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Foreword

The Mekong Delta in South Vietnam is home to nearly 18 million people. The
region is characterized by a steady socio-economic transformation that has occurred
over the last few decades. Agricultural practices in the delta are intensifying,
aquaculture has rapidly expanded, and a few cities in the delta have experienced fast
urban growth. The delta’s natural and social systems face numerous challenges as a
result of the socio-economic transformation, urbanization, related environmental
degradation and climate change. Most of these challenges are related to water: too
much or too little water, polluted water, and difficulties in accessing water are the
problems that local inhabitants struggle with. Communities in the Mekong Delta are
used to the annual fluctuations of floods and low flow periods, but the frequency of
extreme events is increasing.

The delta lies at the vulnerable end of a river that runs 4,800 km and is heavily
regulated upstream. The riparian countries China, Myanmar, Laos, Thailand and
Cambodia have all started to erect dams on the Mekong or its tributaries. Vietnam is
also involved in hydropower generation and is planning to build dams on Mekong
tributaries. It also plans to import hydropower-generated electricity from northern
neighbours. However, hydropower construction on the Mekong and its tributaries
leads to changes in flood pulses and has severe impacts on the aquatic ecosystem biodi-
versity in the delta. Furthermore, agriculture, expanding industry, and urbanization
both in the delta and upstream lead to a deteriorating water quality. On top of this,
the delta is threatened by climate change. The sea level rise along the delta’s coast
aggravated the problem of salt water intrusion inland. This salt-water intrusion affects
surface waters, aquifers, and soils. Close to the coast, rice harvests are diminishing
and farmers have begun to experiment with more salt-tolerant rice varieties. As
most mangrove belts and protective coastal forests have disappeared due to the
expansion of aquaculture, the delta is slowly losing its protection against severe
cyclones. According to projections, 20-50% of the Mekong Delta will be severely
affected within the next 50 years by sea level rise if no counter-measures are taken.

In 2010, the German Federal Ministry of Education and Research (BMBF) initi-
ated a funding programme entitled “Research for Sustainable Development— FONA”,
which includes the new funding priority “Sustainable Water Management — NaWaM”.
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These measures set the main framework for German research to contribute
innovatively and effectively to the design and implementation of solutions for
better water resource management. An important contribution is thus provided to
integrated water resources management (IWRM), and knowledge and technology
within this field are transferred to the developing and emerging partner countries.
The development of planning instruments, water management concepts, and water
technology — adapted to the differing natural and socio-economic conditions in the
respective countries — actively contributes towards implementing the Millennium
Development Goals.

The German-Vietnamese WISDOM Project, led by the German Aerospace
Centre (DLR) on the German side, and the Southern Institute of Water Resources
Research (SIWRR) on the Vietnamese side, started its activities in 2007 and will
continue until the end of 2013. The goal of this bilateral project is to design and
implement a water-related information system for the Mekong Delta. This system
will not only contain all of the project research findings, but also a multitude of
geo-data relevant to planning as well as further information from numerous scientific
disciplines, such as environmental sciences, sociology and information technology.
The project also undertakes large efforts in capacity building.

The project benefits PhD students and when it concludes in 2013, over 30 PhD
students will have received a PhD degree from a German university — half of these
students will be Vietnamese. Overall, in the context of WISDOM, intensive bilateral
cooperation between science, industry, and administration has been achieved. The
project is one of many contributions to closer scientific and technological coopera-
tion between Germany and Vietnam.

On the road towards a successful IWRM strategy, sharing information and
research results is a key component. Most of the chapters in this book present a
selection of results from the first few years of the WISDOM project. For detailed
information on the progress of the project and further results, please visit www.
wisdom.caf.dlr.de. Further information and results from the BMBF-funded IWRM
strategy can be found at www.bmbf.wasserresourcen-management.de.

I hope that I have awakened your interest in IIWRM and in the WISDOM project,
as well as in BMBF programmes aiming to preserve our water resources for the
future.

Dr. Helmut Loewe, Deputy Head of Division Resources and Sustainability, German
Federal Ministry of Education and Research


http://www.wisdom.caf.dlr.de
http://www.wisdom.caf.dlr.de
http://www.bmbf.wasserresourcen-management.de
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Part I
Deltas Under Change



Chapter 1
Introduction

Fabrice G. Renaud and Claudia Kuenzer

The Mekong Delta in Vietnam (also known as the Cuu Long or “nine dragons”)
covers an area of 39,000 km? and is home to more than 17 million inhabitants.
The region is familiarly known as the “rice bowl” of the country. Yet, although it is
the principal rice-producing region in Vietnam, agricultural outputs go beyond rice
production alone as the delta is also a main producer of fruits and vegetables as well
as of aquaculture products. Economically, the delta is therefore very important for
the country as a whole, however the region remains one of the poorest when com-
pared to other regions in Vietnam. Despite the rapid economic growth of Vietnam in
recent years and important improvements in agricultural systems in the region,
many farmers in the delta have to deal with low profitability and high economic and
environmental risks forcing them into insecure livelihoods. Key to the further devel-
opment of the delta and to addressing part of the development barriers in the region
is the management of the principal natural resource in the region: water. As for any
delta, water plays a crucial role in shaping social-ecological systems in the Mekong
Delta particularly for communities who depend on delta water resources directly for
their livelihoods and daily subsistence. Water can also be directly and indirectly a
threat to these livelihoods as, for example, large portions of the delta are flooded
annually and although people have adapted to this flooding cycle, extreme floods
(such as in 2000 and to a lesser extent in 2011) can be destructive. For decades now,
national-level initiatives have shaped the delta to increase agricultural production with
initiatives such as canal dredging for improved irrigation and drainage, dyke building to

F.G. Renaud (<)

United Nations University - Institute for Environment and Human Security (UNU-EHS),
UN Campus, Hermann-Ehlers-Str. 10, Bonn 53113, Germany

e-mail: renaud @ehs.unu.edu
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4 F.G. Renaud and C. Kuenzer

protect specific areas from flooding and allowing triple rice cropping systems, and
through the development of sluice gates to attempt limiting salinity intrusion in inland
coastal areas. The last decades have therefore seen rapid transformations in the delta,
both from a biophysical perspective and, through programmes of market liberalization
(notable since doi moi), from social and economic perspectives.

The delta currently faces many water-related challenges and opportunities.
External challenges consist in water regulation and land use changes in riparian
countries which could alter the flow of the Mekong’s branches in the delta. These
changes, if managed collaboratively, could however turn into opportunities through
e.g. reducing the occurrence of major flood events or increasing low-flows in the
dry season. The delta is also seriously threatened by climate change induced sea-
level rise which negatively impacts some of the existing production systems in
coastal areas and further inland. Serious pollution problems, induced by agricul-
tural, industrial, and urban activities, are also emerging in the delta, threatening the
health of people and ecosystems. Groundwater is being increasingly utilized for
domestic and irrigation purposes, but extraction is poorly managed and groundwater
resources are threatened by overexploitation and pollution. Again some of these
challenges could be transformed into developmental opportunities should natural,
social, economic, and perhaps more importantly, institutional barriers be removed
in order to allow for a more integrated and participative management of water
resources in the region.

The objective of this book is to provide a broad overview of these water-related
challenges and opportunities in the Mekong Delta through a multi-disciplinary lens.
Most of the chapters are written by scientists who carried out research within the
frame of the WISDOM! project (Water-related information system for the sustain-
able development of the Mekong Delta in Vietnam). The WISDOM project is a
mutli- and cross-disciplinary research project with numerous research partner insti-
tutions in Germany and Vietnam, coordinated by the German Aerospace Center
(DLR) in Germany and the Southern Institute for Water Resources Research
(SIWRR) in Vietnam. In order to provide an even broader understanding of water-
related themes in this volume, we invited a few experts to write chapters on topics
not covered by the WISDOM project. These include Chap. 7 by Wagner et al. deal-
ing with groundwater resources, Chap. 11 by Campbell on biodiversity, and Chap.
14 by Vo Thi Guong and Nguyen My Hoa on nutrient pollution.

The book is divided in four parts. The first part, Deltas Under Change, is com-
posed of this introduction and Chap. 2 by Kuenzer and Renaud addressing the chal-
lenges and opportunities for delta systems worldwide to deal with environmental,
climate, and social change.

The second part, Water and Development in the Mekong Delta, provides back-
ground information on the surface freshwater system (Chap. 3 by Vo Khac Tri) and
the social and economic transformations of the delta (Chap. 4 by Garschagen et al.).
This part also addresses the challenges in implementing Integrated Water Resources

'"More information on the WISDOM project can be obtained at http://www.wisdom.caf.dlr.de/en
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Management at the Mekong Basin scale (Chap. 5 by Moder et al.) and in the Mekong
Delta per se (Chap. 6 by Waibel et al.).

The third part, Water Resources and Related Risks, deals with the threats to the
freshwater resources system in the Mekong Delta and water-related risks to com-
munities. Chapter 7 by Wagner et al. looks at groundwater resources which are
being tapped at an increasing rate in the region, both promoting development but
also bringing new risks. Apel et al. (Chap. 8) address sedimentation issues in the
delta; Chap. 9 (Delgado et al.) looks at flood risks at the basin scale; and Chap. 10
(Birkmann et al.) looks at water-related vulnerabilities and risks with respect floods
and salinity intrusion in urban and rural environments, framing the issue in the
climate change discourse.

The fourth part, Water and Environment, addresses environmental threats in the
Mekong Delta. Chapter 11 by Campbell provides an overview of the state of the
biodiversity in the delta. Gebhardt et al. (Chap. 12) look at the status of mangrove
ecosystems in the delta and discuss the usefulness of remote sensing tools to track
mangrove related land use changes. This is followed by two chapters that deal with
water pollution problems. Chapter 13 (Sebesvari et al.) provides a review of water
pollution by agricultural activities in the delta for a wide range of contaminants and
makes suggestions for mitigation measures while Chap. 14 (Vo Thi Guong and
Nguyen My Hoa) addresses more specifically nutrient pollution in soil and water by
agriculture and aquaculture.

The last part, Water Knowledge and Information, deals with the need to improve
knowledge management and information-sharing on water-related matters in the
Mekong Delta. Chapter 15 by Gerke et al. investigates the links between knowledge
management and development in the delta. Chapter 16 by Klinger et al. presents the
concepts behind the WISDOM information system and a description of its structure
and functionality. Finally, Renaud and Kuenzer conclude this volume by synthesizing
some of the key messages in the various chapters focusing in particular on the
water-knowledge-development nexus (Chap. 17).
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Chapter 2

Climate and Environmental Change

in River Deltas Globally: Expected Impacts,
Resilience, and Adaptation

Claudia Kuenzer and Fabrice G. Renaud

Abstract A large part of the world’s population lives in coastal areas, and even
though river deltas only contribute to 5% of the global land mass, over 500 million
people live in these areas, where major rivers reach the ocean. Deltas have numer-
ous advantages for societal development, such as a flat topography, available fresh
and salt water resources, good transportation via waterways and the nearby coast,
fertile soils for agriculture, and usually also a rich biodiversity and recreational
value through, for example, wetland ecosystems, coastal forests, and beaches.
However, at the same time, river deltas of the world belong to the most endangered
ecosystems with respect to societal, environmental and climate change — the latter
especially manifested through sea level rise (SLR). In this chapter we present the
most common environmental impacts of society’s economic development expressed
via agricultural intensification, increasing urban sprawl, industrial activity, and
infrastructure expansion in deltas, as well as the climate change and SLR related
challenges that threaten delta development in many countries. We discuss means of
mitigation and adaptation towards these negative impacts, which can be of educa-
tional, ecological, technological and political nature, and depict how delta popula-
tions with differing resilience address the challenges induced by environmental and
climate change. We use the Mekong Delta in Vietnam as a case study by addressing
the threats and possible adaptation options of this region.

C. Kuenzer (P<)

German Aerospace Center (DLR), Earth Observation Center (EOC), German Remote Sensing
Data Center, Oberpfaffenhofen, 82234 Wessling, Germany
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8 C. Kuenzer and F.G. Renaud

2.1 River Deltas: Characteristics and Advantages
for Socio-Economic Development

The modern river deltas of the world formed when global sea level stabilized within
a few meters of the present level around 6,000 years ago. As the deltas developed,
their main stem channel split into a series of distributary channels on flat terrain
(Goudie 2007; Overeem and Syvitski 2009). Deltas are landforms naturally shaped
by the forces of rivers, waves, and tides in areas where a river drains into a lake or
ocean basin. They are characterized by low topography, usually high productivity,
rich biodiversity, abundant natural channel systems, and general land-coast interac-
tion. They act as filters, repositories, and reactors for a suite of continental materi-
als, including carbon, on their way to the ocean. Through self-organization of
channels and river mouths a dynamic response to controlling processes is given,
which normally makes the systems resilient and able to adapt to hazards. However,
through increased human interference, natural resources and populations in delta
areas are nowadays highly vulnerable (Nicholls and Mimura 1998; Nicholls 2003;
Overeem and Syvitski 2009; Kuenzer et al. 2011a). According to the World Wildlife
Fund International Director James Leap: “Where the river meets the sea has always
been one of the most important habitats for humanity, but we have done enormous
damage to vibrant life in estuaries” (de Wit 2011: 12).

Many definitions for river deltas and river estuaries exist; however in this chapter, we
adopt the common viewpoint that an estuary is a river mouth, where fresh and saltwater
meet, creating a zone of brackish water. Deltas are formed where rivers and the coast
interact, and where sediment is deposited, creating new land. Usually, a delta can be
made up of a number of estuaries, and throughout the chapter we use the term ‘deltas’.

Coastal zones are the preferred choice for settlement of humanity. Of the 20 larg-
est mega cities worldwide, 13 are located directly on the coast: Tokyo (the largest
city, with over 32 million inhabitants), Seoul, New York, Mumbai, Jakarta, Osaka-
Kobe, Shanghai, Manila, Hong Kong-Shenzhen, Los Angeles, Kolkata, Buenos
Aires and Karachi (the smallest with ca. 12 million inhabitants). Sao Paulo, Greater
Cairo, and London, while not directly located at the coast, are considered to lie
nearby and partially experience tidal influences. Many of these cities are located in
delta areas. Aside from mega cities, other coastline areas and deltas are also fairly
populated, including the deltas of the Mississippi (Tornqvist et al. 2010), Nile
(Elsharkawy et al. 2009; Conway and Hulme 1996), Po, Rhine, Elbe (Holzwarth
et al. 2010), Brahmaputra, Irrawaddy, Zambezi (Beilfuss and Dos Santos 2001),
Parand (Menéndez and Sarubbi 2007; Sarubbi 2007) or Mekong River, to name only
a few. With some exceptions such as the Lena delta located north of the Polar Circle,
deltas generally tend to attract larger parts of a country’s population. Delta areas
comprise only 5% of the land area globally, but over 500 million people live there.
The Yangtze, Ganges and Nile deltas alone held a population of 230 million in 2000
(Overeem and Syvitski 2009). It is expected that — from the year 2000 on — there
will be a 35% increase of population in the major world deltas by 2015 (Timmerman
and White 1997; Ericson et al. 2006). Figure 2.1 presents an overview of the 40
largest and most well-known river deltas globally.
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10 C. Kuenzer and F.G. Renaud

Deltas often are the agricultural and/or industrial production base of a country,
and are therefore zones of strategic importance for a nation. The Pearl River Delta
and Yangtze River Delta in China contribute a large portion of the countries national
Gross domestic production (GDP). For example, even though the Pearl River Delta
only encompasses 0.5% of the Chinese territory and 4.5% of China’s population,
the delta accounts for 10% of the country’s GDP. For the Yangtze delta this number
is even larger — the delta contributes more than 20% to the national GDP. Less
urbanized deltas are also of strategic importance. The Nile Delta is the source of
food crops for most of Egypt (Abd El-Kawy et al. 2011; Elsharkawy et al. 2009)
while the Po flats of the Italian Adria feed the whole country with vegetables (Breber
1993). Comparing the population densities in the city agglomerations of Hanoi or
Ho Chi Minh City in Vietnam with that of the Mekong Delta, the latter is relatively
sparsely populated, but at the same time the delta is the country’s most important
region in terms of agricultural production: the Mekong delta is often referred to as
the ‘rice bowl’ of the country. From cultural and ethnologic perspectives, several
deltas are the cradle of a country’s civilization, and some still today host indigenous
people — such as the Warao people in the Orinoco Delta (White et al. 2002).

Deltas are attractive territories due to features such as:

» Highly productive arable land, rich in fertile sediment and organic material for
agricultural cultivation

e Marine and river resources for protein food security

* Frequent onshore and offshore oil and gas reserves near the delta

» Flat topography, which provides a favourable environment for agricultural, urban
and industrial development as well as for transport

» Large area, enabling urban growth and multi-directional sprawl (in most cases)

e Function as a transport hub for incoming goods from abroad, or from inland

e Function as a transport hub for outgoing goods and manufacturing

e Usually ice free harbours due to river and ocean currents

* Fresh water availability from the river or aquifers

* Rich biodiversity of wetlands and protective ecosystems (e.g. mangroves or
reed belts)

* Health advantages, as winds and tidal mixing dilute the solid, liquid and gaseous
wastes

e Recreation and eco-tourism options

Some deltas are sparsely populated but might have outstanding ecosystem and
biodiversity value, such as the Rufiji Delta, which has only about 150,000 inhabitants,
but is home to the largest area of estuarine mangroves in East Africa (Doody and
Hamerlynk 2003; Ochieng 2002), the Lena delta with its lush wetlands in summer,
and extensive wildlife (Yang et al. 2002), or the Okavango inland delta, which is the
main water source of regional wildlife in the dry season and also the largest breeding
site for birds in Southern Africa (Burg 2007). Also the Danube delta — despite an
increasing number of shipping canals and aquaculture — remains one of the best pre-
served temperate climate deltas (Overeem and Syvitski 2009; Panin 1999). However,
especially in more densely settled deltas, socio-economic development goes along
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with urbanisation and industrialization or agricultural intensification impacting the delta
environment severely. These environmental changes are addressed in Sect. 2.2.

The term ‘vulnerability’ in this paper is understood according to the IPCC (2007)
as the degree to which a system is susceptible to, and unable to cope with, the
adverse effects of climate change. Here, vulnerability is a function of the magnitude
and rate of climate change. We extend this definition in so far as we include the
adverse effects of societal and economic development in river deltas as well.

The term ‘resilience’ is defined differently by varying authors, depending on the
focus of their research area (Gallopin 2006; Folke 2006; Walker et al. 2004;
Garschagen 2011). The major three concepts are those of engineering resilience,
ecological/ecosystem resilience, and social-ecological resilience. In this chapter we
refer to the latter concept, where resilience is ‘the capacity of a system to absorb
disturbance and re-organise, while undergoing change so as to still retain the same
function, structure, identity and feedbacks’ (Walker et al. 2004).

‘Adaptation’ is understood as an adjustment to the effects induced by climate
change (as well as the effects of societal and economic development), which mini-
mizes harm and exploits beneficial opportunities. Adaptation can occur naturally
(autonomous adaptation — e.g. ecological adaptation), or as the result of a planning
process based on the awareness that conditions will or have changed and that action
is required to return to, maintain, or achieve a desired state (IPCC 2007). In this
chapter we usually refer to the latter, which can occur as proactive or responsive
adaptation (before the conditions have changed in anticipation of this change, or as
a response afterwards).

2.2 Environmental Change in Deltas as a Cause of
Socio-Economic Development and Transformation

The increasing vulnerability of the socio-ecological system in delta areas arises
from many factors such as socio-economic development and transformation (urban
development, industrial development, agricultural intensification) and climate
change-related impacts. Rapid urban growth and infrastructure development
usually go along with:

e Urban and industrial sprawl, and associated waste water and solid substance pollution
(Kuenzer 2007), as well as atmospheric emissions (in delta areas next to industry,
oil and gas reserves also frequently exist, see Fig. 2.2d). Harbour areas in deltas are
often threatened through contamination and infill (e.g. Hong Kong, Tokyo)

» Strong surface sealing (Leinenkugel et al. 2011), impairing natural infiltration
and changes in the local soil water patterns; reducing the buffer capacity of
soils for flood water retention. The replacement of natural wetland areas like
mangroves (Kuenzer et al. 2011a), and the building of heavy structures such as
skyscrapers on swampy, weak ground is causing further problems (e.g. land
subsidence, reduced filtering capacities)



Fig. 2.2 (a) Natural wetland in the Danube Delta, Romania; (b) aquaculture reaching the coastline
and leading to the degradation of the last coastal forest fragments in Bac Lieu province, Vietnam;
(c) intensive aquaculture and salt production in the Yellow River Delta, China; (d) Shengli Oilfield,
China’s second largest oilfield located at the coastline of the Yellow River Delta, China; (e) Rhine
delta near Rotterdam — a densely populated and industrialized region; (f) Tokyo — one of the most
densely populated delta areas globally (Source: Google)




2 Climate and Environmental Change in River Deltas Globally... 13

e Changes in land use, often leading to erosion, deflation, and degradation
(e.g. deforestation to assess new land for construction)

e Ground water pumping to cover the urban drinking water demand, often leading
to land subsidence (and thus increased flood hazard)

* Drilling of oil and gas, also leading to subsidence (e.g. Po Delta subsidence was
40-60 mm/year, but decreased to 10-20 mm/year directly after extraction stopped
in the late 1970s, Overeem and Syvitski 2009)

» Higher pressure on remaining recreational or protected areas; substance, noise
and light pollution

In deltas with an equally spread rural population and an agricultural production
focus (e.g. Mekong Delta), economic development usually goes along with the
following changes, also leading to negative impacts on the environment and the
local population:

* Intensification of agriculture, leading to increased application of fertilizer, pesticides,
antibiotics, and thus increased water pollution

e Shift towards most profitable monoculture crops or increase in the number of
annual harvests (rice, but also cotton, sugar cane, oil palms etc.) often leading to
a loss in biodiversity

» Shift from grain crops or mixed crops towards intensive aquaculture, and conver-
sion of natural protective ecosystems (mangroves, reed belts, shoreline forest)
into aquaculture areas, usually going along with the heavy use of antibiotics and
other chemicals (see Fig. 2.2b, c)

* Increased production of domestic animals, also associated with waste water- and
solid substance pollution (livestock, but also aquaculture industry)

¢ Changes in water flows, water availability and sediment dynamics (e.g. water use
for irrigation)

* Simultaneous growth of urban centres and expansion of peri-urban environments
leading to the aforementioned transformations (see Fig. 2.2e, f)

In addition to the above mentioned impacts of urbanisation as well as agricul-
tural intensification driven by economic development, many deltas are indirectly
impacted by upstream-downstream conflicts. In many developing and emerging
countries the sediment load of rivers increased during the last century due to defor-
estation, intensification of agriculture, urban sprawl, and related erosion and
deflation in the upper and middle catchments. The sediment loads led to steady
aggradations of new land in delta areas. However, in recent decades the construction
of upstream dams in different catchments has led to a depletion of the supply of
sediments (and sometimes also water) to many deltas, with increased coastal ero-
sion becoming a widespread consequence (Lu 2004; Zhang et al. 2009; Yang et al.
2005; Beilfuss and Dos Santos 2001; Paw and Thia-Eng 1991). The Zambezi Delta
for example shrunk in size by nearly half since the Kariba and Cahora Bassa dams
were built. Wang et al. (2011) found that the Yellow and Yangtze Rivers showed
a severe decline in sediment flux due to dams. In the Mekong River, sediment
has declined in the midstream basin due to trapping in upper basin dams, while
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Fig. 2.3 Sketch of upstream climate and environmental change, affecting the river delta downstream

sediment load in the lower Mekong is currently increasing due to human impacts
such as mismanaged land reclamation (Wang et al. 2011). Negative consequences
of upstream developments include:

* Lowered sediment rates further downstream and in the delta (impacting nutrient
transfer and thus agricultural productivity)

* Increased coastal erosion (impacting wetlands, protective forest, local farmers,
coastal defence in urban areas etc.) due to lowered sediment content

e Changed flood pulses and pulse variability over the year

e Downstream transfer of pollutants leading to water quality deterioration

e Changes in river ecology and biodiversity (impacting not only composition, but
also fish catch quantity and local communities depending on the river) due to
changes in water quantity and quality

e Changes in navigability due to changes in water quantity and barriers

 International conflict (in transboundary river basins)

Water transfer schemes from one catchment to another can also strongly impact
a delta environment. The Godavari-Krishna water transfer scheme in India will
lead to a water deficit in the delta compromising the potential of a second rice har-
vest (Bharati et al. 2009). The Yellow River Delta is also negatively impacted by
local-scale water transfers (Overeem and Syvitski 2009). In addition climate change
effects upstream further complicate the upstream impacts on the downstream devel-
opment. Figure 2.3 illustrates climate change and human induced environmental
impacts occurring within upper catchment areas, affecting delta regions further
downstream.
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This and all the above mentioned impacts impair the urban and agricultural delta
ecosystems, as well as transitional ecosystem between land and ocean (Timmerman
and White 1997). One region especially affected by all these challenges and threats
mentioned above is Asia. Of the ca. 15% of the global population and ca. 20% of the
urban population living along coastlines located less than 10 m above sea level, 75%
of people in this zone are located in Asia. Population growth in these regions is
rapid (Timmerman and White 1997; Milliman and Haq 1996; King and Adeel 2002;
Nicholls 2003). In China alone, the low lying coastal zone forms 16.8% of China’s
total land mass, hosting 41.9% of the population, which produces 72.5% of China’s
Gross Domestic Product — GDP (Lau 2004; Le 2000). As depicted in Fig. 2.1, the
density of large and often densely populated river deltas is especially high in Asia
and Southeast Asia. Hence, this region plays a key role in the advancement of envi-
ronmental and climate change focussed delta research and the development of novel
approaches to improve resilience and adaptation.

2.3 Climate Change Related Impacts in River Deltas

Sea level rise (SLR) is mainly induced by the thermal expansion of ocean water,
which has occurred frequently in geologic times (Liu and Milliman 2004) and can
be aggravated by the melting of the Greenland and Antarctic Ice Caps. According to
the IPCC (2007: 30), sea level rose at an average rate of 1.8 mm annually between
1961 and 2003 and at a faster average rate of 3.1 mm annually between 1993 and
2003. In the period from 1993 to 2003, rates in some regions were up to several
times the global mean rise, while in other regions, sea levels fell. The main contribu-
tor to sea level rise in the last decade was thermal expansion (accounting for 57%)
followed by the melting of glaciers and ice caps (accounting for 28%) and the loss
of polar ice sheets (IPCC 2007: 30). Projections for the period 2090-2099 by the
IPCC (2007: 45) put global average sea level rise at 0.18-0.59 m relative to the
period 1980-1999, depending on the SRES (Special Report on Emission Scenario).
Within the last 3 years, a rapid decline in ice mass balance from both Greenland and
Antarctica has been observed, and it is predicted that sea-level rise by 2100 could
easily reach 200 mm (Allison et al. 2009). In addition to such medium term sea level
rise, short term sea level rise can occur due to events such as typhoons, storms, El
Nino events, increased river runoff in delta areas, and tsunamis (WMO 2008;
Ericson et al. 2006).

Modelling studies suggest that overall it is very likely that anthropogenic forcing —
meaning the climate response to human activities — contributed to sea-level rise
during the latter half of the twentieth century. According to Ericson et al. (2006)
effective sea level rise (ESLR) in Asia was of 4.6 mm/year on average. For Northern
America, South America, and Europe 4.5, 3.5 and 2.6 mm are expected respec-
tively, while in Africa and Oceania 4.4 and 1.0 mm are expected annually, respec-
tively over the next 50 years. The Tyndall Centre for Climate Change research in
Britain underlined that Asia will be the region by far the most seriously affected by
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sea level rise. This is due to the region’s vast coastline, a large number of mega
deltas, big port cities, and a very dense population. Calculations assume that along
with a 1 m rise in sea level would go the displacement of probably over 100 million
people, and losses of >500 billion USD GDP annually. Southeast Asia, especially
Vietnam, would be hard-hit with expected displacements of 1/10th of the population
and a loss of 10% GDP (Richardson 2008). But also other deltas will have to face
severe impacts. In the Nile delta a predicted sea level rise of 50 cm to 1 m until the
end of the century would lead to the displacement of 6-10 Mio people, and large
GDP losses (Elsharkawy et al. 2009).

The problem of sea-level rise is a challenge that most delta populations will
have to face even if appropriate mitigation measures in terms of greenhouse gas
emissions are taken immediately due to effects such as the “commitment to sea level
rise”. This effect describes the slow diffusion of heat into the deeper ocean layers:
‘It may take thousands of years for the ocean temperature to reach equilibrium with
a new stable climate’ (Nicholls 2003: 10).

Based on the above, additional new challenges and threats with regard to climate
change and associated SLR, complementing the challenges already listed in
Sect. 2.2, exist for the deltas:

¢ Land inundation as most deltas are low-lying (IPCC 2007)

¢ Continuous salt water intrusion with the tides leads to an environment only cer-
tain species can accept. Valuable wetlands are and will be lost (Nicholls et al.
1999; Nicholls 2004). In case of sea-level-rise-induced intrusion of saltwater
inland, agricultural practices might have to change, as the common crops might
not tolerate the new salinity levels (Sebesvari et al. 2011). Furthermore, intrud-
ing salt water can destroy local underground fresh water aquifers and a higher
water table can affect building foundations.

» Several authors predict a drastic increase in severe storm surge disaster events for
many coasts worldwide (von Storch et al. 2008; Karim and Mimura 2008).
Typhoon frequency in Asia has increased in past decades (Le 2000; Krishna
2009), and this is expected to aggravate the challenges already induced by SLR.

* Along with SLR will also come a loss of recreational natural and cultural
resources, and a loss of tourism (beach erosion) and transportation functions
(Kuenzer et al. 201 1a). Milliman and Haq (1996), as well as Nicholls et al. (1999)
estimate the loss of 40-80% of all delta wetlands.

e Due to the loss of property and appropriate agricultural land, population migra-
tion inland can be expected with rising sea level. This will lead to a new pressure
on resources such as arable land, land for urban construction, and industrial
settlement.

Countermeasures that need to be and will be taken against these threats (be they
of technical or ecologic nature) will consume large amounts of an affected country’s
GDP. According to Lau (2004) the calculated losses through SLR by 2030 in the
three main river deltas of China (Pearl River, Yangtze River, Yellow River) will total
between 350 and 2,100 billion Chinese Yuan, for 30 cm and 1 m SLR scenarios,
respectively. As another example, Jallow et al. (1996) underline that the shoreline
retreat in the Gambia delta of western Africa will vary between 6.8 m on cliff coasts
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Fig. 2.4 Sketch of most pressing challenges in delta areas globally. In urbanized deltas, all of the
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and up to 880 m on flat, sandy coasts, leading to the loss of valuable mangrove
ecosystems and other wildlife habitats, as well as complete inundation of the capital
city Banjul. 42,000 people would have to be relocated, if severe protection measures
are not undertaken. They investigated the costs of such losses for only a small frac-
tion of the Delta including the capital area, and came to the conclusion that USD
217 million would be lost.

Figure 2.4 illustrates some of the threats to river delta environments affected
by socio-economic development and transformation as well as sea level rise. Some
of the changes affect the landside part of the delta only, while others affect the
land-ocean transition zone, and others only affect the coastal zone. However,
consequences of each can usually be felt in the entire region (e.g. algal blooms such
as the ‘red tide’ kill coastal fish, affect fishermen’s catch amounts, local market
availability, price patterns, families incomes, and finally protein consumption, and
household stability).

2.4 Climate Change Adaptation Options for Delta Populations

To a certain extent, the resilience of populations living in major deltas is dependent
on the physical dynamics of the deltas themselves. Within a coupled social-ecological
system, where the social system is highly dependent on the ecosystem for livelihoods,
the rate at which environmental degradation, sea-level rise, and other hazards can
affect natural resources such as land and water will determine the rate at which local
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populations will have to adapt to the new circumstances such as salinisation of
surface- and groundwater systems as well as of soils and the potential exacerbated
damages linked to coastal processes such as storm surges and coastal erosion (Smith
and Barchiesi 2009). This is already underway in various larger deltas around the
world including the Mekong Delta but also the Ganges-Brahmaputra-Meghna Delta
in Bangladesh, where environmental changes combined with economic and policy
drivers entice farmers to shift from rice production systems to aquaculture and in
particular shrimp farming. This in turn poses another series of potential problems
depending on the intensity of shrimp farming and the environmental stewardship
put in place by the farmers. Resource dependency typically leads to low resilience
levels and this is not a specific characteristic of delta regions. Adger et al (2001)
illustrate this in the context of mangrove conversions in the Mekong Delta whereby
households depending on the services provided by mangrove ecosystems see their
livelihoods severely affected when mangroves are converted to other land uses
which benefit wealthier households.

Bucx et al. (2010) compared the resilience and sustainability of ten deltas
worldwide, including the Nile, Incomati, Ganges-Brahmaputra-Meghna, Yangtze,
Ciliwung, Mekong, Rhine-Meuse, Danube, California-Bay, and Mississippi River.
Resilience/sustainability was assessed using the DPSIR (driver-pressure-state-impact-
response) approach with three criteria: “occupation layer”, characterized by land
and water use; “network layer”, consisting of a description of the infrastructure; and
“base layer”, consisting of natural resources. Their overall assessment was that most
deltas are under great pressure including an imbalance in demand for and supply of
land and water, inadequate and/or ageing infrastructure, the prevalence of more
extreme weather events and impacts on ecosystems (Bucx et al. 2010: 8). In their
framework, the deltas ranking the lowest in terms of resilience/sustainability are the
Ganges-Brahmaputra-Meghna, Ciliwung and Nile deltas. The Mekong Delta shows
low resilience/sustainability in terms of the status of its natural resources and
medium resilience/sustainability for the other indicators.

Adaptation to climate change in river deltas is realized through different means,
depending on the geographic location of the delta, the prevailing challenges in
the region (e.g. population density), the cultural background of the population, the
level of development of the country, the prevailing paradigm concerning adaptation to
climate change effects, the influence of the international community (e.g. introducing
technology in developing countries), and many more. For example, a delta like the
Yangtze River delta, which is densely populated and hosts the city of Shanghai and the
business district of Pudong (both located below water level) must (and can afford to)
employ technology-based solutions to safeguard the population, which — according to
local and national considerations — has become too large to be resettled. In other river
deltas, such as the comparatively less densely populated coastal Mekong, it is (still)
possible to employ natural means of climate proofing, such as the reforestation of the
shoreline with protective mangrove belts, experiments with salt-tolerant crop species,
or the development of settlement and industry areas further inland. However, even
within one country, river deltas can be managed in a completely different way.
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“The Red River Delta and the Mekong River Delta are both big, flat areas, very fertile
with predominantly rice planting and other agriculture activities, and a major city
nearby. But the way they tackle flood is very different: The Red River Delta is pro-
tected by many dikes and polders whereas there are far fewer dikes in the Mekong
Delta, and the land is more adapted to flooding” (de Wit 2011).

Nicholls (2003) underlined that, given the large number and growing concentration
of the population along the coast and in the delta zones, autonomous climate change
or SLR adaptation processes are unlikely to be sufficient. All levels of government
and further institutions (science, NGOs etc.) need to be involved in three categories
of adaptation, which commonly should be fostered in a hybrid mix:

e Planned retreat (natural system effects may occur and people retreat from the coast)

e Accommodation (natural system effects may occur and human use of the coastal
zone is adapted to minimize impacts)

* Protection (natural system effects are controlled by hard and soft engineering,
thus minimizing impacts on the population)

Adaptation is a continuous process, and only a well-chosen, cross-sectoral com-
bination of measures can lead to an asymptotic approximation of the best installed
adaptation potential at a given time. According to our understanding adaptation
measures can be grouped into:

» Technological: coastal defence such as dykes, dams, sluice gates, levees, canals,
and other protective constructions, securing harbours and densely populated
water fronts, waste water treatment, water-saving technology, fresh water stor-
age, installation of de-salinization plants, military equipment (disaster prepared-
ness), early warning systems, sustainable ‘green city’ development (e.g. energy
saving offices etc.), elevation of settlements, installation of evacuation shelters
and routes, provision of adapted crop species varieties, stocks of water, food and
medicine, etc.

* Ecological: Environmentally adapted utilization of resources, protection belts of
coastal forests (mangroves, melaleuca), installation of protection zones, nature-
and national parks, natural wetland renaturation, planting of salt-tolerant/
drought-resistant/deep-rooting species, avoidance of practices leading to land
subsidence, natural techniques minimizing evaporation, wind speed or current

* Educational: climate change related education (comprising geography, ecology,
basic natural sciences, interactions of population and environment, first aid, medical
preparedness, disease control, swimming lessons, strengthening awareness for
the value of ecosystems, fostering information sharing, low-energy/low-carbon
resource efficient behaviour etc.)

* Political: political measures (advisory panels, decrees, rules, laws, norms) must
partially initiate, back-up, and increasingly foster the above three. Development of a
re-insurance sector to promptly mitigate losses is still a necessity in many countries.

Table 2.1 presents climate change-related phenomena, their impacts in the natural
environment as well as for the delta population, and lists possible counter measures
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commonly undertaken. This table lists the most commonly implemented, reactive
adaptation measures, grouped in the following categories: technological, ecological,
educational and political. It is interesting that strategies from a range of countries
and deltas frequently fail to address retreat scenarios of the local population further
inland. However, in some cases this might be the only future option, calling for the
development of urban areas at secure distances from coastal zones. The table does
not imply that adaptation to climate change is finalized once an adaptation measure
has been implemented.

With respect to political measures, the New York City Department of Environmental
Protection, for example, established a Task Force in 2004 assessing the city’s climate
change vulnerability leading to the implementation of the New York City panel on
climate change (NPCC) in 2008. Multiple layers of government and a wide range of
public and private stakeholder and experts are involved in Task Force contribution and
NPCC consultation (Major et al. 2010). Also many other cities are starting to consider
how best to tackle the consequences of climate change, as discussed by Birkmann et al
(2010), who compared climate change preparedness of the cities of Boston, Halifax,
Ho Chi Minh, London, New York, Cape Town, Toronto, Rotterdam and Singapore. In
New Zealand in the 1990s all coastal resources had already been brought under one
piece of legislation to ensure integrated, multi-sectoral research and management
(Timmerman and White 1997). The Shanghai Municipal Government addressed the
delta threats as early as 1997, adopting counter measures against sea level rise in the
years that followed, such as drainage improvement, the installation of pumping facili-
ties, tidal barrier expansion and research on salt tolerant crops (Chen and Zong 1999).
The Netherlands have extensive plans to withstand expected sea level rise in their for-
merly poldered areas, and government, science and private industry cooperate inten-
sively to address the upcoming challenges (Wardekker et al. 2010).

However, many countries and delta cities (for example Jakarta), are lacking such
initiatives. With 9 million inhabitants in 2007 and a predicted 20 million in 2025,
and without any local laws for surface area management (e.g. creation of green
zones, retention areas, shelter regions) the city will soon be too densely populated
to have many possibilities for reaction. Not only in Jakarta, but in many developing
country deltas, slums or so called ‘shanty towns’ have developed irrespective of
planning guidelines and are usually home to the poorest people in the delta.
Frequently, these agglomerations are even located in very low lying areas, obstruct-
ing water ways by solid waste accumulation (Paw and Thia-Eng 1991). Such settle-
ments exist in the delta cities of Bangkok, Manila, Karatchi, or Lagos — to name
only a few examples. These towns are often located in areas that would be affected
by sea level rise — e.g. Recife in Brazil, where the illegal dwellings invaded the pro-
tective mangrove areas in the 1990s (a process still ongoing in the South of the city),
which have nowadays mostly disappeared. Nicholls 1995 underlines the issue: “If law
enforcement already did not work with illegal settling developed irrespective of
planning and policies guidelines, how can then climate change related planning be
more successful?” These are questions that need to be urgently addressed, as it is
especially the political side of adaptation measures and the political backing through
decrees and laws that ensure the sustainable long-term success of technological,
ecological and educational measures. The gap between planning, legislation and
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execution of climate change proofing exists in many countries. The pure existence
of a plan or even a law still does not guarantee that law enforcement will take place.
For example, in China (Lau 2004), Vietnam (Chaps. 6 and 15) and many other
emerging and developing countries there is a strong overlap of responsibilities of
different ministries, who all want to keep key responsibilities for specific sectors.
Until 2004, Coastal Zone Management in China, was still under the responsibility
of the Ministries of Land and Resources, Agriculture, Science and Technology,
Construction and Water Resources, as well as the State Environmental Protection
Agency, the National Bureau of Forestry, the Chinese Academy of Sciences, the
Maritime Safety Administration, the Development and Planning Commission, the
Economic and Trade Commission, and the National Tourism Agency (Lau 2004).
Doubled responsibilities and legislative gaps are common and can only be over-
come by lengthy organizational and legal reform. Wolters et al. (2010: 73) empha-
sise that for the Nile: “...the issue of water scarcity has consequences ... that can no
longer be adequately addressed by any of the ministries alone. Many government
departments and agencies must be involved and decisions will have to be made at
the highest political level.” Nurhidayah (2010: 97) states it even more frankly in the
context of the Ciliwung Delta: “...it is not easy to implement integrated coastal
zone management while there is still sectoral ego between institutions involved in
the management of marine and coastal resources. At this stage ICZM in Indonesia
still remains in infancy due to hard to resolve conflicting laws and legislation”. Also
in Latin America these issues are of major concern particularly in the context of
delta cities. According to Zagare (2010: 133) the difficulties of “designing and imple-
menting urban adaptation measures in a context with a lack of regional and metro-
politan conscience, where politic-administrative fragmentation of the space leads
to a polarization of resources, being an obstacle to the mitigation of impacts ...”.
The challenge becomes even larger if several countries share one basin. Flessa
et al. (2010: 87), concerned about the state of the Colorado Delta, state: “Finding
water for nature is difficult because of over-allocation, existing treaties, interstate
agreement and the limited geographic scope of the U.S. environmental laws.
Nevertheless, new bi-national cooperative efforts among water agencies, universi-
ties, environmental agencies and environmental NGOs show promise for cross bor-
der effects”.

In this context it is also interesting to analyse the proceedings of the 2010
conference ‘Deltas in Time of Climate Change’ held in Rotterdam, the Netherlands.
Even though the conference was internationally visited and had over 1,000 attendees,
in the section ‘Governance and Economics of Climate Change Adaptation’ 37 of
the overall 40 papers stem from ‘western’ countries, while — in other thematic
sections — there was a good international mix. This also stands exemplarily for a
different focus on the adaptation-paradigm depending on a country’s development
stage and economic well-being. Some 15 years ago, Nicholls (1995) stated that
“Abandonment of any part of the coastal zone in China is unthinkable” (p. 375).
Here (technologically oriented) protection has been — and currently still is — the
major response to climate change. Based on massive government based funding,
large land reclamation projects e.g. in Hong Kong or Shanghai have been


http://dx.doi.org/10.1007/978-94-007-3962-8_6
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completed, to wrench more solid ground for construction from the ocean. In
developing and emerging countries the major approach to adapt to climate change
is a technology-focussed — not to say technocratic — one, while in developed coun-
tries especially social geographers are calling for ‘soft approaches’ for the
improvement of resilience and adaptation and stronger involvement of non-struc-
tural (non technology oriented) methods to achieve this even though some believe
that in practice, this approach fails to be seriously considered: Garschagen and
Kraas (2010: 137) characterise this as a rather hollow discourse as they see a lack
of clarity as to how conceptual notions can be translated into concrete adaptation
strategies. Even though all ‘soft” approaches, such as education and training, and
the improvement of cross-sectoral political discourse are of importance and should
always frame other climate change adaptation measures, they especially foster
future pro-active response and adaptation options. These so-called soft approaches
are important in terms of adaptation. However, one should also not lose sight that
in many circumstances, physical infrastructure such as dikes, shelters, and related
infrastructure save lives right now. Ideal solutions are perhaps not of the “either
or” configuration but rather, depending on geographical and social circumstance,
a mix of the two approaches. Birkmann et al. (2010) showed that for nine coastal
cities — seven of those located in developed countries — adaptation is principally
linked to infrastructure development. However, ecological, education and espe-
cially political non-structural approaches are still urgently needed when it comes
to adaptation strategies. So, despite the often raised criticism of so-called techno-
cratic approaches, even in the Netherlands, the USA, Canada or Germany, these
are nowadays still the most important pillars of climate change adaptation. This
does not mean that ecologic, educational and especially political non-structural
approaches are not urgently needed to frame these actions. Despite the focus on
structural approaches, it is striking that western countries consider retreat sce-
narios more often. Here, the Netherlands in particular set an example, where
numerous national projects (Rozema et al. 2010; Stoop et al. 2010) focus rather
on transition and a ‘life with climate change’ rather than a technological struggle
against it. As Oome (2010) underlines: “...the philosophy is now different: work
with nature rather than against it” (Oome 2010: 47).

In this process, cross-sectoral stakeholder contribution and involvement of fur-
ther dialogue partners is a key element in the realization of adaptation and transfor-
mation processes. More and more scientists see this as the decisive aspect when
addressing environmental and climate change related challenges in deltas. Cross-
sectoral, cross-hierarchy dialogue mechanisms must be established, the availability
and access to sufficient quantitative data and information on current and expected
environmental and climate-change-related impacts in the river delta must be
improved, and institutional flow and political processes should be as transparent as
possible to ensure that science organisations, NGOs and consultants can supply
their findings and results to the right stakeholders.

Major regional climate change related challenges and climate change adaptation
measures currently under implementation are presented for selected major river
delta areas in Asia in the following Table 2.2.
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There is no single best practice on how a river delta population’s resilience could
be increased via mitigation and adaptation measures. The resilience of a delta
population largely depends on socio-economic and political circumstances such as
average income, land ownerships, flexibility/mobility concerning living locality,
population’s opportunities to actively contribute to local political and decision mak-
ing processes, cultural and religious background, social networks and insurance,
demographic characteristics, to name only a few. At the same time their resilience
is influenced by international, national and regional economic development status,
global market prices, political decisions and framework, conflicts, or physio-geo-
graphical factors such as terrain, soil, water (is there any alternative place for (re)
settlement, resource supply). Strictly speaking, one would have to differentiate
resilience at different hierarchical levels and for different social groups.

To better understand what drives the changes, as well as the favoured adaptation
processes to changes in the deltas, it is of utmost importance to analyse the follow-
ing questions:

e How is the delta composed; where do people live; what are the different liveli-
hood systems; how do people shape the delta and vice versa?

*  What will be the consequences of environmental change (natural-, agricultural-,
urban-, industrial- changes) in the river delta?

* What will be the consequences of climate change in the river delta?

e What will be the effects of upstream catchment environmental and climate
change to the river delta?

* How do the manifold manifestations of the above three interact?

* Which components of the delta system (natural as well as population) are the
most vulnerable with respect to different consequences and effects derived from
the above?

* How can the resilience of the delta’s natural resources as well as the population
(especially of the most critical areas/groups) be improved, ensuring the mainte-
nance of society’s requirements?

* Which knowledge layers are available for the delta and how can they be
combined?

* What is the institutional landscape in the delta; who are the stakeholders and
decision makers and how are decision processes governed?

*  Which other deltas experienced/experience similar challenges so that an exchange
of knowledge and ideas can be strongly beneficial?

*  Which adaptation measures from the different sectors (technological, ecological,
educational, political) should be implemented, always considering protective
and accommodative measures and not necessarily ruling out retreat measures
from the beginning?

* How can such adaptation measures supporting the decrease of vulnerability and
the increase of resilience be integrated into political frameworks, regulations and
even laws, and how can law enforcement be ensured?

Answering the above questions should be framed by cross boundary and cross-
sectoral dialogue. At an international level, South-South and North-South collaboration,
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understanding how other populations tackle climate-proofing, and getting new ideas
and initiatives for the home country’s delta area is often the first step in triggering
political action followed by educational, eco-environmental, or technological mea-
sures — even if most deltas and cities face different challenges, and thus develop
different adaptation pathways to climate change. For such an increased exchange
among delta populations and delta cities, several global and regional initiatives fos-
tering knowledge exchange and networking in the context of river deltas under cli-
mate change were initiated in recent years (Table 2.3).

In the sections above we have discussed environmental change and climate
change impacts in deltas in general as well as indentified typical adaptation and
mitigation measures considered in these deltas. Furthermore, the challenges on the
pathway to the sound realization of adaptation measures — especially within the
political domain — have been discussed. In the next section we focus our review on
the Mekong Delta in Vietnam.

2.5 Climate and Environmental Change
in the Mekong River Delta, Vietnam

The environment of the Mekong Delta has changed drastically since the mid-
nineteenth century, when the canal system was extended, changing the landscape
considerably. Depressions, which were not settled, were drained via these canal
systems opening up land for rice cultivation, and resulting in a drastic reduction of
the area extent of natural wetland ecosystems (Duong Van Ni et al. 2001). Another
consequence of the drainage was soil acidification, which limited agricultural pro-
duction, acidified surface waters, and has resulted in the loss of biodiversity and
ecosystem services (Duong Van Ni et al. 2001). Other environmental concerns
include salinity intrusion, which is constantly worsening, co-occurrence of extreme
flooding in the rainy season, and extreme low flows during the dry season, as well
as the degradation of fisheries, and pollution (Sneddon and Nguyen 2001; Chaps. 13
and 14) (Fig. 2.5). As for all regions of the country, the Mekong Delta (MD), also
known as Cuu Long, has undergone major economic and political transformations
initiated by the Doi Moi (or renovation) reforms which were officialised in 1986.
Particularly relevant to the MD was the decollectivisation of agricultural land,
which contributed to the redistribution of the land and which, in the process, was
one of several factors triggering landlessness for many farmers (Garschagen 2010;
see also Chap. 4). Through the renovation, agricultural activities have intensified,
with some areas of the MD shifting from a single rice crop harvest to up to three
annual rice crop harvests, and a rapid development of aquaculture, notably shrimp
farming. In parallel, several cities in the MD have developed very rapidly
(Leinenkugel et al. 2011), notably the city of Can Tho, which in the past few years
has seen its infrastructure include a major bridge over the Hau River and the con-
struction of an international airport whose traffic is steadily increasing. Agricultural
and urban development has often been carried out with little consideration for the
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Fig. 2.5 Impressions from the Mekong Delta in Vietnam. Upper left: urban settlement in Can Tho;
people have to adapt to strongly fluctuating water levels; Upper right: tidal variations influence
shipping; Lower left: many transecting river channels in deltas pose challenges for infrastructure
construction; Lower right: valuable tide-influenced ecosystems need to be protected (Photographs:
C. Kuenzer, January 2008)

environment, with increasing surface and groundwater pollution induced by agro-
chemicals and untreated urban and industrial effluents (Chap. 13), and with the
destruction of previously well-established agroecosystems in peri-urban areas
(Garschagen et al. 2011), or coastal ecosystems (Chap. 12, Kuenzer et al. 2011a).
The Government of Vietnam readily recognises that the state of the environment in
Vietnam in general and in the MD in particular is deteriorating and, in its current
decadal planning, now links environmental protection to the sustainable develop-
ment of the country (SRV 2003). In practice however, the problems of pollution
remain a constant threat for the MD and elsewhere and articles to that effect appear
regularly in the print press.

Superimposed on these environmental threats, is the fact that the MD is one of
the most vulnerable regions of the world to the effects of climate change. Various
studies have investigated the consequences of climate change in the MD and nota-
bly the amount of land inundated, proportion of population affected and potential
economic impacts. These studies however provide different estimates both in abso-
lute terms and in geographical extent. This is caused by the diversity of approaches
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and data used, resolution and quality of the data, and processes accounted for
(Kuenzer et al. 2011b). Two broad conclusions from these studies can be drawn.
The first is that Vietnam in general and the Mekong Delta in particular are likely to
be heavily impacted by a 1 m sea level rise and other hydro-climatic hazards. The
second is that the studies should only be considered as indicators of future problems
as they are accompanied by various methodological and data uncertainties. Four
such studies are detailed below.

The World Bank carried out a global survey of the impact of sea-level rise which
indicated that for the East Asia region, Vietnam would be the country most impacted
with the country’s two deltas taking the brunt of the impact (Dasgupta et al. 2007).
Disaggregated data is not available from the report, but a 1 m SLR would impact
10.8% of Vietnam’s population (as it stood at the time of the survey) and it can be
implied that a majority of this would be in the MD. Of the 84 developing countries
covered by this study, Vietnam would rank second in terms of percentage land area
impacted and percentage agricultural area impacted; and first in terms of percentage
population impacted, percentage GDP impacted, percentage urban area impacted,
and percentage wetlands impacted.

The Asian Development Bank estimated that an area of approximately 12,300 km?,
or 31%, of the total land area of the Mekong Delta will be inundated in case of a 1 m
sea level rise by 2100 (ADB 2009). This would affect 9,800 km? of land used for
agriculture and aquaculture as well as 4.8 million people and their livelihood.

Carew-Reid (2008) reported that a 1 m sea-level rise (which in their report is
arbitrarily assumed for 2100) would seriously affect 12 of the MD provinces, as
well as Ho Chi Minh City which lies just outside the MD, in terms of inundation
extent, population affected and freshwater resources impacted. Of the 12 MD prov-
inces, some such as Tra Vinh, Long An and Soc Trang will have more than 40% of
their territory inundated, while for Ben Tre it will be more than 50%. The simula-
tions showed that the MD will represent ca. 85% of the total inundated surface of
Vietnam and over 25% of the MD population would be affected, representing more
than 80% of the total affected population of the country. This will have serious
implications for the agricultural and fishery sectors and therefore the majority of the
population in the MD.

The last report discussed briefly here is from the Vietnamese Ministry of
Natural Resources and Environment (MONRE). Over the period 1958-2007, the
average annual temperature in Vietnam increased by between 0.5°C and 0.7°C
and no general trends in terms of precipitation were noted (MONRE 2009). Of
additional concern is the fact that more typhoons of high intensities are being
recorded and that the tracks of these typhoons tend to move southwards (MONRE
2009), thus with a higher probability of affecting the MD. The MD has, in relative
terms, so far been much less affected than the rest of the country, with the excep-
tion of Tropical Storm Linda, which had terrible consequences for the region
(Kelly et al. 2001). However, when typhoons are combined with SLR (which has
taken place at a rate of 3 mm/year over the period 1993-2008), severe conse-
quences for communities living in coastal areas or along the main river channels
can be expected as these communities are relatively unprepared (due to the low
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recurrence of this hazard) and highly exposed to this type of hazard. Scientifically
though, it is not clear how climate change may affect the patterns of typhoons
affecting Vietnam. The country has been affected by a number of such events in
the past with serious consequences.

Projections to 2100 using low, medium and high emission scenarios were com-
pared to the reference period 1980-1999 (MONRE 2009). Results indicate that for
South Vietnam, mean annual temperature would increase by 1.4°C, 2.0°C, and
2.6°C, respectively; annual rainfall would increase by 1.0%, 1.5% and 1.9%, respec-
tively but with large seasonal fluctuations, and in particular a decrease in rainfall
during the dry season; and there would be an SLR of 0.65, 0.75 and 1 m, for the
three scenarios respectively. Large portions of the MD are predicted to be flooded
by a I m SLR. Although data on percentage extent inundation is not available from
the MONRE report, visual inspection of the maps provided shows differences with
the maps published by Carew-Reid (2008), highlighting the different approach and
uncertainties underlying the simulations.

Although the various studies provide different specific outcomes as to the impacts
of climate change in the MD, there is a convergence in that all studies predict severe
impacts for the MD. The simulations described above do not present a worst case
scenario, as none of them accounted for additional threats or complicating factors
such as the effects of waves, tides, storm surges, and floods which, when combined
with SLR, could affect many more people in the MD. They also do not account for
demographic, socio-economic or political developments, which could have positive
or negative effects in terms of exposure, vulnerability and/or adaptation of the
social-ecological systems in the MD.

