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This research is part of the preparation of the Aquaterra 2009 conference, the 
World Forum on Delta and Coastal Development. Deltas maybe de�ned as low-
lying areas where a river �ows into a sea or lake. A delta is o�en considered a 
di�erent type of river mouth than an estuary, although the processes shaping 
deltas and estuaries are basically the same. In line with the scope of the 
Aquaterra conference we have adopted in this research a broad interpretation 
of deltas which includes deltas proper, estuaries and the adjacent coastal 
zone. 

Deltas are areas with major economic potential as well as large environmental 
values. The challenge for sustainable development of deltas is to strike a 
balance between economic development and environmental stewardship. The 
Aquaterra Conference will present and discuss the state and future of deltas 
world wide, with a special focus on eight selected deltas. All these selected 
deltas are densely populated and/or economically developed.

1.	Yellow River Delta (China)
2.	Mekong River Delta (Vietnam)
3.	Ganges�Brahmaputra Delta (Bangladesh)
4.	Ciliwung River Delta (Indonesia)
5.	Nile River Delta (Egypt)
6.	Rhine River Delta (The Netherlands)
7.	Mississippi River Delta (USA)
8.	California Bay (USA)

Another focus of the Aquaterra Conference is the response in deltas to a 
number of drivers such as economic growth and climate change as well as to 
a number of trends in society such as privatization and decentralization. Four 
themes are being considered:

�	 Natural systems (management and restoration)
�	 Infrastructure (extension and revitalization)
�	 Land and water use (development and adaptation)
�	 Governance (of delta development)

Framework of delta research
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Framework of delta research 

The research has explored the perspectives of and experiences with these 
themes. Some of these responses may already be classi�ed as �best practices� 
(at least in the local context), others are yet promising approaches. Anyway, 
the research aims to provide an overview of current practices in dealing with 
delta issues. 

An e�ort has been made to arrange these practices into trends. Trends which 
are illustrated with examples taken from deltas all over the world, with an 
emphasis on the eight selected deltas of the Aquaterra Conference and in 
particular the Rhine River Delta. The examples presented are not necessarily 
the best illustrations of the trends. Own experiences of the researchers as well 
as easy access to information have played a role in the selection of examples. 
However, taken together, the trends and examples provide a comprehensive 
overview of the type of current activities and developments to enable delta 
life.

The research may be viewed as a �rst step in the description and analysis of 
state and future of deltas worldwide. The focus of the research has been on the 
identi�cation of issues, trends and responses. The outcome is still qualitative 
and descriptive.. It may be worthwhile to elaborate on the current research. 
Such elaboration may include a more rigorous assessment of the functioning 
of deltas based on a set of indicators. Also an extension to other deltas should 
be included. This might be a nice challenge for future Aquaterra Conferences.
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Deltas: economic and environmental hot spots 
The major river systems of the world all have a unique delta region, with 
their speci�c challenges and opportunities. But there are also common 
characteristics. Deltas are usually areas with major economic potential 
because of their strategic location close to seas and inland waterways. 
Deltas provide also some of the world�s most fertile lands important for food 
production. That is why navigation and port development, oil production and 
re�nery as well as agriculture and �sheries have always been the engines of 
economic development of deltas. Attracted by these potentials, large numbers 
of people live in deltas; a development which has led to the growth of coastal 
(mega-)cities.

Trends and issues in the 
development of deltas
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Trends and issues in the development of deltas

Deltas have been formed by the sediments brought in by their respective river 
and shaped by the interplay of tides, waves and currents. At the seaside of a 
delta, these forces tend to erode and disperse the sediments. But as long as 
the net input of sediments exceeds the rate of erosion, the delta will grow. Such 
natural processes are crucial in the long term evolution of a delta. A net de�cit 
in sediment supply, for example caused by construction of dams upstream, 
will lead to coastal erosion.

The rivers that �ow through the deltas are an important source of fresh water 
and nutrients that are critical for sustaining life in the deltas. The mixing of 
salt and fresh water in the estuarine part of the deltas creates environmental 
conditions for a unique �ora and fauna. Delta and estuarine ecosystems are 
therefore valuable and among the most productive ecosystems on earth.

But, being low-lying areas, deltas are also vulnerable to �ooding and have 
to cope with stagnating drainage. That is why living in deltas has always 
required human intervention. Land reclamation, irrigation, soil drainage and 
embankments have made many deltas a safe place to live and work.

Melting-pot of drivers and trends
Population growth, economic development and climate change are the main 
drivers for change in deltas. These developments pose extensive demands on 
the available natural resources of deltas. In addition to these drivers there 
are a number of societal trends which a�ect the organization and outcome of 
planning of delta development.

Opportunities of deltas Challenges in deltas

�	 strategic location close to seas and water ways
�	 high potential for port development and oil 

industry
�	 fertile soils and rich aquatic environment
�	 large potential for agriculture and �sheries
�	 valuable and most productive ecosystems

�	 areas vulnerable to �ooding and drought
�	 human intervention needed to safely live and 

work
�	 �lter or sink for upstream pollution
�	 areas with high pressure on available space

6



Of these trends decentralization and privatization may be viewed as 
autonomous developments. The challenge is to utilize the advantages of 
both trends, while minimizing their undeniable drawbacks. This calls for a 
selective enhancement of governance structures, re�ecting the regional scale, 
integrated nature and long term perspective of delta development. 

