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DREDGING FOR
SUSTAINABLE DELTAS
WHAT IS A DELTA?

Deltas are defined as landforms shaped through deposition of
sediment carried by a river as the flow enters slower-moving
or standing water. When sediment platforms create an
impediment for the water flow, the river at some point splits
into different channels. The area where sediment transported
by the river branches has been or is deposited, is called the
delta.
Worldwide over 500 million people live in or near a river delta
and of the 20 world’s megacities, 16 are located in a delta.
Some of the largest ports in the world (e.g. the ports of
Shanghai, Guangzhou and Rotterdam) are situated in deltas.
In 2050, 650 million people will live in deltas and coastal
urban regions.

ARE ALL DELTAS THE SAME?

There are three different types of deltas. In river-dominated
deltas, such as the delta of the Mississippi River, near New
Orleans, wave action and tidal movements are relatively weak
allowing sediment to settle into deposits extending far into the
sea.
In wave-dominated deltas, like the Sao Francisco River delta
in Brazil, strong waves limit the formation of a large
propagating delta since sediment is easily picked up and
carried away before it has a chance to settle.
Tide-dominated deltas are commonly large sediment dispersal
systems controlled both by high-energy coastal processes and
high-discharge rivers. Their sediment load is widely dispersed
into patchy islands created due to the tidal processes. The
Ganges Brahmaputra delta in Bangladesh is a delta dominated
by tides.

Above: The Oosterschelde is originally a river mouth. Due to the
construction of the Delta Works in 1986, it turned into a shallow
sea bank: kilometres of salt water, almost a third of which falls
dry at low tide. In 2002, this nature reserve was given the status
of National Park - the largest in the Netherlands.

WHY ARE DELTAS IMPORTANT TO US?

Deltas are considered as some of the richest systems on Earth.
With their wealth in natural resources, enormous biodiversity
hotspots and strategic importance, they often house large
populations and hubs of innovation through industrial and
agricultural productivity.
A sustainable healthy delta provides, regulates, and supports
a region far extending its own boundaries creating a safe and
economically vibrant location. With their fertile soils, deltas
strongly contribute to agriculture and provide ample food,
wood, and other resources. But deltas also fulfil an important
role in air quality regulation (Particulate Matter removal),
climate regulation (through carbon sequestration) and water
quality regulation (removal of excessive nutrients). Nutrients
can be removed through primary production to higher trophic
levels or burial through sedimentation of organic material.
Due to their strategic location, deltas allow easy access to
fishing areas, host a plethora of touristic functions and most
often contain a functional port or harbour as well as maritime
transport routes linking coast and the hinterland through
navigable rivers.
In most deltas a lot of different parties with different interests
are involved, making sustainable governance a complex
process. In order to facilitate for all users, cooperation
between these parties should always be the starting point.
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HOW VULNERABLE ARE DELTAS?

According to studies on 33 major river deltas, the land level of
24 of them has dropped in the last 2 decades in comparison
with nearby sea levels. The inhabitants of these deltas are
caught in between land subsidence and sea level rise. In a
worse-case projection, a recent Vietnamese government
report said that more than one-third of the Mekong delta,
where 17 million people live and nearly half the country’s rice
is grown, could be submerged if sea levels rise by three feet in
the coming century.
A World Bank study described the Nile delta as particularly
vulnerable to the effects of global warming, predicting that
Egypt will potentially face catastrophic consequences.
Millions of Egyptians could be forced permanently from their
homes and the country’s ability to feed itself devastated due to
the possible effects of climate change. And on the border
between India and Bangladesh at the Sundarbans islands,
which are amongst the world’s largest collection of river delta
islands, woven through by an elaborate network of streams
and tributaries, the relative sea level rise has already proved
devastating. Nearly 31 square miles of the Sundarbans have
vanished entirely, and more than 600 families have been
displaced, according to local government authorities. Four
million people on the Indian side alone, as well as the royal
Bengal tigers that make their habitat there, are threatened by
flooding related to climate change.

WHY ARE DELTAS VULNERABLE?

Without human intervention deltas are not necessarily
vulnerable. Left alone they can be self-sustaining and resilient
to cyclic changes in sedimentation regimes as long as natural
processes run their course and sufficient sediment is
transported to keep the delta growing at the same rate as the
rise in sea level.
For centuries however this has not been the case. Through
human interventions such as canalisation, port development,
reclamation, deforestation or dredging, mankind was able to
alter deltas for anthropogenic use.
However, the dynamic nature of a delta does not fit well with
such interventions. These periodic changes (e.g. periodic
deepening) create an imbalance causing the system to adapt
accordingly. It is this constant adaptation to new conditions
why deltas have become vulnerable.

HOW ARE DELTAS THREATENED?