The Vietnamese Government has been very proactive in addressing climate
change issues during this past decade and in 2008 published various official docu-
ments tackling the issue (Kuenzer et al. 2010). The first describes an action plan
framework for adaptation to climate change in the agriculture and rural development
sector for a period extending to 2020 with the Ministry for Agriculture and Rural
Development (MARD) in the lead (SRV 2008a). This action plan framework is very
broad in its scope and covers a number of thematic activities to be undertaken by
2020 including knowledge communication on climate change impacts and adaptation
at various governance and stakeholder levels, capacity development activities,
scientific investigations, policy development, and international collaboration for
implementing identified key priorities. However, the document lacks the description
of specific modalities to reach these various objectives, and information available
from the website of the newly established Standing Office of the Steering Committee
for Climate Change Adaptation and Mitigation (OCCA) remains very general and
does not depict the progress made on the action plans.

The second document describes the National Target Programme to respond to
climate change, with the Ministry of Natural Resources and Environment (MONRE)
in the lead (SRV 2008b). These responses should follow the principles of sustain-
able development, focus on providing short and long-term impacts, and should
originate and/or be developed by all scales of governance and various stakeholder
groups. The three-phase plan is currently in its implementation phase (covering the
period 2011-2015), which followed a so-called start-up phase (2009-2010), and
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which will be followed by a development phase after 2015. The principal objectives
of the plan are to:

assess climate change impacts on sectors and regions in specific periods and to develop
feasible action plans to effectively respond to climate change in the short-term and long-term
to ensure sustainable development of Viet Nam, to take opportunities to develop towards
a low-carbon economy, and to join the international community’s efforts in mitigating
climate change and protecting the climatic system (SRV 2008a)

These objectives are supplemented by eight specific objectives, which address a
broad range of topics such as generation of new knowledge on the effects of climate
change and adaptation, as well as proposing concrete solution for adaptation includ-
ing components of capacity development and knowledge sharing. As outlined in the
policy document, the planning of activities is very centralised and sectoral, with
MONRE taking the lead and the Ministry of Planning and Investment playing an
important decision role, while other Ministries and Government Authorities,
People’s Committees and Civil Societies are principally in the role of “executing”
agents. Several documents stating progress made so far in implementing the
Government’s climate change strategy are currently under preparation and should
have been released in 2011 but were not available at the time of writing. However,
it is anticipated that assessments would reveal limited progress in some areas due to
lack of capacities at the local governance levels and lack of delta-wide, integrated
planning (see Garschagen 2011).

The consequences of climate change can manifest themselves as new threats
(such as sea level rise), by increasing the frequency of rare hydro-climatological
events such as typhoons, and as a magnifier of existing threats such as floods and
droughts. Disaster risk reduction and climate change adaptation therefore need to be
considered conjointly. Since 2001, the Government of Vietnam has recognised that
climate change is increasing the number and intensity of disasters in the country, a
fact clearly spelt out in its strategy for disaster risk reduction (MARD 2001).
According to this strategy (MARD 2001: 30), the MD is particularly exposed to
floods, storms and storm surges, fires, saline intrusion and landslides. With respect
to risk reduction, MARD (2001: 1-2) emphasises that contrary to the Red River
Delta which is “protected against flooding by one of the world’s major river dyke
(levee) and sea dyke (coastal protection) systems”, the situation in the MD is differ-
ent as “very little has been done historically to protect against this flooding other
than to learn to live with the floods”.

However, the MD has since seen the development of many infrastructures to
reduce flood and salinity intrusion risks, such as dykes and sluice gates, which has
also allowed the intensification of agricultural production. Nevertheless, the review
of the First (1994) National Strategy and Action Plan for Water Disaster Mitigation
identified shortcomings such as the lack of anticipation of the increases in duration,
intensity and complexity of water-related disasters (MARD 2001) as an outcome of
both climate change and rapid urbanisation.

The combination of climate change, environmental degradation and environmen-
tal hazards is putting increased pressure on both rural and urban communities in the
MD (see Garschagen 2011; Garschagen et al. 2011; Kuenzer et al. 2009, 2010,
2011b; ; Sebesvari et al. 2011). Policies have been put in place in the past decade but
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their effectiveness is either debatable (particularly environmental and disaster risk
reduction policies), or only now being evaluated (climate change policies). These
policies and actions need to be made more specific in their future iterations and
further integrated with one another in order to protect the environment of the MD
while at the same time encouraging adaptation and reducing disaster risks.

2.6 Conclusion

The advantages for societal development in river deltas comprise a flat topography,
available fresh and salt water resources, good transportation via waterways and the
nearby coast, fertile soils for agriculture, and usually also a rich biodiversity and
recreational value through wetland ecosystems and beaches. However, at the same
time, the river deltas of the world belong to the most endangered regions with respect
to the negative consequences of environmental and climate change — the latter espe-
cially manifested through sea level rise. Environmental impairment through societal
transformation related to urbanisation, agricultural intensification and industrialization
includes: reduced sedimentation in the delta and changed flood pulses through dam
construction further upstream; the accumulation of solid, liquid and gaseous wastes
stemming from communities upstream as well as from the deltas themselves; the loss
of natural delta (wet) land; land subsidence due to groundwater extraction and compac-
tion through urbanization; increased surface sealing and runoff; a depletion of the buf-
fer capacities of the natural ecosystems. All these effects are aggravated by heterogeneous
planning, competing sectoral responsibilities, and limited law enforcement.

Climate change impacts in river deltas globally mainly manifest through: sea
level rise, which leads to increased flood risk from the ocean (especially during
storm surges); intrusion of salt water further inland into rivers and canals, as well as
soils and groundwater aquifers; the resulting degradation of agricultural land and
drinking water supplies; stronger coastal erosion (protective shelterbelts, wetlands,
beaches etc.); a loss of ecosystem service functions and biodiversity; and last but
not least a loss of large amounts of a country’s GDP, which need to be invested in
measures to mitigate the climate change effects. Such adaptive measures can be
educational, eco-environmental, technological or political. In most cases, and espe-
cially in the heavily populated deltas of developing and emerging countries, a focus
is put on technological counter measures such as elevated dykes, sluice gates, pump-
ing stations, and drainage networks. This is then partially accompanied by ecological
programmes such as mangrove shelter belt reforestation. With a few exceptions, the
migration of the population inland is not usually a scenario that is being considered,
even though in the long run this might be necessary in several deltas.

As the circumstances of each delta are unique, there are no generic solutions
applicable to all world deltas in terms of environmentally-benign development
pathways or adaptation to climate change. According to Nicholls (2004) to better
understand the individual settings of the deltas, a joint evaluation of mitigation and
adaptation based on probabilistic risk-based methods is urgently needed. Crucial
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actions for deltas are understanding consequences of environmental and climate
change as well as the impact of upstream development. The most vulnerable and
most exposed components of the delta (natural and societal) must be identified.
Increasing resilience and the adaptive capacity of the populations should be prior-
itised and there must be an assessment of which proactive and responsive adaptation
measures are most suitable for the given the circumstances. This should be imple-
mented in a fully participatory manner with as many stakeholders as possible.

Information exchange and knowledge sharing must be facilitated locally, region-
ally and internationally. Efforts should be made to develop easy-to-use tools for the
characterisation of vulnerability and resilience of complex delta social-ecological
systems. Complex investigations of the many factors shaping vulnerability and
resilience are needed to enable delta populations to not only react through imple-
mentation of technological structures to address environmental problems or climate
change impacts, but also to develop comprehensive adaptation strategies that look
at all aspects of people’s livelihoods.

It is thus time to call for a transdisciplinary approach to assess the state of deltas
with experts from disciplines such as geography, geology, hydrology, chemistry,
physics, sociology, economy, ethnology, biology and many more, who must join forces
to address this challenge. Such exercises should be undertaken jointly with national,
regional and local authorities to ensure political backing leading to the development
of strategies for adaptation. All expert knowledge and the translation into planning
documents and adaptation concepts will not be beneficial and sustainable if a translation
into political measures remains vacant. It is mainly via the integration into rules,
decrees and laws, and especially the enforcement of the same, that transdisciplinary
concepts aiming at the improvement of resilience and adaptation can lead to effective
changes. Therefore, stakeholder support at highest hierarchical level is needed.
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in the Mekong Delta



Chapter 3
Hydrology and Hydraulic Infrastructure
Systems in the Mekong Delta, Vietnam

Vo Khac Tri

Abstract The Mekong Delta with more than 700 km of coastline and countless
estuaries connected to the East Sea (South China Sea) is known to be the breadbasket
of Vietnam. This role has been promoted by the massive expansion of irrigated rice
fields that rapidly increased the country’s food production over the last decades.
Floods during the rainy season are playing an important role in the agricultural
system of the Delta but are also causing serious problems like yield losses, river
bank erosion, destruction of infrastructure and the casualties. During the dry season,
however, under the influence of tides, salinization and the lack of fresh water in
coastal areas are the problems to be addressed. Moreover, tides are causing sedi-
mentation in estuaries and canals which impedes the flow and increases the risk of
flooding. Most recently and in the near future upstream water usage by neighboring
countries, hydropower dams in the upper reaches and a higher frequency of extreme
weather events due to the changing climate will have a major impact on the flow
regime in the Mekong Delta. Recent studies by the Southern Institute of Water
Resources Research are addressing these issues and attempt to provide solutions to
promote the sustainable development of the Mekong Delta.

3.1 Overview of the Mekong Delta

The Mekong River flows from the Tibetan Plateau in China to the East Sea, passing
through six countries on its way: China, Myanmar, Laos PDR, Thailand, Cambodia
and Vietnam. At the end of this journey the river spreads into one of the largest deltas
in the world, the Mekong Delta (MD) in southern Vietnam. It was formed by the
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The Mekong River Basin

Characteristics:

Area: 795,000 km? (21)
Length of mainstream: 4,800 km (12)
Average discharge: 15,000 m%/s (8)
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deposition of sediments from the Mekong River over thousands of years (Fig. 3.1;
Chap. 8). The average elevation of the delta ranges from 0.5 to 1.2 m above sea
level, except for some land areas along the Cambodian border, where the terrain
reaches heights of up to 12 m; the elevation of the central part of the delta ranges
from 1.0 to 1.5 m whereas coastal areas have an elevation of 0.3-0.7 m.

The MD covers an area of 39,700 km? or 12.7% of the total land area of Vietnam.
In this region, the agricultural area covers 2.4 million hectares and the population is
about 17 million. The MD plays a very important role in the agricultural and aqua-
culture production of Vietnam. The economy of the delta, which is the major agricul-
tural production area of Vietnam, is oriented towards the primary sector. The delta
contributes 27% of the total GDP of Vietnam, 40% of the agricultural production, and
half of the rice production of the country. Rice production reaches 11 million tons,
nearly 740 kg per capita. Although the population density is high, at nearly 400 people/
km?, the MD has become one of the biggest exporters of rice in the world. Rice and
fishery products contribute significantly to the nation’s export revenues in which
rice represents approximately 85% of the total amount (Viet et al. 2005).

One of the main reasons for this success is the large-scale hydraulic infrastructure
systems which have been developed very quickly over a few decades (Tri et al. 2005).
Most of these systems aim to supply fresh water resources, and control flooding as
well as salinity intrusion in urban, agricultural, and aquaculture areas.

The Mekong River flows into the MD through the Cambodian border in two
major distributaries: the Mekong River (or Tien River) and the Bassac River (or Hau
River). Both rivers split into nine branches that form the shape of the MD before
running into the East Sea.!

The Mekong Delta river network is relatively dense and complex, and includes
natural river systems as well as manmade canals (Fig. 3.2). The seasonal flow, the
hydrological regime of the rivers and the canal network are affected strongly by the
upstream flow, internal rainfall, and the tidal regime of the East Sea and West Sea.?

However, serious floods in the wet season and salinity intrusion in the dry season
are natural disasters that have constrained the economic development of the MD.
Other problems such as water pollution, erosion, and river sedimentation have also
seriously affected the lives of MD residents. Recently, the hydrological regime of
the MD has been changed critically by the development of hydropower dams and by
changes in land use of the upstream countries. The main stream of the Mekong
River supplies water and sediment to a natural reservoir, the Tonle Sap Lake in
Cambodia, which has a storage capacity of 80 billion m® and can regulate the
upstream flow in the flood and dry seasons. Since 2000, several reservoirs have been
constructed in China, and four other reservoirs (Pakmun, Nam Ngum 1, Nam Ngun
2, Yali) with a capacity of 10 billion m* have been constructed on the tributaries.
Further developments have been planned since (see Chap. 5) (Fig. 3.3) (MRC
2005).

! South China Sea.
2 Gulf of Thailand.
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Fig. 3.2 Map of river systems and canal networks in the MD (MRC 2005)

3.2 Hydrology of the Mekong Delta

The Mekong River flows into the Mekong Delta and drains into the sea through
various channels in a complicated flow regime:

e Inflow: The major inflows are through the Mekong and Bassac River, as well as
from overflow from the Long Xuyen Quadrangle and the Plain of Reeds (Fig. 3.4).
Based on the result of simulations, the inflow rate from Cambodia into the Plain
of Reeds is approximately 2,850 m?/s.

e Outflow: Part of the Bassac River flow is diverted into the Long Xuyen
Quadrangle, and this is supplemented by the inflow from Cambodia for this
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region. Another part of the flow drains directly into the West Sea through the
canal network and the Cai Lon River, and the rest runs through the Bassac River
into the East Sea (Lanh et al. 2005).

During the rainy season (May to November), high rainfall in the basin causes
flooding in the main stream of the Mekong River and the Mekong Delta. The hydrol-
ogy regime of the MD is affected rather strongly by the flow of the Mekong River,
the tides of the East Sea, of the West Sea, and of the rainfall regime. The total annual
water volume of the Mekong Delta is about 500 billion m? (ca. 422 billion m* from
the upstream and 67 billion m? from the regional rainfall). The water volume during
the wet season accounts for 80-83% of the annual rainfall, while that of the dry
season accounts for 7-9%, and the contribution of the two transition months
(April to May) is 10-11% (STWRP 2005).

At the border of Vietnam, the flow of the Mekong River is much higher than the
flow of the Bassac River, where the discharge at Tan Chau and Chau Doc stations
account for about 83% and 17% of the annual flow, respectively. During the flood
season, the distribution of flow at Tan Chau is about 80% and that of Chau Doc sec-
tion is 20%. During the dry season, the flow at Tan Chau accounts for 85% and that
of Chau Doc is 15%. However, due to the Vam Nao tributary (Fig. 3.4) which links
the two rivers, the water volume of the Mekong River and the Bassac River is fairly
balanced. Thus the flow rate at Can Tho (Hau River) and My Thuan (Tien River) is
almost equal. The Vam Nao River plays an important role in re-distributing the flow
of these two distributaries. The total average volume of the main streams observed
at Tan Chau and Chau Doc is about 387 billion m?® annually (Table 3.1). The flow
is distributed unevenly throughout the year. The flow is very high during the
flood season, particularly during September and October, where the flow rate can
reach up to 25,500 m?/s. The total flow in these 2 months accounts for about 17%
of the annual flow (Table 3.1). In the year 2000, the flooding was historical
and the average discharge in September was 29,624 m?¥/s. The flood current and
discharge distribution in the Mekong delta for the year 2000 are shown in Fig. 3.5.
This illustrates that the flood water transfers from the Cambodian flood plains to the
Mekong delta through the Long Xuyen Quadrangle and the Plain of Reeds during
the flood season is rather high. Moreover, there was an unusually low flow in 1998,
where the highest monthly flow was only 18,783 m?s. The lowest monthly dis-
charge occurs in April, with the average discharge being 2,340 m¥/s, although in
1998 it was particularly low at 1,820 m?/s (SIWRP 2005).

The Mekong River is connected with the vast storage area of the Plain of Reeds
by an elaborate river and canal system. When the river tide fluctuates, the water
level of the Plain of Reeds changes accordingly. Therefore, the flow velocity in the
downstream area of the Mekong River Basin is very high, particularly during the
ebb tide. The flow velocity caused by the tide of the Mekong River is much higher
than the critical velocity for soil erosion. As a result, the river banks in the down-
stream area of the Mekong River have been seriously eroded.

At the river mouth of the Bassac River, the flow velocity is also rather high at
1.5 m/s, even though the water exchange between the river and the delta is not so
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Fig. 3.4 Hydrological stations in the main stream of Mekong River (Giam 2010)

high. Due to the high flow velocity which persists over a long period, the riverbank
around the river mouth is eroded constantly to form individual deep gutters.

The flow during the dry season is rather low, with a mean discharge Q < 6,000 m*/s.
The velocity of the inflow is relatively low, and the main stream axis runs along the
riverside (Lanh et al. 2005).

The tidal regime of the East Sea includes two tidal cycles each day, each with
rather high amplitude. Because of the condition of the wide and shallow riverbed,
the tidal effects penetrate far inland. During the dry season, tidal fluctuations can
be seen in Phnom Penh, about 300 km away from the coast. However, a reverse
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Table 3.1 Average monthly discharge at Tan Chau and Chau Doc (period 1977-1999)

Month Q Tan Chau (m?/s) Q Chau Doc (m?/s) Q total (m?/s)
1 6,220 1,360 7,580
2 3,720 700 4,420

3 2,600 420 3,020

4 2,010 330 2,340

5 2,640 460 3,100

6 7,180 1,450 8,630
7 11,270 2,390 13,660
8 16,390 3,970 20,360
9 20,140 5,290 25,430
10 20,340 5,480 25,820
11 15,260 4,700 19,960
12 10,180 2,710 12,890
Average 9,830 2,440 12,270
Total discharge (billion m?) 310 77 387
% total discharge 80% 20% 100%

Source: MRC, flood control planning for developing the Mekong Delta (MRC 2005)
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flow may exist up to Tan Chau and Chau Doc for a very short time during the dry
season. At the interface of tide (tides coming from the East Sea and from the West
Sea), the flow velocity is very low in the canal network of the MD. This has caused
the sedimentation of canals in these areas such as the Ca Mau Peninsula and the
South Mang Thit area. This problem seriously affected the flow regime in the
Mekong Delta.

Other river systems are contributing to the hydrological regime of the MD.
The Vaico River system consists of two streams, East Vaico and the West Vaico,
that originate from Cambodia and flow through the north-east of the MD. The
Cai Lon and Cai Be River system consists of so-called tidal rivers that origi-
nate from the center of the Ca Mau peninsula and flow into the West Sea
through the Cai Lon River mouth. This river mouth is very wide but shallow
because of siltation. The My Thanh River and the Ganh Hao River are small
river systems on the East Sea side. All river systems are connected to a network
of interlacing excavated canals, which has completely changed the hydrology
regime of the MD.

3.3 Floods in the Mekong Delta

3.3.1 Characteristics of Flood Flow

During the wet season, the flood from the upstream Mekong River running into
the MD can inundate more than 2 million ha of land. The floods of the MD have the
following characteristics:

* The total volume of the annual flood is very high at approximately 400 billion m?,
while the storage of Tonle Sap lake is around 60-80 billion m?*.

* The duration of flooding is about 6 months from July to December.

e The variation of water levels in Tan Chau and Chau Doc ranges from 3 to 5 m
(Fig. 3.5). Floods rise and withdraw slowly, the mean value ranges from 5 to
7 cm/day. High floods are about 10-12 cm/day, and the highest floods are
20-30 cm/day (Lanh et al. 2005).

3.3.2 Direction of Flood Flow in the Mekong Delta

The transition of flooding from Phnom Penh to Tan Chau takes about 2-3 days.
The velocity decreases gradually after it runs into the inland area of the MD, moving
in two directions (Figs. 3.6 and 3.7):

e From the main stream it flows into the MD through the Mekong River and
Bassac River
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Fig. 3.6 Estimated max discharge and total volume in the year 2000 (Lanh et al. 2005)

From the left® side of the Mekong River it flows into the flood plain of Cambodia
then it runs into the Plain of Reeds and from the right side of the Bassac River it
runs into the shallow area of Takeo. After that it runs towards the plain of the
Long Xuyen Quadrangle, Vietnam.

In the Plain of Reeds, the flooded area can be divided into two regions:

Region 1 (from Duc Hoa District, Long An to Long Khot creek): This inunda-
tion area is caused by flooding events in Cambodia which lead to an increased
water level in the Long Khot creek and the West Vaico River so that some areas
between the two streams of Vaico River are inundated. Since flooding in this
region has to pass through the horizontal canals of the Plain of reeds with a
reduced velocity it occurs more slowly and 1.0-1.5 months later than in the
Mekong River (at the end of August or mid-September).

Region 2 (from the left side of Mekong River to Long Khot creek): After floods
run over the flood plain of Cambodia, they flow into the Plain of Reeds from
So Thuong — So Ha River, Cai Co — Long Khot creeks and the canal networks.

The tidal effect is limited during the flood season. However, it causes a substan-

tial delay in terms of drainage to the sea, particularly on days of high tide. For peak

3 Left and right refers to direction of flow.
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Fig. 3.7 Flood water distribution in the Mekong Delta in the flood season of 2000 (Qmax/Qmin:
discharge max./min. in m%*s and — Water volume: million m?) (Lanh et al. 2005)

flood during the year, the flow was stagnant in the days of high tide, which increased
the water level in the river and the inland area (up to Tan Chau and Chau Doc).
This stagnation causes instant sedimentation in some river reaches and increases the
flow velocity during ebb tides. Around the river mouths, the high tides may cause
regression to decrease considerably the flow velocity. Therefore, most of the sedi-
ment is found around the river mouth.

The tides of the East Sea intrude deeply into the plain through the estuaries of
the Mekong River, Bassac River and the Vaico River, which affects most of the
Mekong delta areas, including the area left of the Mekong River, the area between
the Mekong River and the Bassac River, almost all of the Long Xuyen Quadrangle
and the Ca Mau Peninsula. In the coastal zone, the tidal amplitude is frequently
high. However the amplitude in the interior field is much lower. In fact, the multi-
directional transmission in the complicated canal network results in weak flow,
low amplitude, and poor drainage capacity. The tidal intrusion of salty water has
bad as well as good effects on the agricultural production and the livelihood of the
people who live around the 1.7 million hectares of coastal zone and along the
main river areas.

The floods of the MD depends on the upstream flood, the regulation by the Tonle
Sap, the inundated area of Cambodia, the East Sea — West Sea tidal regime, the
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interior field rainfall regime, geomorphologic conditions of the inundated areas and
anthropologic impacts across the whole basin. The main cause of flooding in the
Mekong Delta is rainfall. The rainfall of the Mekong River basin is rather high
compared to other large river basins in the world. Such a high rainfall is the result
of the tropical monsoon climate, which is predominant in the Mekong River basin.
Three main weather turbulences are responsible for high rainfall and floods in the
basin: (1) turbulence caused by the south-west seasonal wind, (2) the tropical
convergence band, and (3) tropical depressions. Based on the results of studies at
Tan Chau station, it has been shown that the high water level usually occurs with the
early floods and that the flood intensity is not usually higher than 10 cm/day for the
main seasonal floods.

Flooding from the upstream flow in the Mekong River and the Bassac River
discharge 92.6% of the total volume (about 30,000-32,000 m?/s) into the East Sea
partly to the West Sea of 4.6%, and 2.8% drained through the Vaico River. Of these
92.6%, about 82-86% is drained by the Mekong River and 14—18% by the Bassac
River, which results in a water level of 4.4 m at Tan Chau and 3.88 m at Chau Doc.
The remaining of 14-18% will overflow the boundary of floodplain in Cambodia
into the Mekong Delta (about 8,000 m?/s) and flows into the interior field at a
discharge rate of 2,000 m*/s (Lanh et al. 2005).

3.3.3 Impacts of Floods

The floods inundating the Plain of Reeds is mainly caused by the floods that over-
flow across the Vietnam — Cambodia border (88%), and the remaining 12% is from
the Mekong River to the Hong Ngu, Muong Lon, and An Binh channels. In addi-
tion, some of the flood water in the Plain of Reeds (ca. 3.5-4.0 billion m?3) originates
from rainfall within the region itself. The flood water in the Plain of Reeds is drained
out to the Mekong River and the Vaico Dong River. The inundation of the Long
Xuyen Quadrangle is mainly caused by the floods in the Mekong River, which pass
through the inundated areas of Cambodia, and from the Bassac River through chan-
nels connecting the Bassac River with the Rach Ha Mekong channel. In addition,
the intra-field rainfall contributes partly to the floods.

During the last 40 years, the flood discharge from inundated areas of Cambodia
into the Long Xuyen Quadrangle and the Plain of Reeds has increased. Comparing
the average monthly water level of the period 1982—-1985 and the period 1992—
1995, the levels of the main stream and coastal area in September and October are
not so different between the two periods. However, the water level in the field for
the period 1992—1995 is higher than that for the period 1982—-1985 by 0.2-0.4 m.
This suggests that the flood in the main stream will be lower and the flood in the
intra-field will be higher, if the overflow across the border into the Plain of Reeds
and Long Xuyen Quadrangle is not controlled.
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The livelihood of the people in inundated areas of the Mekong Delta depends
mainly on agriculture, and to some extent, on aquaculture, forestry, industry,
handicrafts, services and trade. In recent years, the economy of the Mekong
Delta provinces has grown quickly, with a growth rate of 5-7%. The average
GDP per capita is about 300 USD. However, the economy generally relies on
traditional agriculture, in which the production depends heavily on natural con-
ditions, and the livelihoods are vulnerable and uneven in the various regions.
The quality of life in the remote areas remains poor, and the people face many
difficulties.

Land transport infrastructures of the inundated areas are underdeveloped.
Presently, there are 10 national highways with a total length of 901 km, and 71 inter-
provincial roads with a total length of 1,579 km. However, the quality of the roads
and highways is poor. Except for the important national highways, most of the roads
are damaged and many sections are inundated during the flood season. The
canals have been constructed with high density so navigation has also become very
important in the inundated area of MD. An estimation puts at 70% the total goods
transported via these canals.

The inundated area of the Mekong Delta includes 8 provinces, 60 districts
and 1,069 communes and auxiliary areas. The population of these region is
around 10 million people (26.8% urban and 73.2% rural). Most of the people
live along the major canals and roads. The average population density of the
region is 474 persons per km?; but varies strongly between towns and townships
(more than 2,000 persons per km?), districts along the Mekong River and the
Bassac River (about 500-1,000 persons per km?) and remote areas (less than
100 persons per km?).

The floods of the Mekong Delta are of relatively low intensity, but they persist
for a long time, which causes erosion of river banks and canal banks, and serious
damage to the infrastructure. For example, the 1994 flood caused 407 deaths and
a value loss of 2,284 billion VND; the 1995 flood caused 199 deaths and a value
loss of more than 700 billion VND; the 1996 flood caused 217 deaths and a value
loss of 2,182 billion VND (Sam et al. 2004). The flooding causes difficulties for
permanent settlements and the development of infrastructure, and leads to vulner-
able and unstable livelihood. Mobility, school enrolment, and health care are
greatly limited. The exploitation of natural resources, the development of rural
and urban areas, as well as the industrialization and modernization process are all
negatively affected by floods.

Nonetheless the floods of the MD also have positive aspects. First, a large volume
of alluvium soils, mainly from the upstream basin (95%), are deposited in the MD.
The ongoing deposition extends the Mekong Delta continuously towards the East
Sea, improves the fertility of fields, provides a well-stocked fishery and creates very
favorable conditions for aquaculture. The flood flow also improves the water qual-
ity, particularly by flushing acid sulfate soils and agricultural pests. In addition, this
freshwater source is important for agriculture, aquaculture, and livelihoods, and
provides a vast freshwater ecosystem for the plain.
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3.4 Salinity Intrusion in the Mekong Delta

The MD is affected by the strongest salinity intrusion of the country over
approximated 1.77 million ha. Salt water affects about 45% of the delta in the dry
season. Salinity seriously affects social and economic development and the lives of
residents. In April when the upstream flow is weaker and strong easterly winds
(Gio Chuong) blow, salinity penetrates inland. Salinity intrusion itself is affected by
the flow rate (discharge) from the upstream and the tide regime from the sea.

In the dry season from December to June, the average discharge of the Mekong
River is about 6,000 m*/s. From March to April it is at its lowest, at approximately
2,000 m?¥s; this leads to salinity intrusion far inland. The tide is the main factor
affecting the ratio of flow distribution in the MD in the dry season. The tide regime
of the East Sea is of an unsteady semi-diurnal type with two peaks and two lows as
well as two flood tides and two low tides in the month. The highest tides are in
December and January, the lowest in April. The amplitude of the tide is about 2.5-3.0 m
in March and April. When the upstream flow decreases, the tide can have an effect
up to 60-70 km from the estuaries of the Mekong River. The tide of the West Sea is
an unsteady diurnal type with one peak and one low; the amplitude is about 0.8—1.0 m,
which has a marginal impact on the MD (SIWRP 2005). It mainly affects the small
canals and Ong Doc River and Cai Lon River system.

The effect of salinity in the MD can be recognized in four zones: (i) the estuary
zone, (ii) the zone between the two Vaico Rivers, (iii) the Ca Mau peninsular zone,
and (iv) the west coastal zone. The intrusion of salt water into the Mekong delta is
shown in Fig. 3.8.

3.4.1 Estuary Zone

Estuary areas are vastly affected by saline water intrusion from the East Sea with an
amplitude of 3.5-4.0 m and two tidal cycles each day. The degree of salinity of the
sea water in the East Sea varies from 32 to 33 g/l but decreases in the estuary zone
(EZ) due to the dilution by fresh water from upstream (Nhan et al. 2008). The
impact of the salinity intrusion on the estuary zone depends on the upstream water
flow. The maximum salinity values at the monitored stations in the estuary zone
from 1991 to 2004 are shown in Table 3.2.

3.4.2 Vai Co Rivers Zone

The West Vai Co River is 325 km long with a catchment area of 6,000 km?. The river
has its origin in Cambodia, then flows past Long An province and drains to the East
Sea through the Soai Rap mouth. The East Vai Co River runs from the Cambodian low
mountains through the Tay Ninh and Long An province, and has a length of 283 km.
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Fig. 3.8 The main salinity intrusion pathways into the Mekong Delta (Sam et al. 2008). The colored
arrows indicate the four different zones of salinity intrusion

The hydrological regime of the two rivers is affected by the flow from upstream and
the tidal regime of the East Sea. In the dry season, the flow from upstream is often low,
leading to strong salinity intrusion far inland and in the estuaries.

The maximum salinity values at monitoring stations in the two Vai Co estuary
zones from 1991 to 2004 are shown in Table 3.3.

The water salinity values at the stations fluctuate monthly as well as yearly.
The water storage in the fields is also affected by the salinity intrusion into this zone.
Moreover, the increased water level in the river mouths due to the wind from the sea
also increases the salinity intrusion capacity, and restricts the fresh water from flow-
ing into the estuary areas. Measured results at the stations in this zone show that the
annual salinity intrusion is highest in April, causing difficulties for agricultural
development and domestic water supply in the estuary areas (Chaps. 7 and 13).


http://dx.doi.org/10.1007/978-94-007-3962-8_7
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3.4.3 West Sea Coastal Zone

This zone covers the two provinces of Kien Giang and Ca Mau which are characterized
by a low topography (0.2-0.6 m asl.). The maximum salinity values at stations in
the West Sea coastal zone from 1991 to 2004 are shown in Table 3.4.

The water salinity values at the measurement stations fluctuate greatly, both
monthly and yearly. This zone is affected by the tide of the West Sea, and is also
supplied with fresh water from the Bassac River. The salinity intrusion of this zone
is strongly affected by the tidal regime. Salinity intrusion in this zone does not
spread too far inland compared to the two Vai Co river mouths and the estuaries of
Mekong River. The salinity of the water gradually increases from March to April.

3.4.4 Ca Mau Peninsular Zone

The hydrological regime of this zone is vastly affected by the tide regimes of the
East Sea and the West Sea, the Mekong River flow and local precipitation. The maxi-
mum salinity values at stations in the Ca Mau peninsula zone from 1991 to 2004
are shown in Table 3.5.

Saline water intrudes into the main canal and creek system of Ca Mau peninsula
zone through My Thanh, Ganh Hao Rivers from the East Sea and through Ong Doc,
Cai Lon, Cai Be Rivers and the canals from the West Sea.

3.4.5 Salinity Intrusion in the Estuaries of the Mekong River

Based on the salinity intrusion data recorded by the Southern Institute of Water
Resources Research (SIWRR) and Tri et al. (2006) in the main estuaries of the
Mekong River, graphs of maximum salinity intrusion from the sea into the river
mouths were derived (Figs. 3.8, 3.9, 3.10, 3.11 and 3.12).

The extent of salinity intrusion at most river mouths reaches up to 60 km inland
and has its strongest impact on the estuary zones in March and April. Figure 3.13
shows the average salinity intrusion in April 2000 in the MD.

The results of the studies on water balance in the MD show that the highest water
requirements in December and January are approximately 650-700 m?/s but the
average discharge at this time is greater than 6,500 m?/s, enough to meet present and
future needs of the population. The problem lies more in the development of water
distribution networks. Fresh water supply in April will become increasingly difficult
when the mean flow is down to about 2,000-2,300 m?/s. Agricultural areas should
be reduced to control the salinity intrusion inland.
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Fig. 3.9 The distribution of salinity concentration in the Tieu River mouth (Tri et al. 2006)
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Fig. 3.10 The distribution of salinity concentration in the Co Chien River mouth (Tri et al. 2006)
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Fig. 3.11 The distribution of salinity concentration in the Ham Luong River mouth (Tri et al. 2006)
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Fig. 3.12 The distribution of salinity concentration in the Bassac River mouth (Tri et al. 2006)

3.5 Erosion and Sedimentation in the MD

In recent years, serious erosion has occurred along the Mekong River banks and
estuaries. This has affected the socio-economic development and the security of the
population in the region. The MD has alluvial soils and soft subsoil, so severe erosion
has occurred on some river banks (Fig. 3.14).

The geological profile characteristics along the banks of the Mekong and Bassac
rivers were described by Hung and Ngoc (2004). Based on geological profiles, soil
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Fig. 3.13 Areas affected by salinity in April in the MD (SIWRR 2010)

characteristics, the flow regime and the river bank geomorphology, researchers
concluded that the erosion potential along the Mekong River banks is stronger than
for the banks of the Bassac River (Hung and Phon 2004). The process of bank
erosion mainly occurs during the flood season, in the high floods. Meanwhile the
wet cross-sections of the Mekong River mouths have become wider, and at the same
time, winds in the estuaries have become stronger, which has led to high waves that
cause the collapse of the river banks. In addition, the exploitation of sand for con-
struction materials in the Mekong and Bassac River has contributed to river bank
erosion. The high density of ships in the Mekong River is also one of the causes of
river bank erosion.

Bank erosion rates of some sites along the Mekong and Bassac River have
accelerated (Table 3.6). The typical erosion and deposition patterns for the Mekong
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Fig. 3.14 River bank erosion in the Tan Chau District (Hung and Ngoc 2004)

River (in Thuong Phuoc) is shown in Fig. 3.15. The erosion rate at Thuong
Phuoc — Thuong Thoi Tien on the left bank of the Mekong River is very severe, with
an average movement of 34.7 m per year. The maximum width of river bank erosion
from 1965 to 2000 has reached 1,250 m. There are seven cross-sections (MC1 to
MC?7) that have been established to measure the rate of river bank erosion from
1965 to 2000. These measurements have been made by the Southern Institute of
Water Resources Research (SIWRR).

Based on the Mekong River banks erosion data recorded by SIWRR, there are
several locations prone to erosion along the Mekong and Bassac Rivers. River bank
erosion has seriously affected the socio-economic situation, agriculture, housing,
infrastructure and human safety in the estuary areas.

3.6 Hydraulic Infrastructure Systems in the MD

In recent years, many large scale irrigation systems have been built across the
Mekong Delta in Vietnam (Fig. 3.16, Table 3.7) aimed at rapid development of this
fertile plain. The irrigation systems have contributed to the economic and social
development of the MD. The Vietnamese Government has introduced many policies
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Fig. 3.15 Typical erosion and deposition at Thuong Phuoc — Thuong Thoi Tien on the left bank of
the Mekong River (Hung and Ngoc 2004)

to invest in and develop the MD, especially the agricultural sector (Table 3.7).
These systems have performed very well for irrigation, and for flood and salinity
control, and soil reclamation. The irrigation systems have become a driving force to
promote the economic development of the MD, which is now one of the largest rice
exporter in the world.

However, they have also generated various problems, whose negative effects
have become obvious such as water pollution and ecological changes, which may
become an obstacle to the economic development and social sustainability of the
MD in the future. Therefore, these systems need to be adapted to the diversity of
water services entailed by the development of the MD.

Unlike other irrigation systems in low lands, the canal systems of the MD are
fully interconnected, with no separation between irrigation and drainage systems.
The operation of the canal system is quite minimal but some canals with tidal meet-
ing points require regular de-silting in order to maintain their depth and profiles.
These tasks are usually organized on the basis of administrative boundaries (at the
provincial or district level) rather than on the basis of hydrological or hydraulic
units. Almost all of these canals are of a multi-purpose type, providing irrigation or
water uses from the rivers during the dry season, and discharging water towards the
rivers and the sea during the wet season. These canals are also intensively used for
navigation and transportation year round. Except for some hydraulic structures in
the intake/outfall canals in the coastal regions, the system is almost completely
devoid of control structures. Water management is predominantly exercised at the
tertiary level, where groups of farmers have established small water management
units covering an area of 50-200 ha each. These units typically have their own
intake/outfall structures and are surrounded by small dikes which provide some
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Fig. 3.16 Large scale surface irrigation systems developed in the Mekong Delta during the period
of 1995-2010 (Tri et al. 2005)

degree for flood protection. The type of intake/outfall structure used depends on the
opportunities for gravity irrigation and drainage, but typically is a combination of a
sluice/flood-gate and pump station. The flow rates and flow directions in the secondary
and main canals are largely determined by the tidal movement and by the gradient
generated by the combined water intake and disposal activities exercised by the
tertiary water management units. Based on the functions, hydraulic infrastructure
systems can be divided in various categories of following structures.
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3.6.1 Structures for Irrigation and Water Supply

The canal network of the MD includes over 15,000 km of primary canals, nearly
27,000 km of secondary canals, 50,000 tertiary canals, 80 large culverts (e.g.
the Lang The gate of 100 m, Ba Lai gate of 84 m); 800 medium size culverts,
50,000 small structures, over 1,000 large and medium electric pumping stations,
and thousands of small pumps for active irrigation (Table 3.8 and Fig. 3.17)
(STWRP 2005).

3.6.2 Structures for Flood Control

In order to control flooding of the MD, systems of embankments and dykes have
been constructed in the Plain of Reeds and Long Xuyen quadrangles with a total
length of about 13,000 km, including 7,000 km of embankments for flood protec-
tion in the Summer-Autumn rice season. Also, over 200 km of dykes have been built
to protect the national conservation parks and mangrove forests in Dong Thap and
Kien Giang provinces against fire (Tran Nhu Hoi et al. 2005).

3.6.3 Structures for Controlling Salinity Intrusion

In the coastal regions of the MD, 450 km of sea dykes have been built as well as
1,290 km of river dykes. In addition, there are about 7,000 km of embankments
along the primary canals to prevent salinity intrusion, high tide and wave surges.
Almost all irrigation systems in the coastal zone have been closed with intakes/off
takes to control saline intrusion for agriculture and aquaculture, except when the
canal systems are opened and linked together in the Ca Mau Peninsula for both
irrigation and navigation. This region systematically sees conflicts in water use
between agriculture and aquaculture (MRC 2005).

3.6.4 Structures of Water Supply

The water supply for cities and urban areas is also an important function of the
irrigation system in the MD. Almost all towns and large cities are supplied with
processed clean water even though sometimes there may not be enough water
because of saline intrusion. Meanwhile, only 40% of the rural population gets their
clean water from treatment plants; the others have to use water directly from canals.
The Vietnamese Government has planned to construct three large water supply
plants for inter-provinces (Table 3.9) and 11 water supply plants for cities and peri-
urban areas in the MD in the near future (Decision no. 2065 2005).
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Fig. 3.17 Hydraulic infrastructures in the Mekong Delta (SIWRP 2005)

3.7 Conclusions

Flood and saline water have caused severe damage in terms of production and
infrastructure in an area of 1.2—1.8 million ha in the MD. Recently, the MD has had
to face other challenges, namely climate change (Chap. 2) and the development of
water uses in the upstream countries. These will have a strong effect on hydrological
regimes of the river. Floods and drought have become more difficult to control in the
MD, so it is necessary to find innovative solutions. One recent idea was to suggest
closing river mouths to keep some fresh water during the flood season (Marchand
et al. 2011). Careful consideration should be given to whether this would work or

not. The hydraulic infrastructure is very important for the development of the MD
now and in the future.
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Chapter 4

Socio-Economic Development in the Mekong
Delta: Between the Prospects for Progress
and the Realms of Reality

Matthias Garschagen, Javier Revilla Diez, Dang Kieu Nhan,
and Frauke Kraas

Abstract Socio-economic development in the Vietnamese Mekong Delta is shaped
by a complex web of interacting and dynamic trends. Based on the analysis of
statistical data, special reports, planning documents and scientific literature, the
chapter examines the key dimensions of such trends, paying particular attention to
agricultural transformation, industrialization, migration and urbanization. It is
argued that changes in these fields have been producing ambiguous economic net-
effects and socially stratified development outcomes over the last decades. On the
one hand, the agricultural sector in the Mekong Delta has been experiencing
profound production gains due to de-collectivization, expansion, intensification and
diversification. This has contributed to overall poverty reduction in the Delta and to
the economic progress of the entire country. On the other hand, the Mekong Delta
lags behind the national average in terms of many development indicators in the
socio-economic sphere (e.g. education levels or housing conditions). Under stress
from multiple economic and environmental pressures and risks, small-scale farmers
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increasingly have difficulties securing a minimum level of profitability and a stable
livelihood base. Rising inequalities, high incidences of landlessness, and labour
migration, notably into urban areas, are among the most significant consequences.
At the same time, industrial development falls short of earlier expectations.
The Delta’s secondary and tertiary sectors are presently unable to sufficiently absorb
the former agricultural labour force. As a result, strong outmigration occurs, most
importantly to Ho Chi Minh City and its neighbouring provinces. Guided by devel-
opment theory we argue that next to the neoclassical expansion of conventional
capital stocks for fostering endogenous growth potentials, development in the
Mekong Delta heavily depends on institutional factors, enabling social and eco-
nomic development. Aspects such as the need for improved access to land or for
extended education and professional training, more integrated planning, and
intensified promotion of economic innovations are discussed in detail.

4.1 Introduction

Discussing socio-economic development in the Mekong Delta is important not only
in its own right but also due to the wider economic and demographic importance of
the Delta for Vietnam as a whole. Nearly one quarter of the Vietnamese population
lives in this region where 18% of the national GDP, 90% of the rice exports and 73%
of the country’s farmed aquatic products are generated (GSO 2011). But, economic
and social development lags behind the high expectations fuelled at the beginning
of the transformation process. Just after the introduction of Doi Moi the agricultural
sector of the Delta performed very dynamically. Within a few years, the country had
started to export rice, mainly from the Mekong Delta, which contributed heavily to
the overall economic recovery and progress of the country. In that time, one quarter
of the Vietnamese GDP was generated in the Mekong Delta. However, since then
the importance of the Mekong Delta for the overall national GDP generation has
diminished and the structural change proceeded less profoundly than envisaged. In
terms of GDP contribution, industry and services succeeded to increase in impor-
tance, yet the majority of employees are still found in the agricultural sector. The
last labour force survey shows that in 2009, 51% of the employed work force were
involved in the agricultural sector (as compared to 47.6% for Vietnam) and only
12.2% in industry (14.5%) (GSO 2010b).

Similarly to the development trajectories of many other countries, particularly in
South East Asia, growth and profitability gains in the Delta’s agricultural sector are
not keeping pace with the industry and service sectors. Albeit the fact that agriculture
is more productive than in many other parts of Vietnam and will continue to play a
central role for its economy, there is the need to improve agricultural productivity
and to diversify economic activities away from agriculture in order to allow for
sustainable livelihood foundations and economic gains at a larger scale. One might
expect that in the long run agriculture will be intensively intertwined with higher
quality food-related industries and services. Without such productivity gains and
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structural change processes in the Mekong Delta, the overall wellbeing of the large
and on average young population is at risk of falling behind many other regions
which succeed in climbing up the ladder of value-adding and economic progress.

One of the central contradictions of the socio-economic development in the
Mekong Delta is that even though the Delta has achieved a relatively high GDP per
capita, it is lagging behind Vietnam’s other regions in important socio-economic
aspects like education, qualification of the work force and poverty reduction
(see next section). Against this background the Prime Minster has issued the estab-
lishment of a steering committee devoted to developing new ideas for strengthening
the Delta’s economic and social performance. The steering committee belongs to
the party central committee and is supported by the Central Institute for Economic
Management (CIEM). This institute was assigned by the Prime Minister to design a
regional development plan. In a first step, the assessment of development potentials
detected the weaknesses and strengths of the Mekong Delta. Bottlenecks are in
particular seen with regards to transport infrastructure, education and strong regulation
of the agricultural sector. Important links connecting the Mekong Delta with other
regions outside the Delta but also within the Delta itself are found to be insufficient
or in bad shape. Furthermore, improved hydraulic infrastructure is seen as being
critical for the future progress of the region. The low educational level of the Delta’s
population poses an additional challenge. The share of adolescents attending a
secondary school is fairly small compared to other Vietnamese regions. The figures
are particularly low among ethnic minorities, notably among the 1.26 million Khmer
living in the Delta. Furthermore the share of qualified and trained work force falls
behind the actual needs of the region.

In addition, institutional barriers hamper the progress in agricultural productiv-
ity and profitability. The Vietnamese government still maintains a relatively tight
control on agricultural production (notably rice), following the deeply rooted para-
digm of food security.! Farmers often face external institutional pressures constrain-
ing their ability to diversify their agricultural production. Amongst the most
important factors causing high levels of insecurity and economic risk are lack of
land tenure, limited access to capital, bounded knowledge, poor market informa-
tion, limited direct access to markets, price pressures resulting from increased inter-
national integration, limited storage capacities, slim financial buffers, and price
dependencies in terms of input factors, middlemen and timing of sales. Despite the

'In this context, it is worthwile pointing to the different interpretations or dimension of food secu-
rity. The Vietnamese policy thinking predominantly revolves around national self-sufficiency in
terms of rice and other food staples. However, understanding food security more in terms of indi-
vidual or socially stratified entitlements and access to sufficient levels of nutrition, it needs to be
noted that Vietnam has been experiencing food poverty and nutrition challenges, notably amongst
children and marginal population groups, even after having turned into one of the world’s leading
rice exporters. Hence, food security can be framed in many different ways and may in fact be
understood as a highly contested concept in the context of Vietnam and the Mekong Delta in
particular.
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fact that agricultural land plots in the Mekong Delta belong to the largest in the
country and although mechanisation has reached higher levels than in other regions
of Vietnam, the Delta’s productivity and profitability, therefore, lags behind other
leading agricultural regions in Asia. Development potentials, on the other hand, are
seen in the favourable natural conditions for agricultural production (mainly rice,
fruits and aquaculture), the large number of young people entering the labour market,
and the entrepreneurial drive of the local governments.

In the remaining part of this chapter, the aim is to reflect on these potentials and
challenges indentified by the preliminary analysis of the newly established steering
committee and to discuss the factors regulating socio-economic development in the
Delta in more detail.

Theoretical discourses on the drivers of economic and social development can
provide guidance for such analysis. During the last couple of years, two strands of
argumentation have been highly debated in the literature.

On the one hand, the argumentation is based on further developments of the so
called mainstream economics. Empirical studies of developing countries have
shown that regional disparities persist as predicted in the simple Centre-Periphery
Model developed by Krugman (1993). As Myrdal (1957) and Hirschman (1958)
pointed out, regional disparities are furthered by vicious circles, i.e. circular and
cumulative causation leading to low development. Based on Krugman’s ideas,
regional economic development tends to be unbalanced due to the strong economic
advantages of concentration. The recent World Development Report “Reshaping
Economic Geographies” concludes that “cities, migration, and trade have been the
main catalysts of progress in the developed world over the past two centuries”
(World Bank 2009). Under these circumstances the development perspectives of
rural regions are heavily depending on endogenous growth potentials. In this context,
the exploration of the spatial dimension of rural non-agricultural employment has
been identified as a priority for future research (Haggblade et al. 2007).

On the other hand, institutional argumentations have gained considerable impor-
tance. Based on this alternative understanding of regional disparities the focus of
policy shifted from expanding the capital stock in the neoclassical model towards an
institutional approach. More and more economic theorists are incorporating the role
of institutions within the economic theory of growth. According to Haggard (1999,
p. 30) “institutions refer to the formal and informal rules and enforcement mecha-
nism that influence the behaviour of organizations and individuals in society. They
include constitutions, laws and regulations, and contracts, as well as trust, informal
rules and social norms”. The creation of opportunities for rural households is closely
related to institutional issues like property rights, contract enforcement, private
entitlement to land, etc. Being able to utilise land use rights as collateral, for instance,
is crucial for inducing capital that can be utilised for stepping up productivity, par-
ticularly in the rural areas of Vietnam. Duncan and Pollard (2002) argue that if basic
institutions for the creation of capital and full participation of the whole society in
economic activity are not in place, neither investments in infrastructure, education,
health, nor economic reforms or public sector reforms will be effective. Building
roads and bridges or undertaking agricultural research will, for instance, not increase
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incomes as much as they could if people do not have secure property rights to farm
lands. Education and health improvement projects will not promote income growth
for the poor unless there is the generation of capital with which the healthier and
better-educated labour force can work.

Against this background, the following sections explore the specific potentials and
challenges for socio-economic development in the Mekong Delta. The analysis aims
for an integrated multi-temporal perspective, by linking path-dependencies resulting
from past developments with present conditions and potential future dynamics.
Key trends of transformation in the Delta are examined and their institutional dimen-
sions explored. Based on this analysis, the Delta’s main drivers of development are
identified and their interrelations as well as temporal and spatial dynamics investigated.
The chapter concludes by embedding the discussion into the wider national and regional
context. This allows assessing not only the development opportunities and challenges
of the Delta — as being nested within a wider socio-economic and political fabric — but
also its influence on Vietnam’s transformation and development path as a whole.

4.2 Taking Stock — Key Trends and Current Situation
in the Delta

The Mekong Delta plays a key role not only within the wider national and regional
economic context (notably foodstuff exports?) but also within the demographic fabric
of Vietnam. Hosting 17.2 million people, the Delta contributes more than 20% of
the country’s total population. This makes it an even larger contributor than the
entire Greater South-Eastern Region which includes 14 million people in Ho Chi
Minh City and its five neighbouring provinces including, for example, Dong Nai
and Binh Duong. With its 40,500 km?, the delta has a comparatively high population
density of 425 inhabitants per square kilometre — compared to a national average of
260 (GSO 2011).

Yet, the Mekong Delta belongs to the regions with the lowest population growth
in Vietnam. Since the year 2000, the annual growth rate has remained below 1%,
dropping to 0.5% between 2008 and 2009 (GSO 2011). Only the Northern Midlands
and Mountain Areas feature lower growth rates while the national average decreased
from 1.4% to 1.1% over the last 10 years (GSO 2011). Within the Delta, Can Tho,
Kien Giang, Bac Lieu and Long An have been experiencing the highest population
increase, while the growth in other provinces almost stagnated or was even negative
in the case of Ben Tre, mainly due to out-migration (see section on migration of this
chapter and Fig. 4.11).

2In 2010, Vietnam for instance exported rice worth of 947 million USD to the Philippines, 346
million USD to Indonesia, 228 million USD to Singapore and 178 million USD Malaysia with the
majority of which being produced in the Mekong Delta. On a similar note, fruits worth of 75 mil-
lion USD have been exported to China in that year, cereal-related products worth 47 million USD
to Cambodia, and seafood products worth 894 million USD to Japan, for example (GSO 2011).
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Also called the rice bowl of Asia, the Mekong Delta is Vietnam’s region with the
highest percentage of agricultural land use, accounting for almost 65% of the deltas
area. It hosts around 52% of Vietnam’s entire paddy production area on which 53% of
the national paddy is grown (GSO 2011). Between 1995 and 2009, the delta has
increased its paddy production by almost 60% and — by doing so — was the main con-
tributing region for supporting Vietnam’s shift from a rice-importing nation to one of
the largest rice exporters in the world — with the shift having taken place around 1989.
These figures illustrate why the delta has been ascribed the role of the national guarantor
for food-security — not only in the perception and rhetoric of the country’s political
leaders but also in actual policy making and regional development planning.

The primacy of the Mekong Delta in terms of Vietnam’s food-production is even
more obvious with respect to aquatic products, notably fish and shrimps. In 2009, it
contributed around three quarters to the national production of both farmed fish and
shrimps (GSO 2011). In combination with strongly increasing fruit and vegetable
production, the delta plays a central role not only for the national food supply but also
for the country’s food-related export revenues and, hence, foreign trade balance.

The agricultural sector’s importance for the Mekong Delta is also mirrored in the
regional GDP profile and the sector-wise distribution of labor force in the Delta.
On the national Vietnamese scale, the agricultural sector — including agriculture,
forestry and fisheries — contributed only 21% to the overall GDP in 2009, with 40%
contributed by industry and construction and the remaining 39% by the service sector
(GSO 2011). Yet, in the Mekong Delta, agricultural production contributes 38% of
GDP (GSO 2011). In parallel, a comparatively high share of the Delta’s population
is working in the agricultural sector. 51% of the work force had their main job
within agriculture in 2009, compared to 17% in industry and construction and 32%
in trade and services. The national average was at 48%, 22%, and 30%, respectively
(GSO 2010Db). Yet, the fact that around 75% of the workforce is involved in agricul-
tural activities as their secondary occupation indicates the importance of additional
and temporary work in agriculture to complement livelihoods (Fig. 4.1).

Judged on the basis of official income statistics, expenditure assessments, and
poverty indices, the Mekong Delta could be considered reasonably successful in
terms of socio-economic development. Official statistics suggests that in 2008 the
monthly average income per capita was at 940,000 VND and the average monthly
expenditure per capita at 624,000 VND (GSO 2011). This is below the national
average (which is at 995,000 and 705,000 VND respectively), slightly lower than
the levels in the Red River Delta and notably below the average levels of the
Southeast (which are about twice as high) (ibid.). However, the Mekong Delta does
considerably better than the remaining regions in Vietnam which feature lower levels,
with up to roughly a one-third-difference. On a similar note, the Mekong Delta has
experienced a substantial reduction in the general poverty rate® from 23% in 2002 to

3The general poverty rate is based on the assessment of average monthly per capita expenditure.
The relevant threshold is set by the General Statistics Office (GSO) and the World Bank and is
adjusted annually. The following thresholds were set for the last years: 160,000 VND for 2002;
173,000 VND for 2004; 213,000 VND for 2006; and 280,000 VND for 2008 (GSO 2009: 9.2).
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12% in 2008 and it remains slightly below the national average (c.f. GSO 2009: 9.2;
compare Fig. 4.2).

It needs to be noted though that there are substantial internal inequalities hidden
behind these figures, most notably along the lines of ethnic minorities, a rural-urban
gradient and land-title groups (see Luong 2003). The poverty rate amongst the 1.26
million Khmer people in the Delta — being by far the largest minority group — has
decreased at a slower pace than amongst the Kinh majority and the ethnic Chinese and
was around 20% above the national average around the turn of the century (Baulch
et al. 2007). In the two strongholds Soc Trang and Tra Vinh province, where the Khmer
population amounted to almost one third of the total population in 2002, the poverty
rates where 55.1% (versus 30.7% among the rest of the population) and 45.6% (versus
27.4% among the rest of the population), respectively (UNDP and USAID 2004: 40).