Drivers for change Trends in society

population growth: the global population still 
grows with some 2% per year, although there are 
distinct regional di�erences. The number of people 
to be served and to be protected against natural 
hazards will increase.

decentralization: brings delta issues closer to 
the stakeholders involved. Due to lack of national 
coordination there is, however, a sincere risk of 
uncontrolled and/or chaotic developments.

economic development: despite the current 
economic recession, economic growth may be 
expected over larger periods of time, resulting 
in larger demands to be met, higher values to 
protect, more energy to be generated and more 
goods to be transported.

privatization: public-private partnerships 
are becoming the modus operandi for new 
infrastructural projects and services. Increased 
e�ciency of tax payer�s money is a key motive. 
The risk of privatization, however, is a focus on the 
short term as well as a neglect of the public interest. 

climate change: although the extent of climate 
change may be subject of debate, there is general 
consensus that rise of global temperature is 
inevitable, with its associated (local) impacts on 
sea level rise and the hydrological cycle (larger and 
more frequent droughts and �oods)

participation: involvement of stakeholders and 
citizens is important to promote societal support 
of development projects as well as maintenance of 
infrastructure; planning may bene�t from the tacit 
knowledge of stakeholders

technological development: innovations may 
open opportunities to enhance the functionality 
of infrastructural solutions, to extend the life time 
of infrastructure and/or to develop more cost-
e�ective designs

environmental concerns: worldwide concern 
over a changing climate and environmental 
degradation has raised the environmental 
awareness; it in�uences the valuation of impacts 
and the choice of measures

risk aversion: acceptance of risk is decreasing in 
our modern societies; hence considerable e�orts 
are made to further reduce or control the risks of 
natural hazards
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Trends and issues in the development of deltas

Overview of pressing delta issues
The characteristics, which make deltas attractive areas to live and work, 
are under stress. Available space is under pressure, vulnerability to �ooding 
is increasing and fresh water resources are threatened. Population growth, 
economic development and climate change will cause additional stress on 
deltas, unless appropriate measures are taken.

Main issues at stake in deltas

Pressure on available space: being a focal point of economic development population density is 
generally high and further rising. Coastal mega-cities have developed; their size and number are 
growing.

Vulnerability to �ooding and drought: being low-lying areas, deltas are vulnerable to �ooding. 
Subsidence of so� soils adds to this vulnerability. Accumulation of people and wealth will further 
increase the vulnerability with respect to climate change.

Shortages of freshwater resources: many deltas in the world currently face water shortages. Climate 
change may result in more frequent and prolonged periods of low river discharges. This will have 
profound repercussions on the delta agriculture, as well as on delta and coastal ecosystems. 

Ageing or inadequacy of infrastructure: many deltas have irrigation and drainage systems which 
require an upgrade or major revision to improve their e�ectiveness. Other deltas have inadequate 
�ood protection schemes or schemes that will require major upgrading.

Erosion of coastal areas: many deltas face a sediment shortage. This sediment shortage is o�en 
caused by regulation works in the upstream river. The sediment shortage causes coastal erosion 
problems. Sea level rise will aggravate these erosion problems.

Loss of environmental quality: Ecosystem functioning and biodiversity in deltas is under very high 
pressure worldwide. Main causes are a high population density and concentration of industrial, 
harbor and mining activities. Deltas are also receptor of pollutants from upstream.
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Summary of issues in the eight selected deltas
In the research a quick assessment has been made whether the delta issues 
are a minor or major problem in the eight selected deltas. The table displays 
to what extent issues play a role. The classi�cation distinguishes four types of 
problems. Problems are judged minor if they are either unimportant, small in 
magnitude or well controlled (�). A minor problem can become bigger in future 
(e.g. due to climate change or delta developments) in which case it is given 
two bullets (��). An issue is classi�ed as a currently big problem if the issue is 
requiring signi�cant management attention and is not (yet) controlled (���). 
If the problem is likely to increase in the near future it is given four bullets 
(����).
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Trends and issues in the development of deltas

The outcome of this assessment is summarized here in a comprehensive table. 
The main report on trends and responses provides some short explanations for 
the assessments, whereas the delta descriptions provide further background 
on the issues at stake in the eight deltas. The assessment is certainly subjective 
and re�ect our understanding of the issues at stake in the eight deltas. Within 
the short time span of the research we may have overlooked certain aspects; so 
individual assessments may need revision. The main purpose of the overview 
is, however, to show that there is a large variation between the eight deltas. 
For example vulnerability to �ooding is a major issue in most deltas but not in 
all. The table also shows that some deltas have to deal with a range of major 
issues, whereas in other deltas most issues are minor or at least under control. 
A few revisions of individual assessments will not alter this overall picture.

issues

deltas pressure on 

space

�ood 

vulnerability

freshwater 

shortage

ageing or 

inadequate 

infrastructure

coastal 

erosion

loss of 

environmental 

quality and 

biodiversity

Yellow River Delta 
(China)

�� � �� � ��� ���

Mekong River Delta 
(Vietnam)

�� ���� ���� �� � ���

Ganges�
Brahmaputra Delta 
(Bangladesh)

���� ���� �� �� ���� ����

Ciliwung River Delta 
(Indonesia)

���� ���� �� �� � ����

Nile River Delta 
(Egypt)

���� � ���� ���� �� ��

Rhine River Delta 
(The Netherlands)

��� �� �� ��� �� �

Mississippi River 
Delta (USA)

� ���� � ���� ���� ����

California Bay 
(USA)

�� ���� ���� ��� � ���

Legend:
• relatively minor problem, now and in the near future
•• currently a minor problem, but is likely to increase in the near future
••• currently already a big problem, future trend uncertain
•••• currently already a big problem, likely to increase in the near future
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