Mankind is highly dependant on deltaic systems. However,
due to their location just above sea level, deltas are extremely
vulnerable to hydrodynamic and sedimentary changes putting
human use at risk. Disruption of the natural balance in the
sediment budget through human interventions such as
construction of river dams, canalisation or dredging may
result in areas of sediment starvation and sediment
abundance.

Deltaic wetlands in Louisiana, United States, are disappearing faster than
any other area in the world exposing New Orleans’ flood protection system
to storm surges stronger than it can withstand. The causes of coastal
erosion are elaborately interlinked with sediment deficiency and saltwater
intrusion. Sediment from upriver is what builds deltaic land. Levees
constructed along the river for flood protection, navigation routes and
other purposes trap sediment that would otherwise become part of the
delta.

Another threat is land subsidence. Twentyfour of the world’s
major deltas are subsiding, some as much as 10 cm per year,
due to compaction, up-stream dam construction as well as
groundwater and mineral extraction.
Furthermore, climate change enhances salinity intrusion
impacting freshwater availability and increases the risk for
more extreme flooding by storm surges, cyclones and
alternative flow patterns resulting from drought or increased
precipitation. Rising sea levels will increase erosion along the
coast but may also result in an accelerated loss of coastal
ecosystems like wetlands, coral reefs and mangroves.
These factors can impact the natural, social and economic
processes in deltas affecting the lives of millions of people
living there dramatically. In order to cope with (some or all of)
these threats more resilient delta systems are required.

HOW CAN DELTAS BE PROTECTED?

The growing insight into the interconnectedness of
morphology, hydrodynamics and ecology together with the
growing need for flood protection has resulted in some
traditional ‘hard solutions no longer being satisfactory on the
long term. This is especially the case if aspects such as nature
conservation and sustainability are taken into account.
New management strategies that take into account safety,
economic development as well as ecological functioning are
needed. Over the last two decades various, more flexible and
sustainable approaches have been developed.
Nature-based solutions (NBS), or “green infrastructure”, is an
approach using natural systems/processes such as wetlands
for flood mitigation or mangroves to reduce the impact of
waves, storm surge, and coastal erosion to create added value.
These solutions can also synergize with grey infrastructure,
forming so-called “hybrid” solution.

The Building / Working / Engineering with Nature
philosophies help to design and build nature-based solutions
taking the natural system as a starting point, encouraging
development or restoration of natural systems at the same
time.
Protection of deltas or deltaic functions can be done by
maintaining or restoring the sediment balance. Most
artificially modified deltas contain areas with local sediment
starvation or sediment abundance. Adjustment of this balance
can be done by dredging. Most navigation channels are
frequently dredged in order to maintain their functionality for
society.
It is possible to decrease the impact and magnitude of this
maintenance dredging on ecology or morphology by
implementing nature-based solutions. In many dredging
campaigns, dredged material can be re-used to mitigate
sediment starvation on other locations.
River deepening or restoration of canalised river arms into
their original meandering shape increases water storage
capacity and reduction of flow velocities during storms. The
Room for the River projects are good examples of such
nature-based solutions.

solutions in addressing both the causes and consequences of
climate change in deltas. The Global Centre on Adaptation
(GCA) in its turn aims to accelerate climate adaptation
interventions. It acts as a solutions broker, bringing together
governments, the private sector, civil society,
intergovernmental bodies, and knowledge institutions that can
address the obstacles slowing down adaptation action. Other
organisations such as The Delta Alliance, an international
knowledge-driven network, aim to improve the resilience of
the world’s deltas by bringing people together who live and
work in deltas.
Furthermore, Deltas at Risk, a research group on profiling risk
and sustainability in coastal deltas consisting of universities
from the United States developed a global, systematic
assessment of how delta risk is increasing due to sea-level rise
and anthropogenic drivers of delta land subsidence Worldwide
independent institutes do applied research in the field of water
and subsurface aiming to integrate technical knowledge on
water, subsurface and infrastructure with governance and
policy-making to solve problems in highly complex dynamic
delta systems.
In addition, EcoShape, a consortium of Dutch specialists, is
working on full scale nature-based solutions. In their initiative
Living Lab for Mud (LLM) innovative knowledge techniques
regarding the sustainable use of fine sediment are developed
in 5 full-scale pilot projects following the Building with Nature
approach.

WHAT ELSE CAN BE DONE TO MITIGATE THE
IMPACTS OF CLIMATE CHANGE ON DELTAS?

The research efforts mentioned above are just a small selection
of initiatives worldwide. Knowledge development, design and
testing of new innovative techniques will maintain necessary
as threats persist. Deltas are diverse and complicated
ecosystems and no one-size-fits-all solution is suitable.

