior and leader of the Teton Lakota.

In the summer of 1876 he had a vision of a great victory over white soldiers.
That vision was fulfilled when Tatanka Iyotake, along with Crazy Horse,
Gall and hundreds of Lakota and Cheyenne warriors defeated General Georpe
Armstrong Custer's 7th Calvary at the Battle of Greasy Grass - -

r (Batile of Little Dighorn).

Tatanka Tyotake was kill 5

= Dm;her 1 13.90 T‘:b! Tribal police at his home near Grand River

itito the » 900. Tribal palice were acting on grq . -
agency in order to quell the G : brders to bring him

believed would bring back the o1 m:':;'iu[;:;zce (a ceremonial dance they

Berayg, Tam o ™Y oy g
bf{?*e"?
e

Sl
. “Possible Resting Place of Sitting
‘Fort Yates, South Dakota
| 2018 '
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TO ATCHAFALAYA BASIN

30 % &
1850 <10.0 %

1900 13.0%

1920 18.1 %

1940 23.3%

1950 30.0%

1973 34.6 % (Major flooding)

o T Sydney Muray

1975 349% ; )
1976 31.8 % (Partial control restored) . Power Transit Hydroelectric Station

1977-1985 30.0 % (Full control) = o Vidalia, LA |[-
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TO MISSISSIPPI DELTA
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SECTION THROUGH THE AUXNILIARY STRUCTURE



)
=
<
2
qv!

N




N TSP CES AP

__- ‘— : — — — /




Divert w







ut...there are clues...there are possibilities...




...to Rephnish...to Redistribute...to Reboot...
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Wastes as Resources

Excess Nutrients

EXCESS
The DEAD ZONE primarily is caused by excess levels of nitrogen and e NUTRIENTS
phosphorus nutrients discharged into the Mississippi river basin via £ .
run-off. According to the USGS, 70% of the nitrogen and phosphorus £ -
is the result of large-scale agricultural processes in the Lower 3
Mississippi, Upper Mississippi and Ohio sub-basins. And 75% of all :
nitrogen and phosphorus discharged into the river basin originates ‘1-..

b3

from only 9 of the 31 states drained by the river basin—Illinois,
lowa, Indiana, Missouri, Arkansas, Kentucky, Tennessee, Ohio and
Mississippi. As these nutrients make their way unmitigated through
the river basin, they significantly contribute to the DEAD ZONE =
phenomena in the Gulf of Mexico off the coast of Louisiana. The dead
Zone is a hypoxic area caused by algae blooms that develop from

the excess nutrients nitrogen and phosphorus. The algae blooms,
coupled with the large amounts of fresh water at the surface of the
Gulf, starve oxygen from reaching important marine life in the lower,
heavien, saltier areas of the Gulf.
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Wastes as Resources

Suppressed Sediments

In current form, two of the main negative environmental and
economic impacts from development of the Mississippi river basin
ultimately manifest in south Louisiana and the Gulf of Mexico:
WETLAND LOSS and the DEAD ZONE . WETLAND LOSS is caused by
a number of factors, but the two significant contributors from the
river basin are sediment suppression and expedited flows. Due to the
damming of the sediment rich Missouri River far up-river basin, a
large portion of the sediment never makes its way to south Louisiana
to help grow the land with seasonal flooding.

Missouri River

Migeour River

Wiszign o B

MEsmmpp Fovsr




Wastes as Resources

Expedited Flows

EXPEDITED
Coupling this wetland loss is the extreme leveeing of the majority SR FLOWS
of the river basin that expedites the flow of the waters and does ]
not allow the river to flood to distribute the sediment. What little
sediment resource is left is forced out to the Gulf of Mexico, off the
continental shelf, as if going through a hose spigot. Some say coastal
Louisiana loses the equivalent of one football field of wetlands every

30 minutes.
l [}
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Eco-Industry Toolkit g R L
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FILTER NUTRIENTS

- ) ! COLLECT SEDIMENT

— FARM ALGAE

111110

’m:—ﬂ_L REFINE ALGAE FUEL

- DISTRIBUTE SEDIMENT

——' DISTRIBUTE FUEL

n NG TE POWFA & NASA PR MITH ALGAE #iigy

RESTORE THE WETLANDS + GREATLY REDUCE GULF OF MEXICO

DEAN ZONE WITH NEW HOLISTIC WATFRSHED FCO-INDUSTRY i1}
=i

—— S

o a2
MAKE ROOM FOR THE RIVER TO MITIGATE EXCESS WATER VBLUME It ™3 |_: | [ %
Ad T RETROFIT EXISTING ARANDONED URBAN INDUSTRIAL SITES 1!