In general, it should be mentioned that the validity and significance of such
statistics on income, expenditure and poverty are controversially debated due to
issues of data quality and particularly the high degree of informal or indirect gen-
eration of earnings and livelihood assets and their equally informal spending and
trading. Both may be only partly captured by the calculations and over- or under-
stated in the statistical survey. Such data is hard to collect and verify given the
sensitive nature of the topic and multiple response effects. Furthermore, the general
poverty thresholds may overestimate the actual purchasing power, particularly
against the backdrop of the strong inflation and spatial disparities in price levels —
despite the fact that the basket of goods and services considered for analysis is
re-evaluated at the outset of most surveys. Poverty thresholds tend to create a dual-
istic impression and do not give information on the remaining vulnerabilities of the
great number of people who have been pushed just above the poverty line, e.g. through
mechanisms within the national programme 135* or the Comprehensive Poverty
Reduction and Growth Strategy issued in 2002.

In addition, other data reveals that economic growth in the Mekong Delta has
only partly translated into improved living conditions. In 2009, only 8% of the
Delta’s households were living in permanent houses, i.e. dwellings with the pier, the
outer wall and the roof made of solid materials such as concrete, bricks or tiles. 22%
of the households lived in houses with none of these elements made of solid materi-
als, with the remaining 70% having houses being partly built of solid elements and
partly of other materials (Fig. 4.3). These figures indicate that housing conditions in
the Mekong Delta greatly lag behind the national average, according to which 47%
of the Vietnamese households lived in fully solid houses in 2009 (GSO 2010a). This
variation can to a certain extent be explained by the different climatic conditions in
Vietnam’s north and south as well as by the comparatively low typhoon occurrence
in the Mekong Delta in the past, making solid houses less necessary than in the
more cyclone-exposed areas in central and northern Vietnam. However, housing

“The national programme 135 was initiated in 1998 and focuses on poverty reduction amongst
ethnic minorities and in remote rural areas.
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Table 4.1 Housing conditions in the Mekong Delta

Proportion of households by type of housing (%)

Solid house ~ Semi-solid house*  Less solid house® Non-solid house

2009
Entire country ~ 46.7 38.2 7.8 7.4
Urban 41.4 52.7 3.3 2.6
Rural 49.0 31.7 9.8 9.5
Mekong Delta 8.3 48.5 214 21.8

1999
Entire country ~ 12.8 50.4 14.1 22.7
Mekong Delta 33 223 17.9 56.5

Source: own draft based on GSO (2000a, 2010a: 162)

“Dwellings with two out of the three evaluated components (pier, outer walls, roof) being solid, i.e.
being constructed of concrete, brick/stone, or steel/iron/durable wood for the pier and the outer
walls, and concrete or tiles for the roof

"Dwellings with one out of the three evaluated components (pier, outer walls, roof) being solid

upgrades are foremost the manifestation of socio-economic progress. Hence, the fact
that housing improvements in the Mekong Delta greatly fell behind the rest of
the country between 1999 and 2009 (Table 4.1) hints towards the region’s socio-
economic development challenges.

On a similar note, the Mekong Delta lags behind other regions in terms of access
to safe drinking water and sanitation infrastructure. With more than 22% of the
Delta’s households not having access to clean drinking water and 58% not having
sanitised toilet facilities the Delta shows a significant difference to the national aver-
age (which in 2009 was at 13% and 46%, respectively) (GSO 2010a: 165). Detailed
case study analysis suggests that the situation is even worse in reality than these
figures may tell, particularly in the rural areas of the Mekong Delta (Reis 2012).

In addition, the figures representing medical infrastructure indicate significant
health care deficits in the Delta. With 20.5 patient beds in medical facilities per
10,000 inhabitants, the Delta ranks last in comparison to the country’s other
regions (own calculations based on GSO 2011). Similarly, the number of doctors,
nurses and midwives are also comparatively low (4.8, 5.0, and 2.6, respectively,
per 10,000 inhabitants). The Mekong Delta lags far behind the national average
in all these categories, and has the lowest regional values with respect to doctors
and nurses (own calculations based on GSO 2011). Because of this, private pro-
viders of health care play an important role in the Mekong Delta. In 2008, 47%
of the out-patient treatments were exercised in private health facilities, which is
the highest value for the whole of Vietnam, the national average being at 38%
(GSO 2009: 4.5).

Despite the fact that education in the Mekong Delta is often provided outside the
formalised public education system (Taylor 2004), the Delta’s poor educational per-
formance is striking. According to a national survey in 2009, 6.6% of all inhabitants
aged 5 or older had never attended school. This is a much higher share than in the
regions of the Red River Delta (2.1%), the Southeast (3.0%), and the Central Coast



94 M. Garschagen et al.

(1.3%) (own calculation based on GSO 2010a: 281). However, the Northern
Midlands and Mountains as well as the Central Highlands experience even worse
conditions (10.3% and 8.9%, respectively). Resulting from the low rates of school
attendance, the Mekong Delta features a relatively high illiteracy rate amongst the
population aged 15 and older, amounting to 8.4% according to a recent survey (GSO
2010a: 326). Yet, given that these figures represent average values, they hide the
disparity between various social groups. In 1999, the primary school enrolment rate
amongst Khmer was at 76.3% compared to 93.4% amongst the Kinh (Baulch et al.
2007: 1159). Secondary school enrolment of the Khmer was at 22.5% while the
enrolment rate amongst the Kinh majority was about three times higher (Baulch
etal. 2007: 1160). Additional inequalities exist in terms of gender. Out of the people
identified as illiterates in 2009, 64% were female (GSO 2010a: 326). Along the
same line, 62% of the above-mentioned people aged 5 or older without any school
attendance were female (GSO 2010a: 281). Similar disparities can also be observed
when comparing rural with urban areas. While 4.9% of the Delta’s urban population
aged 5 or older never attended school (GSO 2010a: 284), the figure for the rural
areas amounts to 7.1% (GSO 2010a: 287). The rate of illiterates among the popula-
tion aged 15 and older is 6% in the urban wards (GSO 2010a: 329) compared to 9%
in rural communes of the Delta (GSO 2010a: 332).

The Delta is in an even more unfavourable situation when considering higher
education and university attendance. Only 8.1% of its inhabitants born between
1987 and 1990 have ever attended university (own calculation based on GSO 2010a:
317). In the Red River Delta and the Southeast, the figures are 25%. Only the
Northern Midlands and Mountains and the Central Highlands do worse than the
Mekong Delta, with 5.7% and 7.0%, respectively (ibid.). Merely 9.7% of the Delta’s
economically active population aged 15 and older has ever completed a vocational
or professional training within the formal educational system (with only 7.9%
amongst women compared to 11.3% amongst men) (GSO 2010b: 11). Only 2.9% of
the same cohort graduated from university (2.7% amongst women and 3.0% amongst
the men) (ibid.). These values are the lowest in Vietnam with the national average
being 17.6% in terms of professional training and 5.2% for university graduations
(GSO 2010b: 11). Figure 4.4 depicts some major trends in education and training
and relates them to unemployment and underemployment® levels in the Delta — as
compared to other regions in Vietnam.

These observations for the Mekong Delta are backed up by the findings of other
studies at national and sub-national scale. Epprecht et al. (2011) concluded that
institutional factors are the main reasons hampering the successful participation of
Vietnam’s ethnic minorities in the mainstream economy — more important than, for
example, the location of the communities. The authors, hence, argued that tackling
these factors is more effective for reducing inequality and poverty (particularly in

>In the 2009 Labor Force Survey, underemployment refers to “persons aged 15 years and over who
are working less than 35 h per week and are willing or available to engage in additional work.”
(GSO 2010b: 11, 58).
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rural areas) than geographic targeting following the grid of administrative boundaries
(ibid.). On a similar note, Taylor (2004) finds that certain conventional development
interventions meant for reducing poverty and inequality in the Mekong Delta do in
fact accentuate existing inequalities (notably between Kinh and Khmer). This is
because these interventions are based on an institutional framework that plays into
the hands of the economically more successful groups and does not account for
localised patterns of economic, spatial, informational and cultural activity (ibid.).
Extending roads into remote rural areas with high poverty rates, for example, has
been observed to increase land prices along the road, in turn pushing former resi-
dents out of their land and increasing the profits of those actors who have sufficient
resources and information to engage in land speculation. Such observations are in
line with the findings by van de Walle and Gunewardena (2001) who have analysed
the sources for ethnic inequality in northern Vietnam and concluded that poverty
reduction programmes always need to be tailored towards the specific institutional
problems in question and will not be effective if they are solely based on the main-
stream economic model of the upper-end group.

On top of these challenges, the Mekong Delta is heavily exposed to natural
hazards and climate change impacts (notably flooding, sea level rise, salinization
and typhoons). In parallel, the deficiencies in socio-economic development contribute
heavily to a high level of vulnerability to these hazards. At the same time, the risk
of resulting disasters is amongst the prime challenges for sustainable socio-economic
development. The severe consecutive floods of 2000, 2001 and 2002, for example,
caused 1,044 casualties in the Delta, submerged 1.6 million houses, destroyed nearly
500,000 ha of rice and resulted in an estimated total damage of 300 million USD
(SRV 2004: 15). Typhoon Linda in 1997 cost the lives of nearly 3,000 people in the
Delta, making it one of the most devastating disasters related to natural hazards in
the history of Vietnam (ibid.). These events have had a great impact on disaster risk
management approaches in the Delta and triggered new policies including resettle-
ment programmes, additional dyke systems and adaptation in agricultural produc-
tion cycles. It is important to note that adapting to the difficult environmental
conditions has always been a central part of life in the Mekong Delta. Local com-
munities have, hence, gathered substantial knowledge on coping and adaptation
mechanisms. Yet, the profound changes to be expected with climate change in the
Delta may exceed current response capacities. Recent studies project, for instance,
that a sea level rise of one meter would inundate 31% of the Mekong Delta, based
on current topography (Carew-Reid 2008). The national climate change scenarios
for Vietnam even project the inundation of 38% of the Delta’s area for a one meter
of sea level rise (MONRE 2009). Detailed Analysis of the vulnerabilities and
response mechanisms to these hazards is of central importance for understanding
socio-economic development in the Mekong Delta (Chap. 10).

On the back of this overview, the next section examines the four main factors
regulating socio-economic development in the Mekong Delta. Particular attention is
given to the theoretical perspectives introduced in the first section. The cumulating
effects and internal growth potentials but also institutional framework conditions
are assessed in detail.
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4.3 Main Factors Regulating Socio-Economic Development
in the Mekong Delta

The Mekong Delta is a highly complex system with a multiplicity of coupled social-
ecological processes (e.g. Garschagen 2010a; Kédkonen 2008) and with political,
economic, cultural, and ecological dimensions interacting at various scales. Any
attempt to ontologise these dimensions and their processes will therefore lead to
incomplete or debatable results, providing only one selected frame out of the many
possible. In accordance with our observation on the political and scientific dis-
courses on development issues in the Mekong Delta as well as with the theoretical
debate on economic development introduced above, we have decided to group the
factors influencing socio-economic progress in the Delta into the following four
fields: agricultural transformation, industrialisation, migration and urbanisation.
They are in our eyes representing the most pressing and influential dimensions of
socio-economic development.

4.3.1 Agricultural Transformation

As already mentioned, agricultural production in the Delta has been contributing
significantly to national food security as well as to national agricultural exports. The
major land use patterns for agricultural production are primarily determined by soil and
hydrological conditions. Over the last three decades, changes in agricultural land uses
and agricultural development have been strongly influenced by a combination of driv-
ers, including policy reforms, irrigation development, market-oriented development,
technological advances, environmental changes, urbanisation and industrialisation.
The following sections describe the impacts of these drivers on land use dynamics and
the Delta’s transformations with respect to rice and aquaculture production.

Land use changes and agricultural development can be divided into three major
periods since 1975, that is, firstly, rice expansion (1975-1990), secondly rice
intensification (1991-1999), and thirdly agricultural diversification (2000-present). The
“rice-first” policy for subsistence coupled with substantial investments in irrigation
development resulted in the expansion of rice cropping into natural floodplains, and
acidic and saline areas during 1975-1990 (compare for more detailed reviews of the
Delta’s hydraulic infrastructure development Biggs et al. 2009; Evers and Benedikter
2009; Chap. 3). During this period, the irrigated area for rice increased on average by
85,000 ha annually (own calculation, based on GSO 2000c). Many farmers shifted from
growing one crop of long-growth-duration traditional rice per year to two or three crops
of high-yielding rice varieties. Consequently, the total cultivated area (i.e. rice land x
crops) grew substantially during this period. Looking at the figures of specific crops, one
can find that the annual growth rate of the dry-season crop was 13% for the cultivated
area and 17% for production. The corresponding figures for the wet season crops are 9%
and 11%, respectively, while those for traditional rice crop decreased by 3% and 1%,
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respectively (ibid.). These figures suggest rice intensification foremost as a result of
irrigation development.

During 1991-1999, rice production experienced further intensification and
increase in cultivated area and shifted from subsistence purposes to a clear cash-crop
orientation. This was the result of a combination of factors: Firstly, there had been
substantial policy reforms since the early 1980s, and notably since 1986, implying a
shift from a central planning-orientated to a more market-oriented economy and
from agricultural collectives to individual control over agricultural production.
Secondly, the hydraulic infrastructure for drainage, irrigation and salinity control
had been further extended through canals, dikes, pumping stations and sluice gates
(Chap. 3). These interventions allowed farmers to continue the intensification of rice
production through cultivating more rice crops per year (i.e. two or even three crops
annually). Statistical data shows that rice cultivated area increased by 1.4 million ha
while the surface area used for rice cultivation remained basically unchanged.
Consequently, rice land use intensity (defined as the ratio of the rice cultivated area
to land surface under rice cultivation) increased from 1.2 in 1990 to 1.9 in 1999.
During this period, the annual growth rate in cultivated area and the corresponding
production of rice was 7% and 8% respectively, for both dry season and wet season
crops, while low-yielding traditional rice decreased by 5% annually in cultivated
area and by 4% in terms of production (own calculation, based on GSO 2000c).

The expansion and intensification of high-yielding rice production contributed
significantly to a big leap of rice production in Vietnam, turning the country into one
of the leading rice exporters globally. However, during the following decade there
have been great changes in agricultural land uses which were caused by reforms in
policy on agricultural diversification since 2000. Recognizing the need for further
improving rice farmers’ incomes and the importance of aquaculture and fruit pro-
duction for sustainable development of the agricultural sector, the Vietnamese gov-
ernment implemented the policy on agricultural diversification and sustainability
(i.e. Decree no. 09/2000/NQ-CP dated 15th June 2000). Accordingly, many farmers
have shifted their production from rice to aquaculture, fruits or vegetables or from
rice mono-culture to a more diversified and integrated rice-based farming system
with higher income generation possibilities (Nhan et al. 2007a, 2008a). In particular
the focus on aquaculture was resulting from the experience that individual pioneers
in this emerging sector had generated high profits, allowing them to increase their
income compared to rice cultivation and to improve their livelihood base significantly.
At the same time water and land uses for agriculture have evolved towards more
adaptive resource management approaches (e.g. making use of flood and saline water)
rather than resource control and exploitation (e.g. flood and salinity control) in the
years before.

Despite these changes, some major restrictions remained with respect to the
degree of diversification possible at farm level. The governmental agricultural land
use plans for a 5 or 10 year terms envisage the main land use categories from com-
mune, district to provincial level based upon pre-defined production targets of cer-
tain crops at each respective level. These plans set out the main land use categories
(e.g. rice production, fruit tree orchards, aquaculture etc.) for a given spatial entity.
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The farmers producing within this spatial unit are free to choose the detailed form
of production under the dedicated category (i.e. they can for example decide which
varieties of rice or which type of fruit trees they are planting). However, in theory
they should not shift the production into an entirely different category divergent
from the plans. Extension services hence have the mandate to support the farmers in
the production of the dedicated type of produces. Yet, at the local level, land use
decisions and the way to achieve production targets are much less standardized than
the theoretical planning framework may suggest. They depend heavily on local con-
sultation and negotiation processes at commune or village level. There is hence a
substantial degree of diversity between different communes, which makes it difficult
to make general statements about the level of freedom a farmer has with respect to
the diversification of production. The assignments defined in the land use plans are
usually based on considerations around food security, market availability, revenue
prospects, and physical conditions (mainly soils, water quality, and hydraulic infra-
structure systems). At the same time, researchers have been pointing out that farm-
level agricultural diversification can be considered a risk-spreading strategy
particularly for small farming households since dependencies on price fluctuations
in single markets can be compensated for and other risks distributed. The latter include,
for example crop-specific pest outbreaks or extraordinary hydro-meteorological
events. It is argued that community-level agricultural diversification with the integra-
tion of off-farm with agricultural activities needs to be given more attention for
modernization of agricultural activities, market engagement and the creation of rural
job opportunities (Nhan et al. 2004, 2007a).

While the period 1975-1999 was considered the period of rice primacy, the
2000s are strongly associated with aquaculture production in parallel to rice cultiva-
tion. Nevertheless, rice production continued to intensify in the Delta, especially in
irrigated and alluvial areas in its north-western parts. Between 2000 and 2008, the
annual growth rate in production was 2.7%, while the cultivated area decreased by
0.3% annually (GSO 2011). This is a result of the expansion of triple rice cropping,
relying on irrigation infrastructure, flood-control embankments, fast-growing rice
varieties and other intensive farming practices. Over the same time period, however,
the aquaculture sector grew much faster than that of rice and other crops. This
growth amounted to 7% in terms of used area and 22% in terms of production per
year, compared to 6% and 11%, respectively throughout the previous decade (GSO
2011). These figures suggest a high intensification level in aquaculture production,
mainly for freshwater Pangasius catfish and brackish Penaeus shrimp cultures. The
intensification mainly relies on deeper ponds, higher stocking rates, higher inputs of
commercial feed, and higher water exchange (or aeration) rates, etc. (De Silva et al.
2010). Figures 4.5 and 4.6 illustrate major trends of rice and aquaculture production
over the last years. A distinct geographic distribution within the Mekong Delta can
be recognized, with the most intensive rice production in the upper Delta along the
main branches of the Mekong and the most extended aquaculture areas in the coastal
provinces utilizing brackish-water. Intensification can be observed throughout the
Delta for both rice production and aquaculture (i.e. overall much stronger growth in
production than in used or cultivated area).
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However, the widespread early enthusiasm for increased profit prospects —
particularly with regards to aquaculture — resulting from land use transition and
intensification have over the recent years been challenged by the emerging recogni-
tion of problems related to such practices. Table 4.2 indicates that aquaculture pro-
duction requires less labour input but more capital than most of the other rice and
fruit based production patterns. In parallel, intensive aquaculture production allows
for higher profit margins compared to rice production. In more detail, semi-inten-
sive shrimp farming requires more capital input than semi-intensive fish farming
due to the shorter cropping cycles (hence higher cropping frequency) and the higher
costs for juveniles, specialized feed and necessary aeration of the ponds. Extensive
shrimp production on the other hand requires less labour and capital input than
semi-intensive shrimp farming. It therefore implies less economic risk but also a
smaller gross margin. The higher labour input in fish farming compared to shrimp
production results from the increased need for mud removal in fish ponds (due to
river alluvial and run-off sediments from surrounding dikes particularly in flow-
through systems) and a more labour intensive preparation of feed. Fruit production
in mature cultivations has the highest benefit-cost ratio of all the production modes.
However, fruit cultivation is linked to specific agro-ecological prerequisites since it
is limited to production sites which have alluvial (fertile) soils, low flood occurrence
and sufficient hydraulic infrastructure for irrigation and flood protection. In addi-
tion, it requires substantial amounts of up-front capital for the establishment and
maturing of cultivations.

Even though, the numbers presented in Table 4.2 can only be taken as broad
proxy values due to the significant complexity and variability for specific production
modes, locations and times of assessment, they hint towards considerable economic
and social challenges (Nhan 2009; De Silva et al. 2010; Joffre and Bosma 2009).
The combination of land conversion with a reduction in labour demand generates a
shortage of employment opportunities for the rural work force, notably for those
farmers who lost their land (see below). The increased level of technology and the
high costs for input variables force many farmers in new dependencies and often
debts. Furthermore, they have to deal with price fluctuations in the target commodity
markets and with an increasing pressure on prices given the growing integration into
international markets. Pest outbreaks which can result from the wide-spread appli-
cation of high yielding monocultures and can destroy entire crops pose an additional
challenge. As a result, farmers who try to increase their profit gross margins through
intensification at the same time face a reduction in investment efficiency (i.e. a lower
benefit-cost ratio) due to increasing needs for capital input and diminishing mar-
ginal returns (e.g. with a third rice crop in the dry season). In combination with the
increase of other economic risks coming along with intensification in monocultures
(notably price dependency and pest outbreaks), farmers aiming for high intensification
in fact have to negotiate more insecure profit margins, making sustainable income
generation increasingly difficulties. Vietnamese and international scientists have
since more than a decade warned against the negative consequences resulting from
monocultures and sharp intensification. However, farmers and governmental agen-
cies in Vietnam have only more recently started to accept their recommendation to
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shift towards more integrated farming systems (e.g. rice-shrimp) in order to improve
the long-term sustainability and security of agricultural practices.

In addition to the social and economic risks, the intensification of aquaculture
poses significant degradation risks to the Delta’s ecosystems (Chap. 13). Intensive
Pangasius catfish yields range from 300 to 400 tons/ha/crop (Phan et al. 2009;
Nhuan 2010). On average, water consumption per 1 kg of fish produced ranges
from 6.4 to 7.2 m? (ibid.). De Silva et al. (2010) estimated that to produce one kilo-
gram of fish about 46 g of nitrogen (N) and 14 g of phosphorus (P) from fish ponds
are discharged into surrounding waters. Thus, to produce 375,500 tons of fish in
2005, 687,000 tons in 2007 and 1,095,000 tons in 2008 (Trong 2008; De Silva et al.
2010), Pangasius farms in the Delta discharged a quantity of nitrogen and phos-
phorus of 17,300 and 5,300 tons in 2005; 31,600 and 9,600 tons in 2007; and
50,400 and 15,300 tons in 2008, respectively, to the main canal and river systems.
Impacts of effluent discharges from Pangasius ponds on other users have not yet
been fully assessed. For Penaeus shrimp culture, average shrimp yields range
between 77 and 240 kg/ha/year in extensive farming patterns and between 1,300—
6,200 kg/ha/year in semi-intensive or intensive systems (Joffre and Bosma 2009).
There are indications that the intensification of shrimp production pollutes surface
water bodies and leads to soil salinisation, both degrading ecosystem services and
constraining crop production, particularly rice (Binh et al. 2005; Thao et al. 2008;
Hens et al. 2009; Chap. 13).

In addition to agriculture and aquaculture, inland fisheries targeting wild fish
also play an important role for food and income generation of rural households in
the Delta. The fisheries are of importance particularly to resource-poor households,
whose fishing is considered as part of wider livelihood strategies (Ministry of
Fisheries and The World Bank 2005), especially during the flood period when
unemployment is more serious (Loc et al. 2007). However, changes in natural habi-
tats of floodplains for wild fish (i.e. the conversion of natural wetlands into rice land,
flood-control dike systems and water management) and intensive use of agrochemicals
for rice production development have resulted in a substantial decrease in the catch
of wild fish from floodplains (van Brakel et al. 2011). A particularly strong decline
in inland fisheries has been observed in the upper Delta (ibid.).

Increasing accounts of landlessness amongst the rural population have grown
into a serious problem for inclusive development in the Mekong Delta (Ravallion
and van de Walle 2008a). This problem has emerged in interplay with insufficient
profitability opportunities for small scale farmers, decollectivisation, privatization,
individualization of land markets, transformations in the agricultural labour force,
changes in land use patterns, and emerging aspirations for socio-economic progress.
There are many feedbacks at work between these factors and it is often difficult or
impossible to identify uni-directional causations. The rate of landless households in
the Delta was estimated at 14% in 1993 and 23% in 2004, which is considerably
higher than in the Red River Delta (2% and 6%, respectively) (Ravallion and van de
Walle 2008b). Landlessness in the Mekong Delta does not only occur with particu-
larly poor population but can — at a much lesser rate — also be observed amongst
better-off households (ibid.).


http://dx.doi.org/10.1007/978-94-007-3962-8_13
http://dx.doi.org/10.1007/978-94-007-3962-8_13
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Despite the complex causal relationships linked to landlessness, a couple of main
contributing factors or drivers can be identified. First, a structural shift in the rela-
tionship between landlessness and living standards, mainly among the poor can be
noted (Ravallion and van de Walle 2008a). This is indirectly the result of increased
market liberalization and commercialization of agricultural production as well as
land use changes (notably towards aquaculture which, as shown above, is more
capital intensive and profitable but less work intensive than rice production; see
Table 4.2 and Fig. 4.6). These factors are coupled with the establishment of de-facto
land markets (i.e. the introduction of individual land use rights which can be
exchanged and traded according to market-oriented prices) (Marsh and MacAulay
2006; Ravallion and van de Walle 2004; Dorward et al. 2009). A strong correlation
can be observed between the poverty-level and land size amongst rural agricultural
households in the Delta. Most of the poor® farming households have small land
holdings between 0.1 and 0.3 ha. Given such small land holdings, these farmers
have very limited possibilities to use their production inputs in an efficient manner
and to increase mechanization. Simultaneously they face steep increases in the costs
for fertilizers, agro-chemicals, seedlings, fingerlings etc. and often a reduction in
price levels for their produces — in combination reducing their profitability (Taylor
2004). Their overall income is, hence, much lower than amongst wealthier farmers
with more land (Nhan et al. 2007a, 2008b, 2010). This relation can even be observed
within fruit crop cultivation (Thanh et al. 2008). As a very general rule of thumb, a
poor farming household with a land holding as small as 0.3 ha could typically earn
between 7 and 12 million VND per year with paddy or fruit production. Such
income levels are not sufficient to move out of poverty, particularly if the respective
livelihood relies solely on agriculture. Consequently, poorer farmers often sell their
land to richer farmers and seek to find non-farm jobs (mostly unskilled labour), either
within or outside their commune, hoping to achieve higher income (i.e. they step out
of agriculture). In addition, many of the small-scale farming households have to
accumulate debts in order to pay for the increased input factors of production com-
ing along with intensification or to compensate for crop failures. Such debts can
often not be re-paid by means other than selling parts of the land, decreasing the
future prospect for productivity and profitability gains even further. As a result,
many of these farming households eventually lose most or all of their land. It has
been argued that farmers belonging to the Khmer minority are particularly suscep-
tible to be caught in such a downward spiral, given their additional development
challenges (c.f. Taylor 2004).

The second driver is the aspiration for improved living standards in a process of
economic transition. This can entail a shift out of agriculture, which happens even
amongst better-off farming households, who have relatively sufficient livelihood
assets and tend to sell their land to take up new employment opportunities (Ravallion
and van de Walle 2008a). This differs from a shift in the relationship between land-
lessness and poverty which has been explained above.

¢Compare footnote 1 for the statistical definition of poverty.
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There are debates over the impacts of the rising landlessness on overall poverty
trends in the Mekong Delta: On the one hand, it can be argued that landlessness has
increased rural poverty and income disparities. On the other hand, it can be seen as
a result of the restructuring of rural labour markets and the economy, which allows
for more rapid poverty reduction. Ravallion and van de Walle (2008a) have found
that poverty reduction amongst landless population is in Vietnam on aggregate pro-
gressing slightly faster than amongst other groups. Yet the rate of poverty reduction
for the Mekong Delta’s landless is lower than for those with land (ibid.). The authors
of this analysis have concluded that rising landlessness (allowing for land accumu-
lation and more efficient production) has been a positive factor in poverty reduction
in Vietnam as a whole, but that the Mekong Delta stands out as an exception. This
can be explained by a combination of historical reasons. In the past, the South and
the Mekong Delta in particular had a stronger market economy than the North and
hence, stronger inequality (Ravallion and van de Walle 2008a, b). In addition, there
are increased pressures for land consolidation in the Mekong Delta (Taylor 2004).
Lastly, the low levels of education and training, hamper economic success in the
non-farm sector. On the same token, there are signs of emerging rural class differ-
entiation and increasing income disparities (Akram-Lodhi 2004). Investigating
household income in the Delta’s rural areas, Nhan et al. (2008b, 2010) and Thanh
et al. (2008) found that a ratio of the average income of the rich group over the poor
group ranged between 3 and 21; the ratio is higher with areas closer to urban cen-
ters. This highlights the importance of further improving human capacity and other
livelihood-related capitals of the poor in the transition process of the rural economy
in the Mekong delta.

In addition to the trends in land holdings, significant changes in the Delta’s eco-
nomic profile and agricultural labour force can be observed. These are heavily
influenced by urbanisation, industrialization and rural-urban migration — all being
simultaneously driver and result of labour transformations (see sections below).
Although the gross output value of the agricultural sector was increasing continuously
during 2000-2008, the share of this sector to the total gross output of the economy
has gradually declined, from 47% in 2000 to 38% in 2008. Simultaneously, the
share of the industrial and service sector has increased (Fig. 4.7). In the period of
2004-2008, labour force engaged with the agricultural sector decreased by 0.5 million
people (2% per year) while the non-agricultural sectors experienced an increase of
1.3 million people (13% per year) (Fig. 4.8). Consequently, the share of agricultural
labour in the total labour force of the economy decreased, from 68% in 2004 to 57%
in 2008. In line with this trend, Thanh et al. (2008) found changes in the structure of
rural household income in the Mekong Delta. In the period of 1993-2004, the share
of income from agricultural activities in total household income decreased, while
the share of income from wage activities increased significantly, particularly in
areas closer to urban centres. These observations underline that agricultural activi-
ties provide only low incomes and poor livelihood bases due to the afore-mentioned
problems with respect to low (and in many parts decreasing) profitability and
economic uncertainty (see also Coclanis and Stewart 2011). Along the same line,
strong correlations between income levels and land holdings can be identified for
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period of 2000-2008 (Source: own figure based on GSO 2010d)

those households that have not (yet) become landless. Analysis has shown that
farming households holding 0.2-0.4 ha of land are in most cases not considered
poor according to the statistical definition but in most cases achieve just enough
production for daily subsistence (Thanh et al. 2008). In order to increase their
income, households have to engage in on-farm wage labour for larger scale land
holders or — more importantly — additional work outside the agricultural sector
(ibid.). These findings reflect the increasing change of (former) agricultural labour
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into non-farm activities and the desire amongst many rural households to shift
their livelihood out of agriculture (Taylor 2004).

The transition of rural labour implies opportunities as well as challenges for
future development in the Delta. It can push the specialization and diversification
amongst the rural labour force. Better-off farming households are likely to
accumulate agricultural land and, thereby, modernize and commercialize agricul-
tural activities for fostering market integration (i.e. stepping-up agriculture). At
the same time, there is an increased need for expanding the rural non-agricultural
infrastructure (i.e. stepping out of agriculture) (Dorward et al. 2009). In theory,
this can create opportunities for non-agricultural employment, particularly amongst
poor households, while also improving the situation of better-off farming house-
holds. However, matching the qualifications of former agriculturalists to the
demands of other non-farm economic sectors remains a heavy challenge. This is
because many of the former farmers do not have work experience and training
outside the agricultural sector and lack sufficient education and vocational
training. In addition, the development of non-agricultural industries and job
opportunities lags behind demand. Substantial migration particularly of young
labourers to urban and industrial centres — notably Ho Chi Minh City and the
neighboring southeast provinces — could already be observed over the last years
(Huy 2009, see also the section on migration below).

On a larger scale, the question whether or not the labour transition of rural labour
force proves successful has influence on the sustainability of rural poverty reduction in
the Mekong Delta as a whole. Farming households which lack young or skilled labor-
ers, have been observed to often manage their agricultural activities at ‘hanging-in’
status (Dorward et al. 2009), looking at options for maintaining existing farming levels
as temporary or secondary livelihood activities. In response to these challenges, the
provinces in the Mekong Delta are currently implementing a governmental project on
vocational training for rural workforce (Project 1956 — Decision 1956 of the Prime
Minister), which aims at contributing to a more sustainable reduction of rural poverty
through fostering diversification and value adding in the Delta’s rural economy. Yet,
the long-term effect of this project remains to be seen.

Besides the challenges with labour transition and landlessness, other emerging
problems in the environmental sphere need to be acknowledged as well. The delta
is still considered an important food production region for national food security
towards 2030. Around 1.8 million hectares of agricultural land have been set
aside for rice production to produce about 21 million tons of paddy annually for
domestic consumption and exports. This implies that rice production will con-
tinue to be intensified. On the one hand, this is likely to cause severe competition
over water between the upper and lower portions of the delta (Nhan et al. 2007b).
During dry periods (Januray-May) the river flows are low while water volumes
used for irrigation are high (ibid.). In April, when the river flows are lowest,
water consumption for irrigation accounts for 29%, 34% and 39% of the total
river flows in — statistically-spoken — wet, normal or dry years, respectively (own
calculation based on Xo and Lam 2009). Irrigation water demands for rice
production will become even higher with the further expansion of triple rice
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cropping areas and/or the earlier establishment of wet season rice crops, which is
increasingly adopted in order to minimize harvest losses through the August
floods in double rice cropping areas. Intensive water use for rice production and
low river-flows are important determinants of saline water intrusion in down-
stream areas. On the other hand, further intensification of rice production would
result in declined soil fertility, increased production costs, reduced crop water
use efficiency and lower economic return (Nhan et al. 2007b; Nhan 2009).
Reducing intensification of rice production through integrated farming systems
(i.e. rice-aquaculture, rice-upland crop-livestock), applying innovative farming
practices to reduce agricultural inputs while improving rice-grain quality, and,
thereby, improving the net-value gains achieved by rice production are increas-
ingly discussed as options for promoting sustainability of rice production in the
Delta. Particularly the debate around the comparatively low quality of rice and,
hence, the low revenue generated with rice exports — despite the great quantities —
has gained some considerable momentum in the recent past and is being addressed
by researchers and progressive politicians thereby challenging conventional
quantity-oriented policies (e.g. Vietnam News 2005, 2009; Voice of Vietnam
2009; Vietnam Net 2008; Look At Vietnam 2009b; Saigon Times 2001).

Agricultural production and — to a lesser extent — aquaculture and fisheries are
highly susceptible to abnormal changes in the Mekong’s hydrology and the region’s
climatic conditions. The productivity of the Delta depends upon regular flooding
cycles not only for crop irrigation but also for soil nutrient enrichment and soil acidity
flushing in the upper and mid-Delta during the wet season as well as for the regula-
tion of salinity intrusion in the lower Delta during the dry season. Pollution, urbani-
sation, hydropower development, and agricultural intensification upstream in the
Mekong might result in increasing water abstraction and flow alterations (Hoanh
et al. 2003; Kummu and Sarkkula 2008; ICEM 2010). Such changes might have
negative impacts on agricultural production, fisheries and ecosystem services
(e.g. the reduction of sediment and nutrition deposition or failures in salinity flushing).
In addition, these stresses have critical effects on freshwater supply for other domestic
uses. Climate change is likely to further enhance these stresses in the medium and
long-term perspective (Chap. 2). In turn, these alterations will also have detrimental
impacts on — not only but particularly — the livelihoods of those inhabitants, who
directly depend on the natural resources in the Delta (Freitag 2003). In addition to
such developments, numerous recent studies have suggested that climate change
and especially the resulting weather variability and sea-level rise will have strong
negative impacts on agricultural production. Next to broad scale assessments on
climate change effect on agriculture in Southeast Asia and Vietnam (e.g. ADB 2009;
Wassmann et al. 2009; IFAD 2009; MONRE 2009; Carew-Reid 2008; Chap. 2),
Nhan et al. (2011) have assessed the impacts of temperature and rainfall anomalies
on rice and shrimp production in the Mekong Delta. They have shown that vulner-
ability levels differ by crops, crop-development stages, cropping seasons, and
regions. However, given the high remaining uncertainties, much is still to be done in
terms of analyzing and projecting the effects of climate change on the Delta’s
agricultural production in detail.


http://dx.doi.org/10.1007/978-94-007-3962-8_2
http://dx.doi.org/10.1007/978-94-007-3962-8_2
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Farmers in the Delta have a long experience in dealing with weather variability,
floods and salinity intrusion. Yet, global climate change will enhance these risks and
result in more frequent and severe impacts, which are likely to seriously challenge
the adaptive capacities of farmers and governmental entities alike (Garschagen
2010a). The national Government has responded swiftly by promulgating the National
Target Programme to Respond to Climate Change (Decision No.158/2008/QD-TTg
issued on 2nd December 2008; see SRV 2008), requiring all sectors to formulate
action plans for climate change adaptation and mitigation at different levels. In addi-
tion, the Ministry of Agriculture and Rural Development has issued a comprehensive
adaptation master plan in 2008. However, the prospect and actual impact of these
policy frameworks has to be interrogated critically (c.f. Garschagen 2010b).

4.3.2 Industrialisation

Overall, the industrial sector plays a major role in Vietnam’s economic development
process. Doi Moi has induced a structural change which was driven by a rapidly
growing industrial sector. The most recent figures show that in Vietnam, industry
accounts for 41% of the GDP, and employs around 20% of the work force (GSO
2011). Spatially, the industrial production is unevenly distributed showing a clear
dominance of the southern part of the country. Nearly 45% of the industrial produc-
tion is concentrated in the South East Region with Ho Chi Minh City as the most
important national economic center, followed by the Red River Delta with the coun-
try’s capital Hanoi with 27%. The third most important industrial region in Vietnam
is the Mekong Delta contributing roughly 10% of the industrial production (GSO
2011). Yet, since the mid-1990s the Mekong Delta was not able to increase its rela-
tive contribution to the overall industrial production of the country. Instead, com-
pared to 1995 the contribution of the Mekong Delta diminished slightly (from 11.8%
in 1995 to 9.9% in 2008). Consequently, the contribution of the industrial sector to
the regional GDP in the Mekong Delta is still far below the respective contribution
at national level, meaning that it can only to a limited extend unfold the potential to
absorb workforce released in the agricultural sector following intensification and
transformation. Currently, around 30% of the Delta’s GDP is generated by industry
(GSO 2011). The most important industrial sector is the food-related industry, espe-
cially the processing of food (from aquaculture, fisheries, rice), the production of
agricultural and aquaculture inputs (e.g. fertilizers, pesticides, seeds, fish feed or
fingerlings) and related industries in equipment and machinery. Besides that, textile
industries and building material production and other rather low-technology manu-
facturing also play a major role.

Within the Mekong Delta, the industrial production is highly concentrated. The
three most important provinces Can Tho (18%), Long An (16%), and Kien Giang
(11%) account for nearly half of the industrial production. Interestingly, the Mekong
Delta is not able to profit from the proximity to Ho Chi Minh City (HCMC) in the
same way as the provinces located north east of the megacity (Figs. 4.9 and 4.10).
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Table 4.3 Industrial output by ownership in 1995 and 2008 in percent

1995 2008
State Non-state FDI State Non-state FDI
Whole country 50.3 24.6 25.1 24.9 34.9 40.3
Red River Delta 60.9 24.5 14.6 229 347 424
Northern midlands and 72.7 15.1 9.2 44.8 41.9 13.3
mountain areas
Northern Central area and 58.6 353 6.1 27.8 51.8 20.4
central coastal area
Central Highlands 343 58.6 7.1 16.4 71.7 11.9
South East 38.8 19.7 41.5 18.3 27 54.7
Mekong River Delta 45.7 46.6 7.7 20.3 64.4 153

Source: own calculation based on GSO (2011)

For example, the relocation of industrial sites due to increasing agglomeration costs
in HCMC (e.g. shortage of serviced land, overcrowded infrastructure, environmental
problems) largely seems to neglect the Mekong Delta. The main reasons for this are
disputed and may vary depending on the industrial sectors and provinces in focus.
However, based on the analysis of other development factors (laid out above and
below), it appears that the main restrictions are to be found in the lack of positive
agglomeration or cluster advantages (such as innovation networks and physical
proximity for intensive interaction), insufficient transportation infrastructure, insecurity
with respect to the availability of qualified work force, comparatively less progressive
local governments, and rather low levels of investment experiences in the Delta,
when compared to the HCMC metropolitan area.

As in the rest of Vietnam, the ownership structure of industrial enterprises under-
went a drastic change due to Doi Moi reforms. In 1995 nearly half of the Delta’s
industrial output was still contributed by stated-owned enterprises. Yet, by 2008,
this share had diminished to roughly 20%. Instead, the domestic private sector
gained in importance and represented 64% of the industrial production (see
Table 4.3). Although the Mekong Delta received only 3.1% of the registered non-oil
foreign direct investments during 1988 until 2006, foreign companies’ share in the
industrial production has reached 15% in 2008 (see Table 4.3).

The trends presented above demonstrate that the industrial development falls
behind earlier expectations formulated in development master plans for the Delta after
Doi Moi. The advantageous conditions of the Mekong Delta at the beginning of the
transformation process were not able to initiate a substantial structural change towards
industrialization and modernization of the production system. In order to prosper in a
sustainable and competitive way compensating for the afore-mentioned challenges in
the agricultural sector, the Mekong Delta has to deal with a number of tremendous
challenges in the field of industrialization. These challenges are closely interrelated.

Firstly, the potential of the private sector to act as engine for industrial development
has not yet been tapped sufficiently. Besides the positive impact of the private com-
panies in terms of industrial output and job creation, most of these companies
remained operating at a low level of technology and without sufficiently exploiting
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potential economies of scale (Khoi et al. 2008). Compared to the rest of the country,
the majority of private companies are very small in terms of employment and regis-
tered capital. In 2008 around 33% of the private companies had less than 5 employees
(35% in 2002) and 40% of the companies had less than 1 billion VND registered
capital (80% in 2002) (GSO 2010c; Khoi et al. 2008). Several studies confirm that
private companies face problems getting financial support from the government and
from credit institutions. Private companies often have to face a lot of red-tape
processes when trying to obtain land use rights — which they can then also use as
collateral for bank credits. According to Khoi et al. (2008: 20) “land issues remain
one of the biggest challenges for private companies”.

Secondly, the further development of human capital is crucial. Not only would
the qualification of the work force need to be improved. Even the education of the
business owners would deserve increased attention, especially in the field of man-
agement skills. As indicated above, the general educational level in the Mekong
Delta is falling behind the national level. Only 9.7% of the population aged 15 and
over have undergone and completed a vocational or professional training, represent-
ing by far the lowest value in the entire country (with the national average being at
17.6%) (GSO 2010b: 11). Taylor (2004) notes that there are nevertheless multiple
rather informal mechanisms for transferring relevant education, e.g. through com-
munity schools within ethnic minority groups or through day-to-day training
within family businesses. Yet, it can be argued that the knowledge and training
communicated there primarily supports and reinforces the low-profile industrial
production systems, i.e. small enterprises, often lacking sufficient innovative
potential and economies of scale. Attracting substantial domestic and foreign
investment would, however, require an increase of available work force which has
undergone more formalized and standardized education and training which links
to broader standards and expectations.

Thirdly, the level of technology and innovation would need to be upgraded. As
assessed by the first Vietnam Competiveness Report in 2010 the agro-processing
cluster in the Mekong Delta is characterized by agricultural exports largely
comprising unprocessed or semi-processed goods which have low value added
(Ketels et al. 2010). Besides the weak human capital base, financial capital con-
straints hinder the companies to buy new technology. Consequently, the local com-
panies remain rather passive when it comes to innovation. So far, learning from
multinationals is also limited due to the small number of foreign investors in the
Mekong Delta. Existing research and development (R&D) institutions would need
to further enhance their capabilities in order to produce good and applicable research
output (Chap. 15). In general, it can be observed that cooperation between — on the
one hand — different companies for supply, processing, or trading with — on the other
hand — research institutions, banks, and administrative organisations, is still in its
infancy. Yet, such clusters can be considered the precondition for developing
regional innovation systems. Incubators would, hence, need to be developed and
exchange and synchronization between different actors fostered.

Forth, investments in physical infrastructure are needed. Today, the Mekong Delta
has a large network of rivers and canals which for decades have been by far the


http://dx.doi.org/10.1007/978-94-007-3962-8_15

4 Socio-Economic Development in the Mekong Delta. .. 115

most important backbone for transportation. Extended most progressively — but not
exclusively — by the early settlers, the French and later the re-unified national
Vietnamese government as well as international donors, this network has over the
centuries catered for multiple purposes including in particular military control, irri-
gation, drainage, domestic fresh water supply and last but not least transportation.
Until today, the network has grown to include almost 15,000 km of main and primary
canals, around 27,000 km of secondary and 50,000 km of tertiary canals (SIWRP
2010: 15). Together with the natural rivers, the main and primary canals provide over
25,000 km of transportation lines for heavy weight cargo vessels. There are an esti-
mated 500,000 mid-sized and large vessels (i.e. with a dead weight tonnage of at
least 1 ton) operating in the Delta every day (Look At Vietnam 2009a).

However, in the recent decades, notably since Doi Moi, water transportation
and the entire orientation of societal and economic activity has been experiencing
a progressive shift away from rivers and canals and towards roads (c.f. Taylor
2006). While bulk goods such as food staples or construction materials are still
largely transported on water ways in the Mekong Delta — in fact with an increase
of 177% between 2000 and 2008 — there is drastically increased demand for road
transportation from the more diversified emerging industrial sectors which need
fast, direct and decentralized transportation of input factors and produce. The
amount of goods transported on the Delta’s roads, hence, increased from 11 million
tons in 2000 to over 23 million tons in 2008 (GSO 2011). Additionally, motorized
road passenger transportation has been increasing rapidly over the last years since
it has become affordable to a growing number of people and is in general much
faster and more convenient than travelling by boat.

As a result, the road network has increasingly become strained beyond its
capacities since infrastructure development and upgrading has not been able to
keep pace with the rocketing demand and has been suffering from poor manage-
ment and planning as well as from insufficient financial means (World Bank
2006). Substantial infrastructure development programmes have therefore been
planned and partially implemented over the last years. In 2010 a new bridge cross-
ing the Hau River at Can Tho City has been opened, now allowing crossing the
Delta from Ca Mau to Ho Chi Minh City without time-consuming ferry crossing.
A second East-West corridor connecting Rach Gia and Ho Chi Minh City with a
highway has been proposed by the Asian Development Bank, yet if and when
such a project will be approved and implemented is far from certain at the time of
writing. Also the opening of Can Tho Airport in 2010 and Ca Mau airport in 2004
increase the Delta’s connectivity particularly with respect to business and confer-
ence travelling.

However, it remains arguable if these infrastructure upgrades provide sufficient
and reliable interregional connections to the dynamic growth centres, notably
Ho Chi Minh City, but also Phnom Penh in the north. Yet such connections are cru-
cial for accessing, among others, markets, human capital, and research institutions
and for introducing more diversified production modes targeting higher value add-
ing (such as just-in-time-production with dense networks of contributory producers
and consumers). This holds particularly true when considering the need for better
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connections between growth centers within the Mekong Delta in order to foster
endogenous development potential. If the realization of the agro-processing cluster
is envisaged, a network between relevant stakeholders such as farmers, traders,
manufacturers, retailers, exporters and other service providers will need also
improved physical connection between them allowing for face to face communication
and trust building.

In addition to these transportation considerations, the amount and particularly
the quality of industrial zones would need to be enhanced in the Mekong Delta.
So far, 61 out of the 550 Vietnamese industrial zones were established in the Mekong
Delta provinces. In general, industrial zones aim at fulfilling two basic functions.
Within a well designed industrial policy scheme, industrial parks could help to
coordinate industrialization processes in the Mekong Delta. However, as the Delta
also represents a vulnerable ecosystem, industrialization cannot take place everywhere.
Aspects like emissions, wastewater, availability of suitable land and freshwater need
to be considered for a sustainable industrialization process alongside other eco-
nomic factors such as the availability of capable work force and transport infrastructure.
Another function of industrial zones is to provide necessary preconditions for production.
As the overall quantity and quality of the infrastructure in the Mekong Delta is still
low, industrial parks offer basic infrastructure for companies like energy and water
supply, road connectivity, etc. But, as stated in the Vietnam Competitiveness Report
“[to] date, industrial parks just play the role of an industrial estate solution rather
than a platform for forming clusters” (Ketels et al. 2010: 91). Industrial zones will
only be successful in the long run if they fulfill the needs of the companies, either
local or foreign ones. Especially the local private actors with their weak financial
background need special support for moving into industrial parks or for establishing
entirely new enterprises under incubator conditions. A stronger enforcement of
regionally synchronized industrial clusters in the Mekong Delta appears essential in
this context in order to achieve the most efficient use of resources and the strongest
agglomeration of attractive potential.

4.3.3 Migration

The role of migration for socio-economic development is heatedly debated — not
only in the Mekong Delta — since migration can imply opportunities as well as bar-
riers to the development of specific locations and larger regions as a whole. Migration
can be the cause or result of transformation processes — or both simultaneously. It
can take various forms ranging from temporary to permanent, from within a com-
mune or district to cross-regional or even international migration, and from single
persons to entire households or even communities. Migration usually results from
the interaction between push and pull factors as well as between externally ‘forced’
and internally aspired drivers (c.f. Zhang et al. 2006).

Migration has always played an important role for the Mekong Delta, facilitating
its colonisation and cultivation, influencing its ethnic composition and political
affiliation, interfacing with its numerous wars, cumulating in large-scale resettlement
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programmes, and affecting social and economic development. After centuries of
changing demographic influence and political rule of particularly the Funan king-
dom and later the Khmer empire, Kinh (or Vietnamese) settlements began to expand
southwards into the Mekong Delta since the seventeenth century under the Nguyen
dynasty. These migrants thereby boosted the previously sparse settlement of the
Delta and expedited its agricultural opening, notably through the trenching of drain-
age canals (Biggs 2004; Miller 2003). Subsequently to France’s Cochinchina cam-
paign in the 1860s, the Mekong Delta became a centrepiece of France’s first colony
in Vietnam. This resulted in high migration activity in the Delta, taking various
forms, but being mainly the result of the changed political and economic profile, in
turn affecting the type and geographical distribution of work force (Zhang et al.
2006). During the Second Indochina War,” armed conflicts in large parts of the Delta
led to substantial population movements, particularly from the countryside into
urban areas or so-called ‘strategic hamlets’ of the South-Vietnamese forces (Dang
et al. 1997; Thrift and Forbes 1986). The first decade following the war was charac-
terised by the extension of socialist resettlement programmes to the South, pushing
for rustication or de-urbanisation (often coupled with ‘re-education” measures) and
population resettlement into new economic zones (Zhang et al. 2006). Such policies
were backed by the household registration system (ho khau) which had been devel-
oped in Northern Vietnam from the mid-1950s following the Chinese model of hu
kou. The implementation of the resettlement programmes, however, remained below
the envisaged results mainly due to restricted livelihood prospects and the risk of
depreciating social networks (Desbarats 1987; Zhang et al. 2006: 1073) as well as
due to the fact that the ho khau-system was not realised stringently in the South of
Vietnam (Hardy 2001). Following the initiation of Doi Moi-reforms, migration in
Vietnam and the Mekong Delta has become more dynamic and multifaceted. The
most important changes facilitating increased migration were the decollectivisation
of land, progressive individualisation in land tenure, the easing of the household
registration system, increased economic growth, increased regional disparities, and
soaring rural underemployment due to agricultural intensification and land use
transformation.

Over the last years, the Mekong Delta has experienced a drastically increasing
trend towards cross-regional out-migration, particularly into the South-Eastern
Region including Ho Chi Minh City (Fig. 4.11). According to a national survey
in 2009, 46 out of 1,000 inhabitants of the Delta had out-migrated within a five
year period prior to the survey, which amounts to a total of 734,000 people. With
only 70,000 people migrating into the Delta over the same period of time, the
Delta experienced a net-migration rate of —42 per 1,000 inhabitants, equalling to
roughly 664,000 people. Ten years earlier, at the census of 1999 the figure had
been only 144,000, translating into a net-migration rate of —10%. (GSO 2010a:
80). This means that the Mekong Delta is not only Vietnam’s region with the
highest out-migration rate and the highest deficit in terms of net-migration. It is

"The Second Indochina War is in the West better known as the Vietnam War and in Vietnam as the
American War.
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also the region with by far the largest increase in net-migration deficits when
compared to the survey of 1999 (increasing more than four-fold). In this way, the
outmigration of the Mekong Delta contributed heavily to the overall national
trend of increasingly dynamic migration with the strongest growth observable in
inter-regional migration (GSO 2010a: 76). The vast majority — roughly 97% — of
the inter-regional out-migrants from the Mekong Delta migrate to the Southeast,
notably Ho Chi Minh City in search for employment while remaining relatively
close to their home provinces (GSO 2010a: 81). Within the Mekong Delta, Can
Tho City is the only province experiencing net in-migration, while many of the
Delta’s other more rural provinces experience some of the highest provincial net
out-migration rates nationwide, notably Ben Tre (-67%c), Tra Vinh (—61%o),
Ca Mau (—=57%o) and Vinh Long (-52%0) (GSO 2010a: 82).

The role of the strong out-migration for the development of the Mekong Delta is
highly disputed. On the one hand, it results to a large degree from the profound
economic transformation processes in the rural and agricultural provinces. As laid
out in the sections above, these processes have forced many farmers into landless-
ness and have, additionally, released high numbers of on-farm work force due to
intensification or shifts towards less work-intensive production (e.g. from rice to
aquaculture). For such households, migration — of either some household members
or the entire household and either seasonal or permanently — can be understood as
one of the major strategies to cope with such unfortunate conditions. Seen from this
perspective, migration is often considered a manifestation of undesirable develop-
ments. On the other hand, Zhang et al. (2006) remind us that migration decisions
are not necessarily perceived negatively as much of the conventional view suggests
(p. 1078). Rather, migration is often perceived as a positive opportunity to improve
the living conditions or to support the livelihood of household members, for exam-
ple, through the transfer of remittances. When farmers in the Mekong Delta are
being asked for their aspirations or dreams for the future,® one of the most promi-
nent answers is the wish that their children should have a life with better living and
income-earning conditions, often explicitly mentioning migration to economically
more promising regions as envisaged means. Already today, remittances are a
significant factor for fuelling livelihoods in the Mekong Delta. Even though statis-
tics on inter-regional remittances within Vietnam are sparse, figures on interna-
tional remittance flows indicate the strong potential they have in terms of
socio-economic development. In 2004, the Mekong Delta received 22% of the total
inbound remittances from overseas Vietnamese (Pfau and Long 2006), amounting
to some 704 million USD (own calculation based on Thao et al. 2008: 15). With the
national figure having risen from 3.2 to 7.2 billion USD between 2004 and 2010
(World Bank 2011) and with the Delta accounting for a growing share compared to
the other regions within Vietnam, the importance of remittances is very likely to
have even increased since then.

8This has, for example, been done in an organized manner within the framework of the WISDOM
project, by conducting semi-structured as well as standardized household interviews with roughly
1,000 farming households in Can Tho City, Dong Thap and Tra Vinh (Birkmann et al. 2010b).
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4.3.4 Urbanisation

Urban centres and increasing urbanisation in the Mekong Delta can be understood
as simultaneously being a key driver and a prime manifestation of socio-economic
transformation and development. The Delta’s major urban centres such as Can Tho,
Long Xuyen, My Tho, Vinh Long or Rach Gia are nodal points for processing and
trading the Delta’s agricultural produces but also for political administration as well
as social and cultural functions. Furthermore, industrial zones can be mostly found
in the outskirts of such cities along the main transportation veins.

