
Why are sustainable Deltas 
so important to civilisation?
Throughout human history river deltas have attracted 
people. Today deltas belong to the most densely populated 
areas in the world. Deltas provide ample food for their 
inhabitants because the soil in deltas is extremely fertile, 
which is good for agriculture. In addition, deltas provide 
easy access to fishing. Deltas often have large ports and 
harbours and therefore become hubs of industry and trade. 
 On the other hand, deltas, with land hardly above sea 
level or most often below it, are quite vulnerable to natural 
disasters. Land subsidence can also be threatening. Studies 
indicate that subsidence or sinking is worsened by the 
impacts of human activity, such as upstream sediment 
collection caused by reservoirs, dams, accelerated sediment 
compaction, and control of river channels. 
 Under these circumstances deltas are often subject to 
flooding and require frequent attention to their sea 
defences, and this is without considering the consequences 
of climate change. In the future, as a result of climate 
change and rising sea levels, this vulnerability will most 
likely become more acute and cause severe impacts on the 
natural processes in deltas. The lives of the millions of 
people living there will be affected dramatically. Today 
about 500 million people live in or near river deltas.

How does a Delta come into existence?
Deltas are found where rivers meet the sea. As a river 
moves down the mountains, taking with it rocks and 
stones, sand and mud, the faster the water streams, the 
more soil it dislodges and transports. As the river approaches 
the ocean, sea or lake into which it empties, its waters slow 
down, losing their transport capacity, and start dropping 
the soils or sediments that it cannot carry any more. As 
layer upon layer is deposited, platforms of sediment build 
up where the river enters the ocean. This sediment 
platform creates an impediment for the water flow until at 
some point the water starts streaming around it and not 
over it, causing the river, close to its mouth, to split into 
different channels. The land between the outer branches of 
the river is the area called the delta, shaped like a triangle, 
like the Greek capital letter D. 

Where are Deltas found?
Experts count 33 major river deltas occurring worldwide, 
from the arctic to the tropics. The Ganges-Brahmaputra 
delta (India/Bangladesh) is considered to be the largest in 
the world. Other famous rivers with large deltas are the 
Chao Phraya (Thailand), Danube (Eastern Europe), Fly 
(New Guinea), Fraser (Canada), Godavari (India), Krishna 
(India), Lena (Siberia), Mackenzie (Canada), Mahakam 
(Kalimantan), Mekong (Vietnam), Mississippi (USA), 
Niger (Western Africa), Nile (Eastern Africa), Orinoco 
(Venezuela), Parana (Argentina), Po (Italy), Shatt-el-
Arab (Iraq/Iran), Volga (Russia),Yangtze-Klang (China), 
Yukon (Canada) and the Rhine-Meuse-Scheldt deltaic 
complex (Western Europe). 

Are all Deltas the same?
Deltas are not all the same. They are in fact very diverse, 
but they are usually classified in three different types:  
(1) river-dominated deltas, (2) wave-dominated deltas, 
and (3) tide-dominated deltas. 

What are river-dominated Deltas? 
In river-dominated deltas, wave and tide movements are 
relatively weak. This allows the river to build sediment 
outcropping often extending far into the sea. A good 
specimen of this is the Birdfoot Delta of the Mississippi 
River, near the city of New Orleans. Its narrow elongated 
form is the result of a high input of river sediment into a 
deep sea with little wave action and a small tidal range. 
The Birdfoot Delta is expanding at rates of 100 to 150 m 
per year, as a result of the tall broad natural levees. 

What are wave-dominated Deltas?
In the most extreme cases of a wave-dominated delta, the 
delta is non-existent: the wave currents are so strong that 
they do not allow the creation of a delta, because the river 
sediments are carried away too quickly, before they have a 
chance to settle. But this is an exception. Normally, wave-
dominated deltas consist primarily of broad, sandy lobes 
and have a smooth arched form. A good example is the Sao 
Francisco River in Brazil, which flows into the Atlantic 
Ocean. Strong long shore currents produce a rather smooth 
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shoreline with only a minor protrusion at the river mouth. 
The delta plain is composed almost entirely of closely 
spaced beach ridges with wind-borne dunes. The delta 
shoreline is composed of large, broad sandy beaches. 