SHIP SENMMENT T LOIHSIANA FOR WETLANG RESTORATION 111

TRANSFORM EXCESS NUTRIENTS INTO RESOURCES 11
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RETROFIT EXISTING DAMS + RIVER FOGES!H)
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Sub Basin Retrofit Zones + Sites

MISSOURI SUB-BASIN ZONE @

BEFORE: DAMS TRAP SEDIMENT FROM FLOWING DOWN-
RIVER

-

AFTER: COLLECT SEDIMENT AT DAMS AND TRANSFORT
DOWNRIVER

transport site

UPPERMISSISSIFFI SUB-BASIN ZONE @@

o — —— _—
BEFORE: EXCESS NUTRIENTS + UNDERUTILIZED

DAM SITES

AFTER: NUTRIENT FILTERS + ALGAE FARMS AT CAM
SITES

farm site

URBANIZED ZONE (ST.LOUIS, MO) E]
L 4§$

BEFORE: ABANDONED INDUSTRIAL SITES ALONG
RIVER

SRMPERS

AFTER: URBAN ALGAE REFINERY FOR LOCAL FOWER

refine site

LOWER MISSISSIFFI SUB-BASIN ZONE i i .]@

BEFORE: CHANNELIZED RIVER EXPEDITING WATER +
NUTRIENT FLOWS

AFTER: SLOWWATER, ALGAE FARMS + RIFPARIAN
ZONES

filter site

SOUTHLOUISIANA | GULF COAST ZONE @
Ll bl

BEFORE: GULF COAST OIL/GAS REFINERIES,
WETLAND LOSS, DEAD ZONE

AFTER: GULF COAST ALGAE REFINERIES + RE-
STORED WETLANDS

restore site




Cultivate Foods

(uppiRr RIGLIT) Agricultural equipment, St. Chailes County, Missouri, 2013
(BACKGROUND) Agriculture levee and farmland between the Mississippi and Missouri Rivers,

St. Charles County, Missouri, 2013 (image credit: Derck Hocefexlin)

Transport Cargos

(upprr RIGLIT) Barges at Bellerive Park, St. Louis, Missouri, 2012

(BACKGROUND) Barge tow transporting petrochemicals upriver on the Mississippi River, St. Louis,

Missouri, 2019 (image credit: Derck Hocferlin)
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Reconnection

Adaptive Management
Jfor Levee and Drainage Districts

Chuck Theiling

Warershed:
* P
LY
=3l
Floadplain:
LIS
W d
w
n It
BASIN RIVER OCEAN

[Figure 1] Hydrologic Cycle (image credit: Chuck Theiling, re-drawn by Chenyu Zhang)
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fixation on solutionism, while offering a number of hopeful pathways for landscape architecture to engage in
landscape infrastructure: Rob Holmes, “The Problem with Solutions,” Places (July 2020), accessed September
14, 2020, https://doi.org/10.22269/200714.



Shifting

Adjustments & Weak Spots
in the Maississippr Rwer Delta

Alexander S. Kolker

[Figure 1] Map of southcast Louisiana, featuring the Atchafalaya Basin Floodway in gray;

delincating major river control structures such as Old River Control, Morganza, West Atchafalaya
and Bonnet Carré Spillways and the overall levee systems, which includes “Morganza to the Gulf)” in red;
and, locating Mardi Gras Pass and Fort St. Philip crevasse downriver from New Oileans

(image credit: Alex Kolker, Derck Hoeferlin, Chenyu Zhang)
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[Figure 2] Plan of Old River Control Complex, comprised of multiple structures, Louisiana

(image credit: Alex Kolker, Derck Hoeferlin, Chenyu Zhang)

People who study the Mississippi River will often say that the niver is likely to jump down the
Atchafalaya River, switching course near the Old River Control Structure in northeastern
Louisiana. If this happened, that change to the region would be dramatic. The main stem
of the Mississippi River would transform into a tidal, saltwater channel, which would likely
silt up, impacting shipping conditions along this heavily industrialized corridor, mostly
between the urbanized areas of Baton Rouge and New Orleans. As saltwater moved up

the Mississippi River, the drinking water supply for New Orleans would be impacted, likely
requiring intensive desalinization efforts. The increased salinities would change the ecology
of the region, transforming many freshwater and brackish systems into high salinity ones.
And the lack of sediment carried by the river would make restoration in many parts of
Louisiana more difficult. At the same time, such a shift would raise water levels — and river
flood threats  in Morgan City in the Atchafalaya Basin. It would also increase the amount
of sediment moving through the Atchafalaya Basin, resulting in large quantities of new land
developing in southwest Louisiana. [Figure 1]

The idea that the Mississippi River will change course down the Atchafalaya is backed
by important historical studies. Starting in the mid-19th century, the Atchafalaya
started recelving an increasing amount of water from the Mississippi River. By the
early 19505, between 20 and 30 percent of the flow of the Mississippi River flowed
through the Atchafalaya.! Seeing that a channel switch was likely, the U.S. Army Corps
of Engineers (USACE)  at the direction of the U.S. Congress  constructed a water
control structure at Old River.
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Explore directions

____________________________________________________________________________________________
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2) MORE ROBUST SYSTEM 3) ADAPTING LAND USE
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Productgroepen

Landbouwproducten; levende dieren
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Integrated perspectives
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THE PORT AS A GATEWAY FOR
350 MILLION PEOPLE
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ENERGY TRANSITION: STRATEGY BASED ON 4 PILLARS

PILLAR PILLAR

2 3

PILLAR

4

A NEW ENERGY SYSTEM A NEW RAW MATERIAL
AND FUEL SYSTEM

SUSTAINABLE
TRANSPORT
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