The prospects for non-farm income generation and higher living standards in
urban areas in combination with adverse conditions for specific population groups
in the countryside have provided push and pull factors for driving-up urbanisation
throughout several phases of the Delta’s more recent history. As indicated above,
the de-urbanisation targets after the end of the Second Indochina War® and the
re-unification could only partially be met in the South. This is due in particular to
the fact that many farmers who had been forced evacuees during the war had gotten
used to life in the cities and did not want to resettle back to the countryside due to
high uncertainties and the harsher living conditions there (Turley 1977). In addition,
the later Doi Moi reforms provided institutional changes for propelling rural-urban
migration in the Delta. This is due, firstly, to the gradual abolishment of the ho khau
registration system (see above) — the introduction of which had been greatly driven
by the intent to limit rural-urban migration. Secondly and in parallel, the increasing
demand for formal as well as informal labour force in the growing urban economies
attracted labour migrants. Thirdly, in combination with the previous points, the agri-
cultural intensification and restructuring provided increasing numbers of farmers
who had lost their land and/or livelihood base and were ready to migrate into urban
areas (compare section above).

Overall, it has been argued that the urban areas in Vietnam have benefited more
strongly from the economic growth than their rural counterparts, resulting in spatial
disparities in living conditions which are widening particularly since Doi Moi
(Luong 2003; Revilla Diez 1999). While these observations are especially true for
comparing HCMC and the lesser developed rural provinces of the South, similar
rural-urban disparities can also be observed within the Mekong Delta. In 1997/98,
the annual mean real income per capita’ in the Delta was 8.2 million VND in urban
areas compared to 2.7 million in rural parts, meaning that the mean urban income
was three times higher than the rural income. Similar differences can also be found

°The income was in the Viet Nam Living Standard Survey 1997-1998 calculated as the combina-
tion of agricultural income; non-agricultural income; formal wage and salary; income from pen-
sion, subsidies and scholarships; rents, loan interests and other income sources (GSO 2000b:297).
Income has been adjusted with rural and urban price levels to derive real income levels. The authors
of the survey argue that urban incomes may even be an underestimate due to the avoidant responses
with respect to other sensitive income sources prominent in urban areas (GSO 2000b: 299).
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Fig. 4.12 Urban and rural poverty rates in the Mekong Delta (Source: own draft based on GSO
2000b: 289)

with regards to poverty rates and the reduction thereof. While the Vietnam living
standard survey of 1992/93 found 25% of the Delta’s urban population in general
poverty'’ (compared to 52% in the Delta’s rural areas) and 8% in food poverty (20%
in rural areas), the figures had fallen to 15% and 4.5%, respectively, in the year
1997/98 (with the rural figures at 42% and 13% in that year) (compare Fig. 4.12;
GSO 2000b: 289).

As a result, the Mekong Delta’s substantial urbanisation since Doi Moi and
particularly since the 1990s has been mainly fuelled by rural-urban migration (Sang
2007). While in 1995 around 2.4 million inhabitants of the Delta were living in
areas classified as urban,'' the figure has risen to 3.9 million in 2009 (GSO 2011).
This equals an increase in the share of the Delta’s urban population from 16% to
23% over the same period of time, compared to a national average of 21% and 30%,
respectively. Although these figures mirror the accelerating drive towards urbanisa-
tion, they also represent the remaining agricultural (and rural) dominance in the
Mekong Delta.

This strong urban growth has in most of the Delta’s cities exceeded the capacity
for adequate infrastructure planning and development, particularly after the war and
during the early post Doi Moi years (Coulthart et al. 2006; Lang 2006). In addition,
the political cadres and administrative staff who had after the re-unification been
appointed to manage and plan the Delta’s urban centres were not sufficiently

1°The general poverty lines for those years were 1,160,410 VND for 1992/93 and 1,789,871 VND
for 1997/98. The food poverty line was 749,722 VND for 1992/93 and 1,286,833 VND for 1997/98
(GSO 2000b: 260).

""The demarcation of rural vs. urban areas is in Vietnam regulated by legislation on classifying
administrative units (Decree 15/2007/ND-CP, issued in January 2007). According to this legisla-
tive framework, provinces and districts are graded into different levels, depending on their popula-
tion size, land use profile, and particularities such as special service functions or population
density.
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experienced and equipped to integrate the increasingly unleashed market forces
with the socialism-oriented administration norms. As a consequence, insufficiently
integrated planning, a neglect of socially inclusive urban development and an
insufficient legal framework for regulating land speculation can until today be con-
sidered the main institutional challenges for sustainable urban development in the
Delta (see for parallels to the national level also van Etten 2007; Kim 2011; Yeung
2007; Laquian 1996; McGee 2008: Smith and Scarpaci 2000). If not responded
to adequately, these challenges could jeopardise the Delta’s urban development
progress of the last years.

The current master plan on the socio-economic development of Can Tho City until
2020, for example, envisages three major industrial zones for the city, despite the fact
that the management board currently faces substantial difficulties in even finding
sufficient capital investment for the existing zones. And even more industrial zones are
planned in the neighbouring provinces, for example, in Hau Giang just next to Can
Tho City. Integrated and demand-oriented planning seems to have been neglected. The
single provinces — or even districts within single provinces — are rather competing
against each other, thereby, running the risk to waste resources and remain — as a region —
behind the attractive potential of other regions.

In addition, the case of Can Tho illustrates how the virtually uncontrolled real
estate speculation has become one of the major challenges for sustainable urban
development. The master plan of Cai Rang district — one of the most dynamically
developing peri-urban districts of Can Tho City — sets out to establish new housing
units for 120,000-150,000 new inhabitants until 2025 (with the current population
of Can Tho’s urban core amounting to roughly 350,000 people). Yet, due to
insufficient planning as well as thriving — poorly regulated — real estate develop-
ment, the currently planned and permitted projects of private developers amount to
providing residential units for 278,000 people (Willets et al. 2010: 11). Most of the
land earmarked for this development has already been cleared and the original pop-
ulation resettled — leading to major livelihood challenges for the affected population
and to the conversion of otherwise productive agricultural land (Garschagen et al.
2011). However, whether the envisaged projects will prove economically sustain-
able or will even be implemented currently remains questionable due to a diver-
gence between rocketing price levels and actual demand profiles. The vast majority
of projects are designed to target the upper middle class segment — implying corre-
sponding price levels. Yet, rural-urban migrants — who are most likely to contribute
the bulk of Can Tho’s future population growth — are rather in need of affordable
housing in the lower price segments (for parallels to the national situation, see Yip
and Tran 2008). In addition, the current master plans only cater for a very limited
number of state-subsidised social housing schemes, mainly for university students.
Hence, the vision of developing Can Tho into an economically prosperous urban
centre with a rapid increase of mainly upper and middle class population does not
seem to match some of the major dynamics in terms of demography and migration.
Climate change induced environmental change in the Delta’s rural areas may in
future even amplify this divergence since it is likely to contribute to driving up the
number of migrants — misleadingly often referred to as environmental refugees
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(see for a detailed discussion on contested terminology Dun and Gemenne 2008;
Renaud et al. 2007, 2011 and for flood triggered migration in the Mekong Delta
Dun 2011). The majority of these migrants will probably not be able to enter into
the currently developed housing market and will likely have difficulties to find
infrastructures meeting their needs. In addition, climate change will increasingly
uncover the shortcomings resulting from the insufficiently integrated and static sys-
tem of urban planning and management with comparatively high barriers to innova-
tion (Garschagen 2011; Garschagen and Kraas 2011; Birkmann et al. 2010a).

4.4 Conclusions and Outlook: Navigating Towards the
Realisation of Opportunities

The above analysis has attempted to sketch out the main dynamics of and drivers for
socio-economic development in the Mekong Delta, particularly since Doi Moi.
Transformations in the agricultural sector have played a central role for overall pov-
erty reduction and economic growth. Yet, they also propelled socio-economic dis-
parities, expressed particularly in income inequalities and high incidences of
landlessness. The most important factors for this development have been the shift
towards market oriented and de-collectivised production systems, substantial
intensification and changes in land use and production modes, notably towards
aquaculture. Growth in the industrial sector has predominantly been related to food
processing industries. However, the gains in value adding as well as the develop-
ment of other industrial sectors have remained below the expectations. The com-
paratively low profitability and high livelihood insecurity'? in the agricultural sector
coupled with insufficient industrial growth have led to significant outmigration,
most importantly directed towards the thriving economic development in and around
Ho Chi Minh City. Urbanisation in the Mekong Delta has been important not only
for providing central places with social and cultural functions (such as health care
and higher education) but also for facilitating economic growth and the transition
towards the secondary and tertiary sectors. Yet, this transition has remained below
expectations. Social inequalities and a lack of integrated cross-sectoral and inter-
provincial urban planning pose challenges for sustainable urban development in the
Delta and hamper the full exploitation of the urban potential.

2The Government of Vietnam has recently launched a pilot project to reduce livelihood insecurity
amongst agricultural producers. This policy project sets out to provide, test and adjust agricultural
insurance against losses due to natural hazards, epidemics and pest outbreaks in seven pilot prov-
inces in the country, including An Giang and Dong Thap in the Mekong Delta. (Decision 315/2011/
QD-TTg, see SRV 2011). While such initiatives are in general heading into the right direction, the
new policy has already been criticized for linking the access to insurance to too rigid production
guidelines for cultivation and breeding, which necessitate very capital intensive production, thus
discouraging many farmers from subscribing (Vietnam News 2011; Vietnam Business News
2011). The long term success of such policy and insurance models has therefore to be seen.
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Altogether, the analysis has pointed towards the opportunities as well as
challenges and barriers for a more progressive and sustainable development of the
Delta — and through its economic and demographic importance to the develop-
ment of Vietnam as a whole. On the one hand, the Delta is still seen to play a
major role for securing the food security not only of the country but also more
regionally. In addition, the (mostly agricultural) export revenues generated in the
Mekong Delta make an important contribution to the national trade balance.
Moreover, providing prospects for socio-economic development to the population
in the Mekong Delta can reduce out-migration, which is hoped to work towards
achieving the political aim of the central government to limit the growth of
Vietnam’s urban centres beyond control, notably of the emerging mega-city Ho
Chi Minh City (see the national strategy for the development of urban centres to
2020, Decision 10/1998/QD-TTG). In accordance with these considerations, the
Delta is likely to receive continued political attention and commitment, particu-
larly from the central level.

On the other hand, the Mekong Delta has been underperforming in terms of
profitability and economic value added — particularly in the industrial and agricul-
tural sectors — and it lags behind the expected progress in terms of social develop-
ment. The potential for socio-economic progress is only insufficiently capitalised
on, which is to great extent due to flaws in the institutional framework conditions
with respect to, for example, economic stimuli, educational systems, socio-economic
planning mechanisms, and land or housing markets. In addition, the Delta increas-
ingly has to face intensifying or emerging challenges in the fields of ecosystem
degradation, international competition, and climate change. Due to the strong
intensification of agricultural practices, environmental degradation poses a serious
threat to the long-term economic sustainability of agricultural production in the
Delta (Ni et al. 2001). Such degradations include, for example, the disruption of
natural nutrient replenishment, the contamination of water bodies with excess
agrochemicals, or soil salinization due to poor hydraulic management (Chaps. 13
and 14). On top of this, the Mekong Delta is highly exposed to the projected effects
of climate change, most notably sea level rise, changing precipitation patterns and
increasing typhoon activity, resulting in increased risk of flooding and extended
salinization (e.g. MONRE 2009; Carew-Reid 2008; Dasgupta et al. 2007; Delgado
et al. 2010; Chaudhry and Ruysschaert 2007; Wassmann et al. 2004; Garschagen
2010a). These effects could soon become a serious threat not only for agricultural
production but also for cities and industrial premises which are — due to infrastruc-
ture reasons — often located along the Delta’s costs and riverbanks or in exposed
flood plains (Birkmann et al. 2010a; Garschagen 2009). This calls for more strate-
gic and regionally integrated spatial planning in future, defining priority areas for
protective infrastructure and land use transitions. Yet, recognising and debating
also the financial, physical and cultural limits of climate change adaptation in the
Mekong Delta will be necessary.

Furthermore, the Delta faces challenges with respect to demographic and social
transformation processes. Notably the expected further urbanisation needs to be
managed in a socially inclusive manner accommodating in particular the needs of
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resource-poor labour migrants. Attention also needs to be paid to the increasing
social and ethnic disparities in the Delta in order to foster inclusive development and
avoid the solidification of less progressive groups whose potential for contributing to
the wider socio-economic development is not tapped. The provisioning of adequate
social infrastructure is of key importance in this context, notably with respect to
education, housing, health and transportation infrastructure.

In order to negotiate these challenges and to realise the development potential of
the Delta increased attention needs to be given to integrated and anticipatory plan-
ning and management that synchronises not only horizontal and vertical administra-
tive units but also mediates between the interests of different governmental and
non-governmental stakeholders, notably state agencies, the population and private
investors. In order to use public investments more efficiently and to establish stronger
attractors for domestic and international investment, medium- and long-term economic
planning needs to strengthened on a regional (i.e. Delta-wide) scale. The current
competition for resources between different governmental sectors as well as between
single provinces and districts may lead to a sharpening of specific local profiles,
however, it also leads to a rather fragmented economic landscape and — from a
broader perspective — to insufficient use of resources. From a regional economic
policy perspective, it seems that the concentration of economic activities in the
larger cities of the Delta needs to be fostered in order to create positive agglomera-
tion effects for the local businesses and households. In this context, the Delta prov-
inces should also strive for benefiting more intensively from the proximity to the Ho
Chi Minh City. It is striking that so far the Mekong Delta has been benefiting much
less from this proximity than the provinces north and east of the metropolis.
Increasing negative agglomeration effects are likely to trigger a considerable reloca-
tion of economic activities out of Ho Chi Minh City which can potentially foster the
economic development of the Mekong Delta — if the institutional conditions are
provided. The recently approved Construction Master Plan for the Mekong Delta to
2020 and Vision to 2050 (Government Decision 158/2009/QD-TTg) foresees a
multi-polar structure with a number of growth hubs throughout the Delta. Yet, there
is reasonable concern that this will remain a visionary plan which shows impressive
intentions but has limited prospects for implementation.'* This is because the insti-
tutional mechanisms for more integrated regional (i.e. cross-provincial) planning
are not provided or insufficiently enforced — hence, not tackling the aforementioned
fragmentation of planning at provincial and even district level.

In addition, socio-economic planning for the Delta needs to be less driven by idea-
lised visions of the future — as can be observed in current socio-economic master plans
and sector specific master plans — but deserves thorough integrated scenario planning
across different scales. Such planning needs to be based on actual needs assessments
and projected trends in demographic and economic patterns in a liberalised economy
and society. For instance, the above indicated link of to-be-expected labour transition,
rural-urban migration and urbanisation needs to be acknowledged and translated

3Such plans are locally often referred to as quy hoach treo.
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into adequate policies and action with respect to infrastructure development. The
necessary implementation of public social housing schemes is one of the most press-
ing issues in this respect. Another instructive example is the link between the poor
performance in terms of education or vocational training and slow progress in indus-
trialisation and value adding. From a systemic point of view, the provisioning of rel-
evant education and training would over the next decades be needed in order to absorb
such work force which is increasingly losing its livelihood base in agricultural produc-
tion. In addition the educational system needs to be designed in a way that it supplies
the required highly qualified work force, allowing the Delta to climb up the ladder of
industrial value added. Special attention needs in this respect to be given to the remain-
ing inequalities, particularly with regards to the comparatively poorer educational
performance of the Khmer ethnic minority and of women. Institutional barriers in
the field of education need to be overcome through, for example, multi-language
approaches and family support policies targeting young women.

Furthermore, the economic security and profitability of small and mid-sized
farming households deserves to be enhanced through improving the institutional
framework conditions. This could, for example, include improved access to capital
from state-owned banks, a decrease in the role of land title as collateral requirement,
tighter regulation on land speculation to limit the rapid growth of land prices, foster-
ing public support and assistance for the diversification of production, or installing
stronger mechanisms to buffer price fluctuations at a larger scale. Also the paradigm
of producing large quantities of high yield agricultural goods — driven by the deeply
rooted paradigm for food security — would deserve some critical rethinking. Given
that the Delta and Vietnam have for long been a large net-exporter of foodstuffs,
export revenues from the agricultural sector could today be drastically increased by
focusing on more diversified production aiming at high quality products and, hence,
higher price segments and revenues. Besides the envisaged diversification in agricul-
tural production, more emphasis has to be paid to higher value added activities in
food processing and other industrial sectors. Business promotion needs to be much
more oriented towards the strengthening of local private companies in order to make
full use of the endogenous development potential. So far, private companies remain
rather small and operate on low levels of technology.

Such cases illustrate the need for fostering integrated and future-oriented plan-
ning and management, in order to shape institutional framework conditions that
allow for converting the socio-economic potentials of the Delta into comprehen-
sive economic and socially inclusive progress. Particularly the fields of agricul-
tural transformation, industrialisation, migration, and urbanisation and the links
between them deserve increased attention in this respect. The main challenge in
this context is to improve the fit between — on the one hand — the thriving and con-
tinuing liberalisation, privatisation and global integration of economic activity in
the Delta with — on the other hand — the established governmental planning and
administration system which is not only overstrained in terms of resources but is
also still based heavily on top-down management paradigms coupled with poor
horizontal and vertical synchronisation and limited experience with respect to
steering the flourishing market forces.
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Chapter 5
IWRM for the Mekong Basin

Florian Moder, Claudia Kuenzer, Zengrang Xu,
Patrick Leinenkugel, and Bui Van Quyen

Abstract The Mekong Basin is facing its most pronounced human induced changes
in history. Development on the river’s mainstream, climate change, and economic
growth of the riparian countries are taking a toll on the highly sensitive aquatic
ecosystems and affect the livelihoods of millions of people in the region. Integrated
Water Resources Management (IWRM) can provide a holistic approach to address the
emerging challenges in the Mekong Basin. However, transboundary discords between
the riparian countries, scattered responsibilities at national levels, power asymmetries,
and the absence of legal frameworks and commitment to an IWRM approach at a
basin scale make it difficult to implement a strategy that ensures a stable economic
growth, sustainable management of natural resources as well as social well-being.
On the other hand almost all riparian countries of the Mekong have the potential for a
positive economic growth and progressing technical development in the next years.
If this development is framed by an appropriate ecological awareness the Mekong
Basin could develop in an ecologically and socially sustainable manner.
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5.1 Basics of Integrated Water Resources Management

5.1.1 Brief History

The first “Integrated Water Resources Management” (IWRM) approach was developed
and implemented by the Tennessee Valley Authority in 1933. It combined naviga-
tion, flood control, and power production with erosion control, recreation, public
health, and welfare. It already comprised many components of the current under-
standing of IWRM, such as the combination of natural resource utilisation with the
economic, social, and environmental needs. The IWRM approach was further
shaped during the United Nations Conference on Water, which was held in Mar del
Plata, Argentina in 1977, some 40 years later. The conference clearly addressed the
issue for a better coordinated approach within the water sector by assessing the
status of water resources, the need to increase water sufficiency and to develop
concepts to avoid a global water crisis before the end of the twentieth century.
The coordination of the water sector was seen during that time as a clear task of
national governments, assisted in financial terms and on technical issues by bilateral
or multilateral donors.

Another important conference was the 1992 Dublin conference in Ireland.
This conference set the basis for the current understanding of IWRM, acknowledg-
ing that the management of water resources is an integral part of a nation’s social
and economic development and that maintaining healthy water ecosystems is essen-
tial for sustainable water management. The conference finally issued four “Dublin
guiding principles” which are still applied today ICWE 1992:1). The “Dublin guid-
ing principles” acknowledges that water resources are finite, vulnerable, and are
essential to sustain life, development and the environment. Water development and
management should be based on a participatory approach, involving users, planners
and policymakers at all levels. The principles identify the outstanding role of women
in the provision, management and safeguarding of water resources. The last state-
ment of the declaration recommends that water has an economic value in all its
competing uses and should be recognised as an economic good. The fourth principle
is subject to intensive debates, which have lasted for years and are far from being
closed, since basic human right suppose considering water as acommodity. However,
the four Dublin principles built the foundations for the Agenda 21 resolution in Rio
de Janeiro in1992 during the United Nations Conference on Environment and
Development (UNCED) (Rahaman and Varis 2005). In Rio de Janeiro a fifth
principle was added, stating that integrated water resources management is based
on the equitable and efficient management and sustainable use of water. All five
principles are referred hereafter by the “Dublin-Rio Principles”. Several other con-
ferences followed the Dublin conference, such as the Second World Water Forum
and Ministerial Conference in the Hague in 2000, the International Conference on
Freshwater in Bonn in 2001, the World Summit on Sustainable Development in
Johannesburg in 2002 and the Third World Water Forum in Kyoto in 2003 and the 5th
one in Istanbul in 2009. All these conferences had in common the acknowledgement
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that the role of stakeholders had to be strengthened and emphasized the need to raise
awareness and the importance of sustainable water management

Looking at the history of the last 100 years, water management experienced a
transition from a partly implicit integrative and rather sectoral water management
approach, considering the resource “water” as isolated, towards an explicit water
management approach as given by the definition of IWRM as a systematic process,
influencing environmental, social and economic issues. All components of this
process are linked to each other and have complex dependencies. Realizing the
complexity of water management by approaching it holistically, the effects of water
management on economy, society and ecology were acknowledged. Therefore,
water resources management has the potential to induce economic, social and
ecological changes. All different social, environmental, and economic constraints
have to be considered equally in the context of IWRM to achieve sustainability and
to gain a proper balance between the different needs and user groups of limited
resources.

5.1.2 Definition of the Term IWRM

Proper management of water resources sets the basis for sustainable economic
growth as well as environmental and social well-being. The management of IWRM
has to be understood in this context in a wider sense. It accentuates the need for the
management for a sustainable and long term development of water resources by a
more comprehensive approach. This means that IWRM has to integrate land cover,
aquifers, surface water, as well as coastal areas and other natural resources. All of
these components are dependent on each other through the water cycle, so that
changes of one component will have effects on others. Therefore, a proper risk
management is necessary in order to respond and mitigate future changes and disas-
ters on an even unknown and unpredictable scale. Management of water resources
can therefore never be described as a static approach, since water resources and its
dependencies are too complex. New aspects in the context of IWRM emerge and
disappear over time, such as new technologies, new socio- economic structures, as
well as changing environmental conditions. The management of water resources
must consider these uncertainties, handle them properly and in the best-case
approach, provide forward-looking solutions Therefore, IWRM is described as
an open end process, developing in a spiral manner over time (UNESCO 2009).
Risk mitigation and adaptation play a crucial role.

Several attempts to define the term “IWRM” have been undertaken, the most
acknowledged definition had been given by the Global Water Partnership (GWP).
GWP defines IWRM as “a process which promotes the coordinated development
and management of water, land and related resources, in order to maximize the
resultant economic and social welfare in an equitable manner without compromising
the sustainability of vital ecosystems” (GWP 2000). The definition clearly mirrors
the commitment to the Dublin-Rio Principles.
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5.1.3 IWRM in Transboundary Basins

Implementing IWRM for rivers makes it necessary to choose appropriate geographical
and hydrological units in order to meet the holistic approach of IWNRM. The basin
level as the coarsest unit in terms of geographical and hydrological characteristics
of a river is one of the most evident unit. This was confirmed in the United Nations
Conference on Environment and Development (UNCED) Agenda 21. It links the
management of water, land, and other resources to comprise the needs of IWRM at
the basin level, which is also referred to as “Integrated River Basin Management”
(IRBM). IRBM allows the integration of processes, which are up- and down-stream
at the widest scale as well as their aquifers.

Many rivers, lakes, and aquifers are shared by two or more nations. In 2002 UNESCO
listed 263 transboundary basins, covering nearly half of the earth surface. About 40% of
the world’s population relies on these shared water sources, which provide about 60%
of the total freshwater resources available to humankind (Wolf et al. 1999). A total of
145 nations have their territory within international basins. Nineteen basins involve five
or more different countries, among which is the Mekong River Basin with six countries
(China, Myanmar, Lao PDR, Thailand, Cambodia and Vietnam). The Mekong River
Basin covers an area of about 795,000 km?, which includes some of the poorest regions
in the world, in which more than 40% of the population lives in poverty (MRC 2010a).
The Mekong River is used for agriculture, aquaculture, hydropower as well as transpor-
tation and provides income and food security for 60 million people. Since the catchment
area doesn’t follow political borders the Mekong River experiences increasing, and
often conflicting demands along the 4,800 km long flow from the source in China until
the Delta in Vietnam. Emerging conflict potential for resources in the transboundary
Mekong Basin is induced by changing environmental conditions and altering demo-
graphic patterns, which goes hand in hand with the change of local and global economic
developments of the riparian countries. The riparian countries of the Mekong do not
follow the same development paths, due to different availability of natural resources,
different economic development strategies, and financial capabilities of the countries as
well as demographic patterns (Keskinen 2008). A further reason for power asymmetries
between the different riparian countries is the location of the country along the river
itself. Countries, which are located downstream, depend on water management
decisions of upstream countries. However, all riparian countries acknowledged that the
economic growth through the utilisation of natural resources offers the opportunity to
address the inequitable sharing of resources and benefits, which could be approached by
implementing IWRM on a Basin Scale.

5.1.4 Climate Change and Impacts on IWRM
in the Mekong Basin

The international scientific community agrees that there is an anthropogenic influence
on global climate caused by the emission of Green House Gases (GHG) into the earth
atmosphere, causing rising temperatures on a global scale. Increasing temperature
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influences the physical environment, such as rainfall patterns, wind, sea level,
ecosystem processes, as well an increased occurrence of severe storm events. Water
is the primary medium through which climate change influences the Earth’s ecosys-
tems and therefore people’s livelihoods and well-being(UN 2009:1). IPCC declared
in 2007 that freshwater systems are among the most vulnerable to climate change
(IPCC 2007). Impacts of climate change for water are predicted to be on water
availability, temporal occurrence, quality, and demand.

Several studies to predict climate change impacts in the Mekong Basin have been
undertaken with slightly different results, due to different scenarios, models, as well
as different applied geographical scales. All studies concluded that the temperature
rises at least by a minimum of 0.01°C/year (Ruosteenoja et al. 2003) up to a maximum
of 0.036°C/year (Hoanh et al. 2010). Seasonal precipitation patterns are predicted to
change as well. However, the intensity as well as the geographical coverage depends
strongly on what atmospheric CO, level will be reached and which prediction method
is applied. All studies point out that the Mekong region will experience a longer dry
season, which goes most likely along with a change in the flow of the river and its
tributaries, as well as with a higher possibility for extreme weather events such as
typhoons (MRC 2010b). Sea level rise, caused by thermal expansion of the water
body, predicted by IPCC could reach up to 1 m and have a high potential to affect
especially the Mekong Delta by flooding and salt-water intrusion into the ground as
well surface water (Chap. 2). All studies agree that there will be a change in climate
with severe impacts on the water balance of the Mekong Basin. However, the intensity
of climate change effects itself on the Mekong Basin remain uncertain, since all
attempts to predict future climate and related effects are based to some extent on
assumptions, which have to be taken due to unknowns in the equations for predicting
future climate and the complexity of climatic interactions themselves. Since the
predicted effects of climate change are most likely to vary in the different areas of the
Mekong Basin a detailed discussion of effects due to climate change in different parts
of the basin are given in the section “Challenges of IWRM for the Mekong” below.

The question which arises at the basin scale is how those predicted changes with
different magnitudes affect IWNRM in the Mekong Basin and how to deal with the
uncertainty of climate predictions and its effects on the water regime. IWRM provides
tools to identify as well as to implement adaptation and mitigation strategies, address-
ing climate change related risks and uncertainties, which can be applied for the Mekong
Basin as well. IWRM tools deal with topics such as enabling environment, analysing
institutional roles and change instruments (GWP 2011). Adaptation measures are the
response to climate change that seeks to reduce the vulnerability of natural and human
systems against actual or expected climate change effects, whereas mitigation mea-
sures targets on reducing the emission of GHG to reduce the risk at the hazard level.
Mitigation as well as adaptation measures are discussed in detail in Chap. 2.

5.1.5 Legal Framework in the Mekong Basin

The Mekong Committee and a management framework for the Mekong Basin were
created in 1957 through the signature of a treaty by the four lower basin countries
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(Cambodia, Laos Thailand, and South Vietnam). The treaty intended to establish a
committee for investigation, planning, and development projects in the Mekong
Basin. Cambodia left the Mekong Committee in 1977 and re-joined in 1995, which
was the beginning of the Mekong River Commission (MRC) as it is known today.
The agreement was signed between the governments of Cambodia, Lao PDR,
Thailand, and Vietnam, with the purpose of jointly managing shared water resources
and developing the economic potential of the river applying IWRM principles.
The Mekong Basin Agreement does not allocate water, but requires that the coun-
tries “utilize the waters of the Mekong River system in a reasonable and equitable
manner” (MRC 1995). China and Myanmar are “Dialogue Partners”, meaning that
they are only working within a limited cooperation framework with the MRC, which
ultimately jeopardizes basic IWRM principles at the basin scale. In accordance with
the IWRM principles, the MRC defines the Basin Development Plan (BDP) as an
underlying development strategy for the Mekong Basin, which provides a compre-
hensive plan for water resources and transboundary governance. The BDP defines
long term strategies, current objectives, and guidance for the implementation of
IWRM at basin, national, and sub-basin levels in a sustainable and mutual beneficial
way with all stakeholders. Recent challenges which have been identified by MRC
for the time period 2011-2014 are the need for energy and raw material. This trend
stands in contrast to low public investment in water management infrastructure and
has the high potential for severe impacts on the Mekong Basin environment, ecosys-
tems, and fishery with cascading effects on the people’s livelihood. Sustainable
implementation of hydropower dams by preserving vital ecosystems has been stated
as one of the major challenges for IWRM related issues of the MRC in the on-going
years (MRC 2010b). Activities of the MRC have not been consistent so far and have
been shaped by stop-go policies between development aid focusing on environmental
as well as social issues and development of large infrastructure projects. The align-
ment of MRC depended strongly on the preferences set by the Chief Executive
Officer (CEO) of the MRC. At the beginning of the MRC, the institution was con-
fronted with criticism due to improper communication amongst governments and
the public, a lack of public engagement and missing mechanisms to enforce imple-
mentation of activities, recommendations and decisions (Ha 2011). However, recent
activities of the MRC indicate a recognition of the problem and the institution
responded by releasing numerous policy studies and meeting notes, and organizing
stakeholder forums to improve information sharing and communication. MRC has
widened its asset as a knowledge institution holding technical and scientific data.
The “evolution” of the MRC in the last 15 years has therefore showed the ability of
the institution to reform itself, being confronted with numerous challenges in the
past. Topics such as a stronger focus on coordination, better articulation at national
level, stronger results-based focus, improved ownership, better harmonization
and a reduced dependency on the needs of individual donors were identified and
are included in the Strategic Plan of the MRC 2011-2015. Although the Strategic
Plan of MRC gives a clear guidance on future development, the shift towards
“riparianization” which implies the transition of leading positions led and directed
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by citizens of riparian countries intended to strengthen ownership might have
adverse effects. The objectivity of the MRC might be alleviated by individual inter-
ests of single member countries trying to occupy leading positions in order to push
and influence decisions in favour of their country.

Apart from the MRC there is also an initiative called the “Greater Mekong
Subregion” (GMS), which was set up in 1992 by all six riparian countries of the
Mekong, with assistance from the Asian Development Bank (ADB) and other
donors. The GMS program promotes regional development in the riparian Mekong
states by fostering transport, energy, telecommunications, environment, agriculture,
tourism, trade facilitation, investment, and human resource development on sub
regional scale. The concept of GMS focuses more on regional economic coopera-
tion and integration rather than water resources management.

5.2 Challenges of IWRM for the Mekong

According to Gupta 2009 the Mekong Basin can be divided in seven larger
landform units, of which the first one is the ‘Mountainous Panhandle’ in China
(Upper reaches), followed by the ‘Mountains of northern Lao PDR and Thailand’,
which borders the Laotian-Vietnamese Annamite Range in the Southeast, the
Mekong Lowland in the Centre, and the Korat Upland in eastern Thailand in the
Southwest of the ‘Mountains of northern Lao PDR and Thailand’ area (see Fig. 5.1),
all of which we consider the ‘middle reaches of the Mekong’ (except for the Mekong
Lowland, here only the northern panhandle of this landscape unit is counted to the
middle reaches). The lower reaches of the Mekong Delta is located downstream of
the Korat Plateau represented mainly by the Great Cambodian Plain and the Mekong
Delta, which splits into two main branches in Phnom Penh: the Mekong and the
Bassac Rivers, entering the Mekong Delta in South Vietnam.

5.2.1 Upper Reaches (China)

The upper reaches of the Mekong River to the boundary of China is called “Lancang
River”. The Lancang River originates from Zaduo county (5,200 m above sea level),
located in the Qinghai province. The river flows southward and leaves China
flowing through the tropic rainforest of the Nanla Bayout located in Yunnan
Province. The Lancang River is over 2,160 km long, with a basin area of more than
167,000 km?. The average annual runoff of Lancang River reaches 74 billion m? per
year. In general, there are two reasons causing changes in terms of ecological and
hydrological aspects in the upper catchment of the Mekong River: one is human
activity, especially hydropower development; the other is climate change.
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Fig. 5.1 The Mekong Basin: physical units (Gupta 2009)
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5.2.1.1 Challenges Caused by Climatic and Environmental Changes

Droughts and floods are tending to occur more frequently due to climate change.
The Lancang River Basin became warmer and drier in the past 40 years (He and
Zhang 2005). Current studies suggest an increase in the mean temperature of
approximately 0.8°C by 2030 with a range of potential impacts on the Lancang
River such as melting glaciers in the Himalaya Mountains which will increasingly
contribute water to the river system in the upper reaches of the Mekong Basin.
Furthermore, an increase of annual precipitation with more than 13.5% (equivalent
to 0.2 m) is expected, leading in certain areas to an increased flood risk. This goes
along with a decrease of precipitation in the dry season in some areas, making parts
of the basin more drought prone (such as the drought in Yunnan and other four
provinces in China in spring 2010 (Liu 2010)).

Precipitation in the upper reaches of the Lancang River has decreased since
1960-2005, however extreme rainfalls events have increased. This resulted in more
frequent drought and flood events, with crucial effects on the provision of surface
water in areas of the middle- and lower-reaches of Lancang River. The water quality
in the Lancang River remains in general in a good state (MRC 2010a).

5.2.1.2 The Challenge of Balancing Economic and Environmental Needs

Water shortage, water pollution, and environmental degradation are caused by
human intervention such as irrigation, industrial development, resident water con-
sumption, while watercourse fragmentation and aquatic ecosystem fragmentation
as well as changes in sedimentation patterns have to be assigned to damming.

In the late 1980s, China began to construct eight hydroelectric dams, on the
Lancang’s lower reaches, aiming to supply 15.6 GWh of electricity annually
(see Fig. 5.2). Four have been completed so far, including the tallest with a height
of 292 m, named Xiaowan. The magnitude of hydrologic and ecologic impacts such
as low water levels of these hydropower dams have been subject of intensive discus-
sion, such as the low water level of the Mekong River during the year 2003—-2004.
However, it was proved that the low water levels were caused by reduced rainfall
rather than by retention through the dams in China (MRC 2004). Manwan and
Dachaoshan dams have only a slight impact on the water environment and aquatic
ecosystem. However, after completion of the Xiaowan dam, impacts are predicted to
be more severe, mainly due to the increased runoff in the dry season and reduced runoff
in wet season (He and Zhang 2005). Changes of transboundary runoff of the Lancang
River are mainly caused by changed rainfall intensity in Yunnan. Dams on the lower
Lancang reduce runoff only during the rainy season, when reservoirs are being
filled. Dry season water releases is expected to increase the river volume by 35%.
“There are a lot of accusations that the dams in China are exacerbating the current
low water levels, but the Chinese have informed downstream nations that they will
not fill any reservoir during the dry season,” says Roger Mollot, a fisheries expert
with the World Wide Fund for Nature in Vientiane, Laos (Stone 2010). Things may



142 F. Moder et al.
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get worse due to climate change. After examining weather and tree ring data,
scientists found out, that in the past 40 years Yunnan became warmer and drier—a
trend that started long before the dams were built (Stone 2010).

China’s part of the territory of the Mekong and the impact of reduced runoff
made only a minor fraction of the overall Mekong flow volume in the lower reaches
of the Mekong Basin. “Before the construction of the dams of the Lancang Cascade,
about 18% of water, and half of the sediment used to arrive from the panhandle in
China. The rest of Mekong’s annual water discharge (82%) mainly comes from 4
sources: (a) mountains of northern Lao PDR through a number of tributaries, (b) the
Southern Mountains via the San, Kong and Srepok (c) the Mun Chi System, drain-
ing a large part of the Korat Upland, and (d) the drainage outflow from the Tonle
Sap” (Gupta 2009:47). In addition, another researcher noted that only about 16% of
the total discharge of the Lower Mekong River comes from China and 2% from
Myanmar (Adamson et al. 2009:57).

Even if China would completely block all flows originating from within their
boundaries, the major loss downstream would be a maximum 16% of the water.
This means, the dams in China can temporary withhold a maximum of 3—5% of the
water that usually reaches in the South. This still represents a large volume of water
and should not be underestimated; however, it is still a relatively small fraction of
the overall stream flow volume of the Mekong. This however does not consider the
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impact in the middle reaches of the Mekong Basin. China gives priority to its
national interests, rather than considering impacts of their water management on
downstream countries. This is contrary to the idea of a basin-wide integrated water
management. Hence, during the dry season in 2004, public media in countries of the
middle and lower Mekong reaches blamed quickly China as being responsible for
the drought, which caused widespread public anger at China. However, low flows in
Thailand, Laos and Cambodia on that occasion were not caused by the operation of
dams in China (Campbell and Manusthiparom 2004) but were the consequence of
water extraction for intensive irrigation in these countries. Adamson et al. (2009:67)
estimated that in the lower plains at Phnom Penh in the month February, March, and
April, 60%, 45% and 40% (respectively) of the flows is abstracted for irrigation,
leading to unprecedented low levels of water. The discussion on impacts of upstream
hydropower dams was quite emotional rather than based on facts, caused by
improper information sharing policy of China and the lack of field data, creating
conflict potential with the downstream countries.

5.2.1.3 Challenges for Institutional Transboundary Cooperation
for IWRM at Basin Level

Transboundary hydrological effects of hydropower dams, which have been built and
are under construction in upper catchments of the Mekong River are claimed to
have the following effects:

» water level change

e water re-allocation

* water temperature change
* watercourse change

* sediment change

As discussed in the section above, reasons for transboundary river management
and ecological disputes are caused by improper information sharing between
upstream and downstream countries in Mekong River Basin. Reasons for that might
be that the information obtained from different groups, institutions and individuals
are targeting different objectives. There is no data quality standard defined and data
sources are tending to be inconsistent and are not standardized. This makes it diffi-
cult to share and to especially compare data between upstream and downstream
stakeholders and others. Furthermore, there is lack of enough quantitative data in
the whole Mekong Basin.

Transboundary problems arise as well from the fact, that there is no integrated
basin-wide Environmental Impact Assessment (EIA) approach. There are quite a
few models, which could be used to assess cumulated environmental impacts and
the loss of ecological functions of aquatic ecosystems, caused for example by hydro-
power dams. However, no integrated model could analyse the multiple interactions
between dam building, climate change, and land use change at a basin-wide level so far.
Recent years showed that there are no suitable multi-level international cooperation
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mechanisms at the basin wide level in place. The absence of cooperation mechanisms
hindered transboundary community participation, joint studies and information
exchange between the upper and lower reaches of the Mekong River.

5.2.1.4 Perspectives for IWRM at the Upper Reaches

China claims that all mainstream dams in the upper Mekong region are committed
to be operated based on the “eco-hydrological process” in order to maintain the
transboundary eco-security. China defined eco-security by limiting the minimum
outflow of 728 m?/s during the storing period in Xiaowan reservoir and the outflow
process has to be consistent and oriented on the natural flow process as much as
possible. Furthermore, a reduction of peak discharge in the outbound river section
is intended. Before regulation measures via eco-hydrological operation of dams
have taken place, the water level variation changed about 1 m in 1 h. The implemen-
tation of hydropower dams caused a decrease of the variation to 0.88 m in 1 h,
which is helpful for navigation and flood control purposes.

An integrated basin wide plan for sustainable development is not yet in place.
Great differences of resources, environment, social, and economic conditions in all
riparian Mekong States make a basin wide cooperation difficult. However, an inte-
grated basin wide plan will be the key to develop the Mekong Basin sustainably.
If the riparian Mekong countries could coordinate and use the integrated plan, the
mismatch and conflict over water resources and environment could be reduced by
harmonization at the regional, national and transboundary level.

In a river system, usually, the resources and good access to the river, flat arable
bank topography, sediments and navigation in the lower reaches are much better
than those in the upper area and the development history in the downstream region
tends to be longer than that in the upper region. This is not reflected by international
water law, which requires a revision and improvement. International laws’ principles
tend to protect downstream country’s benefits and ignore the need for a proper
development of upstream areas. In fact, international rivers’ development is a
“Bidirectional Road”. This means upstream water utilization causes impacts down-
stream and vice versa (runoff change, sediment change, water temperature change
etc.). This position was reflected during the general assembly of the United Nations
in 1997, which was held to adapt the “Convention on the Law of the Non-navigational
Uses of International Watercourses” (ILC) introduced by the UN in 1995 (United
Nations 1995). China claimed that the ILC fails to reflect the principle of the territo-
rial sovereignty of a watercourse, highlighting that a State has indisputable sover-
eignty of a watercourse flowing through its territory. Further, ILC shows clearly an
imbalance between the rights and obligations of upstream and downstream States.
Hence, ILC does not follow the basic principles set by the United Nations Charter
according to Chinas point of view (United Nations 2007). As a result, China rather
preferred to negotiate issues bilaterally with neighboring countries and voted against
the adaption of ILC in 1997, which has been also not yet ratified by the UN in 2008
since only 16 of necessary 35 countries voted in 2008 for the implementation into
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international law. One reason for this might be the fact that river basin’s upstream
area are usually remote areas at high altitude, which are sparsely settled and thus no
voices are raised to represent upstream needs. Apart from the fact that upstream
countries have a much better geopolitical position, in the upper reaches of the
Mekong (Lancang) River increased urban development is ongoing. The cities of
Xishuangbanna or Menghanzhen are in need of water for electricity production,
urban and agricultural water supply and navigation. Regional development equity is
the key for international rivers’ sustainability and cooperation. The basic principles
of major international water laws should be revised and improved to include regional
(mainly between downstream and upstream countries) fair articles, from which not
only the Mekong will benefit in terms of sustainability but also international rivers
around the world (Daming 2010). Scientific institutes in China could play a key role
in this process and facilitate the dialogue towards a sustainable development of the
Lancang-Mekong River. For instance, the Asia International River Center of Yunnan
University, the Center for International Trans-boundary Water and Eco-Security of
Tsinghua University, the Yunnan Key Lab of International Rivers and Transboundary
Eco-Security, to name only a few, could serve as a platform in technology and
science innovation, data sharing, and experts consult related Lancang-Mekong river
issues. For this purpose there is a need to establish and promote multiple platforms
for research, consulting and information sharing, which would help to:

* Study market-oriented mechanisms as an incentive for water resource and aquatic
ecosystem conservation

e Work with communities to maximize overall conservation efforts

¢ Develop close and reciprocal ties with government officials, from local to national
levels

e Cooperate and collaborate directly with large-scale industries, from energy to
agriculture to tourism, that affect natural resource use

¢ Develop methods, tools and guidelines to assess ecosystem vulnerabilities, valuate
ecosystem services for adaptation and its payment mechanisms, and to identify
technologies and good practices to restore ecosystem adaptation functions and
trans-boundary ecosystem management (Chen 2010).

5.2.2 Middle Reaches

The last bigger city that the Lancang/Mekong passes in China is Menghanzhen, in
Yunnan province, before — in a steep meander — it leaves the country to the South
forming the border between Myanmar in the West and Yunnan Province in the East
(China) for about 30 km, and then forming the border between Myanmar in the
West and Laos in the East for about 250 km dissecting forested mountainous terrain
before it also leaves Myanmar at the ‘Golden Triangle’, where the borders of Laos,
Myanmar and Thailand meet at Sop Ruak. Within this stretch no major cities are
located along the river’s banks, and also additional water input through larger rivers
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is small. From the ‘Golden Triangle’ the river flows further South for over 150 km,
before entering the sharp eastward turn towards Louang Phrabang. On this course
through the mountains of Laos and Thailand in the North also forms the border of
the two countries. In this section of alternate mountain ridges and steep valley up to
the stretches behind Louang Phrabang the only larger tributary is the Nam Ou river;
smaller tributaries include the Nam Mae Kham, Nam Mae Kok, Nam Me Lao Nam
Mae Ing (from the Thailand side), Nam Tha and Nam Beng, Nam Ou, Nam Soung,
Nam Pa and Nam Khan (from the Laos side).

5.2.2.1 Challenges Caused by Climatic and Environmental Changes

As already stated above, climate change will result in a basin wide temperature
increase of approximately 0.8°C until 2030 and annual precipitation increases of
0.2 m. The increase in precipitation, however, will be largely attributed to an
increase in wet season precipitation. For most areas in the middle reaches of the
basin (Tha Ngon, Nakhon Phanom, Mukdahan, Ban Keng Done, Yasothon, Ubon
Ratchathani, and Pakse) dry season precipitation is projected to decrease (MRC
2009a). Consequently, the impact of climate change on the hydrological regime in
the middle reaches is characterised by an increased difference between dry season
and wet season discharge. Daily average discharges at Kratie are expected to increase
by 5.14% in the rainy season and decrease by 2.18% in the dry season during the
period of 2010-2049 when compared to the baseline decade of 1995-2004 (TKK &
SEA START RC 2008). Although increased precipitation will result in greater basin
wide annual runoff, which will improve overall water availability in the basin, some
areas in north-eastern Thailand and Lao PDR will continue to struggle with high levels
of water stress. For those areas with projected precipitation decreases in the dry season,
climate change will inevitably result in changes in rice productivity. Particularly
within the sub-basins of Northern and Central Lao (Moung Nouy, Louang Phrabang,
Tha Ngon) food scarcity is projected to increase (MRC 2009a). Basin-wide, the
requirements for irrigated agriculture will increase resulting in an expected decrease
of crop yields by 2% when irrigation applications were maintained at the status quo
(Eastham et al. 2008). Furthermore, increased storm intensity, duration and frequency
in Lao PDR and Thailand will result in losses of agricultural yields and infrastructure.
Against this background and the increasing food demand of the growing popula-
tion in the Basin, substantial investment in the agricultural sector will be necessary
(construction of irrigation systems, purchase of water pumps etc.).

5.2.2.2 The Challenge of Balancing Economic and Environmental Needs

Two dams are planned in the region between the mountains of northern Lao PDR and
Thailand: The Pak Beng and the Louang Phrabang Dam. However, to the South many
further dams are planned within the Korat Upland section, the Annamite Range sec-
tion as well as the very northern ‘Mekong Lowland’ section. These are the Sayabouly,
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Paklay, Sanakham, Pak Chom, Ban Koum, Lat Sua, Don Sahong, Stung Treng and
Sambor Dams — so overall a minimum of 11 dams directly situated on the main
stream of the Mekong — not even considering the numerous other planned dams on
tributaries flowing into the Mekong from the Korat Upland or the Annamite Range.
It is however, especially in this section that the annual water yield for the Mekong is
coming from: its middle reaches (Adamson et al. 2009) (see Fig. 5.3). Just like in
China, the planning of these dams is motivated by the need for societal development,
which leads to demands for energy, irrigation, flood and drought control, technologi-
cal development, transportation and navigation. The building of these Thai and
Laotian, as well as partially central Vietnamese dams will have the biggest influence
on Mekong downstream riparian countries at the lower reaches (Fig. 5.3).

Independent of future dam related effects of water redistribution and changes in
flow and sedimentation patterns in the Mekong, numerous environmental changes
occur in the area. Shifting cultivation practices and government-sponsored forest
clearing for cash crops in Thailand and Laos have caused permanent forest losses.
Alone on the Korat Plateau in Thailand contributing the Mun and Chi tributary
systems, the forested parts of the landscape were diminished from 42% in 1961 to
13% in 1993 (Adamson et al. 2009). Logging pressure in the Myanmar, Thailand
and Laotian sections of the Mekong are high. Such landcover and landuse changes
in the area lead to a decreased water holding capacity of soils, which according to
the MRC (2005) will lead to decreased dry season flows. Furthermore the compara-
tively high urbanised provinces of north-east Thailand with the highest population
concentrations in Udon Thani and Nakon Rachasimaas as well as the Laotian
capital Vientiane, pose with their growing development of polluting industries an
increasing threat to natural resources in the region. In 1992, for example, a poisonous
spill from a sugar factory in Thailand drifted down the Phong, Chi, and Mun Rivers
leaving behind 500 tons of dead fish (Valbo-Jorgensen et al. 2009). For these areas
the challenge of promoting further economic growth while preserving natural
resources is most challenging.

5.2.2.3 Challenges for Institutional Transboundary Cooperation
for IWRM at Basin Level

One of the main challenges for transboundary cooperation in the Mekong Basin is to
reconcile the many different demands, interests and strategies of the various institu-
tions and stakeholders of the member states. The government driven needs for
greater economic growth and their individual strategies for environmental conserva-
tion and water resource management differ considerably and, with a focus on the
individual hydropower development plans, even conflict each other. The role of
Thailand and Laos in this respect is rather ambivalent. On the one hand the countries
of the middle reaches are dependent on the inflow of the Mekong upper reaches and its
tributaries and thus are directly affected by the changing flow patterns attributable
to the development of the Lancang cascade in China. On the other hand Laos and
Thailand plan to develop hydropower dams on the mainstream and its tributaries,
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Fig. 5.3 Annual water yield of the Lower Mekong Basin (Adamson et al. 2009)
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which is likely to be accompanied by severe impacts on the river flow and flood
schemes in Cambodia and Vietnam. The countries of the middle reaches thus have
to enforce their interests at two contradicting fronts with their northern and southern
neighbours. The unequal socio-economic development stages and the partially
contrasting biophysical environmental conditions of the riparian countries of the
Mekong states further exacerbate the challenges of harmonising national develop-
ment plans and strategies.

The promotion and coordination of sustainable management and development of
water and related resources for the countries’ mutual benefit and people’s wellbeing
is the vision of MRC ( 2010b). However, the MRC failed to fulfil this vision so far.
A reason for this might be the lack of common standards for basin-wide EIA
approaches related to the development of the hydropower sector. Furthermore,
insufficient communication and information sharing between the member states
does not contribute to a closer cooperation in the field of IWRM (Kuenzer 2010).
In addition, the MRC'’s ineffectiveness in jointly managing the shared water
resources is hampered by the fact that the 1995 Agreement lacks real enforcement
mechanisms (Ha 2011). The MRC is unable to influence the national policies of its
member countries and is rather powerless against bilateral agreements on water
resource strategies between neighbouring countries. However, the MRC has been,
and will also constitute in future, the only organisational body in the region with the
potential of promoting transboundary and basin wide strategies in the field of IWRM
and currently attempts to redefine its tasks from a implementation-oriented to a
coordination-oriented Commission (Schmeier 2011).

5.2.2.4 Perspectives for IWRM in the Middle Reaches

Although the Governments of Lao PDR and Thailand have implemented a number
of activities within the framework of IWRM as integral part of national adaptation
and mitigation measures, still a number of shortcomings have to be addressed in the
future. Particularly at the administrative and planning levels, data and information on
local as well as regional climate change impacts is limited, and is furthermore rarely
exchanged. In this respect, facilitating access to harmonized and standardized infor-
mation sharing would be helpful to fulfil the criteria of IWRM in the Mekong Basin
(Kuenzer 2010). With respect to the above-mentioned challenges of transboundary
cooperation in the field of IWRM, the middle reaches countries may in future play
also a more prominent role for facilitating collaboration amongst the Mekong Basin
countries and serve as a mediator. In this respect, Laos as geographical center of the
Mekong Basin and host of one of the MRC offices in Vientiane (OSV) may take over
a more active role in basin-wide IWRM coordination by providing a more efficient
link with the various institutions and stakeholders of the Mekong Basin.
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5.2.3 Lower Reaches

The lower reaches of the Mekong River start downstream of the Korat Plateau then
pass the Laotian city Pakse, flow through the Khone Falls and enter the Great
Cambodian Plain with its numerous back swamps. The Mekong splits into two
main branches in Phnom Penh: the Mekong and the Bassac Rivers, entering the
Mekong Delta in South Vietnam before being discharged into the South China Sea.
The Mekong Delta, as part of the lower reaches, is treated separately in Sect. 2.4
because of its economic importance for Vietnam and its geophysical distinct
characteristics.

A unique feature of the Great Cambodian Plain is the Tonle Sap Lake, which is
the biggest freshwater lake in Southeast Asia. The Tonle Sap Lake is connected to
the Mekong by the Tonle Sap River. During the peak of its annual flow in the annual
flood season, the water flow reverses its direction towards the Tonle Sap Lake.
During the dry season the lake drains and plays a significant role in limiting the
salinity intrusion of surface water in the Mekong Delta. The inundation area in an
average rainy season (May—November) is over 1.2 million ha, almost five times the
dry season’s coverage and with a water level of almost 10 m (ADB 2006). Hence,
fishery plays a crucial role in Cambodia and is the primary source of protein.
Agriculture is also the second biggest source of income for the Cambodian econ-
omy, with a share of 35% of the national Gross Domestic Product (GDP). Cambodia’s
main income comes from the service sector with 42% and industry with 23% of
GDP. The agriculture sector increased at a growth rate of 5% in 2009 (World Bank
2009). The population growth rate is predicted to be moderate at 1.6% for 2011
(the average population growth rate in South East Asia is 2.2%). Even though
Cambodia contributes low GHGs emissions, the effects of global warming have the
potential to affect the country seriously. Since fishery plays an important role in
Cambodia and the country has a limited capacity to adapt to the potential impacts of
climate change, Cambodian economy and society are both highly vulnerable to the
effects of climate change.

5.2.3.1 Challenges Caused by Climatic and Environmental Changes

Cambodia, which has a strong focus on agriculture production, is especially vulner-
able to weather-related disasters. Climate change is predicted to lead to increase of
the average annual temperature of 0.7-2.7°C by 2060, and 1.4—4.3°C by 2090
(McSweeney et al. 2008). The frequency of hot days and hot nights has increased
by 13% and 17% since the 1960s. Rising air and water temperatures will affect
aquatic ecosystems. Apart from potential eutrophication, fish reproduction, growth
and migration patterns are likely to be altered due to a changed distribution and
abundance of aquatic competitors and predators (MRC 2010c). Agriculture as the
second most important economic sector is also very likely to be affected, especially
by prolonged dry seasons.
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In the lower reaches of the Mekong, a change in rainfall patterns and intensity
caused by climate change is very likely in the next 100 years. Generally, the precipi-
tation will increase up to 14% in the rainy season. The increased precipitation will
go along with more flood events, which are stated to rise from 5% to 76% probabil-
ity (MRC 2010c) and affect peak flows, flood duration, and results in larger flooded
areas through increased runoff. Recent flood events such as in 1998 and 2002 caused
rice production losses of 70% and 350 human causalities. The economic loss due to
damages on infrastructure and crops was estimated to be around 150 million USD.
The reduced rainfall in the dry seasons tends to decrease runoff and results in a
higher probability of water stress.

Increased variation in precipitation between the dry and wet season will increase
the water level of the Tonle Sap Lake by about 2.3 m each year during the wet sea-
son, resulting in an increase of the lake size of about 20%. The wet season will start
earlier and last longer and the dry season rainfall and runoff will decrease although
minimum flows during the dry season are predicted to increase (MRC 2010c).