What are tide-dominated Deltas?
Tide-dominated deltas are characterised by river mouths 
that quickly expand and deepen in the direction of the sea. 
This is the result of the large quantity of water flowing from 
the sea into the river twice daily. A river mouth thus takes 
on the form of an estuary, with sand banks, mudflats and 
salt marshes along the banks. This occurs particularly when 
inland lakes and lagoons are connected with the river and 
also fill up with tidal waters. During storm tides, the 
seawater can reach far into the delta through the wide river 
mouth, inundating large areas. Under these circumstances, 
sediment that had already been deposited in the sea can be 
brought back into the river mouth and re-deposited on the 
delta plain. 

Why are these differences important?
Different deltas demand different types of management 
strategies, which include different approaches to sediment 
management. Historically, technical strategies such as 
building dams, dikes and creating polders have been used. 
More recently non-technical, more natural processes 
sometimes known as the “building with nature” approach 
are being implemented. In all cases, the defence of coastal 
areas demands a thorough study of the characteristics of 
the river mouth and the delta. Understanding these 
processes is of key importance when trying to find ways to 
maintain, restore or even enhance a delta’s capacity to 
cope with the effects of climate change. 

How does Climate Change influence 
Deltas?
According to the most recent Intergovernmental Panel on 
Climate Change (IPCC) report (2007) climate-related 
changes over the 21st century will include an acceleration 
in sea level rise, further rise in sea surface temperature, 
more extreme weather events and storm surges, altered 
precipitation and ocean acidification. This could result in 
a 50% increase in delta surface areas that are vulnerable to 
flooding. At coastal zones and deltas these climate-related 
changes are expected to have a range of physical, economic 
and social impacts.
 Rising sea levels will increase the flood-risk and erosion 
along the coast but may also impact freshwater availability 
or result in an accelerated loss of coastal ecosystems like 
wetlands and mangroves. Climate experts emphasise the 

importance of adapting to these potential effects by 
developing and implementing coastal protection and 
adaptation strategies for each deltaic region, be it a delta 
where water is rising rapidly or other areas where a water 
shortage is resulting.

How vulnerable are Deltas?
According to recent scientific studies of the 33 major river 
deltas, in the past ten years the water levels of 24 of them 
have dropped in comparison to the nearby sea levels. The 
inhabitants in these deltas are caught in a vise between 
land subsidence – caused both by dams and dikes upstream 
that hinder the natural flow of sediment to the delta as well 
as by ground water extraction in combination with soft 
soils – and sea level rise caused by climate change. 
 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 decades.
 A World Bank study described Egypt as particularly 
vulnerable to the effects of global warming, predicting that 
Egypt will face potentially catastrophic consequences. 
Millions of Egyptians could be forced permanently from 
their homes and the country’s ability to feed itself devastated 
if predictions about climate change hold true. 
 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 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 to Climate 
Change?
Without human intervention deltas are not necessarily 
vulnerable. Deltas are created by the dynamic forces of 
waves, tides and river flows. Left alone they can be self-
sustaining. As long as natural processes run their course, 
sufficient sediment is transported to keep a delta growing 
at the same rate as a rise in sea level and the equilibrium 
between sediment deposits and erosion will be maintained. 
 For centuries, however, this has not been the case. In 
most deltas, dikes, dams and other “hard” technical 
engineering solutions have been put in place to regulate 



the flow of waters for human benefit. Ironically, as a result, 
erosion of the delta front and land subsidence have 
increased and the ability of deltas to adapt to transformative 
circumstances like climate change has decreased. At the 
same time, the presence of large populations has added to 
the severity of loss of lives and assets if and when something 
goes wrong.