In the district of Demak, Indonesia, more than 3 kilometres of land
including entire villages have been taken by the sea due to removal of
mangrove belts for aquaculture development, coastal infrastructure that
disturbs sediment build-up from offshore sources and land subsidence.
Using the Building with Nature approach addressing these root causes has
led to successfully halting erosion through
integrating mangrove and river restoration, small-scale engineering and
sustainable land use. Semi-permeable barriers have been built from poles
and brushwood to dampen the waves and capture sediment. Once the near
shore bed level rises enough, mangroves will regenerate naturally,
developing a natural defence that will protect the hinterland from further
erosion.

WHAT IS BEING DONE TO PROTECT DELTAS?

In 2015, The United Nations adopted a new global agenda for
sustainable development containing the Sustainable
Development Goals (SDG). Many of these goals, e.g.
sustainable cities (SDG 11) or life below water (SDG 14) are
directly linked to sustainable deltas.
The International Union for the Conservation of Nature
(IUCN) emphasizes the important role of nature-based

Investment in the further study of ecological, morphological,
economic and social factors must be made and cooperation
amongst a variety of international and national agencies and
the private sector is imperative. Finding the best solutions in
terms of quality of life, safety and affordability will present
government authorities with decision-making challenges. The
private sector, including engineers and dredging companies,
also have a role to play in pursuing innovative, system-based
delta management solutions.

ROADMAP TOWARDS SUSTAINABLE DELTAS?

A thorough understanding of the site-specific deltaic
environment is key in order to develop a sustainable (naturebased) solution. This includes an assessment of ecosystem
services as well as stakeholder engagement. Based on the
natural, social and political system realistic alternatives that
use and/or provide ecosystem services can be identified. This
may require an alternative perspective and adjustment of
more traditional and reactive perspectives into proactive ones.
Evaluation of the qualities of each alternative then leads to
preselection of an integral solution where three important
aspects must be taken into account:

• Develop a system-wide master plan which addresses the
delta as a whole;
• The plan should include control measures for a sustainable
delta. Dredging is often part of the solution in order to
maintain navigability but dredged material can be re-used
for beneficial purpose (sediment balance to manage the
system);
• A proper cost benefit analysis including Ecosystem Services
provides good insight into the additional value compared to
project costs.
One of the major challenges in full scale application of nature
based solutions is acknowledgement of uncertainties. New
solutions may come with new results which can be difficult to
predict and this is a major risk for financiers and decision
makers. Thorough monitoring and testing as well as
development of tools to outweigh uncertainties versus
increased ecosystem services are the next steps to move ahead
in order to receive funding and approval for full scale
application of nature-based solutions.

HOW CAN DREDGING HELP IN ENSURING
SUSTAINABLE DELTAS?

In most ports and waterways, periodic dredging is necessary
in order to guarantee safe navigation and maintain economic
activity. However, dredged materials are usually disposed at
sea or in dedicated disposal locations when they consist of fine
sediment which is considered unsuitable for construction.
This way the delta loses a lot of sediment. As mentioned
above, decrease of wetlands such as in the Mississippi delta is
directly linked to sediment shortage. Sustainable re-use of
dredged fine sediment (i.e. mud) through strategic disposal is
therefore an important key in maintaining or restoring a
sediment balance. By releasing dredged material upstream of
selected locations, sediment stays in the system and can reach
the wetlands or other eroding areas. Three dimensional
system models integrating morphology and ecology are an
important aid in designing such dredging campaigns.
Additionally, dredging can help to maintain land-building
processes and flood storage through wetland conservation and
restoration, for instance by dike removal, controlled dike
breaching and river diversions as well as temporary dike
breaching and subsequently re-embankment.
Dredging and sustainable re-use of dredged material alone are
never a guarantee for sustainable deltas. But they can be an
important element of successful nature-based solutions
benefitting development of a delta in which economic, social
and natural needs are all considered.

FOR FURTHER READING AND INFORMATION

PIANC workgroup 176 Working with Nature: https://www.
pianc.org/working-with-nature
PIANC workgroup 178 Climate Change: https://www.pianc.
org/think-climate
The United Nations University: https://ehs.unu.edu/blog/
articles/deltas-under-threat.html
The International Union for Conservation of Nature: https://
portals.iucn.org/library/sites/library/files/documents/2019030-En.pdf
The World Bank on nature based solutions: https://www.
worldbank.org/en/topic/disasterriskmanagement/brief/
nature-based-solutions-cost-effective-approach-for-disasterrisk-and-water-resource-management
The IPCC report: The Ocean and Cryosphere in a Changing
Climate https://www.ipcc.ch
The global center on Adaptation: https://gca.org/
Delta-alliance: http://www.delta-alliance.org/
Deltares: https://www.deltares.nl/nl/
Deltas at risk: http://www.globaldeltarisk.net/group.html
EcoShape and Building with Nature: https://www.ecoshape.
org/en/
https://www.researchgate.net/publication/229151208_TideDominated_Deltas
The IADC Knowledge Center www.iadc-dredging.com
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