Further environmental changes such as decreasing soil and water quality as well
as the decline in the availability of natural resources have been observed by Nuorteva
et al (2010). Deforestation especially increases the sediment load in the rivers due
to increased erosion. FAO (2005) estimates an annual loss of forest by 2% in recent
years. A further 2.7 million ha are predicted to be converted by 2020, by extraction
of high value timber and conversion of forest areas into cash crop plantations.
Increasing global demand for agriculture products such as coffee, rubber, tea etc.
accelerate this process.

5.2.3.2 The Challenge of Balancing Economic and Environmental Needs

In Cambodia, climate change will most likely affect fishery the most important protein
source in the country. The aquatic ecosystem will undergo significant changes affect-
ing habitat, ecosystem productivity, as well the abundance of aquatic competitors and
predators. A reduction of fish stocks as a result of increasing water temperatures in the
Tonle Sap Lake is another scenario drawn by scientists. Higher temperatures reduce
oxygen solubility, which raises the demand of oxygen and food intake of the fish and
results in an increase of uptake of aquatic pollutants (MRC 2009b). Increased water
temperatures can also favour the survival of parasites and bacteria. These factors could
lead to a reduction of fish stocks, especially affecting species with relatively narrow
thermal tolerances, which will be replaced by more temperature tolerant species
(Ficke et al. 2007). The impact of climate change might however not only be negative
for fish stocks. Higher nutrition content in the water, caused by higher runoff rates
leading to increased sediment and organic load, and a raised water level of the Tonle
Sap Lake will also increase the feeding ground and provide space for more species.
This could also lead to increased fish stocks in the lower Mekong reaches (MRC
2010c), assuming that current conditions are projected into the future without con-
sideration of further human interventions such as building more hydropower dams
upstream of the Mekong and in its tributaries. Vietnam is the front-runner with respect
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to develop tributary hydropower potential in the Central Highlands tapping the Se San
and Sre Pok Mekong tributaries. The extent of ecological impacts of hydropower
dams on the aquatic ecosystems is yet unknown in the Mekong Basin. However,
extreme water level fluctuations during the dry season are very likely. Apart from
water level fluctuations, sediment trapping behind the dams is a serious concern, since
the upper reaches of the Mekong and the Se San and Sre Pok Mekong tributaries
are the main sediment contributors to the Lower Mekong Catchment. The sediment
balance in the Mekong River is not only influenced by hydropower dams, but also by
land conversion practices taking place in the riparian countries of the Mekong. On
the one hand, higher runoff, as an impact of climate change, and changed land use
practices, increase the sediment load in the lower reaches of the Mekong River. On
the other hand, hydropower dams trap sediments in the middle and upper reaches.
Therefore, effects on sediment load for the middle reaches of the Mekong Basin
remain uncertain, since dependencies on human intervention are complex and the
full “equation” has not yet been understood completely.

5.2.3.3 Challenges for Institutional Transboundary Cooperation
for IWRM at Basin Level

Upstream development activities on the Mekong River have principally adverse
effects on Cambodia. Hence, Cambodia positions itself is quite critical in regard to
hydropower dams upstream and in the tributaries of the Mekong River. Recent inci-
dents such as the unannounced release of water into the Se San River by Vietnam in
2002, which claimed human lives and caused economic losses in Cambodia’s
Ratanakiri Province, does not contribute to mutual trust between neighbours.
However, Cambodia plans to establish hydropower dams as well, even though there
are only a few suitable locations for this.

MRC has been called upon to facilitate dialogue among governments and other
stakeholders to ensure that transboundary impacts of hydropower dams are consid-
ered. By signing the 1995 Agreement that established the Mekong River Commission,
all member countries agreed that before any hydro-project can be built on the main-
stream of the Mekong, all four members must reach an agreement. Although MRC
members are only required to notify each other of their intention to develop a tribu-
tary, the 1995 Agreement forces members to ensure that no harmful effects will
occur downstream in neighbouring countries. Informing each other and avoiding
harm to downstream countries, however, leaves room for interpretation. Agreements
between neighbouring countries on transboundary water issues are negotiated
directly, without the direct involvement of MRC.

5.2.3.4 Perspectives for IWRM at the Lower Reaches

Transboundary issues, especially in terms of hydropower dams, seem to be rather
unsolved and the benefits to Cambodia itself are not visible. Cambodia faces chal-
lenging times in the next few years, caused by the changes to climate and river flow.
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As previously stated, Cambodia is highly vulnerable as it does not have any
adaptation strategies in place. The Government of Cambodia has addressed this
by introducing a national framework response. The National Strategic Development
Plan for example includes climate change aspects and IWRM perspectives and
considers IWRM as a tool for climate change adaptation in the country (Cambo
et al. 2007).

5.2.4 Mekong Delta

The Mekong Delta as a part of the lower reaches of the river basin starts near Phnom
Penh, where the largest distributary river channel, the Bassac River, splits from the
mainstream. South of Phnom Penh the delta expands rapidly and covers an area of
70,000 km? and has two major distributaries channels, the Mekong and the Bassac
Rivers. Both rivers split in numerous smaller channels. The two mainstream rivers
and the small channels play an important role for the livelihood of the local popula-
tion, transportation, aqua- and agriculture in the Mekong Delta. It is home to 22% of
Vietnam’s population, produces half the nation’s rice output of 49 million tons a year,
60% of seafood, and 80% of fruit crops in Vietnam (Brown 2009). Seasonal floods
during the wet season bring fertile sediments, necessary for agriculture. However, the
probability of extreme flood and drought has increased in recent years (Delgado et al.
2010; Chap. 9). Damage caused by high level floods is aggravated due to increasing
population density, intensified farming/aquaculture practices as well emerging indus-
trial sites along the river and its branches. The Mekong Delta encounters further
challenges and problems, such as deteriorating water quality due to strong pesticide
use in rice farming areas, increased hormone and antibiotics concentration due to
unfiltered discharge of urban and industrial wastewater as well as intensification of
aquaculture practices (Chap. 13). Changing climatic conditions and on-going rises in
sea level result in salinization and acidification of soils, aquifers and surface water,
and species/habitats decrease. These changes are also shaped by regulatory measures
(hydropower) happening at the upper reaches of the Mekong.

5.2.4.1 Challenges Caused by Climatic and Environmental Changes

As one of the most certain consequences of global warming, sea level rise (SLR)
will have severe consequences for Vietnam with a hotspot being the low-lying
Mekong Delta. The most imminent impact of SLR on the Mekong Delta will be the
increased risk of inundation. A review of climate change impacts in the Delta is
provided in Chap. 2 but salinity intrusion is discussed briefly below.

The intensity of salinity intrusion into the surface water of the Mekong Delta is
influenced by tidal effects in the South China Sea/Gulf of Thailand and the water
storage of the Tonle Sap, the river/canal systems and natural water retention areas
such as wet lands in the Mekong Delta. In terms of the flow regime in the lower


http://dx.doi.org/10.1007/978-94-007-3962-8_9
http://dx.doi.org/10.1007/978-94-007-3962-8_13
http://dx.doi.org/10.1007/978-94-007-3962-8_2

154 F. Moder et al.

reaches of the Mekong it can be observed that the higher the discharge of the
Mekong, the narrower the affected area of salinity intrusion. Keeping that in mind,
recent developments indicate a disturbance of the balance between the fresh-water
outflow from the Mekong River and salt-water inflow from the sea. Especially
during the dry season, salinity intrusion, which is caused by tidal influence, reaches
40-60 km upstream (Wolanski et al. 1998). Reasons for the changed flow regime
and resulting salinity intrusion are attributed to SLR, over-extraction of ground
water, severe droughts and reduced runoff during the dry season caused by upstream
regulatory measures of the Mekong. About 2.1 million ha were affected by saline
water of 1 g/1 and about 1.7 million ha of 4 g/1 (Sam 2006). A change of salt-water
concentration in the Mekong River directly affects agriculture and local aquatic
ecosystems and indirectly affects local livelihood and economy by causing a
shortage of freshwater, which is increasingly in demand due to a rapidly growing
population, intense agriculture and industry in the Mekong Delta.

Acidification of soils is one of the increasing problems in the acid sulphate soil
zone of the Mekong Delta (Chap. 14). Acidification is caused by oxidisation of sedi-
ments containing sulphides, which have been deposited during the last 10,000 years.
Under anaerobic conditions, oxidation processes cannot take place, however, if
those soils are exposed to air by droughts or after drainage for agriculture, a conver-
sion of sulphide minerals to sulphuric acid takes place. Those sediments are then
described as sulphate soils. Sulphate soil water solutions tend to dissolve aluminium,
iron, manganese, and other heavy metals (Willett et al. 1993). Heavy metals can
accumulate in aquatic ecosystems and agricultural products such as rice. The Mekong
Delta has 2.3 million ha of recent sulphuric sediments (Minh 1995), representing an
enormous 15% of the coastal sulphide sediments throughout the world. Most acid
sulphate soils have been converted into agriculture areas in the 1970s in the Mekong
Delta and are located in low-lying back swamp areas far from main distributaries in
the Mekong Delta, such as the Long Xuyen Quadrangle, the Plain of Reeds and the
Ca Mau Peninsula. pH values of the surface water lower than 5 during the month
July in the Plain of Reeds were observed (Husson et al. 2000) and a study on the
quality of canal and shallow ground water in the Long Xuyen Quadrangle during
May and July found that the pH values of surface water were below 4 in acid soils
(Dang et al. 2007). This proved, that the surface water in acid sulphate zones are
heavily polluted by soil leaching, especially in the rainy season in which the highest
amounts of released aluminium in the canals and low river discharges were observed
(Minh et al. 1997). Land use as well as irrigation practices determine the intensity
and extent of water acidification and pollution. Raised beds of upland crop for
example, causes higher concentrations of acidic substances into the rice field due to
oxidation processes, whereas low raised-bed field practice increase the pH value,
resulting in aluminium precipitation (Minh et al. 1997) (Chap. 14).

Temperature rise due to global warming also affects the Mekong Delta. Globally,
an average temperature increase of 0.1-0.2°C per decade is expected (IPCC 2007).
According to the IPCC, South East Asia will follow this global trend. In Vietnam,
the annual average temperature increased by 0.1°C per decade from 1900 to 2000, and
0.7°C during 1951-2000, suggesting that the temperature rose faster in the latter
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half of the century. Summers have become hotter in recent years, with average
monthly temperatures increasing by 0.1-0.3°C per decade with longer and more
severe dry seasons. Temperature rise has manifold effects. In particular, aquatic
ecosystems are highly sensitive to increasing temperatures and are predicted to react
by eutrophication. This would mean that complete ecosystem processes undergo
modification due to increased oxygen consumption (MRC 2010d). Land ecosys-
tems are very likely to react as well. Species distribution is very likely to change
since important ecosystem processes, such as primary production, circulation of
nutrients and degradation of organic matter, are directly affected by changing climate
conditions (Kiem et al. 2008).

Apart from natural ecosystems, agriculture such as rice production will experi-
ence losses due to increasing temperatures. Experts estimate that an increase of 1°C
will decrease rice production by 10% (Nguyen Binh Thin 2009). Precipitation
patterns and intensity are also very likely to change by longer and dryer dry seasons
where only 20-30% of yearly water will be available. Wet seasons will tend to be
wetter and much shorter. The annual average rainfall will however remain about the
same (Chinavanno 2009). Temporal distribution of the runoff comes along with
changed rainfall intensity and patterns. About 80% of 505 billion m? annual runoff
are discharged to the South China Sea in the months of May and June. In the event
that no regulatory measures are taken, it is predicted that this discharge will increase
by 21% in the rainy season and decrease downstream in the dry season (MRC 2010b).
As aresult, saline surface water will reach further distances from the river mouth, if
no adaptation and mitigation measures are taken.

Environmental changes have to be considered in the context of rapid population
growth in the Mekong Delta. The population density in 2005 was estimated to be
465 people per km?, which is significantly higher than the national average of 424
people per km? in Vietnam (Brown 2009). Increasingly limited water availability
causes more severe droughts, salinization, and acidification of soils, causing loses in
agriculture and aquaculture. Lower water availability has the potential to sharpen
the conflict between different water users. Changed flow and rain patterns increase
the risk of severe flood events in the Mekong Delta, gaining in importance because
of the combination of a predicted sea level rise and an increased risk of the occur-
rence of severe storms. This results in an as yet unrealised threat for vast areas of the
Mekong Delta to be heavily impacted by floods with severe risks for the livelihood
of local population, the local and national economies and highly sensitive aquatic
ecosystems. In terms of the impact of climate change, the Mekong Delta can be
described as one of the most vulnerable areas in the world (Chap. 2).

5.2.4.2 The Challenge of Balancing Economic and Environmental Needs

The Mekong Delta benefits from the rapid economic growth of Vietnam with a
GDP growth rate of about 7.5%, holding the potential to double every 10 years.
This rapid economic growth sets enormous pressure on natural resources and on
water resources in particular, by requiring large quantities of reliable water as well
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as energy resources. This results in increased wastewater generation, which is
currently, in 80-90% of all cases, discharged untreated in Vietnam (ADB 2009a).
This has severe impacts for the river ecology and livelihood of the local population.
Besides the trend towards industrialisation and a shift of the population from rural
to urban areas in the Mekong Delta, agriculture remains the most important eco-
nomic factor with a share of 46% (Brown 2009) resulting in (over) application of
herbicides, pesticides and fertiliser with negative consequences for the water quality
(Chap. 13). Furthermore, agriculture is responsible for more than 80% of water
consumption, which is higher than the worldwide trend of 70% (ADB 2009a).
A shortage of fresh water, as it is predicted especially by a longer dry season in the
Mekong Delta, makes it vitally necessary to consider options to increase water use
efficiency in agriculture, proper wastewater treatment, and promoting alternative
water use concepts for the industry, such as internalisation of the water cycles.

5.2.4.3 Challenges for Institutional Transboundary Cooperation
for IWRM at Basin Level

For the Mekong Basin and in particular for the Mekong Delta, the most challenging
issue in terms of IWRM is the transboundary management of the Mekong River.
Vietnam depends heavily on the management of natural resources in the upstream
countries of the Mekong. Effects of their management and resulting ecological
as well social impacts all accumulate and affect Vietnam. This includes the manage-
ment of water retention areas, plans and activities to alternate the mainstream
flow by setting up hydropower dams, land use change in the upstream countries,
changing discharge patterns, and water quality. Dams built upstream will have
admittedly severe impacts on the flow regime of the Mekong in the Delta. Vietnam
might have difficulties arguing against those projects, since Vietnam itself had the
fasted development in recent years and has an existing installed capacity of 1,204
Megawatt (MW), 1,015 MW under construction and further 299 MW in plan, tapping
the Se San and Sre Pok Mekong tributary rivers (MRC 2010d) for hydropower
production. In the Se San and Sre Pok tributaries shared by Vietnam, Lao PDR and
Cambodia, 17 hydropower projects are already operational or at various stages of
construction and eight further projects are at a detailed design stage. The national
Power Development Plan identified 16 further projects and scheduled construction
before 2025 (MRC 2010d). A reduced sediment supply, caused by several upstream
hydropower dams will seriously affect the Mekong Delta causing an increased
erosion of the coastal areas.

Transboundary water management requires fundamental data from upstream
areas to support decision-making processes that have to be taken downstream.
However, apart from the efforts of the MRC, which has established a data exchange
platform, there seems to be hardly any willingness to exchange data due to territo-
rial, political and interoperability issues between the different Mekong riparian
countries.


http://dx.doi.org/10.1007/978-94-007-3962-8_13

5 IWRM for the Mekong Basin 157

5.2.4.4 Perspectives for IWRM in the Mekong Delta

The Mekong Delta has a high potential for further positive economic development,
since Vietnam itself will soon reach the status of a middle-income country (MIC).
The World Bank defines MIC countries by a per capita income between $400
and $4,000 per year. The GDP has almost tripled in the last 10 years in Vietnam
(Brown 2009) and is expected to grow further. A change from a low- to a middle-
income country is caused by a strong growth rate in the industry and service sectors,
resulting in significant demands on natural resources.

Sustainable economic growth in the Mekong Delta necessitates an implementa-
tion of IWRM principles, such as a holistic water management approach under
participation of stakeholders and other involved water user groups. Finalizing and
most importantly implementing the legal framework on water management is a
prerequisite. The legal framework defines standards and norms for water resources
management and is mirrored in the ‘National Water Resources Strategy to 2020, the
‘National Target Plans for Water Resources Management’ and ‘Climate Adaptation’
released by the Ministry of Natural Resources and Environment (MONRE). However,
currently, responsibilities for water management are fragmented at both national and
subnational levels over several institutions and there is almost no coordinated
approach towards an IWRM (Waibel 2010; Chap. 6). Decisions, which are taken on
regional and local levels, should be adjusted according to the implemented national
framework. As a core requirement of IWRM legal and institutional arrangements,
settings for River Basin Institutions should be clarified and the role of River Basin
Institutions itself must be strengthened at national and transboundary levels. A clear
legal framework should both address and coordinate the numerous efforts of foreign
supported projects, funded international governmental agencies, and NGOs to sup-
port Vietnam to reduce its vulnerability to the effects of climate change. Better coor-
dination, methodological and thematic linkage between the different projects would
significantly improve current efforts to increase coping capacities in the Delta.

Prediction and evaluation of environmental impacts arising from climate change
and infrastructure development in the Mekong Delta are often hindered by the lack
of adequate data, for example highly detailed topographic maps vitally necessary
for hydrological modelling. Where data for baseline studies does exist, it is some-
how scattered amongst different agencies. However there is no standard on data
quality, or data sharing policy available. Addressing this issue in the context of a
legal framework would be helpful to implementing IWRM in the Mekong Delta.

Flood events and effects of artificial alteration of the mainstream flow by hydro-
power dams for example, can only be addressed on a basin scale. In this context it
is also necessary to focus on transboundary integrated river basin management
which strengthens the institutional framework and through revision and application
of international water law. All measures should aim to minimize the impacts of
water related hazards and also ensure appropriate economic growth.

Climate change and its effects are predicted to affect the Mekong Delta severely,
through sea water level rise, salt-water intrusion, changed seasonal rain patterns,
extreme droughts, and storm events. The effects of climate change such as more
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severe drought and flood events will steadily increase vulnerability of the local
population in the Mekong Delta. This vulnerability can only be reduced through a
holistic water management approach. This means that for example coastal manage-
ment, land use planning, urban development and socio-economic structures, as well
as related changes, have to be considered and addressed as part of IWRM and
strengthened by the national framework. This would mean in that Vietnam, different
ministries and their sub institutes such as Vietnam Mekong Commission (VNMC)
of MONRE and Ministry of Agriculture and Rural Development (MARD) on
national as well as on provincial level have to cooperate and work together on struc-
tural and non-structural measures, within the frame of a legal framework. Vietnam
and especially the Mekong Delta must make huge efforts to improve and adapt
structural measures for flood control and mitigation such as dams, canals, reservoirs,
embankment structures for prioritized areas, promote elevated residential areas,
introduce salinity control structure such as sluices and river-sea dyke system for
example. Non-structural measures such as a definition of a Delta Master Plan
for response, adaptation and mitigation, inhabitant resettlement, implementation of
a forecasting and early warning system, improvement of regional and bilateral
cooperation and institutional strengthening have to be addressed.

The challenges which lie ahead for the Mekong Delta can be only counteracted
by an integrated and coordinated approach as suggested by the basic IWRM prin-
ciples. Structural and non-structural measures should be addressed equally and
implemented step-by-step to improve resilience towards climate change. Resilience
in this context defines the capacity of linked social-ecological systems to absorb
recurrent disturbances such as hurricanes or floods so as to retain essential struc-
tures, processes, and feedbacks (Walker et al. 2004). Positive economic development
and increasing prosperity in Vietnam might offer the financial scope to implement
structural and non-structural measures on a large scale and help to reduce vulnera-
bility, keeping in mind that reduced vulnerability paves the way for future social and
economic development.

5.3 Identified Needs for Action in the Mekong Basin

5.3.1 The Technical Context

Mitigation measures to reduce SLR and flooding caused by severe runoff and severe
droughts due to climate change have to be addressed globally by reducing the
emission of GHGs. Southeast Asia produced 12% of the world’s GHGs in 2000.
An increase in emissions is most likely, due to the expanding population and econo-
mies (ADB 2009b). However, smaller countries, such as most of the riparian countries
of the Mekong, can contribute as well. Measures can be taken by increasing energy
efficiency and by tapping renewable energy sources, such as biomass, solar, wind,
geothermal energy and includes also the controversial discussed hydroelectric
energy. Increased energy efficiency would lead to a decreased demand for energy,
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also from hydro power plants. Vietnam for example recognized the need to act and
set up an energy efficiency programme. It aims to reduce the national energy
consumption by 5-8% between 2011 and 2015, through technical measures.
However, the total amount of energy required will rise. Therefore, a proper balance
of economic needs and ecological as well as social impacts of CO, neutral technolo-
gies such as hydropower dams should be considered on a basin scale.

Integrated Flood Management (IFM) is increasingly important, since the occur-
rence of severe floods is very likely to increase due to climate change. IFM is closely
related to IWRM, since flood disasters negatively affect the sustainability of planned
developments formulated in the context of IWRM. IFM proposes managing the
water cycle as a whole while considering all floods, including extreme ones, and
integrating land and water management, as both have impacts on flood magnitudes
and flood risks (WMO 2009). The Mekong Basin is in need of such an approach.
In 2005 the MRC attempted to move in this direction, establishing a Regional
Flood Centre in Phnom Penh called “Integrated Flood and Mitigation Programme”.
It addresses land-use planning measures, structural measures, flood preparedness
measures and flood emergency measures in compliance with the guiding principles
of IFM. However, the problem here seems to be the limited links of the MRC with
China. As indicated above, China, as the most upstream country of the Mekong
contributes about 16% to the downstream flow of the river. Hydropower dams serve
the primary goal to produce reliable electricity according to the public demand.
Hence, the management of hydropower dams does not meet the needs of flood con-
trol and an implementation of IFM for the complete Mekong is difficult, since the
key data from hydropower dams in China are not communicated to the downstream
countries. Here an incorporation of China and formulation and practice of a real
basin-wide IFM should be of the highest priority for the benefit of all riparian
countries.

Direct and indirect effects of global warming such as SLR, and floods coming
from upstream as well as the occurrence of severe droughts all combine to aggravate
the situation in the Mekong Delta in Vietnam. Hence, adaptation measures gain in
importance and have been addressed by the Vietnamese Government, by intensify-
ing efforts to control the hydraulic regime (Garschagen 2009). The Vietnamese
Prime Minister approved about 1.1 billion USD in 2008 to set up sea dikes from
central Quang Ngai province to Kien Giang province. This confirms the intention to
focus on structural measures to counteract the impacts of climate change. However,
in the sense of IWRM as a holistic approach it is necessary to consider non-
structural measures as well. Structural measures are very cost-intensive and reduce
vulnerability only to the extent to which change is expected. Unexpected changes in
terms of intensity and timing cannot be addressed in this way. Therefore, there is a
need to shift from flood control towards flood management.

Agriculture and aquaculture increasingly become a major cause of qualitative
degradation of surface and groundwater resources through erosion and chemical
runoff (FAO 1996). There is a strong need to systematically assess water pollution.
Studies undertaken in the Mekong Delta suggest that the concentration of endocrine
disruptors, various herbicides and pesticides have the potential to harm humans’
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health and the environment severely (Sebesvari et al. 2009). In terms of water
quality, farming on sulphate soils and expansion of agriculture areas on it should be
reconsidered in any case. There are some options available for neutralizing acids in
soils. However, heavy metals released through chemical processes threaten aquatic
ecosystems and can cause significant damage to human health.

Addressing water quality is one approach to help reduce the bottleneck of water
availability, especially during the dry season. Improving water usage efficiency
especially in the agricultural sector would also contribute significantly to improving
the situation, especially during periods of water shortages. Agriculture as one of the
most water consuming and water-dependent sectors is also one of the most vulner-
able. Water shortage as predicted will severely affect agriculture and the livelihood
of the population, since more than 70% of the Mekong Basin’s population depend
on water resources. The agriculture sector can drastically save water. Therefore,
common practices in terms of irrigation, fertilization, crop cycle etc. should be
reconsidered and financial incentives as well technical assistance to reduce water
consumption and reduce pollution should be given. Saved water quantities in agri-
culture can help especially during the dry seasons, without having adverse effects
on food security.

Protection and rehabilitation of valuable ecosystems are rewarded twofold.
On the one hand, they help to conserve bio diverse ecosystems and related flora and
fauna and on the other hand, they help to reduce predicted impacts of climate change
through providing ecosystem services. Wetlands are natural water retention areas,
which buffer extreme water flows. This helps to ally discharge peaks and reduces
damaging effects of flood events. There is a need to identify valuable water reten-
tion areas, in terms of their water holding capacity and biodiversity. Those areas
should be subject to restricted use and be protected consequently by national law.

5.3.2 The Political Context

IWRM in the Mekong Basin has been implemented to a limited extent. MRC, which
has subscribed to the principles of IWRM, covers the lower reaches of the Mekong.
Upper reaches, which are essential for a complete picture, are missing. Furthermore,
short-sighted acting of riparian countries is hindering the implementation of sus-
tainable development principles, since these can contradict the economic needs and
intentions of the country. This became especially evident in the recent discussion
about hydropower dams and their impact on the flow regime of the Mekong. There
seems to be no coherent strategy in place for the use of hydropower on the Mekong
Basin. There is no open discussion on the benefits, risks and possible solutions
which should result in a basin-wide hydropower management plan. This doesn’t
apply only to the hydropower dams in the upper reaches of the Mekong, it also
applies to the lower reaches (for example hydropower dams in the central highlands
of Vietnam). The economic potential to develop towards a more industrialized and
service oriented society makes it even more necessary to address water management
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on a basin scale. Ignoring this fact and acting as if it’s “business as usual” has the
potential to negatively affect the country’s economy, food security, and livelihood.
Hence, unsolved transboundary issues result in an increased conflict potential.

The implementation of IWRM at national level has already been addressed and
has been partly implemented in some Mekong riparian countries such as Vietnam
and Cambodia. This demonstrates an initial commitment towards the IWRM
principles. However, it seems that implementation is not yet properly in place
(see Chap. 6). In other words, water management is, to a certain extent, in place in
the upper reaches and separated in the lower reaches. Some countries have trans-
ferred IWRM principles into national strategies. Nevertheless, there is no overall
coordinated IWRM approach at the basin scale. Admittedly, this is a big challenge
but also the only chance for finding the balance between economic needs and
sustainable development as well as utilization of water resources at the basin scale.

5.4 Opverall Perspectives

The Mekong is the lifeline for six countries, which are all in very different initial
positions and facing different social, economic, and environmental challenges.
The question is how to balance these economic needs and at the same time ensure
sustainability in terms of ecological and social development, targeting poverty
reduction. Most of those challenges are of transboundary nature but are emerging
also at national level in the different riparian countries. A balance between eco-
nomic growth, which goes along with sustainable social and ecological develop-
ment, requires effective river management on a basin scale including all riparian
countries of the Mekong. Riparian states must work together, supported by technical
and financial support from other countries. There should be a clear commitment by
all riparian Mekong States towards transparency and a willingness to share and
contribute, which is necessary for an open dialog between the different countries
and stakeholders in order to achieve most objective decisions. This will be only
possible if there is a legal framework of overriding importance in place, acknowl-
edged by all Mekong Riparian States. Ideally spoken, participation of upstream
countries should be addressed by proper incentives, which can be of political and
economic nature and by assisting in increasing capacities and knowledge transfer.
Recent economic developments in South East Asia are showing an upward trend,
which provides a chance for the least developed countries to achieve the Millennium
Development Goals (MDG) by expanding industry/construction, agriculture as well
as the service sectors. This however goes hand in hand with an increased demand
for power and natural resources. Sustainable use of those resources must be ensured
to gain long term stability in the countries, and to minimize ecological and social
costs. IWRM provides an appropriate and holistic approach for this development.
Impacts of climate change are affecting all riparian states of the Mekong.
The extent, intensity and type of effects vary according to the region and depend on
the global effort to reduce GHG emissions in the future. Predicted changes, which
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are very likely to impact livelihoods on different scales, must be addressed prior to
these changes becoming effective to reduce vulnerability and avoid causalities. This
has to happen through an adequate and coordinated approach. Water as the main
component of the climate cycle therefore plays a crucial role, which can be only
addressed by IWRM.

Water resources development in such a river basin like the Mekong contains
risks and faces several problems due to conflicting interests, ecological degra-
dation and transboundary disputes. However, the current economic situation of
the parties involved and progressing technical development framed by increasing
ecological awareness provides an opportunity to develop the Mekong Basin,
in compliance with the basic IWRM principles, in an ecologically and socially
sustainable manner.
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Chapter 6

Water Governance Under Renovation?
Concepts and Practices of IWRM

in the Mekong Delta, Vietnam

Gabi Waibel, Simon Benedikter, Nadine Reis, Sven Genschick,
Loan Nguyen, Pham Cong Huu, and Tran Thanh Be

Abstract The objective of this chapter is to explore Integrated Water Resources
Management (IWRM) practices in Vietnam. Based on intensive empirical research
in the Mekong Delta, the daily reality of water resources management is investi-
gated in several sub-sectors. It will be shown that water management practices devi-
ate to a large extent from the existing legal frameworks, policies and strategies
commonly based on IWRM principles. It will be argued that the gap between official
policy and actual practices is not the outcome of lacking capacity or resource scar-
city, as often assumed in donor and government reports. Rather, it is a result of the
peculiar structural features of the contemporary state in Vietnam.

6.1 Towards IWRM: Water Sector Reforms in Retrospect

Integrated Water Resources Management (IWRM) is defined as “a process which
promotes the coordinated development and management of water, land and related
resources, in order to maximise the resultant economic and social welfare in an
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equitable manner without compromising the sustainability of vital ecosystems”
(Global Water Partnership 2000:22).

In Vietnam, the first national workshop on IWRM was organised in 2001, but the
concept has been promoted in the country for the past 15 years. It was in the context
of the first comprehensive “Water Resources Sector Review” (World Bank et al.
1996) of the post Doi Moi period that the process was formally initiated. The review
was, to a large extent, inspired by the global water discourse and supported by ODA
(Overseas Development Aid) funding. In the following, a number of water sector
reforms and the development of a legal framework for the water sector were under-
taken. The promulgation of the first Law on Water Resources in 1998 constituted an
important step, as it opts for the adoption of IWRM principles and provides for
related policy development. In the following years, a series of institutional reforms
attempted to strengthen the framework for IWRM implementation (World Bank et al.
2003). The issuance of the “National Water Resources Strategy towards the year
2020”! by the Ministry of Natural Resources and Environment (MONRE) in 2006
represents a milestone in this regard, as the policy paper was the first to set out “guiding
principles, objectives, missions and implementation measures regarding the protec-
tion, exploitation, use and development of water resources, as well as the prevention
and mitigation of adverse impact caused by water” (MONRE 2006:6). It therefore
aims at providing an overarching framework for all water-related policies and imple-
mentation plans co-existing in Vietnam today. The new strategy paper confirms the
(IWRM) approach with the river basin as the planning unit and suggests that river
basin plans should be established for all regions (MONRE 2006:33, 44).

In addition to the challenge of integrating various water sub-sectors and regional
concerns across administrative boundaries, the IWRM approach is underpinned
with a series of guiding principles: effective water governance should be open and
transparent, inclusive and communicative, coherent and integrative, equitable and
ethical, and in its performance and operation it should be accountable, efficient,
responsible and sustainable (Rogers and Hall 2003:27 ff.). These principles need to
be implemented by concepts and measures such as participatory irrigation manage-
ment, cost recovery, water rights, ‘free basis water principles’ and the set-up of
institutions operating at the river basin level (Perret 2006:xxii; Conca 2006:2).
IWRM can therefore be understood as a complex and ambitious normative concept,
and its implementation a process of adaptation, innovation, contestation and learning.
The local conditions for IWRM implementation also vary, since they are historically
embedded in specific water governance systems.

In the case of Vietnam, water resources management has traditionally focused
on flood control and the provision of freshwater for (mainly agricultural) production.
In fact, the Sino-Vietnamese term ‘thuy lpi’ (which can still be found in many
water sector-related tasks and documents) literally means “water resources devel-
opment for exploitation”. The term illustrates that technical water engineering
was the dominant approach in the sector. Water resources protection, in contrast,
was long ignored, although new demands for water allocation development con-
tinued unabated and water pollution increasingly occurred. With the arrival of

! Approved by the Prime Minister’s Decision No. 81/2006/QD-TTg on 14.04.2006.
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IWRM concepts in Vietnam, a new term, ‘Qudn Iy tai nguyén nuoc’, emerged in
the country’s water discourse, which can be translated as ‘water resources man-
agement’ (Molle and Hoanh 2008:31). Interestingly, both terms are in use today,
each of which refers to a different set of concepts and policy approaches.?

The case of the Mekong Delta, located in Southwest Vietnam, provides a
good example of this historical understanding of water resources management.
The region’s importance for national food security and agricultural export production
is outstanding, yet it’s recent and most successful economic growth depended to a
large extent on the continuous development of technological innovations in water
control (Kdkonen 2008; To Van Truong and Nguyen Ngoc Anh 2002). In fact,
although large-scale water engineering in the delta dates back to the eighteenth
century (Biggs 2004:43 f.), efforts to effectively tap the region’s water resources
were strongly reinforced only after the country’s reunification (1976). As part of
these efforts, the new socialist state mobilised the local population to serve at the
‘irrigation front’ (mdt tran thuy loi), which means that the irrigation, salinity and
flood control infrastructure was literally built by manual labour. The hydraulic mission®
aimed at ensuring the availability of freshwater for rural production, and therefore
provided the ground for the intensification of farming systems (green revolution).
Under the guidance of the by then existing Ministry of Water (B¢ Thuy loi) and its
sub-departments, the socialist government began to systematically plan water
resources development for different ecological areas of the delta.

The first delta-wide master planning started in Vietnam in the late 1960s (Biggs
et al. 2009:207). In the south of the country, various water resource studies and
proposals were designed by Sogreah (France) and the Resource Development
Company of the United States and the Netherlands (1974). During the early 1990s,
the UNDP and the Netherlands prepared the NEDECO Master Plan for the
Vietnamese part of the Mekong Delta, which was considered the first multi-purpose
master plan of a national river basin in the country (CCFSC and MARD 2001:44).
The NEDECO main document consists of a long-term development plan, based on
the results of more than 50 scientific consultancy reports, covering a whole range of
aspects of water use and water management. Strongly committed to national devel-
opment targets, various scenarios were calculated and assessed (NEDECO 1993),
and the finally presented results still constitute the basis of water resources management
planning in the Mekong Delta today.

In order to operationalise the different plans, state management agencies, plan-
ning and research institutes, state-owned enterprises (SOE) and irrigation and drain-
age management companies (IDMC) were established in Ho Chi Minh City and

> While the Ministry of Agriculture and Rural Development (MARD) adheres to the Sino-
Vietnamese term ‘thuy loi’, the more recently established Ministry of Natural Resources and
Environment (MONRE) purposely avoids the traditional terminology and uses ‘tai nguyén nudc’
to describe its tasks and responsibilities. As a result, the deep friction between the two ministries,
whose tasks have been shifted and redefined, finds a wording expression (Molle and Hoanh
2008:31).

3Borrowed from Molle et al. (2009:332).
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throughout the Mekong Delta. These specialised agencies had the mandate to
develop water resources on behalf of the people and in the common good. As
qualified staff were basically missing, hundreds of hydraulic engineers were trans-
ferred from the northern part of the country to occupy leading positions in the new
water bureaucracies of the south. With this, concepts of water resources engineer-
ing, developed in the Red River Delta, were transferred to the south and thereafter
served as a blueprint for water resources management in the Mekong Delta (Evers
and Benedikter 2009a). The fact that both deltas featured quite distinctive hydraulic
conditions was consequently often ignored.

In 1986, the Vietnamese government launched its Renovation Policy (Doi Moi),*
which aimed at shifting from central planning towards a market-based economy.
The resulting reforms included, among other things, economic liberalisation, decen-
tralisation and “socialisation”,’ as well as comprehensive changes to state management
institutions. The resulting modifications to the state apparatus and government prac-
tices also had a strong impact on the policies and provisions for water resources
management (Waibel 2010:34-39).

In the context of economic liberalisation, for instance, water control and supply
services were partly privatised from the mid-1980s (Fontenelle 2001:5f.), and the
dissolution of state-managed agricultural cooperatives led to the evolvement of
new-style cooperatives (registered as private businesses) offering pumping and
drainage services. The funding and management of many state-owned enterprises
and planning and research institutes changed, and the new ‘National Water Resources
Strategy towards the Year 2020’ (MONRE 2006) explicitly encouraged the mobili-
sation and development of private sector investments.

In the social sphere, the conditions of operation for non-state actors became more
moderate. Nowadays, the one-party state tolerates and encourages certain forms of
civil organisation, as long as their activities are strictly confined to social fields and
development work (Wischermann 1999; Gray 2003). In line with this policy, and
based on the promulgation of the Grassroots Democracy Decree (1998), concepts
of community-based development and the idea of public participation in planning
processes have received more recognition in policy formulation, in particular with
regard to communal affairs (Bach Tan Sinh 2002:122; Zingerli 2004:56). Considering
water resources management, these concepts have been translated into approaches
such as ‘Participatory Irrigation Management’, yet not in all provinces (Nguyen Xuan
Tiep 2008); in addition, new community-based organisations have emerged including
voluntary water user associations, micro-credit groups engaging in water supply and
sanitation and production groups taking care of small-scale irrigation works mainte-
nance (Reis and Mollinga 2009; Benedikter and Waibel forthcoming 2012).

*By the mid 1980s, Vietnam faced rapid economic meltdown due to the failure of the centralised
and subsidised system of a command economy the socialist government had been adhering to since
1954. In response to this severe crisis, the Vietnamese government reconsidered the country’s
economic system and, eventually, promulgated the Renovation Policy (Chinh sdch Péi méi) in
1986 (the Sixth Party Congress) as a paradigm change towards economic liberalisation and
integration.

3 “Socialisation” (x@ hgi héa) implies the outsourcing of former state functions to non-state enti-
ties, mainly to the private sector, households and civic organisations.
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In administrative terms, the national leadership recognised the necessity to draw
a clearer division between state functions and the role of the party. In order to cre-
ate a ‘modern’ governmental system that would follow principles of the ‘rule of
law’, several reform measures were initiated. Whereas under ‘socialist legality’
laws were used as an instrument of rule (Benedikter and Waibel forthcoming 2012),
under the new slogan “socialist state ruled by law”, governance and state manage-
ment should be based on laws (Pham Duy Nghia 2005:85). In line with this,
attempts were undertaken to divide and balance power between executive and leg-
islative state bodies by empowering the National Assembly and the People’s
Councils at local levels (UNDP 2001). With regard to decentralisation, administra-
tive and fiscal responsibilities, as well as decision-making power and functions,
were increasingly delegated to the lower levels of administration (Fritzen 2006).
Moreover, the comprehensive Public Administrative Reform Programme 2001-
2010, which aimed at improving the efficiency and transparency of state agencies
and combat corruption (UNDP 2001:29 ff.; Buhmann 2007:241; World Bank
2009), had considerable effects on the organisation and prescriptions of state man-
agement functions, including those of the water sector. (Post-) Doi Moi reforms
therefore provided the constitutional preconditions and rationale for the develop-
ment of the water policy and legal framework.

Following the enactment of the Law on Water Resources (No. 08/1998/QH10) in
1998, more than 300 water-related regulations on the guidance and implementation
of the Law on Water Resources were issued and often amended to meet the changing
requirements of the country’s development. To date, Vietnam’s legislation on the
water sector consists of a complex system of legal documents ordered in many levels
and adopted by different state authorities. It is thus complicated and, in a number of
cases, lacks harmonisation with other laws and secondary regulations (Nguyen Thi
Phuong Loan 2010a). Nevertheless, the legal framework defines the institutional set
up of water resources management, which is summarised in Fig. 6.1.

Since 1995, the Ministry of Agriculture and Rural Development (MARD), with
its subordinate state management organisation and planning institutes, has been in
charge of hydraulic engineering, water service delivery and flood and storm control.
The ministry’s remit includes responsibility for the planning, construction and
maintenance of all kinds of hydraulic works such as dykes, irrigation schemes,
sluices, reservoirs, pumping stations and hydropower plants (Nguyen Thi Phuong
Loan 2010a). In an attempt to separate water resources management functions from
the responsibility for public service delivery (water exploitation and development),
the Ministry of Natural Resources and Environment (MONRE) was established in
2002 (GoV Joint Task Force 2003:2). Since, MONRE is the country’s leading
authority on the management of land, water and the environment. With regard to the
water sector, MONRE is in charge of water resources assessment, water allocation
and the regulatory management of surface water, groundwater and water quality.®

¢ Decree No. 25/2008/ND-CP promulgated by the Government on March 04, 2008 defining the
functions, tasks, powers and organisational structure of the Ministry of Natural Resources and
Environment.
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Fig. 6.1 Institutional setup of water resources management in Vietnam (Nguyen Thi Phuong Loan
2010a:111)

Moreover, a number of other ministries, such as the Ministry of Health and the
Ministry of Construction, have a stake in water resources management, which
illustrates that the multiple sector reforms rather increased institutional fragmenta-
tion. The differentiation of policy areas has also generated a number of tailored and
detailed legislations for the respective sub-sectors. These include the ‘National
Strategy for Natural Disaster Prevention, Response and Mitigation’, environmental
policies, a hydropower development plan, a set of guiding documents for dyke,
wetland and coastal management, the ‘National Rural Clean Water and Sanitation
Strategy’ and several other strategy papers and implementation plans. A few agen-
cies such as the National Water Resources Council (NWRC) and the River Basin
Office, have been set up to incorporate these different perspectives and concerns,
yet their role remain an advisory and limited one (see below).

Ministries are organised in administrative and professional departments, and
have research and planning institutes, as well as business agencies (e.g. state-owned
enterprises), attached to them (Waibel 2010:18f.). Furthermore, state management
agencies are divided into four vertical levels, namely the centre, the province, the district
and the commune. Despite several decentralisation programmes, national policies
are expected to be fully translated by the local departments and offices representing
the ministries at province and district levels. However, local governments do not
operate in a uniform way — as the following chapter will show.
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6.2 Water Resources Management Practices

6.2.1 Inside the State and ‘Everyday Politics’” in Vietnam

State domination and the monopolisation of political power under the Vietnamese
Communist Party remain part of a significant continuum in the post-renovation
era of Vietnam (Fforde 2005:149-150). Although from the mid-1980s the econ-
omy gradually shifted towards market principles and social life dramatically
changed, the political system, based on Leninist-Marxist ideas of statehood,
remained rather untouched (Fforde 2008:5, 2010). Porter’s (1993) analysis of the
Vietnamese government system of the 1990s is still valid to date. According to
him, “democratic centralism (tdp trung dan chiu)” and “collective mastery” (lam
chii tdp thé) build the core legal and organisational elements of the political and
administrative systems. The first relates to the unconditional obedience of lower
scales to superiors in state and party structures, and creates strict hierarchies of
top-down decision making and implementation. Bottom-up reporting, in contrast,
(theoretically) enables the paternalistic party-state to know best about what needs
to be done and justifies that decisions are taken on behalf of the collective (Porter
1993:120; Gillespie 2005:47-50). The slogan “the party is the leader; the state is
the manager and the people are the masters” demonstrates the rationale of the
Vietnamese Communist Party rule. It is therefore the Communist Party which
controls and provides the key directions for policymaking, including those of the
water sector.

Moreover, and despite economic liberalisation, the legacy of centralist-bureau-
cratic planning is still practiced to date. National policies are based on 10-, 5-year
and yearly plans, which are developed by the central government. To define short-,
medium- or long-term planning targets, the state apparatus collects detailed num-
bers about socio-economic development in all parts of the country. Local authorities
submit data to the higher authorities, for example the number of households with
access to wells, public water supply stations and hygienic latrines. Provincial and
national authorities base the definition of planning targets on these numbers. Once
the targets are set, local level administrative bodies are required to implement the

"The concept of ‘everyday politics’ is borrowed from, and refers to, the work of Kerkvliet (2003,
2005). It considers the relationship and interactions between people (society) and state (at local
level). According to the author, and despite the prevalence of top-down approaches, people have
the capacity and means to influence policy practices substantially through their daily actions.
‘Everyday politics’ is an arena where people and the state meet to negotiate and bargain over pol-
icy implementation, and where people silently and subliminally can oppose and change policies by
their collective actions. Since those who represent the state (state officials/cadres) are also part of
the society, it is difficult to distinguish clearly between state and society. Consequently, this con-
cept even matters for grasping local-central government relations.

$Pang lanh dao, Nha nudc quan 1y, Nhin dan lam chu.
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plans. This system is based on the strong belief that the entire world is calculable
and administrable through numbers and book-based omniscience, a belief which
stems from the traditional east-Asian Mandarin rule (Woodside 2006:82).°

The current system excludes critical reviews and monitoring of state manage-
ment activities by extra-bureaucratic forces. Besides administrative and multiple
sector reforms, decentralisation and the overwhelming tendency of bureaucratisa-
tion in the post-Doi Moi era have led to an increased complexity and bloating of the
state apparatus. This in turn has produced a confusing system of institutional frag-
mentation with gaps and overlaps in mandates and responsibilities, where, cynically
speaking, everybody is in charge but nobody is responsible. Several Vietnamese
scholars have demonstrated that the current conditions constitute a breeding ground
for activities which undermine official policies and national decisions, but serve the
individual interests of state bureaucrats and allied networks at various scales (Koh
2001a). Gainsborough (2005), for instance, argues that the contemporary Vietnamese
state is divided into a public and a private sphere, and that in the wake of economic
liberalisation and privatisation the private sphere has hollowed out its public
counterpart.

Hence, the concept of ‘everyday politics’ (Kerkvliet 2005) has to be placed cen-
tre stage in policy analysis. Beyond the scope of formal institutions and national
level politics one will find significant “discrepancies between what state leaders
have decided and what people in society actually do” (Kerkvliet 2003:31), includ-
ing those individuals and groups inside the state apparatus itself. The central gov-
ernment therefore appears as strong and weak simultaneously — strong in terms of a
rigidly organised hierarchical structure and control over the public sphere, weak in
terms of lack of enforcement of national provisions and lack of control over lower
administrative levels (Koh 2001b:536, 2001¢).

In this respect, Fforde (2008:7) points out that the relationship between the cen-
tre and local authorities may significantly differ across the country and empirical
studies have to unravel the respective political structures of a specific locality under
investigation. “The emperor’s law stops at the village gate”" is a popular idiom that
reflects well the antagonistic relationship between central and local state bureaucracy.
Pike argues that in pre-colonial Vietnam, official politics would go through the royal
court system, while informal politics lived at the local scale in hundreds of bamboo
fence-surrounded villages, to where the central bureaucracy barely had access

° A managerial bureaucratic administration based on meritocratic ideals of statehood (mandarinate)
and rule (rule of the talented) emerged early in Vietnamese history and derived from the Chinese
model of administration and Confucian ethics. State officials (mandarins) were recruited through
examination, in which candidates had to prove their ability to govern. Socio-economic deficiencies
such as poverty and economic downturn were considered failures of state politics (Woodside: 24 f.,
30, 59). These traditional Confucian ideals are still inherent in the Vietnamese conception of state-
hood and bureaucratic state management, which reflects that beneath the surface of Leninism/
Socialism traditional-Confucian notions of rule and governance prevail (Dao Minh Chau 1996;
Luttmer 2000).

"Phép vua thua 1¢ lang.
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(Pike 2000:271-272). Moreover, a historical-induced, deep geographical regionalism
has further driven particularism within state power and facilitated informal political
practices (Pike 2000:277-278). There is ample evidence that these features have
carried on to date. Beresford (1995:10) and Thayer (1995:55) both argue that social-
ist bureaucratic polity has always been highly decentralised in an informal manner,
and even described provincial governments as independent kingdoms that allude to
central decisions when it comes to the protection of their particularistic interests.
This has created tensional relations and hidden struggles between central and local
parts of the apparatus over the control of resources and functions.

The following case studies from the Mekong Delta present findings of the
author’s field research between 2008 and 2010 and addresses different aspects of
water resources practices. By contrasting formal prescriptions in the form of poli-
cies and laws with the daily practices and implications, the authors come to similar
conclusions about the ambivalent nature of state politics in Vietnam.

6.2.2 Establishing River Basin Organisations (RBOs) — A Long
Way to Go'!

According to the Law on Water Resources (1998), the primary planning and man-
agement unit for water is the river basin. When the law was promulgated in
Vietnam, no institution had the mandate to implement this directive, but it made
the provisions for a non-business agency under MARD to fulfil the task of river
basin planning (Article 64).'> Subsequently, a legal document for the establishment
of River Basin Organisations was produced and donor investments into river basin
planning expanded. According to the legislation, the RBOs’ main task was to
enable the unified management of the catchment areas, across the administrative
borders dividing them (Taylor and Wright 2001). In 2001, the first RBOs were set
up: one in the Red River Delta and two in Ho Chi Minh City, namely the Office of
the Dong Nai River Basin and the Office of the Cuu Long (Mekong Delta) River
Basin. These three basins cover more than three provinces each and were selected
as pilots, as they represent the major large basins of the country.

In the initial phase, the creation, funding and capacity building of the new agencies
were dependent on donors," and national investments were reduced to a minimum. This
illustrates the low level of interest of Vietnamese water management officials, who “...
would [rather] refer to agencies or boards, seen as better reflecting their Vietnamese

"'This section of the article is basically taken from Waibel (2010:34-37).

12¢The law does not, however, provide for the establishment of river basin organisations, as various
donors stated in their documents” (Molle & Hoanh 2008:23, FN 28).

3 While the ADB was engaged in the Red River and the Dong Nai Basin Development, the
Australian government assisted the Mekong Basin. DANIDA and other bilateral cooperation agen-
cies also played an important role.
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translations” (Molle and Hoanh 2008:16, FN 18). As a consequence, they remained
critical about whether this institution could fit their administrative and decision-making
structures and culture. Molle and Hoanh (2008:2) thus argue that the concept of RBOs
in Vietnam “...has been quite disconnected from the existing institutional framework”.
This argument is also supported by the research findings of the authors.

When the responsibility for RBOs was shifted from MARD to MONRE in 2006, the
main idea was to concentrate all competencies for strategic planning in the water sector in
one central agency. With this move, MONRE officially wrested charge of preparing River
Basin plans, and in 2008 the ministry drafted a new decree on river basin management.'*

Following this decree, each RBO is made up of a council and a secretariat.
The council is composed of representatives from both the provinces and national-
level ministries and is supposed to meet twice a year. The secretariat represents
the operational unit but is practically understaffed. The RBOs of the Dong Nai
and Mekong Delta river basins, for instance, have five staff each and a budget
which clearly limits the office’s activities to mainly administrative tasks (interview
with an RBO officer 13.04.2008).

In September 2008, the Southern Institute of Water Resources Planning
(a research institute under the authority of MARD, and the host of two RBOs) sub-
mitted a draft master plan for the Dong Nai River Basin, which was the first plan to
be developed by one of the large RBOs initiated in 2001.'% This can be considered
as progress towards IWRM, although planning processes and outcomes definitely
deserve critical attention (Pham Cong Huu et al. 2009). Similarly, there is no valid
information on how such a plan would be implemented. Moreover, the emergence
of parallel institutions and overlapping so-called environmental protection master
plans raises new questions about the mandate and responsibilities of RBOs. These
plans are drafted by new river basin organisations, established within the frame-
work, and subsequent secondary regulations of the Law on Environmental Protection
(2005). These organisations are called Environmental Protection Committees and
deal with environmental management at a basin scale. They are set up under the
authority of MONRE, are independent from RBOs established (in 2001) under
MARD and report directly to the prime minister (Grothe 2009:53ff.). Such parallel
structures potentially increase institutional fragmentation rather than help to
reconcile sector-specific and diverse local interests.

“Decree No. 120/2008/ND-CP, issued by the Government on December 01, 2008, regulating river
basin management. This decree was urgently needed because river basin management was omitted
in two decrees issued in 2008, revising and clarifying the functions, tasks and responsibilities of
MARD (Decree No. 01/2008/ND-CP of January 03, 2008) and MONRE (Decree No. 28/2008/
ND-CP of March 04, 2008).

15 A first evaluation (water sector review) in 1996 drew the following picture (World Bank et al.
1996:45 f.): River basin master plans for the national segments of the Mekong Delta (1993) and the
Red River Delta (1995) were completed and three more were in preparation. All existing plans had
been prepared by different ministries, and inconsistencies with other plans, affecting water alloca-
tion and use, were detected. With regard to water resources management at a sub-basin or basin-
scale, no formal agreements among provinces existed (World Bank et al. 1996:43).
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Recent history illustrates the continuous struggle over water resources manage-
ment functions at ministerial level. In fact, the establishment of RBOs touches on
questions of power and finance and adds to the already existing conflicts between
MONRE and MARD (Molle and Hoanh 2008:29):

Since RBOs are largely promoted by foreign partners and thus likely to be associated with
the future delivery of loans and projects, they may also ‘attract’ more investments, which
make their control even more desirable. In other words RBOs’ legitimacy as ‘registration
chambers’ for projects — rubber-stamped with the seal of IWRM — can be attractive for the
departments traditionally involved in structural interventions (and perhaps for investment
banks alike).

As generally stated, RBOs have never worked effectively, and in all the policy
fields investigated in this paper, the Mekong Delta RBO played no role at all. In addi-
tion to the already mentioned constraints, the challenge of coordinating national and
provincial interests and concerns appears to be a crucial point. Prior to the establish-
ment of RBOs the only coordinating, cross-province mechanisms were those within
MARD, but “... any major issues affecting more than one province ... [were] ... usually
handled by separate discussion with each province” (AUSAID 2003:68). From a
local perspective, Provincial People’s Committees were reluctant to support the
establishment and operation of RBOs, because their existence would entail a poten-
tial transfer of decision-making powers from the provinces to an inter-provincial
body (CRDE and IESD 2006). Since out of all 15 river basins in Vietnam a vast
majority covers more than two or more provinces, the question of inter-provincial
coordination remains a critical concern. To date, no legal provisions concerning
regional management have been developed for Vietnam (Scott and Chuyen 2004:98),
which constitutes another constraining factor in this regard.

To sum up, RBOs appear as empty shells, lacking the resources — but more
importantly the decision-making power — for strengthening IWRM in Vietnam’s
river basins. More precisely, the government has not demonstrated a real and pro-
found interest in making the RBOs work, which again supports the argument of
Molle and Hoanh (2008:2) that IWRM is, by and large, incompatible with
Vietnamese water resources management institutions.

6.2.3 Technical Progress with Side-Effects: Dyke Planning
and Implementation

The Mekong Delta’s climate and topography are characterised and greatly affected
by clearly distinct dry and rainy seasons, as well as annual flooding. Floods consti-
tute both a valuable resource for local production and, in some places and points in
time, a risk and potential disaster for local livelihoods. For a long time, people living
in the delta have adapted to the flooding regime and peculiar climatic conditions
(Ehlert 2012). Similarly, technical solutions for the specific challenges of the water
environment were continuously developed and favored by the different political
regimes (Biggs et al. 2009:212ff.).
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Up to the 1990s, flood control measures were not systematically planned in the
sense that a comprehensive regional approach to flood protection was missing.
However, shortly after the country’s reunification in 1975, the irrigation system was
identified as a historical solution to mitigate floods and thereby allocate water for
agricultural production. Thereafter, local agencies and farmers built dykes to protect
their production areas, but no central state flood control system existed. Between
1975 and 1990, both low and high dykes, in combination with the irrigation system,
were constructed. The low dyke (so-called August dyke) was built mainly to protect
the summer-autumn rice crop at the beginning of floods from July to August, while
high dyke construction was used to control floods year round. However, this system
could not fully prevent flood damage, which irregularly but frequently occurred.