How can Deltas be protected in times 
of Climate Change? 
Many solutions of the past – the hard technical defence 
solutions that completely block the natural processes – 
need to be reconsidered. What once were accepted 
solutions, because of global warming are often not 
sustainable anymore. New approaches are therefore being 
sought. In the current search for sustainability, a more 
flexible approach, the so-called “building with nature” 
strategy, is being developed. These “soft” or system-based 
measures present strategies in which the natural, dynamic 
forces in a delta are re-instated. Research indicates that 
these system-based methods may be a better way of coping 
with climate change. Many research organisations, 
including dredging companies, are exploring, developing 
and implementing new softer approaches, which create a 
dynamic equilibrium between land and water. 

What are some “soft” system-based 
strategies to rebuild Deltas?
Soft solutions include employing physical measures aimed 
at the management of sediment and/or at the management 
of water; adapting human behaviour; and in some cases, 
taking no action at all. 

 Physical measures for managing sediment and water 
can entail full or partial recovery of a water system such as 
removing dikes, seawalls and dams as well as steering 
natural processes by creating flood areas and using sand 
replenishment along the coastline. Dredging can be one 
tool for addressing these problems. Western Europe has a 
long tradition of beach nourishment and dredgers 
commonly use foreshore placement, where currents 
transport sand to where it is needed. Restoration and/or 
relocation of dunes are other measures, as well as managing 
salt marshes, mangroves and re-creating wetlands.
 Adapting human behaviour may be more difficult, but 
spatial planning of deltas, which include the evacuation or 
even relocation of people to less risky higher elevations, 
can be effective in reducing the harm to life and livelihood 
caused by flooding. By identifying flood hazard and buffer 
zones, damage can be controlled. Taking no action at all is 
probably only feasible in less populated coastal areas where 
evacuation in times of flooding can be easily realised. 
These soft system-based strategies may be less expensive 
than hard technical solutions and more sustainable in the 
long term. The key is an integrated approach, combining 
technical, ecological (or natural) and social measures
 A storm-surge barrier at the mouth of a river, which 
can be closed and opened so that protection is provided 
and natural processes remain active, is one such remedy.

What is  being done to protect Deltas 
in times of Climate Change?
Several systems have been and are being developed to help 
scientists and engineers study river deltas and devise new 
soft engineering solutions. The World Delta Database 
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(WDD) and DIVA Tool developed by the DINAS-
COAST consortium are two major compilations of 
important delta information. 
 The WDD website contains data about vulnerability 
and physical characterisations of specific deltas. The DIVA 
Tool allows users to input scenarios about coastlines and 
rivers in order to calculate potential coastal changes for 
this century, from 2000 to 2100. Both of these offer a 
means to determine indicators of the physical vulnerability 
of the coastal area as well as the risks to society at those 
areas. The goal is to discover soft, ecosystem-oriented 
engineering solutions that permit adaptation or mitigation 
responses from these coastal communities.
 Another website was devised to facilitate the handling 
of WDD and DIVA results. The aim of this so-called 
DELTAS website is to make data about specific deltas and 
appropriate soft measures available to a wider users’ pool. 
To do this, the DELTAS website provides a ranking of 
deltas according to physical vulnerability, people at risk 
and the potential for soft measures. This research has been 
carried out under the auspices of the Dutch National 
Research Programmes, Climate Changes Spatial Planning 
and Living with Water and supported by the World Wide 
Fund for Nature Netherlands (WWF) and the International 
Association of Dredging Companies (IADC). In addition, 
EcoShape, a consortium of Dutch specialists with a rich 
history of solving coastal infrastructural challenges in the 
Netherlands and abroad, are working on systems for the 
benefit of sustainable coastal development such as land 
reclamation, sea and river defences, dike building, dredging 
and protecting nature, and developing state-of-the-art 
models for ecodynamic design.

What else can be done to mitigate the 
impacts of Climate Change on Deltas?
These research efforts and others will continue to be a 
necessity as the threats to the planet from climate change 
persist. Deltas are diverse and complicated ecosystems and 
no one-size-fits-all solution is suitable. Investments 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 has a role to play in pursuing innovative, 
system-based delta management. 
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