During the same period, the central government started to investigate how
national and local flood management policies could best address the risks and dan-
ger of flood disasters. Within this context, the NEDECO Master Plan was devel-
oped. In order to find relevant measures for different floodplains in the delta, the
NEDECO Master Plan (1993) suggested that low dykes should be built to control
floods in the low flooded areas, and high dykes constructed in the deep flooded
plains. However, delta flooding is very complex and depends on topography, rain
regime and tide. In order to control floods, the Vietnamese flood planners divided
the floodplains into different sub-zones and selected relevant flood control measures
for each of the floodplains. Although the Vietnamese government officially pro-
moted an integrated and diverse flood control approach, where flood avoidance,
flood adaptation and flood control measures were pursued, the dyke control system
remained the dominant activity (To Van Truong 2000). In the 1990s, the govern-
ment adopted a 5-year plan (1996-2000) and issued Decision 99TTg/1996 to deal
with the specific flood risks of the Mekong Delta; MARD was assigned to organise
and implement this decision through a corresponding programme.

Within this context, MARD commissioned the SIWRP, which operates under
the ministry’s authority, to prepare a flood control plan for Can Tho City. Similar
plans already existed for a number of other provinces, but Can Tho City was the
first province in the Mekong Delta that would develop a flood control scheme for
an average level of flooding. A first result of the process was that dykes were
identified as the priority flood control measure for the delta (SIWRP 1998, 2005).
The plan itself was developed over several years and MARD invited a number of
ministerial-level agencies to make their contributions. Similarly, as empirical
research has shown (Pham Cong Huu 2012), local-level organisations such as
DARD and other departments from Can Tho City were involved in the consultation
process. However, as several representatives argued, they could only contribute
their opinion to already drafted documents and were not considered as partners in
the proper sense. The plan itself was developed at the office desk of SIWRP. Local
planning and research institutes were not invited to participate in any
capacity whatsoever, and the incorporation of local communities was very limited.
The whole process therefore illustrates the usual top-down approach in decision-
making, where local expertise and concerns are broadly ignored. This produced
adverse effects, as investigations at province and commune levels have shown.
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Map 6.1 Dyke system planning in Can Tho city (Source: Pham Cong Huu 2012, based on Data
from SIWRP collected in 2008)

Indeed, the undoubtedly positive effects of dyke construction measures such as
the protection of farms are counterbalanced by a wide range of potential and real
negative impacts on people’s livelihoods and local ecosystems. Previous studies
have already showed that the Mekong Delta’s flood protection system leads to ero-
sion, plant diseases and soil fertility decline in the protected areas (Tran Nhu Hoi
2005; Duong Van Nha 2006; Sarkkula et al. 2008). Other negative impacts are
changes in flow velocity and rising annual flooding levels (Le Thi Viet Hoa et al.
2007; Kdkonen 2008), as well as natural fish resources and biodiversity degradation
(Hirsch et al. 2006).

With regard to Can Tho City, and according to the plan, the province was divided
into five different flooding zones (see Map 6.1), where the topography, soil quality,
irrigation and other infrastructure were taken into consideration. The implementa-
tion of the plan started in 2004, and during the past years dyke construction has
proceeded in Zones II and V. Due to financial constraints, works in the other zones
have not yet materialised. In practice, the dyke systems were not only built in the
rural floodplains, but also in urban areas where residential zones should be protected
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and transport systems developed. In addition, the dykes were supposed to control
floodwater flows from the Long Xuyen Quadrangle into Can Tho City, as well as its
discharge into the Western and Eastern Seas.

As mentioned above, local communities did not participate in the design of the
new system and their specific needs were basically ignored. As a consequence, the
implementation of the dyke system created conflicts between central planners and
the targeted communities. Local organisations and authorities constructed low dykes
in almost all of the floodplains, while the central planning design anticipated high
dykes as being appropriate: one survey in 2008 on dyke construction in Vinh Thanh
District actually showed that 21,816 ha of farmland was protected by low dykes and
only 5,029 ha lined with high dykes. These figures demonstrate that farmers clearly
prefer the low dykes and do not necessarily follow plans made by central agencies.

The new dyke system showed both negative and positive impacts. The benefits
notably include rural road improvement, the development of aquaculture production
zones and the reduction of flood damage risk. The negative impacts encompass natu-
ral fish exhaustion, soil fertility reduction, erosion as well as changing and prolonged
inundation levels. Le Thi Viet Hoa et al. (2008) found that inundations last approxi-
mately 5-10 days longer and are 0.2-0.3 m deeper in some places near or between
high embankments. Moreover, the majority of farmers perceived water pollution as a
severe problem in the protected floodplains. This is also closely linked to the dyke
system, because the dykes block the flow-out of polluted waters. Moreover, intensive
farming and the increasing use of agrochemicals are encouraged in the flood-protected
zones. Centralist dyke system planning has dramatically changed the natural flooding
regime of Can Tho City and produced a series of unintended, negative effects.

An analysis of the complex planning process clearly shows that the governmental
perspective merely focused on protecting and improving agricultural production and
preventing flood disasters. It must also be emphasised that most information and data
taken into consideration by the planning agencies were secondary data from the city
and district departments, while primary data and information from local communities
were hardly sought. As a result, the experience and flood adaptation strategies of local
people in the floodplains did not receive the appropriate attention. In addition, no stud-
ies on the expectations, attitudes and perceptions of the beneficiaries were carried out.
Thus, traditional technocratic and engineering aspects emerged as dominant features
in the new dyke system, while the ‘living with floods’ approach was relegated.

6.2.4 Water Quality Management: Urgent Problems,
Temporary Solutions

In Can Tho City, most economic sectors depend on or are related to water, yet the
main freshwater sources, namely groundwater, (collected) rainwater and surface water
(DONRE 2009), are increasingly threatened by overexploitation and pollution (Dung
2003). In particular, the Hau River (the last part of the Mekong River before empty-
ing into the East Sea) is heavily polluted by organic, chemical and microbiological
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substances (Nuber et al. 2008), and the related drainage canals suffer from untreated
wastewater discharges. According to the results of environmental monitoring con-
ducted in 2007 by the Environmental Protection Department of the Southwest Region
(belonging to MONRE), the amount of suspended solid waste was 12.760 mg/l,
Nitrogen 171 mg/l and Sulphur 9.8 mg/l (Can Tho Newspaper 14.12.2008). These
indices clearly exceeded the allowed national water quality standards by more than
100 times. The percentage of Coliform (2.400.000 MNP/100 ml) especially has now
exceeded nearly 27 times the safe legal limit (ibid) (see also Chap. 13).

The sources of water pollution are manifold and include both domestic and pro-
duction-related pollutants. At the household level, poverty reduction and higher
income levels lead to changing consumption patterns, which in turn result in grow-
ing waste production (O’Rourke 2004). Domestic sewage treatment plants are non-
existent, and most rural households still use traditional, open sanitation infrastructure
(Herbst et al. 2009). Sewage from approximately 1.2 million inhabitants is dis-
charged daily, directly or indirectly, into open waters. A population growth of 4.52%
(2004-2009; General Statistics Office of Vietnam (GSO) 2011a) and creeping
urbanisation further contribute to increasing water stresses.

With regard to the productive sectors, industries, agriculture and aquaculture
constitute the main water polluters in the delta. In Can Tho City, four industrial
parks accommodate mostly agriculture-related industries such as food processing
and feedstuff, as well as pesticide and fertilizer production (WISDOM 2009). The
non-existence of common wastewater treatment plants constitutes a major challenge
(Anh Phuong 2009). In fact, private treatment plants of “rather poor condition”
(Herbst et al. 2009:700) exist, but entrepreneurs are reluctant to pay for the waste
treatment fee and consequently discharge solid and liquid wastes frequently into
open waters in order to save costs.

Another main pollution source for surface water is agriculture, especially the
intensive rice cultivation sector, as rice farmers almost exclusively draw on agro-
chemicals (Toan and Sebesvari 2010, Unpublished data, personal communication;
cited in Reis 2012; see also Chap. 13). As intensification mounts, farmers use much
more than the required level of fertilizers and pesticides (MONRE 2008), which
are then washed into the canals and rivers.

Similarly, aquaculture farming constitutes a serious threat to the local environ-
ment. In 2008, fish farms, representing almost half of all farms in Can Tho City (159
out of 315 in 2008; GSO 2011b), had 12,900 ha of water surface under cultivation
(GSO 2011c). Critical factors causing water pollution are fish feed, fish waste, pesti-
cides and veterinary drug use, especially antibiotics (Khoi and Van 2008). The
uncontrolled digging of ponds, wastewater discharge'¢ and the continuous need for
renewing the pond water seriously affect water quality (Vo Thi Lang et al. 2009:21;
Nguyen Thi Phuong Loan 2010b; DONRE 20009).

1 For example, according to the results of a survey analysing the environmental consequences of
fish breeding systems, 60.2% of respondents answered that they discharge wastewater into public
water sources, while the rest (39.8%) dump it on private land (Vo Thi Lang et al. 2009: 21).
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According to the legal framework, the Department of Natural Resources and
Environment (DONRE)!” of Can Tho City shall coordinate with other related depart-
ments to set up and implement plans for the effective utilisation and sustainable
development of water resources, as well as apply measures to prevent and control
the degradation and depletion of water sources. Such key water-related departments
embrace the Department of Agriculture and Rural Development (agriculture, forestry,
aquaculture, irrigation and rural development), the Department of Finance (price of
clean water), the Department of Construction (water supply to urban areas), the
Department of Industry and Trade (technical standards for industrial products, envi-
ronmental sanitation and safety), the Department of Health (clean water standards)
the Department of Transport (inland waterway navigation) and the Department of
Justice (examination and reviewing of legal documents issued by the PC).

The institutional complexity and fragmentation of state management functions
with regard to water quality management are also reflected in the corresponding legal
framework developed at the province level. In fact, more than 100 legal documents
were issued by the People’s Committee of Can Tho City between 2002 and 2010 in
order to elaborate on and amend decisions on water resources protection and water
pollution management. Nevertheless, the current legal framework does not meet real-
life requirements. As the research on the problems of law enforcement on wastewater
management in Can Tho City revealed, legal pluralism, in the sense of multiple sec-
ondary and subordinate legislations at provincial level, exists. For some of the rele-
vant issues, local regulations are missing, for others, contradictions between local
and national regulations emerge (e.g. on which basis natural resources taxes are
being calculated). As a consequence, there is confusion about the applicability of
legal regulations (Nguyen Thi Phuong Loan 2010b), which is further exacerbated by
the fact that many local state authorities in charge of water management lack not only
specialised knowledge but also legal awareness on water management.

In addition, water quality management practices do not correspond to the regu-
lations expressed on paper. For example, research at commune level found that
regulations regarding wastewater treatment and discharge in the aquaculture sector
are not enforced at all. The rationale behind this has different facets: poor farmers
are not punished by local authorities because financially punitive measures would
seriously endanger their livelihoods, while more affluent farming households are
not punished because local authorities have to maintain good relationships in order
to, for example, make use of their position by asking for donations to improve

"DONRE operates at three administrative levels. It was established as a specialised organisation
under the People’s Committee (PC), assisting the PC to implement its state management tasks on
water and mineral resources, land, geology, environment, hydrometeorology and cartography.
DONRE’s offices are accountable for state management of the environment, water resources, min-
eral resources, land and sea, as well as island issues in urban and rural districts. At communal level,
civil servants in charge of land and construction issues shall also be responsible for environmental
issues, as well as mediation in environmental disputes (Joint Circular No. 03/2008/TTLT-BTNMT-
BNV, PC’s Decision No. 30/2008/QD-UBND, and PC’s Decision No. 08/2009/QD-UBND).
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community development.'® Furthermore, many large enterprises, factories and
manufacturers that are well informed about water laws bypass the existing regula-
tions and thereby benefit from the weak regulatory framework used for water and
environmental state management. In fact, the factories actually choose to pay the
“dirt-cheap” fines instead of having wastewater treatment systems installed,
because the latter are a prohibitively more expensive option. In some cases, waste-
water treatment plants are being established in order to respond to the demands of
the Environmental Impact Assessment (EIA), but their actual use and operation is
still limited. Financial punishment is thus considered a “temporary solution” (gidi
phdp tam thoi), which must be replaced by a more effective sanctioning system
(interview with the DONRE of Can Tho City 23.03.2009).

Local state agencies demonstrate that they still have other priorities. In many
provinces, the “red carpet” (tham dd) is laid out to attract foreign investments, while
the industries’ technical capacity to treat wastewater and therefore minimise its
environmental pollution, is often ignored. Additionally, companies collaborate with
local state officers and environmental police, e.g. when they agree on the dates of
upcoming “unscheduled” inspections.'” Such arrangements apparently bring benefits
to the involved parties but definitely do not help to improve upon water quality
management.

Despite recent efforts made to improve judicial competences, the right to initiate
lawsuits against Decisions/Acts issued by administrative agencies has remained
unused. The People’s Court in Can Tho City has not yet exercised its new compe-
tence of dispute settlement on environmental issues (since July 1996). At commune
level, a few small dispute cases have been solved by mediation between communal
cadres in charge of land and construction (interview with the Department of Justice
of Can Tho City 23.03.2009). The broader picture shows that the legal framework
and current law enforcement practices do not meet the ever growing challenges of
water pollution. It further appears as if environmental degradation is accepted as a
cost of economic growth and rising living standards, and that the future rather than
the present will be compromised. Fundamentally, state cadres and entrepreneurs are
the immediate beneficiaries, while (in particular the poorer segments of) the popu-
lation suffers from water quality degradation. Nevertheless, most water users are
also polluters, and awareness about water pollution in farming systems and aqua-
culture production is just starting to rise (see also Chap. 13). More severe conse-
quences will definitely emerge in the future.

'8 Content is based on preliminary research findings of the WISDOM project; forthcoming in
2012.

1 Such practices were revealed by the head of the Environmental Police, Can Tho City in his pre-
sentation “Enforcement mechanisms for environmental regulations in Vietnam”, held at the
“Workshop on Waste Water Management in Industrial Zones — Challenges and Solutions”, Can
Tho City, 2" March 2011 and by a German expert on industrial waste water management, who
works in a project in Tra Noc Industrial Zone, Can Tho City (personal communication,
04.11.2011).
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6.2.5 Rural Water Supply in Can Tho — Serving the People?

Domestic water supply in the rural areas of the Mekong Delta — a region where
water is naturally abundant — is characterised by diverse water sources. Until
recently, rural households almost exclusively used rain and river water for their
domestic purposes. Rain water, however, is not available during the dry season,
which lasts for around 4-5 months (December to April). The central role of river
water for domestic water supply goes back to the fact that settlements are located
along the dense network of rivers and canals. Commonly, river water is filled into
buckets to transport it to the house and then stored in jars. Due to the increasing
pollution of surface water since the 1980s, though, it has become more and more
popular to drill private wells during the last years. However, as research has shown,
this is a rather expensive practice due to groundwater depths of around 60—-100 m,
and thus only relatively wealthy households can afford to drill wells.

With the ‘National Rural Clean Water and Sanitation Strategy’?® (NRWSS),
Vietnam adopted its first sector policy for Rural Water Supply and Sanitation
(RWSS) in 2000. The national goal is to provide all rural people with sufficient
clean water and hygienic latrines by 2020 (MoC and MARD 2000:11). The basic
principle of the NRWSS is sustainability, yet it does not specify the meaning of the
term in detail, or what is intended to be sustainable. Moreover, the policy follows
the approach of ‘demand responsiveness’, whereby, in contrast to the former sup-
ply-oriented approach, users are now supposed to decide for themselves what kinds
of facilities they want, how they will organise construction, operation and mainte-
nance and how they will pay for these elements. Construction is normally carried
out by users, although alternatively they can hire a contractor. The operation and
maintenance of facilities are managed by the users.

For the period 2006-2010, the ‘Rural Water Supply and Sanitation National
Target Programme II" (RWSS NTPII) was the main programme used for imple-
menting the NRWSS. NTPII is supported by a consortium of three international
donors — Denmark, Australia and the Netherlands — and reaffirms the basic princi-
ples of the NRWSS, but develops in more detail how these principles are to be put
into practice. In particular, the policy considers ‘community participation’ as a critical
‘success factor’ (SRV 2006:16) and thus modifies formal planning mechanisms.
Planning is to be carried out in a decentralised way, meaning that communes (“‘with
participation of the community”) should develop commune RWSS work plans,
which then should be submitted to the districts; the districts collect and summarise
all plans and prepare district plans. Provincial plans are to be prepared on the basis
of district plans (SRV 2006:36).

Research in Can Tho City has shown that the national policy on RWSS is of
limited relevance to policy practices on the ground. Although decision-making
power on the allocation of funds for the NTPII lies foremost with MARD and the
Ministry of Planning and Investment (MPI) on the national level, influence on the

2 Approved by the Prime Minister’s Decision No. 237/1998/QD-TTg of December 03, 1998.
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implementation of RWSS policy is strongly in the hands of the provincial agency
CERWASS.?! A provincial NTP committee, which (in line with national policy) is
supposed to decide on RWSS issues, exists on paper but has never met in practice.
Although many different agencies are formally involved in the decision-making
procedure, CERWASS is the agency that finally chooses policy instruments. All
other involved actors in fact only execute formal administrative procedures.
Moreover, 10 years after the release of the NRWSS, and contrary to its aim, the
management and operation of water supply facilities remain completely in the hands
of the government agency.

Planning for RWSS is not executed based on bottom-up developed work plans,
as intended by NTPII, but instead follows the ‘old-style’ Leninist way. ‘Community
participation’ is thereby understood in terms of one of the core doctrines of the
prevailing “socialist political-legal canon” (Gillespie 2005:47 ff.), ‘democratic cen-
tralism’ (tap trung dan chu). From this perspective, the democratic rights of the
working class are secured by ‘proletarian dictatorship’ (Gillespie 2005:48), and the
party state thus represents and acts according to the will of the people (Minh Nhut
Duong 2004:5). Local and district authorities can report their demands to the higher
levels within the scope of the policy given by CERWASS — the implementation of
new piped water schemes. In this sense, policymaking is ‘demand-oriented’.

The local governments know the problems of the local areas. They travel around the house-
holds and talk to the people. They know what the people want, it is not necessary to ask the
households (interview with Vice Director of CERWASS, 06.04.2008).

According to CERWASS officials, the “most urgent areas” are then chosen for new
constructions, based on the statistics and suggestions submitted by local authorities. In
recent years, CERWASS has implemented hundreds of groundwater abstracting, small-
scale piped water supply schemes for supplying the rural population with clean water.

However, contrary to the official discourse, the research revealed that people’s
demands — communicated through local authorities — are not necessarily the criteria
according to which the location of new water supply stations is decided upon. In
contrast, a series of statements leads to the conclusion that other considerations play
a major role in the decision-making process. As authorities pointed out, local areas
and hamlets have to fulfil certain conditions in order to qualify for piped water supply
from CERWASS. Most important in this respect is potential economic efficiency.
Piped water supply in the rural areas of the Mekong Delta is an economically tight
business, mainly due to the ‘competition’ of piped water with other water sources.
Moreover, CERWASS has a very low budget, which does not allow the permanent
subsidising of a loss-making business. To gain sufficient fees from a water supply
station, a potential location has to possess enough households that are willing to con-
nect to the station, and at the same time these households must not be located too far
from each other, in order to limit the costs of constructing tubes. According to local

2 CERWASS =Centre for Rural Water Supply and Environmental Sanitation. CERWASS is an
agency under the Department of Agriculture and Rural Development (DARD) and MARD for the
national scale.
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authorities, ‘suitable’ locations must have more than 100 households willing to pay
for piped water supply within a distance of 1,500 m. In many areas that do not yet
have piped water supply, it is not feasible to construct water supply stations because
too many households already have a private well. The poorer households living in
these areas therefore still rely on using polluted water sources, in particular during
the dry season, when rainwater is not available. The piped water schemes approach
leaves behind areas in which it is economically unfeasible to construct a network,
because households are too poor to pay, the population density is too low or too many
households have a well and do not demand piped water. Hence, the “demands of the
people”, i.e. the data submitted to CERWASS by local authorities, do not necessarily
play a role when it comes to the decision about new water supply stations. To date,
year-round clean water supply is still problematic for one-third to half of the rural
households.

Further, the sustainability of the current policy approach is questionable. On the
one hand, this is related to the critical economic situation of the CERWASS system,
which averts the comprehensive coverage of all areas with water supply stations and
the connection of all households to the networks. A low ability and willingness to
pay for piped water, a very low water tariff, the separation and privatisation of urban
water supply and rural settlement patterns all contribute to the financial instability
of the system. The other critical factor for the future sustainability of the system is
the use of groundwater for such piped schemes, which is ecologically unsustainable
due to the fast depletion of the resource. According to various assessments (Nuber
et al. 2008; Nuber and Stolpe 2008; MONRE 2009), it is very likely that the stations
will start suffering water shortages within the next 5-10 years.

6.2.6 Water Engineering Liberalisation: Old Wine
in New Bottles

The recent success story of developing the Mekong Delta into Vietnam’s ‘rice
bowl’ in only three decades is linked closely to new technical and scientific innova-
tions in hydraulic engineering and water control. Progress made in salinity intru-
sion control, irrigation and drainage, as well as flood management, contributed
significantly to the delta’s agro-economic upswing, together with economic liber-
alisation, after Doi Moi (Biggs et al. 2009; Kikonen 2008) and transformed the
delta into a hydraulic landscape (Evers and Benedikter 2009b). Following the
green revolution in the 1970s, and supported by Doi Moi reforms, the hydraulic
infrastructure was continuously expanded and provided for steadily increasing
agricultural growth rates (Evers and Benedikter 2009a; Yasuyuki 2001; Le Meur
et al. 2005). To date, large amounts of public funds? generated from ODA, revenues

21In the period from 2000 to 2010, the Vietnamese government invested a total of 2.8 billion USD
into the preservation and construction of its hydraulic infrastructure (including hydropower plants)
and, according to the next 5-year plan, investment is expected to grow (Benedikter 2010).
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from the sale of government bonds and allocations from the national state budget
have been invested in water infrastructure development (Benedikter 2010).

In default of a new river basin plan for the Mekong Delta, most hydraulic
schemes currently under construction still refer to the NEDECO Master Plan
(1993), which focuses on water control schemes for boosting agricultural produc-
tion. Current practices, however, take recent developments into account and tend to
adapt the planning framework — while formerly, hydraulic engineering focused on
single constructions (canals, dykes and pumping stations), today, large-scale irriga-
tion and drainage schemes are being developed. These schemes include road infra-
structure projects, solid embankments and sluices for full control over water in- and
outflows? (White 2002:33-36; Miller 2003:219-223). Moreover, contemporary
water resources planning takes water demands for agriculture, domestic use, indus-
tries and aquaculture into account and is more complex.

Hydraulic works, which constitute the infrastructural backbone of water
resources management and exploitation in the Vietnamese sense of the term, are
defined as public property managed by the state. In accordance with the administra-
tive division of the state apparatus, a complex bureaucratic management system
comprising state agencies and semi-private companies has been developed to
manage hydraulic infrastructure. This system, however, strictly follows administra-
tive boundaries, instead of water flow regimes and hydrologic systems. The insistence
on administrative boundaries in water flow management vividly illustrates the
absence of “IWRM” principles in hydraulic infrastructure management. In this
respect, the lack of cooperation and communication between provinces negatively
affects cross-boundary devices and operations.

With regard to the decentralisation of water management functions, responsibili-
ties are shared according to the size and scale of the construction. In principle, large
hydraulic works such as inter-provincial schemes come under the auspices of cen-
tral government, more precisely MARD. Smaller primary and secondary canals,
sluice gates and dykes are under the management of provincial governments author-
ities, in particular DARD (Doan The Loi no date:2). Each of the administrative units
receives a budget for maintenance and construction, following their respective
annual plan. Smaller hydraulic works in the context on-field irrigation are managed
by farmers’ groups, which provide labour and funds to sustain their activities
(Benedikter et al. forthcoming 2012).

According to the national regulations,? state authorities are in charge of monitor-
ing and planning, while hydraulic works operation and maintenance fall under the
responsibility of irrigation and drainage management companies (IDMCs) (Doan
The Loi no date:9—12). Following MARD regulations, such companies are to be set
up in every province. Nonetheless, investigations into 10 out of the 13 Mekong

% Examples are Nam Ming Thit, O M6n — Xa No, Béc Vam Nao and Quan L6 — Phung Hiép.

2 Circular 43/1984/TC-TTLB issued jointly by the Ministry of Water and the Ministry of Finance
(1984); Decree No. 143/2003/ND-CP issued by the Government on November 28, 2003 detailing
the implementation of a number of articles of the Ordinance on the exploitation and protection of
irrigation works.
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Delta provinces in 2008/09 revealed a distinctive administrative pluralism. For
instance, water service delivery for rural production comes under the responsibility
of state management agencies (DARD) in some of the provinces (Can Tho City, Soc
Trang, Vinh Long), whereas others (Bac Lieu, Tien Giang) charge IDMCs with
these tasks. This shows that provincial governments pursue different institutional
practices, while local conditions may be more decisive for water resources manage-
ment than centrally determined standards. Similarly, the division of responsibilities
between district and provincial authorities differs significantly from province to
province. While in Can Tho City sluices are under the responsibility of the provin-
cial sub-department of water resources under DARD, in Vinh Long sluice gate man-
agement has been delegated to district local authorities (offices of agriculture and
rural development). This large distinction in the administrative setup and allocation
of responsibilities within different provinces, which is not in line with national stan-
dards, makes inter-provincial cooperation even more complicated.

Despite the announcement made by the government to foster decentralisation and
promote local governance, research on the O Mén — Xa No® water control scheme
showed that top-down decisions are still rigorously enforced. O Mén — Xa No is one
of the three sub-projects of the national Water Resources Development Project for
the Mekong Delta, based on the NEDECO Master Plan. The project was initiated by
MARD and the World Bank and aimed to improve flood control for rural production
growth in Can Tho and Kien Giang provinces (World Bank 1999:27) — ironically an
area almost untouched by floods. The planned intervention consists of a closed ring
dyke combined with culverts and sluice gates to control water in- and outflow.

During the planning phase in the late 1990s, local authorities and scientific
experts in the project region raised concerns about the feasibility and suitability of
the project. According to the critics, the construction plan was inspired by similar
projects implemented in the Red River Delta previously (Northern Vietnam), but did
not match with the distinct water regime of the project region. Nevertheless, MARD
and the World Bank started construction works and failed to provide opportunities
for local government participation in the decision-making and implementation pro-
cesses of the project. In the first phase (1999-2009), over US$20 million were
invested in the construction of sluice gates, culvers, embankments, canal dredging
and other water engineering activities (World Bank 1999:27).

() Mon — Xa No was appraised as inappropriate and environmentally problematic by local
authorities in Can Tho City and elsewhere in the project region (interviews 2009). According to the
authorities, the sluice gates were too narrowly constructed and therefore water inflow into the
scheme was constrained. This causes severe water pollution problems, accelerates sedimentation,
creates higher levels of acidity and severs water scarcity during the dry season (no flushing possi-
ble).When sluices are closed, boat traffic is hampered, which causes additional costs for agricul-
tural good transportation. In a similar way, local newspapers argued, when they cynically assessed
the schemes as a “Red River design project” imposed to the Mekong Delta. Between the lines,
critics targeted both the wrong design by northern engineers and central government’s domination
in the implementation process (Tuoi Tre Newspaper 14.04.2008, Tuoi Tre Newspaper 27.02.2008,
Can Tho Newspaper 27.02.2008).
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In the wake of Doi Moi, market-based biddings were introduced under the Law
on Tendering (National Assembly of Vietnam 2005) as a new means of allocating
investment funds in public-funded infrastructure projects. Moreover, state-owned
enterprises were (partly) converted into joint-stock companies (equitisation pol-
icy).?® The enactment of the Law on Private Enterprises (1990) finally allowed the
establishment of private hydraulic engineering firms and their involvement in pub-
lic-invested infrastructure projects.

However, as the case of O Mén — Xa No shows, procedures have barely changed
since sector liberalisation came into force. Funds for large-scale infrastructure proj-
ects are controlled by MARD, which issues contracts for project implementation to
planning and research institutes, semi-private consulting firms and equitised, state-
owned construction companies. Most of the financially profiting contractors, namely
research and planning institutes under MARD and equitised water engineering and
construction firms, maintain close relationships with the national agency. Notably,
engineering firms formerly under MARD (and partly the Ministry of Construction)
are headed by North Vietnamese engineers who are related to MARD officers via
colleagueship, friendship (university), regional provenance or even kinship. After
10 years of project implementation, the scheme was still not completed and the gov-
ernment released another US$50 million for a second project phase (2009-2012),
despite remaining local critiques with respect to environmental and socio-economic
impacts (MARD 2009). This time, no ODA funds were provided. According to a
statement issued by MARD’s hydraulic construction project management board in
charge of the Mekong Delta region, the planning institutes and firms involved would
remain the same as in phase I. Although Vietnam claims to be a market-oriented
economy, obviously the introduction of market-based allocation mechanisms in
public-funded projects — such as tendering — seems to remain rather ineffective, as
long as strategically operating networks allude to them in order to safeguard their
monopolistic access to public resources.

Similar resources networks can be found at the local scale of the water engineer-
ing sector, where funds are controlled by local governments. As sector liberalisation
began no more than 10 years ago, private hydraulic engineering and construction
companies have begun to develop only recently. Due to their rather small scale, their
focus is on local construction and dredging projects. Empirical research conducted
in the delta has sought to capture the background of this newly emerging entrepre-
neurship. The environment under which such private businesses emerged was
minted by strong inter-linkages between business and local bureaucracies. In many
investigated cases, the actual ownership in private firms was either through (former)
local politicians, a local cadre of the water bureaucracy or a staff member of a pro-
vincial state-owned enterprise. Private firms with no such ties put a lot of effort into
establishing and maintaining patron-client relations and resources networks with
local bureaucrats, who promote and protect their businesses.

26 Equitisation (cd phin héa) describes the Vietnamese way of privatising state-owned enterprises
by converting them into joint-stock companies.
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At first glance, one might see the whole sector undergoing profound transition
towards market-economy principles, where all kinds of businesses can be involved
and contractors are selected following competitiveness and performance criteria.
Beneath the superficial guise of institutional change, however, what strikes the
observer is continuity rather than change. As already argued by Gainsborough
(2009), and Greenfield (1993) even earlier, SOE reforms, or the transformation of
state assets into private property, and the appearance of private business over the
past decades have been taking place with the strong involvement of the party-state
bureaucracy, incumbent directors of SOEs and (partly) the military. Hence, priva-
tisation promoted by the socialist regime itself has certainly changed institutional
arrangements, but in a way that it offers even better opportunities of self-enrichment
for the bureaucratic polity (water bureaucracy) and their allies (emerging business)
by securing a share of the pie. State assets have been transformed into private
property — a step towards market principles indeed — but therewith have fallen into
the hands of the old water bureaucracy for satisfying their rent-seeking aspirations.
The elimination of ‘old socialist practices’, and approaches of strictly separating
state functions from business, have created new linkages, often informally placed,
between bureaucracy and business. This indicates two different processes: (1) the
hybridisation of the bureaucrats into the corporate sector and (2) emerging alli-
ances between bureaucrats and businessmen.

6.3 Conclusion

Extensive field research on water-related policy practices shows that IWRM in the
Mekong Delta exists on paper, but has not been transformed into practice. First of
all, the formal existence of the Mekong Delta River Basin Organisation has, in fact,
not changed the conventional sector-specific and technocratic approach to water
governance. Water policy planning continues to target single sub-sectors, like
flooding and irrigation, water quality and water supply, separately from each other.
There is no integrative approach to water governance, which appreciates the com-
plexity of water-related problems in the delta. The sector-specific view on water
issues has a substantially negative impact on the appropriateness of current policy
approaches for solving the problems the population is facing. For instance, the lack
of access to clean drinking and domestic water in rural areas is closely interrelated
with the pollution of surface water resources, but water quality management does
not play any role in RWSS policy.

In spite of existing policies which emphasise IWRM principles, virtually none
of these principles is applied when it comes to actual practices. ‘Community
participation’, as understood in the global water policy discourse, is a concept
rather ‘alien’ to Vietnamese cultural and political history. Concepts of participa-
tion and grassroots democracy are adapted to fit the Vietnamese socio-cultural
value system, where collective interest reigns supreme over individual interests
and rights (Minh Nhat Duong 2004:21-22; Pham Duy Nghia 2005:80).
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Historically, the Vietnamese political system has been based on the model of the
Confucian paternalistic family, where relationships and hierarchies between people
and socio-political institutions are strictly defined and kept in ‘natural’ harmony.
Social order is maintained by political elite who act on behalf of the people (principle
of chinh nghia — exclusive righteousness). This ideological underpinning was
incorporated in the Marxist-Leninist post-colonial regime, and legitimises the con-
temporary system, where the party state holds the central authority which repre-
sents the will of the Vietnamese people (Minh Nhut Duong 2004:5; Gillespie
2005:47 ff.; Gainsborough 2005:37). Elitism and the concept of monolithically-
organised political power are therefore intrinsic characteristics of the Vietnamese
political culture. According to this culture, citizens are sufficiently represented by
local authorities and thus ‘participate’ in decision-making (democratic centralism).
However, empirical research has revealed that the ‘participation’ of local communities
in water governance does not translate into practice, as local authorities are, more
often than not, excluded from policymaking and planning.

Furthermore, water resources management still follows a strict technical bias
that places engineering activities and related infrastructural interference centre
stage; the idea of exerting human domination over nature by technological innova-
tion still overwhelms the whole water sector. ‘Water resources development for
effective exploitation’ to stimulate growth still reflects the traditional paradigm of
water management (thuy loi). Against this background, water resources manage-
ment is less integrative and neither ecologically nor environmentally sustainable.
The case of RWSS has shown evidentially that the current approach to solving the
‘domestic water crisis’ in the Mekong Delta is based on groundwater exploitation
on a large scale. This strategy cannot be sustainable in the long run, as it only pro-
vides a (temporary) solution that will create even more severe problems in the
future. In a similar way, water quality management lacks effective instruments,
although the reduction of water pollution is imperative — clean water is becoming
scarce, and changes in water resources management are urgently needed. Here,
short-term thinking outstrips long-term-oriented ideas of sustainable economic
growth. Provincial governments compete over investments in local industrialisation,
including foreign direct investments, and environmental protection standards and
law enforcement are relegated to play a negligible role.

Decentralisation exists to a certain extent, but does not follow the principle of sub-
sidiarity. Firstly, the devolution of decision-making powers and management respon-
sibilities stops at the provincial level, hindering the development of solutions
appropriate for local conditions at district and commune level. Local authorities can
submit reports and petitions to the provincial-level agencies, but in fact do not exert
any influence on decision-making. Secondly, it is evident that decentralisation is non-
existent with regard to far-reaching, large-scale infrastructure projects that involve
large amounts of government and/or donor funds. The case of the O Mon — Xa No
water control project illustrates the prevalence of strict top-down decision enforce-
ment, even where local authorities as well as citizens have shown a lot of dissatisfac-
tion with the project. While the local stakeholders opt for more decentralisation and
participation in planning, their central counterparts are unwilling to accept devolution,
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since this would diminish their power and sovereignty over administrative functions
and — respectively — monetary resources.

Principles of economic efficiency have been formally introduced into water man-
agement, but functioning markets are levered out in practice due to the coalition, or
even hybridisation, of bureaucracy and private entrepreneurs (Evers and Benedikter
2009a). Making use of public offices for gaining additional income is a well-known
phenomenon in Vietnam (Gainsborough 2005:27), and was illustrated by the case of
water engineering sector liberalisation. As further shown for the case of water qual-
ity management, those in charge of environmental protection and the polluters
(companies, farms, etc.) often build arrangements for mutual benefit at the expense
of water quality. This elucidates that economic issues, whether serving public wel-
fare in the sense of economic development or the individual interests of resources
networks, excel at environmental and ecological concerns of sustainability and even
outsmart formal regulations and standards that have been formulated by those not
complying with them.

At commune level, people live in relatively closed village communities, where
local cadres are strongly embedded in a social environment that is minted by strict
moral commitments to the lives of their fellows and community welfare. Under
such conditions, local cadres rather follow their sentiments (zinh cam) with the com-
munity and single individuals, instead of rigorously enforcing what the law actually
requests them to do (Koh 2004:221). By promoting commune welfare, they gain
people’s respect and social rewards as good cadres, or in a more traditional sense as
ethically correct-acting mandarins. As shown for aquaculture, the rigorous national
water quality standards would endanger people’s livelihoods, since the majority of
fish farmers do not comply with wastewater management regulations. However, a
commune cadre turns a blind eye to such violations to keep good relations to their
commune fellows and promote community welfare. At the same time, farmers
might reward him/her for his/her ‘ethically proper behaviour’ in one of a number of
ways for mutual benefit. This underlines that water governance at local level is not
based on rules that are the same for everyone and every jurisdiction (the rule of law),
but that the enforcement of laws and policies is embedded in a traditional moral
code system and informal arrangements of ‘everyday politics’ at the local scale.

While on the one hand the managerial state bureaucracy is a closed unit that acts
as a strategic group, there are on the other hand fierce struggles within the state
bureaucracy over the division of functions and responsibilities. As shown in the case
of RBOs and the relationship between MARD and MONRE, struggles over admin-
istrative responsibilities and corresponding financial resources within the bureau-
cratic apparatus fuel bureaucratisation and institutional complexity. This process
follows the rationale that resources networks within the bureaucracy compete with
each other by maintaining and constantly expanding their access options to govern-
ment funds and ODA. Such internal struggles can be observed in the vertical direc-
tion between ministries and other central state agencies, as well as between central
and local bureaucratic units, as shown with the O Mén — Xa No water control
scheme. Although national directives and legal frameworks are bounding for all
state management agencies, they often remain vague and require local specification.
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Nevertheless, and as the case of water quality management standards has shown,
provincial bureaucracies define their own institutional arrangements and organisa-
tional setups and hereby even ignore national regulations and policies somehow
they create their own ‘kingdoms’. Mechanisms to identify, sanction or control such
contradictions are apparently not effective or even completely missing.

It is clear that the TWRM discourse’ serves the interests of the state bureau-
cracy as a collectively acting group striving for power and resources. In 2008,
Vietnam was the number one recipient of World Bank funds?’ (Cling et al. 2009:4)
and ranked fifth among all ODA recipients (OECD 2010:2). Policies and institu-
tional frameworks fulfilling international standards of ‘good water governance’ are
required for obtaining access to donor loans and grants. However, while donors
provide substantial funding and influence policy formulation, their influence over
policy practices, which follow the rationality of the Vietnamese bureaucratic appa-
ratus, remains very limited (Reis 2012). The fact that IWRM, a principle developed
by a Western philosophy-dominated donor community, currently cannot function
as an effective guideline for water policy practices in Vietnam is, in essence, not
caused by a lack of capacity, inadequate institutional arrangements or the shortage
of resources; rather, it is the result of the peculiar structural features of the contem-
porary state in Vietnam.
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Chapter 7
Groundwater Resources in the Mekong Delta:
Availability, Utilization and Risks

Frank Wagner, Vuong Bui Tran, and Fabrice G. Renaud

Abstract Surface water resources in the Mekong Delta (MD) are under increasing
strain due to unplanned extraction, pollution, salinization and climate change effects.
As a consequence, groundwater has become an increasingly important resource since
the 1990s. Nevertheless, in some regions the ongoing exploitation has reached the
capacity limits of the aquifers, challenging scientists and decision makers in order to
satisfy the increasing water demand in the MD. New groundwater exploration studies
are often hindered by the complexity of the subsurface structure and the hydrogeo-
logical system of the MD, which still needs further investigations. Therefore, this
chapter provides an overview of the hydrogeology in the MD in Vietnam based on
recently published and unpublished studies. It interlinks Late Pleistocene and
Holocene sea level change with modern groundwater resources and concludes with
possibilities and obstacles regarding current exploitation and future exploration
studies. Furthermore, the final section focuses on the role of groundwater for domestic,
industrial and agricultural water supply in the MD and addresses implications for the
future exploration and management strategies.
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7.1 Geologic Evolution of the Mekong Delta

The rapid uplift of the Proto-Himalaya mountain chain initiated the subsidence of
adjacent tectonic basins in Southeast Asia. The pre-Cenozoic basement of the NW'!
trending Mekong basin began to subside in late Neogene time. High erosion rates
have resulted in the mobilization of large amounts of material, which was collected
by the tributaries of the major receiving river systems and transported to the South
China Sea; recent erosion rates have reached approximately 160 million tons of
sediments per year (Xue et al. 2010). During millions of years, deposition and accu-
mulation at the river mouth in combination with ongoing subsidence of the Mekong
basin finally resulted in the formation of the extensive Mekong Delta (MD) complex
with a maximum thickness of more than 600 m along the basin axis (Anderson
1978). Offshore, the basin passes eastward into the narrow, ENE trending Vung Tau
basin filled with up to 7,000 m Cenozoic deposits (Fontaine and Workman 1997).

NE-SW directed faults divide the igneous, metamorphic and sedimentary bedrock
into blocks of increasing depths towards the coastline. The secondary tectonic direc-
tions are NW-SE and N-S (Division for Geological Mapping for the South of Vietnam
(DGMS) 2004). The crosscutting of faults with NE-SW and NW-SE directions
resulted in blocking of the bedrock near the mouth of the Bassac River with maxi-
mum depth of about 3,000 m below surface level in the SE of Tra Vinh province.
Minor faults in N-S direction have been detected in the West of the MD.

Plate-tectonics and faulting have established the frame for further development of
the MD. Alternating periods of alluvial and marine sedimentation during late Cenozoic
time resulted in the accumulation of heterogeneous strata. Thus, evolution and architec-
ture of the MD subsurface is governing availability as well as quality of groundwater.
The following sub-section describes sea-level fluctuation during late Quaternary time
and its relevance for the availability of modern groundwater resources in the MD.

7.1.1 Impact of Paleo-Sea Level Change
on Modern Groundwater

The geologic and geomorphologic development of the MD was controlled by the
glaci-eustatic sea-level change and the ongoing tectonic subsidence of the Mekong
Basin. Continuous accumulation of the sediment load was interrupted by repetitive
erosion events during the glacial periods due to the associated marine regression in
the late Pleistocene. Especially the last glacial event hugely impacted both distribu-
tion and interconnection of groundwater bearing strata in the subsurface of the MD
as well as on the salinity of pore waters as demonstrated below.

During the last interglacials sea-level high stand about 125,000 years BP,
extended coastal areas of today’s MD were flooded. Hence, the area was exposed to
seawater intrusion and regional salinization of pore water within permeable

'N = North, W = West, S = South and E = East
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groundwater (z) according to the Ghyben-Herzberg principle. Its application for sea-level high stand
(a) and sea-level low stand (b) indicates the origin of deep fresh groundwater lenses in the MD

Pleistocene and underlying sediments. Subsequently, the last glacial period began
about 120,000 years BC. It was accompanied by a general trend of sea-level
lowering of several tens of meters and interrupted by temporary transgressive
events (Fig. 7.1). Marine regression implies a deeper discharging system, increasing
the relief and the erosion energy of the receiving Mekong River and its tributaries.
During the maximum sea-level low stand up to 125-133 m below modern sea-level
(Hanebuth et al. 2009), erosion of earlier Pleistocene sediments culminated in the inci-
sion of deep river valleys (Xue et al. 2010). Thus, compared to modern times, a much
steeper hydraulic gradient between recharge areas in the inland and the ocean was
developed. This directly impacts the depth of the interface between fresh and saline
groundwater in coastal areas as shown by the Ghyben-Herzberg principle (Fig. 7.2).
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z depth of the salt-water interface below sea-level
h elevation of the water table above sea-level

P, density of fresh low saline groundwater

P, density of high saline groundwater

Based on the difference in density, the depth to which fresh water extends below
sea-level (z) is approximately 40 times higher than the water table above the sea-
level (h) assuming that stationary and unconfined conditions are given (Fetter 1972,
2001). Currently, the seaward directed natural hydraulic gradient of groundwater in
the Mekong area is generally very low (Fig. 7.2a). During periods of mean low sea-
level, a much steeper gradient (h) of more than 10 m potentially results in flushing
of pore water down to hundreds of meters depth.

During the transgression starting from 19,000 to 20,000 years BP, the paleo river
valleys were rapidly filled with estuarine, tidal, and fluvial sediments (Xue et al.
2010). Accumulation peaked from 13,000 to 9,500 years BP when sea-level rose
rather constantly at a rate of approximately 10 mm/year and the valley was almost
filled (Tjallingii et al. 2010). Accumulation stopped in the late Holocene with fine
grained, low permeable flood sediments and peat layers coming apart from the active
river channels. These beds represent protective layers preventing regional resaliniza-
tion of the deeper aquifers? during sea-level rise. Thus, fresh water lenses were locally
preserved at hundreds of meter depths. Local sea-level reached its maximum about
5,500 years BP, and since then slightly declined to the modern level (Fig. 7.1).

The cycle of erosion and sedimentation described above occurred several times
during the repeated transitions of glacial and interglacial periods. As a result, an
extremely complex architecture of the MD subsurface as described in the next sec-
tion complicates the exploration of yielding fresh groundwater resources from
Neogene and Pleistocene time. Nevertheless, salinization and pollution of surface
water and shallow groundwater have led to increasing exploitation of low saline
groundwater from aquifers up to 400-500 m depths.

7.2 Groundwater Resources in the Mekong Delta

7.2.1 Hydrostratigraphy and Aquifer System

As demonstrated above, the subsurface structure and, thus, the hydrogeology set-
ting of the MD is somewhat complex. Active faulting and repetitive transgression
and regression events during deposition of the sediments have resulted in a very

*In this text, the term aquifer represents a water saturated and relatively high permeable geological
formation, transmitting and yielding significant quantities of water; an aquiclude is a low to non-
permeable formation and represents a barrier for groundwater transport.
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heterogeneous structure of intersecting aquifers and aquicludes. Sedimentary strata
of the Mekong complex with relevance for groundwater supply last from the late
Neogene (Miocene, Pliocene) up to recent Holocene time. Table 7.1 presents a
stratigraphic overview based on the geological studies by DGMS.

According to the Vietnamese nomenclature (DGMS 2004), the Cenozoic Mekong
complex can be distinguished into eight hydro geological units, namely Holocene
(gh), Upper Pleistocene (gp,), Upper- Middle Pleistocene (¢gp, ), Lower Pleistocene
(gp ), Middle Pliocene (n,?), Lower Pliocene (n,"), Upper Miocene (n,*) and Upper-
Middle Miocene (n,”~). Generally, each hydrogeological unit has been divided into
two parts. The upper part is composed of a low permeable silt, clay or silty clay. A
lower rather permeable part consists of fine to coarse sand, gravel, and pebble with
medium to high water yield. Generally, the yield of all aquifers varies from medium
to high (1 to >5 1/s), exclusively the Holocene aquifer due to its more complex com-
position (see below and Table 7.1).

The two cross sections illustrated in Figs. 7.4 and 7.5 provide an overview of the
spatial distribution and interconnection of the hydrogeological units within the com-
plex architecture of the Delta’s subsurface. Basically, the aquifer system in the MD has
an artesian basin structure. The deepest area of the basement is located below the Tien
and Hau Rivers and rises to the NE, N and NW borders. A brief characterization of the
hydrogeological units and their composition is summarized below (DGMS 2004).

7.2.1.1 Holocene (gh)

Recent Holocene sediments outcrop almost the whole MD with an area of 40,000 km?.
The Holocene hydrogeological unit comprises various sediments from mainly three
facies types: Lower to Middle Holocene sediments (gh, ,) of alluvial and marine
origin consist mainly of clayey silt and fine sand and are rich in organic matter.
Alluvial, marine and eolian sediments (g#, ) include 5-10 m thick remnants of sand
dunes from paleo-sea shores which can be found in Mo Cay, Ba Tri, Tra Cu, Long
Toan districts of Ben Tre and Tra Vinh provinces. Upper Holocene sediments (gh,),
accumulated in river valleys and flood plains, consist of clayey silt and fine sand.
The permeable layers of the Holocene unit represent the gh aquifer. The shallow
wells screened in the gh aquifer have depths up to 30 m and vary in yield from low
to medium (0.1-2.0 1/s). The groundwater levels are generally between 0.5 and
3.0 m above modern sea-level (msl, see next subsection). Whereas Holocene
aquifers mostly carry salty or brackish water, sand dune sediments provide limited
recharge of fresh groundwater which is locally used for domestic water supply.

7.2.1.2  Upper Pleistocene (¢p,)

The Upper Pleistocene unit is widely distributed over the whole MD, mainly overlay-
ing by Holocene sediments. Only in NE part of the MD gp, sediments are cropping
out. The unit consists of the Cu Chi and Moc Hoa formations, both showing alluvial
and marine-alluvial characteristics.
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Fig. 7.3 Sketch map of the Vietnamese part of the MD with locations of cross sections (Figs. 7.4
and 7.5) and National Monitoring Station Q209 (see next sub-section)

From the hydrogeological point of view, gp3 strata can be divided into two parts:
A lower high permeable aquifer is covered by an upper low permeable aquitard layer,
generally consisting of silt to clay size fraction. The top of the aquitard can be encoun-
tered in depths of 10.1-37.3 m below ground level (m bgl) and consists of a thickness
from 12.1 up to 20.6 m. The underlying aquifer is composing of fine to coarse sand
and has a thickness from 9.4 to 22.4 m. The gp3 aquifer is weakly confined.

Despite the complicated structure, the upper Pleistocene aquifer provides low
saline fresh groundwater in an area of about 8,500 km?, located in Vinh Hung (Long
An province); My Tho (Tien Giang province), and Tieu Can, Cau Ngang (Tra Vinh
province). In these areas, its exploitation for domestic water supply is very common.

7.2.1.3 Upper-Middle Pleistocene (¢p, )

Outcrops of gp,_, can only be found in An Giang province. In other areas of the MD
they are overlaid by the upper Pleistocene aquifer. The lithology is dominated by sedi-
ments of alluvial, marine alluvial, and marine origin, and hence, is rather diverse.
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Fig. 7.4 NW-SE directed hydrogeological profile cutting the MD plain (DGMS 2004)

This unit is also divided into a low permeable upper part, consisting of silt and
clay which can be encountered in depth from 31.6 to 81.7 m bgl. The thickness of
this aquitard varies from 3.6 to 13.5 m. A weakly confined aquifer represents the
lower part, consisting of well sorted and high permeable fine to coarse sand with a
total thickness of 17.3-56.2 m. There are several hydraulic windows connecting the
qp,_, aquifer with the overlaying aquifer of gp, unit.

Low saline groundwater extends to the areas of more than 20,000 km?, located in
Tra Vinh, Bac Lieu, and Ca Mau provinces. In these areas the gp, , aquifer has a
high yield and provides groundwater of generally good quality.

7.2.14 Lower Pleistocene (gp,)

Sediments of the Lower Pleistocene unit gp, are generally of alluvial origin. Only in
the area of the Ca Mau peninsula the gp, unit shows a marine facies. The top part
consists of an aquitard with 8-16 m thickness. The lower part is an aquifer with
permeable fine to coarse sand and a thickness varying from 14.2 to 43.9 m. The
depth to the top of the aquifer inclines strongly from NW to SE.

There are several hydraulic windows where this aquifer has direct hydraulic con-
tact to the overlaying Middle Pleistocene gp, ,aquifer. The yielding lower Pleistocene
aquifer is commonly exploited for water supply in Can Tho, Kien Giang, Bac Lieu,
and Ca Mau provinces.
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7.2.1.5 Middle Pliocene (n,?)

The alluvial to marine sediments of the Middle Pleistocene are divided into an
upper aquitard and a lower aquifer. Depth of the top of the Pliocene has been
detected from 80 up to 200 m bgl. The upper aquitard has an average thickness
of 5-20 m, whereas the lower aquifer consists of 30-57 m strata of fine to
coarse sand. The middle Pleistocene aquifer contains low saline groundwater
in two areas with total 19,000 km?. One is located around the northern part of
the Tien River, and the other is located within Can Tho, Bac Lieu, and Ca Mau
provinces.

7.2.1.6 Lower Pliocene (n,")

The uppermost low permeable aquitard layer of the lower Pliocene unit can be
encountered at depths between 196 and 280 m bgl with an average thickness of
12-20 m. This aquitard covers the underlying aquifer consisting of fine to
coarse sand with an average thickness of 41-46 m. Fresh groundwater is
extracted from the nz’ unit in Dong Thap, Long An, Can Tho, Bac Lieu, and Ca
Mau provinces.

7.2.1.7 Upper Miocene (n,’)

Up to now, there are very few wells providing information from the pre-Pliocene
units, thus, the alluvial and alluvial-marine sediments of the upper Miocene 7’ have
not yet been studied in detail. Based on the available data, the n ]3 unit starts from
258 to 364 m depth bgl. A highly confined aquifer is covered by 12—-24 m thick silt
and weathered silty clay layers. The aquifer itself consists of semi-compacted fine
to coarse sand with a considerable thickness of 40 up to 72 m. In the vicinity of
HCMC and Dong Thap province, the upper Miocene provides low saline groundwater
of high quality.

7.2.1.8 Upper-Middle Miocene (r )

The hydrogeological unit of Upper-Middle Miocene represents the deepest confined
aquifer in the Mekong river basin and it is directly overlying Mesozoic bed-rocks.
Hydrogeological characteristics and groundwater potential of this unit are still
under-researched. The limited information is based on rather few drillings. The
upper aquitard’s thickness varies from 100 to 200 m and consists of clay and sandy
silt. The top of the underlying aquifer has been encountered at depths of 600 and
900 m, respectively. It consists of compacted fine to medium sand with intercalated
gravel layers and has up to 200 m thickness.
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7.2.2 Groundwater Dynamics

Operated by the Division for Water Resources Planning and Investigation for the
South (DWRPIS) since 1991, the national groundwater-monitoring network repre-
sents an important observation source for variations groundwater quantity and qual-
ity with time. Today the national monitoring network in the Mekong river plain
(including HCMC area) comprises 62 stations, where 204 monitoring wells are
screened in eight unconsolidated aquifers and two hard rock aquifers. Facing the
large and diverse MD area, these numbers clearly illustrate that a much higher mon-
itoring density is needed to get a clearer picture about groundwater dynamics, which
is crucial for sustainable groundwater management. Long-term monitoring in the
Mekong area shows that groundwater level fluctuation is caused by natural factors
(climate and hydrological factors) as well as anthropogenic impacts such as ground-
water extraction, lake and canal construction, irrigation and drainage systems.

The impact of these factors can be illustrated by the national monitoring station
Q209, which is located in Vinh Long province close to the Mekong river (Fig. 7.3),
consisting of five wells screened at different depth. According to the dynamics of
level fluctuation, the screened aquifers can be allocated to three hydraulic groups
(Fig. 7.6). The shallow Holocene aquifer shows a stable trend since the beginning of
data collection in 1993. Deficits in the Holocene groundwater budget are balanced
by recharge through repetitive phases of irrigation and inundation. The remarkable
seasonal amplitude of up to 1 m indicates a close hydraulic connection with the
close-by Mekong River. The increasing exploitation of groundwater since the 1990s
results in a decreasing trend of groundwater levels in both Pleistocene aquifers of up
to 25 cm/year. Overexploitation is even more distinct in the deeper Neogene aquifers
(at Q209>400 m bgl) with a decreasing trend of more than 40 cm/year during the
last 10 years.

The illustrated time series of groundwater level fluctuation in Q209 can be taken
as a typical example. They shed some light on groundwater dynamics in the central
part of the MD. Recharge in shallow groundwater is significant due to close connec-
tions with the river, tributaries and irrigation channels. Whereas low permeable
aquicludes separating gh — gp and gp — n (see previous section), these hydraulic
units seem to behave as relatively isolated systems. On a regional level, this need to
be further researched and, thus confirmed. The amount of recharge replenishing gp
and n units caused by side flow from hard rocks in the basement and at the borders
of the Mekong Basin is still not well-understood. Based on hydraulic parameters,
Benner et al. (2008) calculate groundwater residence times of 100—1,000 years in
the upper Pleistocene aquifer. Consequently, resident times in deeper Pleistocene
and Neogene aquifers are from several to tens of thousands of years and recharge is
probably very limited, if there is any.

In the whole MD, groundwater levels in the Holocene aquifer are generally less
than 5 msl (m above modern sea level). Previous to their extensive exploitation,
deeper Pleistocene and Neogene aquifers were reported to be artesian with natural
water levels up to 30 msl (Anderson 1978). Owing to low hydraulic gradients,
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Fig. 7.6 Time series of groundwater level fluctuation in National Monitoring Station Q209
(elevation 2.1 msl, location see Fig. 7.3) since 1993. Five wells are screened in hydrogeological
units gh, gp,, qp, , nz’, n 12’3 (Data source: CWRPI, Vietnam)

horizontal groundwater flow velocities in the permeable layers are generally rather
low (in the Pleistocene aquifer 1-13 m/year, Benner et al. 2008). However, because
of abstraction cones, the natural groundwater flow is at least locally disturbed and
may cause horizontal and vertical influx from adjacent saline ground and surface
water bodies.

Figure 7.7 presents data of registered new extraction wells and the authorized
amount of groundwater extracted in the most important aquifers in the MD from
2001 to 2004, based on water supply data from the DWRPIS. The general trend to
a decreasing number of new extraction wells, registered each year, goes along
with an increasing trend of extracted groundwater for each well. Although, the
gp,_, unit became less important in 2004, the uppermost Neogene aquifer n,’
represents the favorite target for new groundwater exploration projects since
2003. This clearly explains the strong groundwater level drawdown in Neogene
aquifers, not only observed in Q209 monitoring station (see Fig. 7.6), but also in
large areas of the MD.

7.2.3 Groundwater Quality and Salinization

Hydrogeochemistry of pore water in alluvial-deltaic sediments is very heteroge-
neous and naturally reflects the impact of numerous lithological, biogeochemical,
(paleo-) hydrogeologic, and hydrological factors. Moreover, groundwater compo-
sition is superimposed by widespread groundwater utilization and waste water
infiltration. Nevertheless, this sub-section describes some general quality characteristics
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Fig.7.7 Number of registered new extraction wells (left) and the amount of authorized groundwa-
ter (GW) extraction in the MD (right) in the five most relevant hydrogeological units during period
2001-2004 (Data source: DWRPIS, Vietnam)

of Mekong groundwater, always keeping in mind that even within a small spatial
scale, considerable quality changes can be observed.

The terms fresh or low saline, brackish and saline groundwater are repre-
sented by total dissolved solids (TDS) content of <1 g/L, 1-3 g/L and >3 g/L,
respectively.

7.2.3.1 Holocene Aquifer

The shallow Holocene aquifer generally contains non-potable brackish or saline
water. Salt-water intrudes the Mekong River just about 50 km upstream during
high water slack and low river discharge (Nguyen and Savenije 2006; Tamura et al.
2009). Nevertheless, Holocene aquifer is mostly brackish or saline even in the
inland area where surface water is fresh. Only shallow wells located upstream
towards the Cambodian border are tapping low saline groundwater between Bassac
and Mekong river channels. Furthermore, high quality low saline water is locally
accumulating during the rainy seasons in ancient beach and dune ridges, located
near paleo-coastlines.

Besides the high salinity, relatively high sulfate content and lower pH values are
quite common in shallow groundwater of the western MD due to pyrite dissolution
from acid sulfate soils. Soils rich in pyrite (iron sulfate) are abundant in the tide-
dominated areas of the Mekong (Husson et al. 2000). Similarly, soils high in alumi-
num and magnesium sulfate reported in Dong Thap Muoi (“Plain of Reeds”) north
of Mekong River have low pH pore water containing toxic levels of the dissolved
metals (Anderson 1978). Furthermore, fecal pollution of the shallow groundwater
has been reported (Isobe et al. 2004), probably caused by infiltrating sewage and
domestic waste waters. The occurrence of dissolved trace metals such as arsenic in
shallow groundwater is discussed in the following sub-section.
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7.2.3.2 Pleistocene and Pliocene Aquifer

Pleistocene and Pliocene aquifers are the principal sources of freshwater supply in
the coastal part and to a large extend also in the inland part of the MD. However, all
these aquifers contain brackish or salty water surrounding the isolated fresh water
lenses. Groundwater in the deep aquifers n.%, n,', n’ can have elevated temperatures
from 32°C to 39°C. Geothermal water has been found in Long Dien, Nhon Trach,
Tra Vinh and Vinh Long provinces, probably originating from deep faults in the
underlying bedrock (DGMS 2004).

In Dong Thap Muoi area (“Plain of Reeds”, north of Mekong River) brackish to
saline groundwater predominates the Pleistocene layers. In contrast, the underlying
Pliocene aquifers contain a significant amount of low saline groundwater of
Na-Mg-HCO, type. Saline water of the Na-Cl type is found in the East and West of
the area and increases in salinity with depth. In addition to that, an enrichment of
Ca originates from ion exchange in frame of salinization processes.

In the area of the Ca Mau peninsula, south of the Bassac River, the Pleistocene
and Pliocene aquifers contain low saline groundwater of the type Na-CI-HCO, and
Na-Mg-CI-HCO,. The TDS of the fresh groundwater is usually higher in compari-
son to the eastern MD. Some traces of nitrite are locally found. The deeper Pliocene
aquifers inhibit only few isolated lenses with fresh groundwater in a generally
brackish to saline environment. The probably fossil groundwater is subject to exten-
sive mining in Ca Mau and Soc Trang provinces.

7.2.3.3 Arsenic and Trace Metals in Groundwater of the Mekong

The occurrence of high dissolved arsenic (As) levels mobilized from geogene
sources in pore water has evolved to be a global issue, complicating groundwater
usage worldwide (e.g. Welch and Stollenwerk 2003; Ravenscroft et al. 2009). In
particular shallow aquifers in relatively young river plains and delta systems are
affected due to their high content of immature and organic rich sediments. In these
environments, the main release controlling drivers are biogeochemical redox pro-
cesses and ion exchange. However, infiltration of organic rich waste water and
pumping activities potentially accelerate As mobilisation and transfer. Well-known
examples in South East Asia are the Ganges-Brahamaputra River Plain and Bengal
Delta, the Red River Delta and the MD.

Some international studies about As in groundwater of the MD shed light on an
alarming picture. Stanger et al. (2005) has analyzed 932 samples in the Vietnamese
MD and found that 13% exceed 10 pg/L, which is the international valid threshold
for As in drinking water. In a cross-national study (South Vietnam, Cambodia)
Buschmann et al. (2008) found As levels exceeding 10 pg/L in 37% of the studied
wells used for drinking water supply. Affected areas are generally restricted to the
flood plains of the major rivers channels. In these areas, 1.2 million people are esti-
mated to drink untreated well water of which 40% is exceeding 50 ug/L As, the
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Vietnamese threshold for As in drinking water (Berg et al. 2007; Buschmann et al.
2007). While generally As levels decrease with increasing depth, some noticeable
values (25 pg/L up to 60 pg/L) have locally been detected in the n,” and n,’ aquifers
at 200-300 m depth (DGMS 2001).

So far, no symptoms of chronic As poisoning have been indicated in the MD,
possibly because of the relatively short-term usage of high As groundwater in less
than 10 years (Berg et al. 2007). In comparison to other areas such as the North of
Vietnam or Bangladesh, the As threat in the Mekong area seems to be lower.
However, increased groundwater pumping is considered to accelerate As mobili-
zation and transfer processes (Stute et al. 2007) and long-term exploitation may
result in a drawdown of dissolved As into deeper aquifers (Winkel et al. 2011).
Therefore, future systematic monitoring of As levels in groundwater is essential.

Beside As, other dissolved metals may have health effects when consumed
continuously. High manganese levels are commonly found due to anoxic conditions
in groundwater of the Mekong area (50% exceed 0.4 mg/L, maximum levels up to
34 mg/L, Buschmann et al. 2008). Other trace metals of minor concern are barium,
cadmium, nickel, selenium, lead and uranium.

7.3 Groundwater Utilization in the Mekong Delta

The Mekong Delta in Vietnam is crisscrossed by an elaborate array of rivers
belonging to the Mekong system and canals which were dug to facilitate irriga-
tion and transport. Water dominates the landscape yet the region faces severe
problems of freshwater supplies in some localities. These problems are linked to
increasing periods of low flows during the dry season, pollution by the extensive
use of agrochemicals and the release of industrial and household contaminants
and by salinity intrusion from the coastal areas. Surface water is therefore costly
to clean in order to bring to acceptable drinking standards and many people and
communities still drink polluted surface water throughout the region. In rural
areas, only 8—12% of the MD population has access to piped water, while 42—47%
of the households use unprotected surface water (Netherlands Development
Organisation (SNV) 2010). It is for these reasons that many see an increasing
role for groundwater in terms of freshwater supply for the population and irriga-
tion in the MD (Vo Thanh Danh 2008; Nguyen Van Sanh 2012) even though, as
described above, the quality and availability of groundwater resources vary
greatly within the MD.

Nationwide, hand dug wells remain the main source of water supply in rural
areas (but not in the MD as surface aquifers are polluted and some areas flooded
annually), followed by drilled wells which are affordable only to wealthier
households (SNV 2010). Traditionally, surface water and canals were the main
source of freshwater supply in the MD. These sources have been supplemented
by rainwater cisterns and other forms of surface water storage, particularly in
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areas where surface water is at least seasonally brackish. Due to the general high
salinity of the shallow groundwater, dug wells traditionally tap shallow fresh
water lenses lying beneath dune and beach ridges of the MD. Initially, French
technicians introduced drilling techniques in the 1930s and the first water supply
wells at about 100 m depth were successfully installed in Bac Lieu and Ca Mau
provinces (Anderson 1978). As drilling capabilities improved during the 1960s,
some wells with depths greater than 500 m have been successfully completed in
various parts of the delta.

Despite these early attempts at tapping groundwater in the MD, it is only
recently (1990s) that groundwater exploitation has become a major source of fresh-
water for domestic use, in particular following interventions by UNICEF at the
household level and the creation of Center for Rural Water Supply and Sanitation
(CERWASS) which set up small water supply station tapping groundwater in the
MD (see Reis 2012). According to Vo Thanh Danh (2008), groundwater in the
region is currently accessed via unregulated private shallow tube-wells (more than
one million) reaching depths of 80—120 m and by regulated groundwater plants
accessing water in the deeper aquifers, at depths of 100-250 m. In Can Tho City,
Nuber et al. (2008) noted that there were 400 medium sized groundwater supply
stations with a capacity of up to 20 m?/h-as well as 20 large wells. The volume of
water extracted by households owning shallow tube-wells in Can Tho Province
was shown to be significantly higher than the volume supplied to households via
the groundwater plants, the reason for this being that the latter charge a price for
supplying the water whereas water is of free access in the case of privately owned
wells (Vo Thanh Danh 2008). In Can Tho City, falling water tables have already
been noted due to a combination of low recharge rates and increased abstraction
(Nuber et al. 2008). Falling water tables and pollution of the resource is in part
explained by a lack of clear system of groundwater resources management. For
example, in Tra Vinh province, Nguyen Van Sanh (2012) reported that mismanage-
ment of groundwater resources is partly due to the fact there is un-clarity with
respect to legislation and institutions governing the resource. A similar nationwide
diagnostic is made by Dang Dinh Phuc (2008).

Nowadays, high quality groundwater is extensively used not only for domestic
water supply, but also for irrigation, aquaculture and industrial purposes. Especially
in the coastal areas of the MD groundwater represents an exclusive source for low
saline water even though in some areas such as Ben Tre province the water is not
consumed because it is too saline. Dang Dinh Phuc (2008) reported rapid increases
in groundwater use in Vietnam with, for example, exploitation of 100 m?*/day in
1990 compared to 700 m*day in 2006 in Ho Chi Ming City. Similar trends are
observed in main towns and industrial areas in Vietnam. In the Mekong Delta, ca.
350,000 m*/day are exploited by water supply plants, industries and other institu-
tions, the region ranking in third place in terms of exploited volume, far behind the
South Central Coast (ca. 1.5 million m*/day) and the Red River Delta (ca. 960,000 m?/
day) (Dang Dinh Phuc 2008).



7 Groundwater Resources in the Mekong Delta: Availability, Utilization and Risks 217

In addition to the high arsenic levels reported in previous sections, groundwater
resources are also degraded by direct and indirect human action: pollution by the
same agrochemicals and other contaminants that affect surface waters, incompe-
tent drilling methods, salinity intrusion that will be aggravated during this century
by sea-level rise and over-abstraction, the latter induced by the fact that a majority
of households in given localities prefer to access groundwater as opposed to other
freshwater resources. As described previously, the shallowest aquifer in the region
is already polluted and people avoid it when drilling tube-wells (see Vo Thanh
Danh 2007).

In contrast, Reis (2012) showed that many people in Can Tho City remain cau-
tious with respect to groundwater use because of the high iron concentrations in
some localities and the fact that groundwater levels in the region are dropping
rapidly (up to 0.5 m/year). This was already observed by Herbst et al. (2009) who,
in a household survey carried out in a suburban area of Can Tho City, found that
groundwater came only in third position with respect preference as drinking water,
behind purchased purified water and rainwater, the latter being obviously more
prevalent during the rainy season.

Drilling wells has a cost and Reis (2012) found through interviews in Can Tho
City that this cost varies between €40 and €100 depending on depth. The implica-
tion is that only relatively wealthy households can afford the investment, a fact also
supported by Nguyen Van Sanh (2012). Nguyen Van Sanh (2012) showed another
type of social differentiation in Tra Vinh province where Khmer communities settle
preferentially on sand banks where they cultivate upland crops and are therefore
increasingly relying on groundwater for irrigation whereas Kinh communities settle
preferentially in the lowlands where they cultivate rice and shrimps and rely on
groundwater resources principally in the dry season.

7.4 Conclusions: Mitigating Groundwater Overexploitation
and Salinization

Increasing overexploitation and salinization of deeper aquifers raised the question
about origin and recharge of the deep fresh groundwater and new exploration strate-
gies. The relationship between low mean sea-level and the origin of deep fresh
groundwater which has been demonstrated previously, suggests that the recharge of
this finite groundwater resource is limited. Detailed case studies need to quantita-
tively assess the groundwater side flows feeding the low saline aquifers of the MD,
if there are any. However, it is obvious that the current exploitation status already
exceeds the aquifer recharge capacities. Further exploration of other fresh ground-
water lenses may only temporarily improve the situation.

Obviously, proper management and mitigation strategies aiming at more sustain-
able solutions are urgently needed. Thus, close connection between water policy,
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science and engineering, and a strong cooperation between different groundwater
users such as water supply companies, agriculture, aquaculture and other industries
as well as domestic households is crucial. Just to name some challenges potentially
leading to a more sustainable groundwater usage in the MD:

* Reducing extraction: High quality groundwater is a finite resource and should be
kept as national reserve. It should be used for domestic drinking water supply
only and whenever possible replaced by surface water usage. Therefore:

— Identification of sources for groundwater loss or misuse, together with the
design and approval of mitigation strategies are necessary. Leaking wells,
pipes, tubes and taps are common causes for wasting groundwater.

— Alternatives need to be found for groundwater usage with lower priority, such
as (i.) application of saline tolerant crops in agriculture, and (ii.) treatment and
usage of surface water for industry, aqua- and agriculture.

e Optimizing extraction: Salinization of remaining fresh groundwater lenses can
be minimized by applying appropriate exploitation strategies. This can only be
achieved by having detailed knowledge about the local subsurface structure and
their hydraulic characteristics.

* Increasing recharge: Potential areas need to identified, where technologies can
be applied to increase the groundwater recharge with artificially infiltrated pre-
cipitation and low saline surface water. To minimize long-term risks feasibility
studies are needed to assess carefully the hydrogeological and hydrogeochemical
impact on the subsurface environment as well as to develop appropriate geotech-
nical and monitoring strategies.

* Conjunctive usage: Mixing of high quality water with poorer quality water may
extend the available amount of water with still acceptable quality for water sup-
ply. This should be understood as an intermediate action while realizing the rec-
ommendations above.
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Chapter 8
Flood Hydraulics and Suspended Sediment
Transport in the Plain of Reeds, Mekong Delta

Heiko Apel, Nguyen Nghia Hung, Trinh Thi Long, and Vo Khac Tri

Abstract The Mekong Delta is one of the largest and most intensively used estuar-
ies in the world. It witnesses widespread flooding annually, which is both the basis
of the livelihood for more than 17 million people, but also constitutes the major
natural hazard in the region. Therefore, a thorough understanding of the hydrologic
and hydraulic features as well as the associated sediment dynamics is urgently
required for various planning purposes. In order to gain quantitative support for the
existing knowledge of the floodplain inundation processes, a comprehensive moni-
toring scheme of the inundation hydraulics and sediment dynamics in channels and
floodplains was established in a study area in the Plain of Reeds in the north-eastern
part of the Vietnamese delta. With the collected data the inundation and sediment
transport in the floodplains and the interaction between channels and floodplains
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could be observed and quantified for the first time. Differences between the two
major dike systems and management strategies in terms of inundation and sediment
transport in the floodplains became obvious. Combining this finding with the
observed reduction of sediment loads in the secondary channels with distance from
the main river, a recommendation for the operation of the sluice gates in the area is
given in order to optimize sediment input to the floodplains.

8.1 Introduction

The Vietnamese part of the Mekong delta is characterized by a high level of manage-
ment through channels, dikes, and control structures such as sluice gates, culverts,
and pumps. The man-made channel and dike system has greatly altered the natural
hydrodynamic conditions in this part of the Delta. Today, the canal network covers
more than 50,000 km, and it is under continuous development (Truong 2006). Along
with the development of the canal network the construction of high level flood pro-
tection dikes has been enforced in the last decades, especially after the devastating
flood in 2000, cutting off more and more floodplains from the channel network and
thus natural inundation. In wide areas in the Delta the floodplain inundation is
controlled by sluice gates which are managed by the responsible communities. In the
areas completely enclosed by flood protection dikes, a trend towards growing three
crops per year and blocking the natural inundation completely is observed. However,
besides the obvious economic benefits of such a system, the adverse impacts man-
ifest themselves in terms of water quality degradation (MRC 2007), riverbank
erosion (Hung 2004), salinity intrusion (Sam et al. 2004; Nguyen and Savenije 2006),
and a general increasing pollution of the environment.

The floodplains play an important role in the sustainability of the agro-ecosystems
as well as the socio-economy of the Mekong Delta. In particular, they provide natural
flood retention, regulating flood and tide levels during the wet season. This natural
flood retention has been strongly altered by flood mitigation structures and the intensi-
fication of agriculture. Traditionally, the in- and outflow of water during the rising and
falling stage, i.e. in July and December, of the flood period is controlled by the demands
of rice cultivation. This management allows for two rice crops per year and is achieved
by low dikes protecting the floodplains from the first flood waters until the rice is
harvested in July. In December the surplus water is pumped out of the floodplain for
plantation of the winter crop. The low dikes also ensure that substantial amounts of
sediment and thus nutrients are deposited in the floodplain. These sediments are the
thriving source of the very productive agricultural system in the Delta. Complete flood
protection cuts this annual natural support of nutrients and is thus object of controversial
debates. However, these debates are not based on quantitative information up to now.

This study, therefore, aims at the quantification of typical floodplain processes in
the Mekong Delta with a focus on the Northern area of the Vietnamese part of the
Delta. The research is performed in a representative study area of about 15 km?,
which witnesses the deepest annual inundations in the Delta. The area in Tam Nong
District of the Dong Thap province covers all aspects of topography, man-made



8 Flood Hydraulics and Suspended Sediment Transport in the Plain of Reeds... 223

structures such as dikes, sluice gates, pumps, multiple land use (paddy rice, shrimp
farming, fish farms, and vegetable) typical for intensively used floodplains in
Vietnam. Additionally, the hydraulic conditions are typical for the northern part of
the Vietnamese delta, where deep and regular inundations during the flood period
dominate. The area is thus representative for most of the Northern part of the
Vietnamese Delta, i.e. the Plain of Reeds and the Long Xuyen Quadrangle. The
hydrology of the floodplains is controlled by the annual floods of the Mekong River
and two different tidal systems, despite being about 180 km away from the shores.

8.2 Monitoring Network for Floodplain Processes

The monitoring network for the study area in Tam Nong consists of 21 pressure
probes for water level monitoring and 7 stations monitoring water quality parameters
(total suspended sediment concentration TSS, electrical conductivity, pH and
temperature). The stations were distributed to strategic locations in the area (Fig. 8.1).
By placing the probes in channels, on some low dikes, and in the floodplains, the
different inundation controlling processes (dike overflow, sluice gate and pump
operation) can be monitored, either directly or indirectly.

The water level stations (H-stations) are absolute pressure probes facilitating
deployment at any location and can be submerged completely over long periods.
The pressure readings were offline corrected for atmospheric pressure after retrieval
of the probes. The water quality stations (T-stations) operate autonomously by solar
power supply. Because the power supply and data loggers must not be inundated, the
T-stations consist of a weather- and lightning-proof steel box hosting the solar panels,
battery, and the data loggers. The box is mounted either on a bridge or on a4 m high
pylon in the floodplains. Three T-stations are located in channels, the remaining
four in the floodplains. All four floodplain T-stations were supplemented with
sediment traps in order to quantify the overall sedimentation over the flood season.

Cuadrangle

Fig. 8.1 Study area in Tam Nong district in the Plain of Reeds, the North-eastern part of the
Vietnamese part of the Mekong Delta with major dike lines, topography and monitoring network
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This unique combination of sediment traps and continuous monitoring of suspended
sediments facilitate detailed insights into the sediment dynamics on the floodplains.
The monitoring network was installed in 2008. Two T-stations in the channels oper-
ated continuously, while the remaining stations were operational over the annual
flood seasons from July to December. Details about the monitoring network and the
sensors used can be found in Hung et al. (2012).

8.3 General Flood Hydrology and Hydraulics

In order to discuss the channel and floodplain inundation dynamics in a more struc-
tured way, the typical flood hydrograph in the Mekong Delta is divided into three

CLINTS

distinct periods: “rising”, “high”, and “falling”.

“Rising stage”: In this stage the flood regime is controlled by the inflow into the
Tonle Sap and the tidal influence. Flood control in the Vietnamese part of the Delta
is mainly for crop protection. During this period the tidal influence is still strong.
The tides may cause short term floodplain inundation in case of coincidence of high
tides and early small flood peaks. The higher the general flood level, the more
attenuated is the tidal amplitude. This is visible in the comparison of the different
hydrographs of 2008 and 2009 at station T1 in Fig. 8.2. Also, the tidal influence is
dampened with distance from the main river. This illustrated by the comparison of
the hydrographs of 2009 for stations T1 and H11 in Fig. 8.1. H11 is located in a
secondary channel at about 11 km distance from gauge T11 near the Mekong River.

“High stage”: With rising water levels the hydrodynamics of the system changes.
Floodplain inundation is initiated by overland flow or sluice gate operation in
case of closed dike rings and the influence of the tides on the inundation process
are diminishing. In the Plain of Reeds in the Delta the flood wave caused by the
overland flow from the North-East from the Cambodian border meets the flood
wave from the Mekong. The additional hydraulic head created by the overland flood
changes the stage-discharge relationship in the secondary channels: at the same
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Fig. 8.2 Water elevations at channel stations T1 (2008, 2009) and H11 (2009). The colored boxes
in the lower panel indicate the stage of the flood: blue =rising, purple =high, and brown=falling
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Fig. 8.3 Stage-discharge relationships at station G1 (cf. Fig. 8.3) for flood season 2009 (blue =rising
stage, resp. normal H-Q relation, purple =high stage or flood peak h-Q relation, and brown =falling
stage or stagnant H-Q relation)

water elevation less water flows from the Mekong into the channels (cf. Fig. 8.3,
purple markers).

“Falling stage”: From mid-October the water levels generally fall and no further
flood peaks caused by tropical typhoons occur. This stage is characterized by rising
influence of the tides and widespread human activities to manage the remaining
inundation waters in the floodplains. Traditionally, the waters are pumped from the
floodplains when the water level in the channels falls below the elevation of the low
dikes. This facilitates the timely planting of the first paddy crop of the new cropping
season while controlling the required irrigation water for planting at the same time.
A particular feature at the beginning of this stage, i.e. between mid-October and
mid-November, are stagnant and even reversal flow conditions, mainly in east-west
leading channels (cf. Fig. 8.3, brown markers). This is caused by the lower propaga-
tion velocity of the second flood wave coming overland from the Cambodian
-Vietnamese border compared to the flood wave in the Mekong. Hence, a hydraulic
head equal or higher than in the Mekong is created causing the stagnation or even
reversal of the flow in the secondary channels.

Figure 8.3 illustrates the different stages through changing stage-discharge rela-
tion over the flood season 2009. The blue marked data represent the “normal” relation
during low flow and the rising stage of the flood, which is dominated by the hydraulic
head of the Mekong. The scatter in the data has to be attributed to the tidal influence.
The purple data indicate the high stage of the flood, where the flood wave of the
Mekong and the overland flood wave from the north-east coincide. During this
phase the hydraulic head of the Mekong is reduced by the hydraulic head of the
overland flood wave, causing a significant change in the H-Q relation. The brown
data indicate stagnant of even reverse flow conditions in the first phase of the falling
flood stage, where the hydraulic head of the Mekong is falling below or equal to the
head of the overland flood wave. Slightly rising water levels in the Mekong by
minor flood peaks alleviate this situation, which is well observable during the end
of the flood season in the right panels of Fig. 8.3.
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8.4 Tidal Influence

In order to gain more insights into the characteristics of the tidal influence, the tidal
signal was separated from the hydrograph through a high-pass Butterworth digital
frequency filter. An analysis of the amplitudes of the tidal signals for all channel
stations reveals three distinct features:

1. The amplitude during low flow is in the range of 1 m, while it is reduced to 15 cm
and below during peak flow.

2. The tidal amplitude is dampened with distance to the Mekong River, especially
during high flows: While T1 close to the main river of the Mekong? shows an
amplitude of still 20 cm during high flow, H11 at 11 km orthogonal distance from
the Mekong shows hardly any tidal influence during this period (<3 cm). This is
caused by the travel time in the channel, but also due to the additional hydraulic
head imposed by the overland flood from the Vietnamese-Cambodian border.

3. The tidal amplitudes are reduced with lower order of secondary channels, i.e. the
smaller the channels and the larger the distance from the Mekong the lower is the
tidal amplitude.

This means in consequence that the tidal influence has little impact during high
flows, i.e. on the inundation in the study area. However in other parts of the Delta
closer to the coast the tidal influence on the flood characteristics is significant also
during the flood season.

8.5 Floodplain Inundation Dynamics

The particular features of the channel-floodplain interaction, i.e. hydraulic linkage
and anthropogenic interference, can be quantified in terms of timing and water levels
recorded by the monitoring network. Fig. 8.4 shows the hydrographs of gauging
stations in channels and the linked floodplains exemplarily for a compartment com-
pletely enclosed by high dikes (Fig. 8.4a) and a floodplain with low dikes (Fig. 8.4b)
for 2009. In case of compartments with high dikes, the floodplain inundation is
completely controlled by sluice gate operation. In Fig. 8.4a this is illustrated by the
hydrographs of the nearest channels station and H6 in the floodplain along with the
mean ground and dike levels of the floodplain compartment. The flood level is
generally below the dike levels, thus no overbank flow occurred. The first minor
flood peak does not cause inundation in the floodplain due to closed sluice gates.
The opening of the sluice gates is recorded by station H6 within the dike ring. After
opening of the sluice gates, the inundation of the floodplain follows the dynamics of
the channel, but with a slight delay. This is partly due to the distance between the
stations, but to a larger extend caused by the limited flow capacity of the sluice gates
dampening the hydraulic link between channel and floodplain. This weak hydraulic
connection is also responsible for the low tidal influence visible in the floodplain
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Fig. 8.4 Comparison of channel and floodplain hydrographs in a dike ring with high flood protec-
tion dikes (a) and a floodplain compartment with low dikes (b) for the flood season 2009

hydrograph compared to the channel. At the end of the flood season, the closing of
the sluice gates and the operation of the pumps is clearly detectable in the time
series by the divergence of the hydrographs in floodplain and channel. The water
level in the floodplain drops linearly without any visible tidal influence indicating
the pumping operation and capacity.

In contrast to the closed compartments, the inundation of the low dike floodplain
compartments is controlled by dike overflow. This is shown in Fig. 8.4b plotting
hydrographs of station H11 in the channel and H3 in the floodplain. The onset of the
floodplain inundation is clearly related to the lowest dike elevation in the vicinity of
station H3: as soon as this level is exceeded, the inundation starts and quickly rises
to the level in the channel forming a strong hydraulic link extending over the whole
length of the dike. This is illustrated in Fig. 8.4b by the close match between flood-
plain and channel hydrograph including the tidal influence, which is identical in
both channel and floodplain. As mentioned earlier, the pumping in these compart-
ments cannot start before the water level drops below the dike level. This is also
observable in Fig. 8.4b by the divergence of the floodplain and channel water levels
at the end of the flood season. As in Fig. 8.4a the reduction of the water level in the
floodplain is almost linear.

The analysis shows that human activities influence the floodplain inundation in
two ways. First, the construction of dikes of different protection levels and purposes
influence the flood propagation in general. Second, the operation of sluice gates and
pumps delays the onset of the floodplain inundation, or causes an earlier drop of the
water levels compared to the channels, respectively. The sluice gates differ in sizes
and their operation schemes. However, they are a key factor in the hydraulic linkage
between channel and floodplain compartment and have a significant impact on
the inundation dynamics, thus also on the sediment dynamics on the floodplains.
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The development of additional closed high level protected compartments in future
has to take this aspect into account, especially regarding the sediment input into the
floodplains. This particular aspect will be elaborated in the next section.

8.6 Sediment Transport in Channels and Floodplains

In addition to the continuous monitoring, water samples were taken in several cam-
paigns. The purpose of the sampling was two-fold: (a) determination of the grain
size distribution of the suspended sediments, and (b) the calibration of the turbidity
sensors. The samples were taken at several depths in the channels with an automatic
water sampler. The analysis of the samples revealed that the suspended particle size
is very fine with a mean grain size (d50) smaller than 2 pm. The stratified sampling
in the channels also revealed no vertical distribution of suspended sediment concen-
trations, which has to be attributed to the fine nature and floating capacity of the
sediments.

The total suspended sediment concentration TSS in the channels varies over the
flood season, as shown in Fig. 8.5. It indicates that the variation in suspended sedi-
ment is controlled by two mechanisms: a low frequency modulation by the annual
flood waves generally bringing higher TSS concentrations, and a higher frequency
variation correlated to the tidal influence. During low-flow, although tidal influence
is stronger than under high-flow conditions there is no increasing suspended sedi-
ment supply from upstream. Therefore the variation of suspended sediment in this
period is relatively small, and its concentration is often lower than 100 mg/l. During
high flows, especially, between June and July the concentration increases gradually,
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Fig. 8.5 Water level and TSS concentration for three consecutive flood seasons (2008-2010) at
channel station T2
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Fig. 8.6 Reduction of suspended concentration along secondary channels. Left panel: results of a
targeted monitoring campaign along a major secondary channel in September 2008; right panel:
TSS at G1 (An Long, at the junction to the Mekong) and T2 of flood season 2009

reaching a peak in September or October. During high flow the tidal influence on
suspended sediment loads is suppressed. The actual peak of TSS is controlled by
the flood magnitude and duration and the intensity of the rainfall events in the
Mekong basin.

TSS is also decreasing with increasing distance from the Mekong. This is quan-
titatively illustrated by Fig. 8.6. It shows an exponential reduction along a major
secondary channel leading eastwards from the Mekong at the northern border of the
investigation area (Fig. 8.6, left panel). The data presented was collected in a sam-
pling campaign during peak flood in September 2008. The right panel in Fig. 8.6
shows the records of regular daily manual samples at An Long (GI1 in Fig. 8.1)
compared to the automatic records of station T2. The comparison reveals an almost
constant reduction of TSS at T2 compared to G1 over the whole flood period. From
both data sets shown in Fig. 8.6 it is calculated that a 50% reduction of TSS is
reached at about 6.5 km distance from the main river.

As shown in the previous section, the particular hydraulic features of the inunda-
tion process in the floodplains of the Mekong Delta are the different hydraulic links
between channels and floodplains. Sediments are therefore also transferred to the
floodplains by different pathways, i.e. either through sluice gates or overbank flow.
The floodplain compartments function as sinks of suspended sediment, with high
concentrations of sediment entering especially during the onset of the inundation
(Fig. 8.7). Most of the sediment will stay deposited in the compartments at the end
of the flood season, except in locations near to sluice gates where erosion is domi-
nant due to the currents induced by the outflow through the gates. The deposition of
sediments mainly occurs during the first 2 weeks of floodplain inundation, when
suspended sediment concentrations in both channels and floodplains are high. After
that period the TSS load in the floodplains remains stable at a low level, despite
changes in the channels indicating a reduced exchange of TSS once the hydraulic
connection between channel and floodplain is closed (Fig. 8.7). Peaks of TSS in the
channels do no longer flush into the floodplains. On the floodplains itself the TSS
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Fig. 8.7 TSS concentration (moving window mean) at T2 in the channel and T4 in the flood plain
during flood season 2009

concentration remains in a state of equilibrium where the near bed concentration,
as measured by the monitoring system, changes mainly due to temperature, i.e.
density changes in the water column. This causes a diurnal perturbation of the strati-
fication of the water column without any significant sediment deposition.

8.7 Implications on Floodplain Sediment Management

Sedimentation in the floodplains is the major natural source of nutrient input in the
Mekong Delta. Therefore the presented differences in the hydraulic link between
channel and floodplain and the dynamics of the suspended sediments in the floodplains
have strong implications on the sediment and thus nutrient input in the floodplains.
The following three main findings are of relevance in this respect:

* Reduction of the suspended sediment concentrations with distance from the main
river

* Highest TSS concentrations in floodplains in the first days of inundation

* Reduced link of channels and floodplains in areas protected by high dikes

In general this means that the first days of floodplain inundation are of major
importance for the floodplain sediment deposition, in particular for the areas
enclosed by high dikes. In these areas the hydraulic link to the channels providing
the sediment input is reduced by the capacity of the sluice gates. Peaks in suspended
sediment concentration in the channels occurring after the initial filling of the flood-
plains can hardly increase the sediment input in these areas. On the contrary, areas
enclosed by low dikes can potentially receive additional sediments during the
remaining flood period, although the data collected show that peaks in TSS in the
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channels do not cause peaks in the TSS in the floodplain after the initial inundation.
However, it has to be noted that the flood levels in the observed period were very
low. During more severe floods a closer link of TSS in channels and floodplains can
be expected in low dike areas.

Combining these findings with the fact that TSS concentrations reduce with dis-
tance from the main river and the option of controlling floodplain inundation in high
dike areas, a recommendation for the management of floodplain sediment input can
be derived: Sluice gates located further away from the main rivers and channels
should be open before those located in close proximity to the major rivers/canals in
order to distribute the sediments more uniformly in the floodplains. However, this
management requires a close coordination among the communes, which are respon-
sible for the sluice gate control. This recommendation for the study area can be gen-
eralized for wide parts of the Plain of Reeds and the Long Xuyen Quadrangle, because
similar hydraulic conditions, dike systems and land use exist throughout these areas.

8.8 Conclusions

The floodplain inundation dynamics in the Mekong Delta show a complex and
differentiated pattern resulting from the interacting natural flood causes (flood
waves from the Mekong and overland and tidal influence) and the anthropogenic
interference on the natural system (dikes, sluice gates and pumps). In particular
the floodplain compartments with high and closed dike rings exhibit a significant
change from only partly influenced low dike compartments. Here the timing and
duration of the inundation is completely controlled thus having a significant impact
on the inundation dynamics and especially the sediment input into the floodplains.
The data and findings presented here will be used to quantify the sediment input into
the floodplains to substantiate the discussion of positive and negative impacts of high
dike rings with quantitative information.

In addition, the presented findings may be used to optimize operation of sluice
gates. The exponential decrease of suspended concentration in the secondary chan-
nels and the importance of the first flush of sediment into the floodplain suggest that
sluice gates located further from the river should be opened first in order to capture
more sediment in the floodplain compartments situated at larger distances to the
main rivers/canals.
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Chapter 9
Monsoon Variability and the Mekong
Flood Regime

Jose Miguel Delgado, Bruno Merz, and Heiko Apel

Abstract The Mekong River in Southeast Asia owes its tidal annual flood regime
to the monsoon. But the monsoon is a spatially and temporally variable circulation,
with different annual to millennial variability for different regions. We focus on the
separation between the Indian and the Western North-Pacific monsoon component
to shed light on the interannual flood variability of the Mekong River.

The variance of flood discharge at four stations on the Mekong River is analyzed,

as well as two well-known monsoon indices that represent annual monsoon intensity
for the Indian Ocean monsoon circulation and for the Western North-Pacific
monsoon circulation. An effort is made to identify the coarser temporal resolution
that contains most of the interannual variability.
A close connection between the Western North-Pacific monsoon and the flood
discharge in Kratie is found. This correlation is stronger for periods with
enhanced variance. We find that the Western North-Pacific monsoon variance is
a good predictor of flood variance. This dependence influences the probability
of occurrence of a flood in the Mekong Delta.

9.1 Introduction

The variability of monsoon circulation of the lower latitudes is of extreme importance
to the social and-economic development of South, Southeast and East Asia (Fig. 9.1).
This fact is not only acknowledged within the scientific community, but also by a
wider popular audience (Fagan 2009; Davis 2001). The scientific basis of such dis-
cussions is widely documented (Cook et al. 2010; Buckley et al. 2010). The impact of
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monsoon variability on the flood regime of the Mekong River is not yet known, mainly
due to a series of linkages that are hard to quantify. The El Nifio-Southern Oscillation
(ENSO) is a major interannual perturbation: the 2—7 year long periodic cooling and
warming cycles of the tropical Pacific has an acknowledged effect on monsoon
variability (Lau and Wang 2006) and on the intensification of the typhoon season in
the Western Pacific (Elsner and Liu 2003).

The Asian monsoon can easily be understood as a unique entity, whose intensity
would be described by its large scale circulation over the Indian Ocean (Webster and
Yang 1992). Conceptually, it is a good model for understanding the common physical
processes affecting this region: in fact, there is an Asian-wide disposition of the inter-
tropical convergence zone (ITCZ) to exceptionally high latitudes during spring due to
ascending air over heated land masses, causing a high-altitude air flow to comparably
cooler areas over the ocean towards South (the Indian Ocean and the Western North-
Pacific). This pressure gradient generates surface level flows that evaporate water
from the warm pools in the Western Indian Ocean (shores of east Africa, Arabian Sea
and Red sea) and Western Pacific. These flows finally cause convectional instability
over the Asian continent and produce large amounts of rainfall.

However, the hypothesis that the whole monsoon domain reacts to common forc-
ing on the whole range of time scales has been proved flawed by Wang et al. (2001),
who clearly showed different variability and geographical extent for the East Asian
component, the Indian component and the Western North-Pacific component. The
differences are mainly due to the different geographic boundary conditions (Wang
et al. 2005): the Indian Ocean is totally land-bounded to the north, whereas East
Asia has an open ocean to the east, and land to the north and south. These boundary
conditions translate into distinct internal feedback mechanism (Maher and Hu 2006)
and may lead to a relationship with ENSO and the Australian monsoon.

The Mekong Delta is located in a transition zone between the Indian monsoon
and the Western North-Pacific monsoon as shown in Fig. 9.1. Discharge into
the Delta is a mixture of these two components: (a) precipitation from the Indian
monsoon is mainly forced by the convective heat source over the Bay of Bengal
(Wang et al. 2001) and arrives earlier than (b) precipitation from the Western
North-Pacific monsoon, forced by a convective heat source over the South China
Sea. The variability of this component will be discussed later in this chapter.

From a hydrological point of view, the inflow to the delta is the result of a non-linear
aggregation of atmospheric, surface and subsurface processes, which span over the
entire Mekong River basin. The configuration of the basin, elongated in the north-south
direction, covers tropical and sub-tropical latitudes and tropical monsoon to humid con-
tinental climate according to the Koppen classification (Peel et al. 2007). Topography
is also an important factor to understand the origins of runoff over the basin. In the
upper basin, much of the spring discharge is due to snow melt from the Himalaya
mountains; in the lower basin the mountains along the border between Laos, Cambodia
and Vietnam cause high rates of orographic precipitation, making these sub-catchments
the most productive of the basin in terms of runoff. Consequently, the interannual flood
variability is not the same for the whole of the basin. Delgado et al. (2010) showed that
a changing flood variability pattern could be identified along the river; more recently,
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Fig. 9.1 Asian monsoon regions. Mekong River, its basin and the location of the gauging stations
used in this study are shown. The approximate Western Pacific monsoon and Indian monsoon
extents were taken from Holmes et al. (2009)

a Three typical hydrographs in the Mekong river b Approx. power spectra of discharge
60 T
w 50 e 1998 | Y \ - Rhine at Cologne
“E' — 1999 '\,\J =— Mekong at Kratie
S a0 — 2001
= :
g z
E. 30 5
& 20
-
S 10
@
a k"-—‘—-— .
Feb  Mar Apr May Jun Jul Aug Sep Oct  MNov S-year year month week

Fig. 9.2 Flow variability in Kratie. Discharges during the flood season of 1998, 1999 and 2000 are
depicted in (a). The estimated power spectrum of the Mekong at Kratie and of River Rhine at
Cologne are compared in (b). 95% significance levels of a background red-noise spectrum were
drawn in thinner lines. The annual cycle in the Mekong is stronger than in the Rhine, whereas the
inter- and intra-annual variability is comparably weaker

Xue et al. (2011) added a spatial dimension to the problem, relating discharge in the
frequency space with atmospheric circulation.

However, interannual variability is only a measure of the variation of the severity
of a flood through time. The severity of a flood in a given year can be evaluated by
the extreme water level, the duration of the inundation and the number of flood peaks.
This is shown in Fig. 9.2a by the discharge recorded on what might be considered an
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Fig. 9.3 Dots represent annual maximum discharges (left axis). The shaded areas show the sub-
decadal variability estimated with the Morlet wavelet (the Morlet wavelet is one of a set of orthog-
onal functions that, just like a sine or a cosine function, allow the transformation of a periodic
function between its time domain and frequency domain. The advantage of using a complex wave-
let and not a sine and cosine is that it is well defined both in the frequency and time domain) (right
axis). Lower stations show a later enhancement in variance

average (1999), a dry (1998) and a flood (2001) year. There, the typical features of the
flood wave passing a gauging station are evident, although the length of the flood event
is almost 1 year, much longer than in rivers under a temperate climate. The possibility
of a two peak hydrograph is apparent as well, but both peaks belong to the same flood
wave that arrives in the monsoon months. Due to the monsoon cycle the annual flood
regime is very regular. With a record of roughly 80 years on a one flood per year basis,
it is possible to construct a probabilistic framework of representative hydrograph types
(Apel et al. 2006). A flood hazard assessment for the delta will have to take that into
account in order to represent well the hydraulic boundary conditions.

In Fig. 9.2b, the power spectrum of the daily discharge at Kratie is compared with
a higher latitude European river. It is clear that the annual cycle is more pronounced
in the Mekong than in colder latitudes (Adamson et al. 2009), mainly because of the
cyclic circulation of the monsoon. The more extreme-prone behavior of temperate
rivers is here shown by its higher interannual variability. This chapter focuses mainly
on interannual variability and therefore uses representative values for the intensity of
the flood season: the annual maximum discharges. These time series are plotted in
Fig. 9.3 for Kratie, Pakse, Thakhek and Vientiane, along with their moving variance.

In the time domain, the limited length of climate datasets constrains the analysis of
temporal variability. Fortunately, discharges in the Mekong basin have been recorded for
almost one century in at least four gauging stations (with notable interruptions in
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measurements, like for example during the late 1970s for Kratie in Cambodia, where
data was interpolated from upstream gages). Other sources of information regarding the
monsoon are available from proxy datasets from dendrochronology (Cook et al. 2010),
marine geology (Jian et al. 2001) and speleology (Zhang et al. 2008). These datasets
show that the variability of the monsoon has different forcing mechanisms for different
time-scales. On geological time-scales, the movement of tectonic plates (by changing
the land mass configuration) dominates; the Milankovich cycles (a model for earth
harmonics) act on the millennial scale, as well as solar radiation; sun spots have cen-
tennial to decadal variations (Schwabe-Hale cycles); finally ENSO is responsible for
interannual variability.

The objective of this chapter is to quantify changes in monsoon intensity and
variability that affect the Mekong Delta. Further, the linkages between the two mon-
soon components that affect the region and the variability of floods in the delta will
be examined. The main upstream boundary condition for explaining floods in the
Mekong Delta is the inflow of water from the basin. Due to its topography the delta
is also significantly affected by tides, storm surges and, on a larger time-scale, by
sea level rise and the sinking of the Delta. However, due to the complex dynamics
of flood propagation in floodplains which are highly affected by human interven-
tions, this chapter will focus only on hydrology immediately upstream of the delta,
at Kratie and Pakse. The impacts in the delta will be the subject of further study.

9.2 Changes in Flood Variance

The justification for focusing on variance changes and inhomogeneity is twofold: firstly,
with respect to flood hazards, variability is more important than averages (Katz and
Brown 1992), due to the fact that small changes in variance can alter the configuration
of the tails of the frequency distribution and have a greater effect on the probability of
extremes than the same change in the averages; secondly flood variances in the down-
stream reaches of the Mekong River have been changing over time in the last century,
with consequences for flood hazard estimation (Delgado et al. 2010).

Other studies, e.g. Campbell (2007) and Xue et al. (2011), mentioned trends of
averages, either by applying the Mann-Kendal test' or by simple linear regression.
Three points summarize the results from these publications that focus on change in
the Mekong River: (a) generally, a downward trend in averages was detected in
floods in the Mekong river; (b) there is an upward trend in variance in the lower
part of the Mekong basin and (c) the increases in variance outweigh the effect of
the decreases in averages on the probability of an extreme event. These studies

'The Mann-Kendall test is a non-parametric (does not assume that the data follow a certain distri-
bution) statistical test. It is used to reject or accept the hypothesis that the time series of interest is
trend free, by evaluating a rank-based statistic.
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assumed a continuous, monotonic variation either on averages or variance over time.
They assume an a priori linear, polynomial or rank-based variation. This is appropriate
for detection of changes, but fails to describe the dynamics of the change, for which a
better adapted model is necessary. In the present study, wavelet® theory was used to
identify changes in variance (Torrence and Compo 1998). It offers a very flexible decom-
position of a time-series, allowing for an adaptive time and frequency definition.

Time series for annual maximum discharge in four gauges in the Mekong are
given in Fig. 9.3. In the background of each panel, the average sub-decadal variance
computed from the wavelet power spectrum is shown. The average sub-decadal
variance is defined as the variance of all scales lower than 10 years, averaged over
the frequency domain. For more details see Torrence and Compo (1998). Several
features in the data are evident: (a) the enhancement in variance during the two last
decades of the twentieth century in Thakhek, Pakse and Kratie; (») the enhancement
in variance during the 1960s in Vientiane; (c) the relationship of (b) with one
extreme event in 1966; (d) the longer term enhancement of variance in the two
downstream stations of Kratie and Pakse. This indicates that a north-south spatial
pattern in interannual variability within the basin exists, which is mainly due to the
analogous spatial variability of the monsoon. Dam construction can also be of
importance, but its signal is not as clear as the monsoon: most changes due to dam
construction were only detected in upstream gauges and did not affect the flow at
Pakse or Kratie (Lu and Siew 2006). Massive deforestation and reservoir building
affected the Korat Plateau in Thailand, but this region contributes with only 5% of
the total discharge at the river mouth (MRC 2005).

To validate these observations, Fig. 9.6a shows the variance of the annual maxi-
mum discharge in Pakse for the period before and after 1976, decomposed into its
different discrete modes, with uncertainty bounds. We see that the 4-year variance
before 1976 is lower than after this year. The fact that the 95% uncertainty bounds
do not intersect each other, indicates a significant increase in variance. Although not
shown in the figure, the same increase is detected for Kratie and Thakhek, although
statistically insignificant for the latter. For Vientiane, instead of an increase in variance,
a statistically insignificant decrease after 1976 can be witnessed. This is in line with
the variance presented in Fig. 9.3.

9.3 Changes in Monsoon Variance

The quantification of the Asian monsoon at the continental scale was mainly accom-
plished within the last two decades (Wang et al. 2001). Before that, studies focused
mostly on the local/national scale. A simple way of quantifying and predicting the

2The Morlet wavelet is one of a set of orthogonal functions that, just like a sine or a cosine func-
tion, allow the transformation of a periodic function between its time domain and frequency
domain. The advantage of using a complex wavelet and not a sine and cosine is that it is well
defined both in the frequency and time domain.
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Fig. 9.4 Two normalized monsoon indexes (upper panels) and their sub-decadal variance, esti-
mated with the Morlet wavelet (lower panels). The indexes have different periods of enhanced
variance

interannual variability of the Asian monsoon at a continental scale is to derive indices
based on representative measurable processes. Wang and Fan (1999) reviewed the
most important measures of monsoon intensity. More recently, many authors used
these indexes for different purposes, such as characterizing the monsoon variability
(Goswami 20006), evaluating and validating climate model predictions (Paeth et al.
2008; Cherchi and Navarra 2003) or investigating trends in monsoon intensity
(Chase et al. 2003).

Separate indices for the Indian Summer monsoon and the Western North-Pacific
Summer monsoon were used, following results from Wang et al. (2001). The intensity
of the monsoon is represented by the difference between 850 hPa zonal wind veloci-
ties averaged over key regions for the monsoon circulation during June, July, August
and September of each year. These indices can be seen in Fig. 9.4 together with their
sub-decadal variance, obtained following Torrence and Compo (1998). This range of
variance encompasses significant scales of variability and is in phase with the flood
variability in the Mekong River, as it will be seen in the next section. It is also limited
by the length of the time series available in order to avoid edge effects.

The most relevant features in Fig. 9.4 are: a period of enhanced variance of the
Indian monsoon in the 1960s, which evens out after 1970, and a similar, but longer
period of enhancement in the Western North-Pacific Summer monsoon during the
last quarter of the twentieth century. These results were also obtained with different
methods by Wang et al. (2001). The reason for different periods of enhancement of
the two indices is the greater response of the Western North-Pacific monsoon to ther-
mal conditions in the Pacific, for which ENSO plays a crucial role. Wang et al. (2003)
have shown that El-Nifio tends to enhance the Western Pacific monsoon circulation
to a greater extent than the Indian monsoon (IM) circulation. Its variance also suffers
an increase in the last quarter of last century (Torrence and Compo 1998).

Although both components of the monsoon deliver great amounts of precipitation to
the basin, they have a distinct spatial and temporal variability. The Indian monsoon
affects the whole of the basin, although with greater prevalence in the northern part.
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The rainfall over the southern part of the basin is affected by the general monsoon
circulation, but is forced mostly by the intensity of the Western North-Pacific circulation,
including the coupling with the Australian monsoon. The moist air masses travel across
the equator, curve to the right (due to the Coriolis acceleration) and enter the Mekong
region (McGregor and Nieuwolt 1998). By then the flow has a strong zonal component
(along the earth’s parallels), therefore converging to the highlands along the Vietnamese
border, which leads to intense orographic precipitation. Later in the season, typhoons
develop and may make landfall on the coast of Vietnam, prolonging the flood season or
contributing to the development of an additional flood peak. Some of the flood peaks
in the record are due to a combination of landfall of typhoons and monsoon rainfall.
The 2000 event is a famous example of such a mixture of effects.

The Western Pacific circulation is responsible for forcing rainfall over the area
that most contributes to the discharge to the Mekong Delta. This area, identified
in MRC (2005) as consisting of the sub-basins draining to tributaries between
Pakse and Kratie, has an area of about 13% of the whole Mekong basin. It is
responsible for about 23% of the flood volume in the delta. Enhancements in
either the intensity of the circulation or in its interannual variance are thus likely
to produce consequences in flood hazard.

9.4 Quantifying the Relationship Between Monsoon and Floods

Ideally, proving a cause effect relationship between two phenomena would require
either a controlled repetition of the experiment in a laboratory, or the mathematical
modelling of the underlying physical processes. The former is impossible, due to
the scale of the phenomenon. The latter is underway, but until now, has yielded
inconclusive results. However, the correlation between monsoon and flood fre-
quency can be quantified statistically, by plotting the cross wavelet spectrum of
annual maximum discharge and a monsoon index. If there is a consistent phase
relationship between the two, it is likely that the monsoon forces the variability of
floods in the Mekong. That is what is shown in Fig. 9.5a, where the upper panel
represents the cross wavelet spectrum and the lower panel represents the average
sub-decadal variance of the Western North-Pacific monsoon index and the annual
maximum discharge measured in Kratie.

The WNPM causes positive enhancements in floods in the Mekong, even on
interannual time scales. As is shown in Fig. 9.5a, the sub-decadal variance of the
monsoon modulates the variance of the annual maximum discharge. Although not
shown, the same applies to flood volume. Further, on the upper panel, it is shown
that the two signals are significantly in phase (arrows pointing to the right) for most
parts of the time domain.

By separating times of enhanced variance from times of lower variance
(the threshold being the median of the sub-decadal variance) we could improve the
correlation to significant values (Fig. 9.5b). This means that for periods of greater
monsoon variance, the Western Pacific monsoon is a strong forcing mechanism for
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Fig. 9.6 Discrete wavelet variance estimated for a monsoon index and annual maximum discharge
in Pakse before and after 1976. There is a significant difference between the two periods for both
variables

floods in the downstream reaches of the Mekong River. The same was not achieved
by considering the Indian monsoon index.

To test if the changes detected in the 1970s were statistically significant, a step
change test was performed in the year 1976 for the station Pakse, upstream of Kratie.
Pakse was chosen to avoid possible errors introduced by the interpolation of the data
in Kratie in the late 1970s. A regime shift in the Pacific Ocean has been detected
around this year by several authors (e.g. Kerr 1992; Overland et al. 2008).
The method used was suggested by Percival (1995) and discretizes the variance of
the signal into different scales, which is consistent with the approach used in this
study. The results are presented in Fig. 9.6 for scales of 2, 4 and 8 years. The 4-year
variance increases after 1976 in both monsoon intensity and annual maximum
discharge. The 2-year and 8-year scales also present a parallel behavior. This suggests
a close linkage between both time-series with regard to variance. It is likely that the
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regime shifts in the Pacific Ocean significantly changed the probability of occurrence
of an extreme flood in the Mekong. The relationship between monsoon variability
and flood variability has implications for flood risk assessment: a mechanism by
which the flood frequency distribution is forced by a measurable circulation index
is suggested. Additionally, the construction of simple and effective flood scenarios
under climate change is at hand just by deriving a monsoon index from a coupled
general circulation model.

9.5 Implications for the Mekong Delta

The measure of climate change has commonly been understood as the anomaly around
an estimated mean. This chapter points out that changes in variance of the monsoon
were detected in the Western Pacific region that affected the flood variability of the
Mekong River, especially in its lower part. These changes have a stronger impact in
the probability of occurrence of extreme floods, than the anomalies in the mean value
of the time series (Katz and Brown 1992; Delgado et al. 2010). Although monsoon
climates are characterized by comparably low interannual variability, in the case of the
Mekong this variability had a tendency to increase in the southern areas of the basin.

The Mekong Delta is directly affected by flood waves and typhoons formed in
the southeastern parts of lower Mekong basin and its vicinity. The changes
detected in this study affected the Delta, not because of the year by year increase
of the incoming flood waves, but due to a growing variability. The massive man-
made morphological changes of the Delta — the construction of embankments and
channels, as well as the adaptation of flow regimes to human needs — introduced
changes in the flow conditions that are still difficult to quantify (Dung et al. 2011).
By introducing a new perspective in the study of flood variability, this chapter
hopes to advance an explanation to the changes occurring in the upstream hydrau-
lic boundary conditions of the Delta.

9.6 Conclusions

This chapter presented an overview of the main aspects regarding interannual vari-
ability of floods in the Mekong River and how it is forced by the monsoon variabil-
ity. The general monsoon circulation was separated in two components: the Indian
monsoon and Western North-Pacific monsoon. These proved to have different
regions of influence in the Mekong River basin. The northern part is dominated by
a surface level flow of moist air entering the basin through the Bay of Bengal forced
by the Indian monsoon. The southern part is under the effect of the Western North-
Pacific monsoon, receiving a moist surface level flow from the Indian Ocean that is
forced by the adjacent Western North-Pacific circulation.
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The two components of the monsoon have different periods of enhancement.
The Western North-Pacific monsoon, with enhanced variance after the late 1970s,
coincides with the variance of floods in Kratie, Pakse and Thakhek. Further
upstream, the relationship with this component is not evident, which is consistent
with the monsoon regions defined earlier.

Changing variance in the severity of floods is a defining aspect of flood hazard in the
Mekong Delta (Delgado et al. 2010). By proving that a regime shift in flood variance
took place in the past, we render stationarity in flood hazard assessment obsolete.
A climate-driven non-stationary flood frequency model is therefore necessary.

Longer measured time series are necessary to better define the linkages between
the Western North-Pacific monsoon and flood variability. In the absence of enough
data, the method of choice is to model the physical processes and from long model
runs understand the interactions between the large scale processes. An alternative is
to use available proxy datasets that represent past climates. Both directions will in
the future certainly open new perspectives for the hydrology of this region.
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Chapter 10

Vulnerability, Coping and Adaptation to Water
Related Hazards in the Vietnamese

Mekong Delta

Jorn Birkmann, Matthias Garschagen, Vo Van Tuan,
and Nguyen Thanh Binh

Abstract This chapter deals with the conceptualization, identification and assessment
of the vulnerability of different social groups to water related hazards in the
Vietnamese Mekong Delta. The Mekong Delta is globally seen as one of the key
hotspots of climate change related risks due to its exposure to floods, salinization and
potential sea level rise. In order to underline the multifaceted nature of vulnerability
to natural hazards and climate change the paper outlines vulnerability profiles of
different households and socio-economic groups in selected hazard prone areas,
notably in rural communities exposed to high floods, coastal communities exposed
to saline intrusion and urban communities exposed to urban and tidal flooding. The
different locations selected for the assessment of vulnerability allow comparing how
different local context situations and hazard phenomena might influence specific
coping and adaptation strategies. The socio-economic transformation processes
and policy reforms that have affected all three locations are examined in terms of
their influence on vulnerability and capacities. The chapter provides a contribution to
a further enhancement of methods, data bases and quality criteria for moving from
an impact oriented risk assessment to a forward-looking vulnerability assessment
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that can inform future adaptation strategies. In this regard the chapter makes a
contribution for linking disaster risk reduction (DRR) and climate change adaptation
(CCA) discourses. Particularly, the analysis of vulnerabilities to creeping-changes
has often not been sufficiently addresses and incorporated in DRR strategies in
Vietnam.

10.1 Introduction

Delta regions such as the Mekong Delta are increasingly seen as hotspots of risks
in the light of growing frequency and magnitude of extreme events and climate
change (see also Chap. 2). Especially, the Mekong Delta in Vietnam is seen as a
key region where the capacities for climate change adaptation and disaster risk
reduction have to be enhanced and effective strategies implemented urgently.
The paradigm in both discourses in Vietnam, however, is still predominantly
focusing on the adjustment of physical structures and the development of structural
adaptation strategies, such as new dyke systems, to deal with actual and potential
consequences of climate change. At the same time, complementary approaches for
reducing the vulnerabilities in the social and ecological domains remain under-
emphasised (Birkmann 2011a; Garschagen 2010a, c; Garschagen et al. 2009;
Birkmann et al. 2010).

While structural measures for risk reduction and climate change adaptation are
needed, there is little information on how these structural measures increase or
decrease the vulnerabilities of different communities. Particularly in Delta regions
the interconnectivity of coastal zones and the linkages between up- and downstream
communities in flood plains underscore that such adaptation and risk mitigation
measures are not solely influencing the communities where such measures are
implemented, but also imply changes, for example, for downstream communities
when dealing with dyke constructions in upstream areas. The implications of such
intervention measures on medium- and long-term vulnerability reduction have not
sufficiently been evaluated. The vulnerability profiles outlined in this chapter there-
fore provide important methodological toolkits and examples on how vulnerability
and risk can be identified and how modifications due to such intervention measures,
such as dyke systems, relocation and sluice gates, might reduce or increase the
vulnerability of different social groups and communities in flood plains and coastal
zones. Particularly, when examining these structural and technical adaptation
measures and their potential consequences more in-depth, it becomes evident that these
measures require additional adaptation processes for people and social-ecological
systems to deal with the changes introduced. The success and appropriateness of the
adaptation measures might even be determined by the ability or willingness of
people to move forward with a second order adaptation process (see Birkmann
2011a). In this regard, the different vulnerability profiles are major factors that
determine whether such strategies can enhance resilience or whether these measures
are obstacles for further resilience building.
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The identification and assessment of vulnerability are key to improving development
strategies and integrated concepts within the framework of Integrated Water
Resource Management (IWRM). While flood risk management has long been con-
sidered a central component within IWRM (UNESCO 2009), particularly with
respect to risk mapping, most of the information gathered and used in such
approaches is still focusing solely on the hazard and exposure component of risk.
That means vulnerability and capacities of societies exposed to such flood hazards
is often not sufficiently captured.

10.1.1 Vulnerability and Risk Research in Vietnam

Despite some recent work on the social dimension of risks and vulnerability, the overall
approach and focus on flood and coastal risk management strategies in Vietnam has to
date been dominated by a strong emphasise on engineering-based technical solutions.
Examples include larger dyke constructions after the major floods in the north of the
Vietnamese Mekong Delta in 2000 and 2001 as well as the construction of sluice gates
to protect saline intrusion in coastal provinces and the various relocation projects con-
ducted in flood prone areas in An Giang and Dong Thap. The strategies outlined above
are linked to a rather technocratic paradigm of disaster risk reduction drawing on the
notion that natural hazards have to be controlled or fought against and that natural
hazards are an external threat to human society resulting in the need for taming this
hazard or nature as a whole (Birkmann 2006a; Casimir 2008; Kikonen 2008).

In contrast to a purely hazard oriented risk management, the international
scientific discourse underscored in the last decades that the potential damage of
natural hazards does not solely depend on the hazard as such, rather its shows that
the vulnerabilities in a societal system play a key role in influencing the actual
damage or the damage potential. Vulnerability can in this context be understood as
the internal pre-conditions in a society or a social-ecological system that influence
the potential to experience harm due to a given hazard (Thywissen 2006). Compared to
vulnerability, risk can be understood as the product of a given hazard and a vulnerable
societal system that is exposed to this hazard. Risk often also encompasses the
probability of the hazard occurrence. Hence, effective risk reduction and risk
management strategies — for example linked to IWRM — require an improved under-
standing of the vulnerabilities of communities at risk.

The vulnerability assessment within the project of developing a Water-Related
Information System for the Sustainable Development of the Mekong Delta in
Vietnam (WISDOM) is taking up this challenge and derives vulnerability profiles
for different social groups and communities exposed to flooding and salt water
intrusion. The case study focus is on households coping with high floods in the
province for Dong Thap in the northern part of the Vietnamese Mekong Delta, on
urban households dealing with tidal flooding and river bank erosion in urban and
peri-urban areas in Can Tho and finally on rural households that face saltwater
intrusion in the coastal province of Tra Vinh.
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10.2 Conceptual Approaches to Risk,
Vulnerability and Adaptation

10.2.1 The Social Construction of Risk

In contrast to approaches that mainly associate risk with the occurrence of a natural
phenomenon such as flooding, there is growing evidence that disasters in the context
of natural hazards are not primarily determined by the physical event but rather by
the vulnerability of the community or social-ecological system exposed to such
events. That means the impact of a hazard event on a society is strongly shaped
by the human action and by the internal pre-conditions of social systems (Hewitt
1983; Burton et al. 1993; Oliver-Smith and Hoffman 1999; Wisner et al. 2004,
Miiller-Mahn 2005; Birkmann 2006a). These vulnerabilities vary between different
social groups leading to socially stratified susceptibility patterns and disaster path-
ways (Chambers 1989). While in the 1980s and 1990s this discussion was mainly
informed by researchers working in the field of Disaster Risk Reduction (DRR)
and development research, the discussion today has also involved the climate
change community. Most notably, the IPCC special report SREX (IPCC 2011, 2012)
addresses the new challenges of dealing with extreme weather events through the
lens of vulnerability and risk.

10.2.2 Livelihoods, Risk and Vulnerability —
A Conceptual Frameworks

Vulnerability approaches have been shaped in strong interaction with other
approaches in the field of poverty, natural hazard research and development studies.
One of the most prominent examples is the Sustainable Livelihood framework
(DFID 1999) which puts emphasis on the acquisition, substitution and utilisation of
different types of assets that an individual or household has for pursuing livelihood
strategies. The availability of, access to, and operational effectiveness of these asset
portfolios are thereby regulated by transforming structures and processes that shape
livelihood outcomes and the internal dimension of vulnerabilities (Chambers1989;
Bohle 2001). Although the framework is used in a wide range of studies, it is still
relatively fuzzy in terms of what transforming structures are and how livelihood
outcomes influence also the vulnerability context (see Birkmann 2006a).

Another framework that has been developed in the context of risk research is
based on the notion of coupled social-ecological systems (Turner et al. 2003). The
authors of this framework argue that vulnerabilities consist of exposure, sensitivity
and resilience whereby the latter comprise coping response, impact response and
adaptation response (including adjustments to system components) (Turner et al.
2003). Their framework places the human-environmental system in the centre of its
analysis. Focusing on the dynamic processes that drive vulnerability and eventually
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Fig. 10.1 The MOVE framework (Own figure, based on concepts of Cardona 1999: 65, 2001; Turner
et al. 2003; Bogardi and Birkmann 2004; IDEA 2005; Birkmann 2006b; Carrefio et al. 2007)

can lead to disaster, Wisner et al. differentiate within their Pressure and Release Model
(PAR) three components which together shape the progress of vulnerability. Systemic
and institutional root causes can comprise limited access to resources, exploitive
structures and lack of power. Dynamic pressures comprise destabilising processes at
various scales that are inadequately governed and regulated like, for example, rapid
urbanisation or ecosystem degradation. In combination, root causes and dynamic
pressures can lead to unsafe conditions and an increase in vulnerability.

A final framework that will be introduced here is based on work dealing with the
development of a holistic approach to vulnerability assessment linked to a system-
science perspective, including reference to the concept of feedback loops and the
theory of cybernetics. At its core, the MOVE framework (see Fig. 10.1) differentiates
key factors of vulnerability and shows various thematic dimensions such as social,
economic, environmental and institutional vulnerability. In terms of the key factors
of vulnerability it is important to note that exposure is a contested aspect. In this
framework exposure describes the extent to which a unit of assessment falls within
the geographical range of a hazard event. Exposure extends to fixed physical attri-
butes of social systems (infrastructure) but also human systems (livelihoods, econo-
mies, cultures) that are spatially bound to specific resources and practices which may
also be exposed. Exposure then is qualified in terms of spatial and temporal pat-
terns. The second key factor of vulnerability in the framework is susceptibility.
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That means even if a system or object is exposed, it does not necessarily mean that
the system is vulnerable, since it might have a very low susceptibility and a high cop-
ing or adaptive capacity. Susceptibility (or fragility) describes the predisposition of
exposed elements (social and ecological) to suffer harm. The third factor that deter-
mines vulnerability is the societal response capacity of the community or system
exposed. This response capacity can include pre-event risk reduction, in-time coping
and post-event response measures. Compared to adaptation processes and adaptive
capacities, coping capacities focus mainly on the ability to maintain the system as it
is in the light of a hazard event impacting the system or element exposed. The term
hazard describes the potential occurrence of natural, socio-natural or anthropogenic
events, such as earthquakes or tsunamis as geo-hazards and floods or droughts as
well as storms as hydro-meteorological hazards. Compared to former frameworks
such as the holistic approach of risk assessment (Cardona 1999, 2001 and Cardona
and Barbat 2000) or the BBC-framework (Birkmann 2006a), the MOVE framework
also emphasises coupling relations between environmental and societal dimensions.
Coupling emphasizes the framework’s assertion that any defined hazard is given
form and meaning by interaction with social systems, and similarly, social systems
are influenced by their actual and perceived hazard context and environmental condi-
tions. Hence, the concept of a coupled social-ecological system as outlined in the
resilience research community (e.g. Walker et al. 2004, 2006; Berkes et al. 2003;
Folke 2006) and further developed in the disaster risk research (Birkmann 201 1b)
offers an important perspective. Finally, the framework also underscores that risk
governance (see e.g. Renn 2008) is a process that could span the whole diagram, but
that was placed on the intersection between risk and adaptation in order to underline
that risk management is linked to decisions and actions performed by both govern-
mental stakeholders or institutions and non-governmental actors (e.g. individual
households). Risk management undertaken by these stakeholders include tasks on
risk reduction, through prevention, mitigation, preparedness or transfer. The frame-
work stresses the fact that hazards might not only be of natural origin. Many hazards
that reveal societal vulnerability, such as climate change related hazards, can be
classified as socio-natural since the actual hazards are influenced by humans, such as
anthropogenic climate change. In addition, purely anthropogenic hazards would
include technical accidents, such as accidents in nuclear power plants.

10.2.3 Coping and Adaptation

The concepts of coping and adaptation have gained substantial prominence in
scientific and political discourses revolving around natural hazards and climate
change. The terms are thereby often mixed without clearly differentiating their
specific notions and implications; doing so, however, is necessary and of great help
for guiding decision making and analytical approaches. We understand coping as a
short-term, often reactive, response to deal with the impacts of a hazard during or
after the hazards strikes and, by doing so, to minimize the effects of a disaster.
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Adaptation, in contrast, implies a longer time frame and a notion of planned, strategic,
target-oriented and coordinated action. While coping measures are mainly under-
taken within the existing frame of processes and structures in a system and are
generally not aimed at altering the principles of operation of that system as such,
adaptation often implies an adjustment of system components, processes and struc-
tures in response to experienced or anticipated hazards or climate change impacts
in order to moderate harm or even exploit beneficial opportunities (strongly mollified
definition on the basis of IPCC 2007: 869). Some activities assessed within the
following vulnerability assessment showed elements of both coping and adaptation.
We take this, however, not as an argument for discarding those two concepts. Rather
we take these observed hybrid forms as motivation for analysing the interactions of
rather spontaneous short-term response that remains within the semantics of a
given system or worldview (coping) with actions and measures that follow a more
strategic approach and that implies changes of systems (adaptation). The latter
involves a longer time horizon and the possibility of changing the ontological and
operational landscape of an existing system altogether (see e.g. Adger et al. 2005).
Questions that arise in this context include, for example, the interplay of generic
and specific adaptive capacities (Handmer 2003), interlinkages between erosive
coping capacities that degrade livelihood assets (e.g. selling of livestock during
crisis situation), or the question, how coping mechanisms have to be adapted in
view of climate change.

Overall, the MOVE framework and the sustainable livelihood framework are two
guiding concepts that informed the case study research in Vietnam. The presentation
of the different vulnerability profiles in the three case study locations presented
below is therefore systematized according to the three key factors of vulnerability
(a) exposure, (b) susceptibility and (c) societal response capacities in terms of
coping and adaptation processes. Since the case study work is still ongoing some of
the case studies can be presented more in-depth than others, however, the guidance
the frameworks have provided for the analysis will become evident.

10.3 Vietnam: Formal Disaster Risk Management
and Climate Change Adaptation

10.3.1 Disaster Risk Management

Owing to the country’s long experience with natural hazards and resulting
disasters, Vietnam has a comprehensive system of formal disaster risk management.
The coordination and implementation of disaster risk management falls within the
remit of the Ministry of Agriculture and Rural Development (MARD). The mandate
of the Ministry defines that the section of water resources has to “unify the manage-
ment of dike construction and protection, headwork for prevention of floods and
typhoons and efforts to prevent and combat flash flooding, floods, typhoons, drought,
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and landslides along riversides and coastal areas” (SRV 2009). In order to supervise
the implementation and maintenance of disaster prevention measures (such as dykes
and shelters) and to organize disaster response (e.g. on-the-spot dyke repair units),
MARD and its subsidiary departments are in charge of coordinating committees of
flood and storm control of which one is in place at the national level and at every
province, district and commune/ward levels, respectively. These committees are
headed by high ranking officials of the Ministry or by leading officers of the People’s
Committee of the respective level and include representatives from the different
planning agencies and other relevant institutions such as the Red Cross or the
Women’s Union. In November 2007, the Prime Minister approved the new long-
term National Strategy for Natural Disaster Prevention, Response and Mitigation to
2020. This strategy confirms the role of MARD as focal agency for disaster risk
management and sets out guiding principles and objectives for the next years. These
comprise the improvement of early warning systems, the improvement of planning
and building codes in view of natural hazards, the fostering of capacity building at
all levels, the relocation of people in disaster-prone areas and the upgrade of struc-
tural protection measures such as sea dykes, flood resistant embankments or storm
shelters (SRV 2007).

10.3.2 Climate Change Adaptation

Similar to developments in the international community and in most countries, the
formulation of official climate change adaptation policies is a rather recent phenom-
enon in Vietnam. Earlier initiatives had been mainly focusing on climate change
mitigation strategies' (e.g. the first drafts for the correspondence with the UNFCCC
in the 1990s). However, owing to the exceptional risk that climate change implies
for Vietnam, the Government as well as other actors within the ministries and
from the international cooperation community in Vietnam pushed for a speedy
process of institutionalising climate change adaptation efforts. In December 2008,
the Prime Minister approved the National Target Program to Respond to Climate
Change (SRV 2008). This program officially acknowledges the importance of cli-
mate adaptation for the overall sustainable development of the country. It, therefore,
calls for adaptation efforts of all levels and sectors and for the mainstreaming of

!'The authors follow the commonly agreed terminology in which climate change response
comprises the two domains of climate change adaptation and climate change mitigation. Adaptation
in this notion refers to the “adjustment in natural or human systems in response to actual or
expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportuni-
ties” (IPCC 2007). Mitigation comprises all measures that reduce green house gas emissions, limit
their growth or enhance sinks. Due to the focus of this paper, the authors have to limit the discus-
sion to adaptation measures here, however, fully acknowledge that measures from both domains
are absolutely necessary and that “mitigation is the best adaptation” in the long run.
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Table 10.1 Objectives and targets of the National Target Program to Respond to Climate
Change

Targets to be achieved by 2010 Targets to be achieved by 2015

Objective® (selection) (selection)
Assessment of climate Scenarios based on existing data ~ Update/completion
change impacts in Pilot projects for assessment
Vietnam
Identification of response  Implement pilot/test projects in Wide scale implementation
measures different sectors and locations based on lessons learned
Establishment of scientific Development of a national science Completion and updating of
and practical basis for and technology program on climate change database
response measures climate change Update research and implement
results
Consolidation of Development of framework for Mechanisms to prioritize
organisational legal documents and climate change activities
structure and capacity mechanisms
building amongst Coordination amongst ministries,
relevant institutions sectors and localities
Raising public awareness  Over 10% of population and over  Over 80% of population and
and human resources 65% of Government staff with 100% of Government staff
development basic knowledge on CC with basic knowledge on CC
Promotion of international Establish bilateral and multilateral Completion and effective
cooperation and cooperation mechanisms for implementation
support implementing the national
target plan
Mainstreaming into Guidance documents and Mainstreaming into future
development planning classification of measures planning
(socio-economic, Assess implementation for
sectoral, local) period 2010-2015
Development and Ministries and local authorities Action plans being implemented
implementation of complete action plans
action plans and (pilot)
projects

Source: Own table based on SRV (2008)
“For the official wording of the objectives and tasks refer to SRV (2008)

climate change adaptation into general planning processes. In order to achieve this
goal the plan appoints responsibilities and tasks to government sectors and institu-
tions. The plan specifies that the Ministry for Natural Resources and the Environment
(MoNRE) will act as the focal agency for all climate change response activities in
Vietnam. The ministry and its subsidiary departments at the lower levels, therefore,
have to coordinate response measures and facilitate the communication of other
ministries, sectors and the localities with the national Government (which has the
ultimate responsibility). Table 10.1 summarizes the objectives of the National Target
Program as well as the most important tasks including the envisaged timetable for
completion.
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10.3.3 Frictions, Tensions and Limits for Implementation

The legal and institutional framework for climate change adaptation and disaster
risk management laid out above might create the impression of a neatly organised
and effective system with clear competencies assigned and procedures defined.
However, the implementation of these target programmes and plans is in fact
hampered by a number of factors. The programmes sketch out the broad visions
of future directions in disaster risk management and climate change adaptation.
However, there is little concrete guidance provided on how to implement or
achieve these goals — particularly in terms of cross-scale transfer from the
national to the local level (Garschagen 2010a). Institutional responsibilities are
in many cases ambiguous, particularly with respect to the synchronisation
between disaster risk reduction and climate change adaptation tasks and funds.
The fact that these two domains are coordinated by two different line ministries
hampers the effective integration of activities and political initiatives and rather
leads to competition for resources and responsibilities (see Garschagen et al.
2009). The latter point is of particular importance as MARD and MoNRE have
similar mandates and areas of interests, causing competition over resources,
competencies and power.

10.4 Projected Future Climate Change Impacts

Recently, a number studies set out to analyse potential climate change impacts
on Vietnam and the Mekong Delta building on climatological and hydrological
modelling. The International Centre for Environmental Management (ICEM)
concluded in its 2008 assessment, that based on current population and land use
patterns, a sea level rise of 1 m would directly affect around one third the Delta’s
area (including roughly 10,000 km? of agricultural land) and over one quarter of its
roughly 17 million inhabitants (Carew-Reid 2008). Sea level rise also implies severe
challenges in terms of soil and water salinization. In addition, climate change is
predicted to alter precipitation patterns leading to an even stronger concentration in
the rainy season with higher precipitation levels during that time and the risk of
increasing numbers of short-term heavy precipitation events throughout the entire
year (MoNRE 2009; Hoang and Tran 2006; Chaudhry and Ruysschaert 2007). At
the same time, the risk of prolonged drought periods is expected to rise during
the dry season (Tuan and Chinvanno 2011). An overall rise in air and sea surface
temperature is further expected to enhance the typhoon activity in the South China
Sea (Elsner et al. 2008), leading to intensified typhoon occurrence in the Mekong
Delta (CFSC 2004; see also Chap. 2).
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10.5 Vulnerability Profiles in Selected Case Study Areas

The vulnerability assessment within the WISDOM project comprises three different
case study areas along the main branches of the Mekong River, i.e. Dong Thap on the
Tien Giang River; Can Tho and Tra Vinh on the Hau River. This enables us to draw
comparisons with respect to vulnerabilities at community and household levels for
different hazard patterns and different socio-economic conditions — representing the
main bio-physical and socio-economic zones in the Delta (Chaps. 3 and 4). Dong
Thap in the northern Mekong Delta comprises mainly rural communes involved
principally in agricultural production, mainly highly intensified rice production
with two or three cropping cycles per year which heavily relies on hydraulic infra-
structures and water management. At the same time, aquatic common property
resources provide an important livelihood supplement for a considerable part of the
population. Given its location in the Plain of Reeds, Dong Thap is exposed to severe
flooding with long durations and high flooding depths during the rainy season. The
province therefore belongs to the Delta’s provinces suffering the highest flood dam-
ages and losses over the last decades. The City of Can Tho, in contrast, constitutes
the main socio-economic centre of the Delta. While the administrative entity of Can
Tho City comprises nine districts including rural areas, the research underlying this
chapter focused mainly on the three main urban and peri-urban districts, i.e. Ninh
Kieu, Binh Thuy and Cai Rang. The urban centre constituted by these three districts
is growing and spreading rapidly. While Can Tho is not exposed to extended flooding
like in Dong Thap, it is exposed to urban flooding and is projected to be exposed to
increased flooding in the future. Tra Vinh Province is located downstream of the
Hau River next to the coast. It is therefore exposed to different hazards with salinity
intrusion and freshwater shortages being the main challenges. Consisting mostly of
rural population, Tra Vinh hosts a large variety of agriculture and aquaculture pro-
duction systems with shrimps, rice and sugar cane being the most prominent out-
puts. Figure 10.2 shows the location of the different case study areas in the Delta as
well as the differences in predominant hazard exposure, socio-economic conditions
and vulnerabilities, and predominant coping and adaptation strategies. More detailed
descriptions and analysis of each of the locations are provided below.

10.6 Communities Exposed to High Floods — Case Study
Dong Thap

In the Mekong Delta (MD), annual floods have existed for thousands of years along
the main stream of the Mekong River, which originates from the Tibetan Plateau
in China and passes through Myanmar, Thailand, Laos, Cambodia and Vietnam.
The flood season lasts from late July through December. The flood peak is reached
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Fig. 10.3 People killed and missing by natural hazards and floods in the Mekong Delta (Source:
Vo Van Tuan, data from CFSC, Dong Thap CFSC 1990-2006). (The number of people killed and
missing by natural hazards in 1997 was 2,244)

between late September and mid October. The flooded area accounts for 53.3%
of the natural area and over 50% of the delta’s population live within its extent.
The two regions most affected by flooding are the Plain of Reeds and the Long
Xuyen Quadrangle (see Chap. 3). The Plain of Reeds is characterized by its shal-
low topography, extended wetland and severe acid sulphate soils which have been
exploited particularly to cultivate floating rice since the 1960s and high-yielding
rice varieties since the early 1990s.

Flooding levels vary from 0.5 to 4 m in the upper and middle parts of the delta.
Daily flooding depth varies between 5 and 7 cm during normal flood years and
10-20 cm during years with strong flooding (Hoi 2005). Flood levels in the Dong
Thap case study area are categorized according to the water levels of the Tien River
at Tan Chau gauging station located in the upper Mekong Delta. According to
this categorization, flood years with water levels below 4 m are called low floods
(10 nho). Water levels between 4 and 4.5 m constitute normal floods (1l thuong),
water levels of more than 4.5 m are considered high floods (1 16n). These
flood levels coincide to a certain extent with the damage caused by flooding
(Figs. 10.3 and 10.4).

The research sites are located in both inland and river bank areas in Dong Thap,
one of the three provinces most prone to floods in the upper MD. This province is
severely affected by acid sulphate soils which are leached by flood water (Minh
et al. 1997; Chap. 14). Rice is the main crop, accounting for 94.3% of planted area
of the annual crops (Dong Thap Statistical Office 2008). Double rice cropping is the
most popular production mode, and triple rice cropping has become the standard in
the fully-protected areas in the province. The case study of Dong Thap indicates that
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Fig. 10.4 People killed by floods in Dong Thap (Source: Vo Van Tuan, data from Dong Thap
CFSC 1994-2006)

formal interventions (relocation and embankments) have influenced rural livelihoods
of different socio-economic groups. In order to analyse these influences and
household level vulnerability in detail, 370 households were investigated through
standardized questionnaires, with the number of households located in the floodplains
(rice fields), along local roads, in the residential clusters (relocation sites), and in the
residential dyke being 81, 169, 41 and 79, respectively.

10.6.1 Hazard Profile

Floods are natural phenomena, but very high floods cause serious problems to
human lives, infrastructures and crops. High floods are caused simultaneously by
the combination of large upstream discharge affected by tropical typhoons or low
atmospheric pressures, long and heavy rainfall in the delta itself and high tidal levels
in the canals and rivers reducing their drainage capacity (Be et al. 2007). The
recorded high floods in the last four decades seem to be increasing in frequency,
particularly, the years 1961, 1966, 1978, 1984, 1991, 1994, 1995, 1996, 2000, 2001,
2002 and 2011 are to be mentioned. From 2003 to 2010, flooding depths have
decreased; however, high floods may cause high damages after a series of low floods
because of a decrease in flood preparedness due the decrease in “normal” flooding
and related experience (see Fig. 10.4). More than 2,000 ha of Autumn-Winter rice
crop area in Dong Thap were destroyed due to dyke failure during the 2011 floods.
Given the low and flat topography of the Mekong Delta, relatively small changes in
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flooding depths can cause great differences in flood impact and losses (see Figs. 10.3
and 10.4). According to statistical analysis of the past flooding events, the most
significant economic problems and human fatalities are associated with flooding
depths exceeding 4.5 m.

Vietnam has for a long time been exposed to many different natural hazards
including typhoons, flash floods, landslides and others. Flooding alone contributes
around one third of all the disasters caused by natural hazards. Recently, while
the number of people missing and killed by hazards has remained more or less
constant, economic losses have significantly increased. In the upper MD, flooding
is considered as a major natural hazard so that almost all hazard victims and
damages were caused by slow-onset floods. Within the upper MD, Dong Thap can
be considered a major hotspot of flood vulnerability and flood losses. Between 1994
and 2006 the impact on people and children registered in Dong Thap accounted for
21% and 27% of the impact in the entire Mekong Delta, respectively. In the extreme
flood of 2000, Dong Thap alone accounted for 31% of all the casualties in the
Mekong Delta and 35% of all the children drowning in the entire Delta. Economic
losses in Dong Thap accounted for 21% of all the economic losses experienced in
the entire Delta.

In terms of stratified vulnerability, children under six suffered the highest
fatalities, accounting for 74% of total fatalities in Dong Thap (Fig. 10.4). According
to Dong Thap CFSC? staff, most children drowning occurred in poor® households
and at night time when the children crawled and fell into the water while their
parents were sleeping. During flooding, poor children were also not sufficiently
protected by adults since their parents and other adult members usually worked in
floodplains.

The main economic losses due to floods in the upper MD are related to crop loss,
and destruction of houses and infrastructure. Double rice cropping is the major
farming system in the flood-prone areas. The second crop, Summer-Autumn rice, is
harvested at the beginning of the flooding season, usually in May or June. This
explains why in the past there have been large areas of Summer-Autumn rice
destroyed or severely affected due to the early onset of floods. In order to protect
Summer-Autumn rice and develop Autumn-Winter rice, semi- and fully-protected
dyke systems have been constructed by the government in most areas.* Since a third
rice crop has been introduced in the fully-protected area, the Autumn-Winter season
is characterized by high risk of being affected (Fig. 10.5).

In the rural delta, temporary houses are common, accounting for approxi-
mately 60% of the poor households. These houses are easily destroyed or damaged

2Committee for Floods and Storm Control.

3Poverty in this context refers to a participatory wealth ranking conducted within the framework
of the research. The main criteria in this ranking were: land title, housing quality, income related
to differentiated livelihood activities, other physical capital assets.

4Only in the newly cultivated areas in the Long Xuyen Quadrangle the vulnerability to early floods
remains a major problem, given that these areas are not yet protected by dyke systems.
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Fig. 10.5 Relation between flood season, crop cycles and vulnerability in Dong Thap Province.
(A) Late summer-autumn (SA) rice crops were/are at risk of being affected if the flood arrives early.
(B) During the autumn-winter (AW), rice crops are exposed to dyke breakage due to high floods
(Source: own focus group discussion with key informants in Phu Hiep commune 2009)

particularly due to long duration of floods and high flood peaks. Flood damages
have decreased due to low flooding; however, elements exposed and susceptible to
floods may increase because of an acceleration of economic activities and physical
interventions. In particular the planted areas of Autumn-Winter rice grown during
the flooding season in Dong Thap have increased rapidly over the last decade (Dong
Thap Statistical Year Book 1998-2008), and embankments have been continuously
constructed in floodplains.

10.6.2 Exposure to Floods

10.6.2.1 Exposure to Different Flooding Levels

In the rural Plain of Reeds, people usually live in or close to the floodplains, either
along low dykes, along high dykes or in elevated places as residential clusters
(Fig. 10.6). These patterns of settlements depend on their in-migration periods, wealth,
land ownership or resettlement policies. In the densely populated areas, other facili-
ties such as electricity lines, tap-water, elevated local roads, schools and markets are
constructed by local governments. In Phu Hiep commune, the pioneers, who settled
in the area in the 1960s, moved to the elevated places and have been protected by
trees surrounding their houses and high dykes (Fig. 10.7).

People who live in floodplains are strongly exposed to floods. Their houses are
directly exposed to flooding right from the early phase of the flooding season. They
live far from elevated roads and densely populated areas so that they often lack
access to basic infrastructure (e.g. electricity, tap-water, elevated roads, schools and
markets). In the flooding season, they travel by boats which constrains them and
their children in their access to basic services like schooling and healthcare services.
It is difficult for them to evacuate to high places or to receive external support since
they live far from densely populated areas and lack transportation means. People
who live along low dykes are affected by medium flooding. Their houses are easily
affected by floods and strong winds. In contrast, people who live along elevated
roads can escape directly from floods. Their houses are protected by high dykes and
trees. They easily move to elevated roads if their houses are destroyed by strong
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Fig. 10.7 Transect map of the inland site, Phu Hiep Commune (west-east direction) (Source:
Figure by Vo Van Tuan, transect walk in Phu Hiep commune 2008)

winds. However, according to focus group discussions in Phu Hiep in 2009, these
people struggle with transportation problems as their house are linked with elevated
roads and dense vehicle movements. People who live in residential clusters or on
residential dykes are not affected directly by floods, but they have encountered other
constraints regarding the changes in their lifestyles and livelihood activities. Before
resettlement, most of them were poor people with no residential land and high
exposure to flooding. These relocated households were offered subsidized house
foundations and housing frames, to be paid back through installments over a period
of 10 years (see in detail Birkmann et al. 2012).
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In addition to the place of living, the exposure of people to floods depends on
their cropping patterns which are changing due to both formal and informal
measures. Major crops exposed to floods have been changing from floating rice
before the 1980s to Summer-Autumn rice in 1999 and Autumn-Winter rice after the
2000s due to the changes in rice-based farming systems and embankments. In reality,
large planted areas of Summer-Autumn and Autumn-Winter rice crops were
destroyed or reduced in yield by big floods in the past.

10.6.2.2 Landownership and Exposure to Floods

Land ownership is an important factor enabling inhabitants to achieve rural livelihood
outcomes. From the socio-economic crises of the early 1980s, the 6™ Party Congress
of the Vietnam Communist Party adopted an economic reform policy “Doi Moi” in
order to restructure Vietnam’s legal, regulatory, administrative, investment and
policies from the centrally-planned economy into a market-oriented economy with
“socialist characteristics” (Bryant 1998). Households were considered as autonomous
and independent economic units, and they were provided agricultural land. When
the collective system was dismantled in 1988, and the land law was reformed in
1993 (subsequently modified in 1998 and 2003), farm households had the right to use
their land in the long-term and could transfer, exchange, lease, inherit or mortgage
this land. However, the rapid economic changes also implied for many farmers
severe economic risks. In this regard some households had to cope with a high debt
by transferring or leasing their plot of land (see Chap. 4).

Exposure to floods differs along the lines of land ownership that shapes rural
livelihood activities. There is significant high correlation between wealth and
agricultural land ownership at the research site.’ The major reasons for landlessness
in Phu Hiep Commune are that immigrants failed in the initial production of the
floating rice, high-yielding rice, intensive vegetables or intensive snake head fish.
The landless households earn their main income from off-farm activities such as
fishing and off-farm wage activities which normally only cover their daily costs of
living. Therefore, they must partly rely on flood-based activities in the risky flooding
condition. Moreover, during flooding events, children in landless households are
inadequately supervised by others given that their parents and other adult members
are usually working in the floodplains. Recently, landless people in rural areas have
tried to shift into other income-earning activities (e.g. non-farm jobs in urban areas)
and have to revert to seasonal off-farm activities since flood-related resources
decline quickly. Remittances have therefore become an important part of these
household’s income base (own household survey 2009).

>The significant correlation is shown by the high value of the Pearson correlation coefficient
(0.688%*%*).
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10.6.3 Susceptibility

The susceptibility of people to slow-onset floods in the upper MD is influenced by
natural, socio-economic and governance factors. As a large rural population relies
on agriculture, particularly rice cultivation, the lack of access to agricultural land
has an essential influence on rural livelihoods or their susceptibility. Landless
households are constrained in accessing formal loans and implementing livelihood
diversification. They are dependent on the susceptible flood-related resources,
open assets, which decline quickly through the increase in embankment, agro-
chemical use and over-exploitation. Recently, inhabitants have gradually shifted
into other livelihood options like urban non-farm activities; however, it is difficult
for the poor to access other livelihood activities due to their low educational
schooling or vocational training.

10.6.4 Coping and Adaptation

10.6.4.1 Coping

People apply a series of coping activities just before and during flooding in order
to mitigate flood impacts. They increase the stability of the house through install-
ing supportive wires just before floods. In addition, they build grass fences to break
waves and remove several planks of the floor in order to prevent them being
destroyed by flood waves, and then gradually lift up their house floor in response
to the increase in flooding depth. Secondly, flood-related livelihoods are an important
issue for flood-affected people, particularly the poor. Floods provide both advantages
and disadvantages; therefore, people engage in flood-based activities, especially
fishing. Flood-related products provide food not only during flooding but also
during the dry season. This means that fish caught during the flooding season is
often processed into dry fish or salted fish that can also be consumed in the dry
season. Thirdly, people try to pay increased attention to the protection of dependent
persons, especially children during high floods. People who engage in fishing
usually assign adult members to take care of their children and the elderly, or
children stay with them in the floodplains. They improve wooden fence to protect
children from floods and prepare home-made lifebuoys while fishing. Women in
poor households often try to access and prepare food and medicine during flooding.
Normally they borrow money from private money lenders at high interest rates.
Besides coping at the individual household level, a series of formal coping
activities are implemented by the Committee for Flood and Storm Control (CSFC).
This institution is organized at all administrative levels and includes various
departments. During high floods, children can be protected at daycare centers
which are organized at local people’s houses in densely populated areas. Table 10.2
provides an overview of different coping and adaptation strategies identified in the
upper MD to deal with floods.
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Table 10.2 Coping and adaptation strategies in Dong Thap

J. Birkmann et al.

Coping strategies

Adaptation strategies

1. Informal/individual coping strategies

(€]

@

3

2. Formal/governmental coping strategies

(€]

@

3

Adjusting housing condition

Support house with wires just before floods

Build grass fence at low floods

Remove several planks of house at low floods

Lift up house floor

Evacuate when houses are strongly flooded

Coping with livelihood disruption

Small-scale fishing
Collect flood-related vegetables

Sell livestock or give up agriculture products

just before floods
Seasonally migrate for remittance

Protecting dependents or people

Prepare children protection facilities
Take children along for fishing or travelling

Prepare man-made life saving devices

Mitigating agricultural damage

Army to help to harvest crops & protect dykes

Subsidize equipment
Protecting people’s life

Organize evacuation of affected households

Organize child daycare centers
Adjust schooling time
Coping with livelihood disruption

Provide basic needs (foods, medicine, clothes)

Provide fishing tools (boats, nets, hooks)

1. Informal/individual adaptation

strategies

(€]

@

3

Improving housing condition

Gradually elevate homestead

Grow trees or bushes surrounding
homestead

Build wooden stilt houses

Improve good wooden/concrete
stilt houses

Improving flood-related

livelihoods

Large-scale fishing

Cultivate flood-related products
(snakehead fish, freshwater
prawn and vegetables)

Build high or solid cages

Adopt flood-related knowledge
& experiences

Living with floods

Improve housing condition &
physical assets

Assign adults to take care of
children

Informally relocate along
elevated roads

Train children to swim

. Formal/governmental adaptation

strategies

()

@

3

Protecting agriculture

Construct semi- and full
embankments

Implementing flood risk

management

Relocate flood-affected
households

Provide swimming training for
pupils

Improving rural livelihoods

Provide credits for flood-related
agriculture

Train people for other
occupations

Source: Vo Van Tuan, KIP, focus group discussions, in-depth interviews, Dong Thap 2008-2010
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10.6.4.2 Adaptation

Adaptation to floods is considered as a long-term strategy, associated with learning
either before or after an extreme event occurs. Both informal (individual adaptation
at household level) and formal adaptation (initiated by governmental agencies)
strategies are used to adapt to slow-onset floods. Informal adaptation strategies
include improvement of housing condition, flood-related livelihood adaptation and
flood-related knowledge accumulation. Wealthier people, who have had relatively
stable livelihood resources and access to livelihoods assets, usually apply adapta-
tion strategies. In contrast, the poor often implement a series of coping activities.
Overall, research indicates that people have gradually improved their conditions for
living regarding homestead elevation, planting (Nam 1992), and concrete housing
construction and physical household asset enhancement. Moreover, people have
implemented their flood-based livelihoods (e.g. flood-related agriculture, crop
calendar adjustment, migration) in order to adapt to livelihood disruptions.

Several formal adaptation strategies are applied in the flood-prone areas, in which
the embankment and relocation are predominant. Embankment has been popularly
implemented in the 1990s and 2000s. It aims at protecting Summer-Autumn crops
and develops Autumn-Winter crops within the fully-protected dykes. Regarding
dyke systems, farmers have adjusted their seasonal crop calendars which protect
Summer-Autumn crops from early floods. However, embankments have created the
strong seasonality of crop cultivation and constrained the exploitation of flood-
related resources which previously used to be of high importance for poor house-
holds in order to complement income and livelihood assets. Embankments therefore
have contributed to the decrease of off-farm income and flood-related activities.
Resulting from this, there are different perceptions relating to dyke systems regarding
varying land ownership and flood-related income dependency. Landless people
have a preference to take flood-related benefits without embankments while
land-owning farmers have a preference for embankments which allow for improved
and more secure rice cropping.

Relocating landless households prone to floods has been implemented in the MD
after the historic 2000 floods through a series of official documents issued by the
government. In the rural Plain of Reeds, normally one or two residential clusters or
dykes were constructed in each commune. Regarding this, the resettled households
escape from direct flood impacts; however, after initial resettlement, these house-
holds struggled with lack of basic infrastructure and the disruption of social networks
and livelihood activities. These problems have gradually been addressed by informal
and formal measures.

10.6.5 Summary: Main Drivers of Vulnerability in Dong Thap

In the context of rural floodplains, vulnerability to floods of local residents is shaped
by various factors. Poverty constrains them to improve their housing condition as
well as flood-responsive assets. Landless residents who rely on flood-based resources
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are severely exposed to floods and more susceptible since these resources decline
rapidly due to dyke systems and the intensive use of agro-chemicals. Moreover,
due to low educational levels, young landless laborers have usually taken manual
non-farm jobs in urban areas, often implying temporal migration. In contrast, farmers
who own agricultural land could access formal financial institutions, diversify
their livelihoods and gain benefits from embankment that protect and enable the
development of rice production.

10.7 Can Tho City: Vulnerability Profiles to Future Floods

10.7.1 Role of the Study Area Within the Wider
Vulnerability Assessment

Climate change adaptation and responding to natural hazards within cities is not an
entirely new field of research but should — for good reasons — receive increased
attention (Birkmann et al. 2010). Living in a heavily urbanising world (in particular
with heavily urbanising countries like Vietnam), cities increasingly become places
of accumulated risk to natural hazards, while at the same time creating specifically
urban vulnerabilities and development challenges (Pelling 2003; Birkmann et al.
2010). In Vietnam, the strong urbanisation of the past decade and the expected
intensification in future urbanisation processes, coupled with challenges resulting
from wider socio-economic and political transformation affecting the resilience
particularly of poor urban dwellers, calls for in-depth case study research to explore
the details of vulnerability pathways and adaptation potentials of an increasing
share of the Vietnamese society.

Can Tho City is the centre of the Mekong Delta in terms of population, economy,
transport and other key functions. Administratively, the City comprises nine districts
with altogether almost 1.2 million inhabitants. However, the majority of these districts
comprise mainly rural hamlets based on agricultural activities. The urban core of
Can Tho City is made of Ninh Kieu District and parts of Cai Rang as well as Binh
Thuy districts, being home to around 350,000 inhabitants. Can Tho City provides
central services reaching out to the entire Mekong Delta, e.g. in education, services
or trade. Moreover, Can Tho City has a higher industrial output than any other
province in the Mekong Delta.

Owing to the rapid urbanisation and transformation processes that can be
observed in Can Tho over the last decades and that are expected to intensify in
future, the city is increasingly characterised by social stratification and fragmenta-
tion resulting, for instance, from forced resettlement, rocketing land prices,
modifications to social security networks or labour migration. Disparities with
respect to short-term coping as well as long-term adaptation capacities to water-
related hazards and in particular to future hazards expected in the context of climate
change are therefore on the rise between different population groups in the city.
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Fig. 10.8 Tidal Flooding in Can Tho City (Source: Own pictures Garschagen 2009)

In summary, the case study of Can Tho City contributes to the general goal of
the vulnerability assessment within the WISDOM project to compare vulnerability,
coping and adaptation patterns along the lines of different socio-economic groups
as well as different hazard profiles represented in the Delta. The Can Tho City case
study region adds the urban — and often neglected peri-urban (Garschagen et al.
2011) — focus to this exercise and, in terms of the hazard pattern, constitutes an area
that has not yet experienced drastic hazards in the past but will be affected heavily
in future due to climate change.

The research in Can Tho draws from in-depth household interviews followed
by a standardised household survey campaign conducted in late 2009 covering
588 households in different parts of Ninh Kieu, Cai Rang and Binh Thuy. In addi-
tion, expert interviews at province, district, ward and residential group level were
conducted.

10.7.2 Hazards

Compared to Dong Thap and its flooding situation the urban areas of Can Tho have
in the past experienced rather few and mild natural hazards. While the northern,
rural districts of Can Tho are affected regularly by flooding during the rainy season,
the urban districts in the south are beyond the extent of common seasonal flooding.
This means that the urban areas of Can Tho are (so far) not facing extended flooding
with substantial flooding depths during the rainy season. However, many parts of
the city are subject to tidal flooding during those months, whereby streets and houses
can be flooded up to 1 m for several hours — particularly during the monthly tide
peaks towards the end and middle of the lunar month. This tidal flooding, however,
often implies substantial problems for the affected households, businesses or
infrastructure elements (Fig. 10.8).
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Fig. 10.9 Annual minimum, maximum and average water levels in Hau River at Can Tho City in
relation to the statistical mean sea level defined for Southern Vietnam (Source: DoONRE Can Tho
City 2009)

10.7.3 Hazard Exposure

Apart from the existing hazard of tidal flooding, Can Tho City is projected to be
highly exposed to several climate change related hazards in future, making it an
interesting case study for exploring how a dynamically growing city is dealing with
the challenge of adapting to future (and new) hazards. These climate change related
hazards comprise slow-onset progressive hazards such as sea level rise, an expected
increase in annual river-based flooding, changes in temperature patterns as well as
rather irregular hazards such as typhoons and smaller storms, heavy precipitations,
rising variability in precipitation and increased tidal amplitudes in relation to storm
surges at the coast. Importantly, these hazards are likely to occur in combination
under conditions of climate change, leading to multi-hazard situations in which
impacts can cause feedbacks in multiple ways. Resulting from this combination of
hazards and the risk of concurrent or cascading multi-hazard phenomena, is a com-
plex mix of potential secondary hazards, i.e. hazards which emerge out of the change
in primary hazard patterns. The range of such secondary hazards is large, including,
for example, the increased spread of water- or vector-borne diseases in slum areas
with insufficient sanitation, draining and sewerage infrastructure. Other hazards are
likely to include increased river bank erosion and the consecutive collapse of build-
ings and other infrastructure, but also soil and water salinisation, the lack of fresh-
water resources or heat-related health problems in quarters with poor ventilation.

Interestingly, the frequency and intensity of tidal flooding in the city has been
increasing over the last years which has to be seen in relation to a rising trend in
maximum levels in Can Tho’s Hau River (one of the main branches of the Mekong)
(see Fig. 10.9).

The reasons for this increase in the river’s water levels are not yet entirely clear
and are contested in the scientific and particularly in the political arena. Amongst
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the reasons most prominently stated are climate change, land subsidence in Can Tho
City, but most importantly hydraulic infrastructure development upstream in the
Mekong Delta (in particular embankments and other dyke constructions in Dong
Thap and An Giang that block off former retention areas and channel more water
downstream) as well as dams in upstream riparian countries. As precise assessment
exercises, e.g. on the basis of hydrological modelling, are lacking so far, the specific
contribution of each of these factors is hard to assess. However, according to preva-
lent expert opinion in Vietnam, the two latter reasons are by far the most important
to describe the trends of rising water levels in the last decades. It can be assumed
that adaptation to climate change related hazards will to a considerable part draw on
strategies and mechanisms that have earlier been applied in other context settings,
e.g. elevation of house floors. Therefore, the situation of rising water levels in the
Hau River over the last decades and the analysis of adaptation patterns to this
change, allows to generate “lessons learned” with respect to the adaptive capacities
to certain climate change hazards such as sea level rise or the increase in urban
flooding.

Within Can Tho, the nexus of physical exposure, socio-economic status and land
title could be identified as one of the major criteria for regulating socially stratified
exposure to tidal flooding and river bank erosion, also affecting the susceptibility of
the respective households. Figure 10.10 indicates that poorer socio-economic groups
often have to live in slum-like housing (with limited space) which is built close to or
even on the water due to the fact that the households lack sufficient resources for
acquiring land title and houses in less exposed areas further away from the water.
These households experience an increased exposure not only to flooding and its
secondary hazards but also to river bank erosion.
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In addition, such settlements on or close to the banks of rivers and canals are
usually characterised by an extremely high building density, coupled with poor or
lacking drainage infrastructure. As a result, the effects of flooding and heavy
precipitation events are amplified.

10.7.4 Coping

As indicated above, the city of Can Tho has in the past been only exposed to a rather
limited range of hazards with comparatively low intensity. Hence, the need for
deploying coping mechanisms has been quite low in the past and experiences with
coping are limited. However, specific coping responses can be observed with respect
to the currently predominant hazards. These are detailed below.

10.7.4.1 Tidal Flooding

Households affected by tidal flooding (mainly during the rainy season) in Can Tho
apply several coping measures in response to this hazard. In the absence of physical
flood protection measures like dykes within the city, the most prominent strategy to
prevent flood damage to furniture or appliances in the house is to elevate those
assets for the time of expected or actual flooding, using bricks or other materials. In
addition, many households have small-scale flood-prevention devices installed in
their house, for example, in their door frames in order to protect at least some parts
of the house from flooding. In the peri-urban areas, small-scale dyke systems
(i.e. earth dykes of up to 1 m height) are quite common which protect a number of
households that are located close together. The maintenance of these dyke systems
is often supervised by the local People’s Committee at ward level in the sense that
the local officer or group leader has to arrange the workforce required for the main-
tenance of the dyke or for necessary extensions. This work is usually implemented
before the advent of the rainy season and is conducted by household members
(usually men) of the households located within the embanked area.

In some cases, interviewees reported that they evacuate household members
when they expect the highest flood peaks (in the middle and end of the lunar
calendar). This is especially the case if the flood peak is expected to be reached at
night time, meaning that infants and small children who have to sleep on the floor
are at particular risk of being affected. In those cases, children and infants have been
reported to be sent to relatives in less exposed, i.e. less flood-prone, areas.

The number of floors a household has available has great influence on the range
of possible coping measures in urban areas with respect to vertical evacuation of
people and physical assets. In general, poorer and lower middle-class households —
often living in slum-like housing conditions without land certificate — in most cases
do not have sufficient resources to build houses with more than a ground floor and
can, hence, not revert to vertical evacuation of persons or assets within their own
house. But even for those households that do have several floors, vertical evacuation
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is only of limited feasibility as many assets cannot be easily moved to the first floor
(kitchen appliances, gas cookers, motorbikes etc.). However, these households usu-
ally have a much smaller physical exposure and, hence, experience less flooding,
even in the ground-floor.

10.7.4.2 Storms

Many households reported to evacuate their children when strong storms are
expected. The most prominent places for evacuation in Can Tho are communal
buildings like pagodas, temples, churches or schools. The evacuation does
sometimes follow the warning issued by the local People’s Committee officers;
however, in most cases it rather seems to be triggered by storm warnings through the
television. Evacuation durations are usually quite short and have not been observed
to last longer than 24 h. In addition, many households — in particular those with a
poor or provisional housing stock — do prepare their homes when storms are expected
in order to prevent damage. In particular provisional roofs made of banana leaves or
corrugated metal sheets are in such cases secured with additional wooden elements,
tightened with ropes or supported with additional ballast such as sand bags or old
motorbike tires.

10.7.4.3 Committee for Flood and Storm Control

Like all other provinces and districts in Vietnam, Can Tho and the case study districts
of Ninh Kieu, Binh Thuy and Cai Rang have committees for flood and storm control
in place (CFSC) which are in charge or organising the disaster preparation, response
and recovery. However, given the low disaster profile to date in these districts, the
action required by this committee and the implementing bodies of disaster manage-
ment (mainly the local People’s Committees, Fatherland’s Front, military, police)
was comparatively minimal. Nevertheless, in cases of smaller disasters, the com-
mittee organises the support for affected households. For the case study areas those
are mainly households whose house has been affected or destroyed by river bank
erosion. In addition, the CSFC organises trainings for local officers of the People’s
Committees and other organs in order to prepare, teach and practise response
measures for the case of larger disasters.

10.7.5 Adaptation

10.7.5.1 Tidal Flooding

With respect to longer-term structural adaptation measures, adjustments to the
housing stock are the most important measures that can be observed. Due to the
overall rise in water levels and intensity as well as frequency in flooding events,
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Fig. 10.11 House and/or floor elevation as an adaptation measure (Source: Garschagen 2010b)

many households have been observed to elevate their house or parts of their
house in order to mitigate flooding exposure. Of the 588 households interviewed in
flood-exposed areas within Ninh Kieu, Cai Rang and Binh Thuy, 71% reported
that they have elevated their floor or parts of their floor at least once over the last
50 years. In general, two trends could be identified in this context: First, the number
of households elevating their floor or house has been increasing over the last years.
Second, the amplitude of elevation is increasing (see Fig. 10.11). Besides the trend
of increasing flood levels and frequencies, this development is surely also influenced
by the fact that the absolute number of residents in Can Tho is increasing and
that the general socio-economic development over the last years enables more
households to accumulate the necessary resources to implement such adaptation
measures. Figures. 10.12 and 10.13 indicate that the respective household members
are by far the most important actors with respect to financing and implementing the
adaptation measures.

10.7.5.2 River Bank Erosion

Households located directly along rivers or canals in Can Tho are often affected by
river bank erosion, eroding also the foundations of the house or the sediment layers
at the river banks that stilts are build into. As a result, the affected households have
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been observed to be under constant pressure to maintain or rebuild parts of their house,
meaning in particular erosion protection walls and/or stilts. Figure 10.14 illustrates
some rebuilding efforts triggered by river bank erosion (here in combination with a
vertical elevation due to rising water levels). Depending on the available resources
of the households, the rebuilding is either done by hired workforce or mainly by
household members with the support of relatives, neighbours and friends who share
this type of labour force, support in a reciprocal manner. The building material used
was reported to be mainly of low quality such as second-choice wooden poles or
sand and gravel which is collected from construction sites (Fig. 10.14).
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Fig. 10.14 (a) Floor elevation, (b) floor elevation, and (c) river bank erosion protection and floor
elevation (Source: own pictures Garschagen 2009)

10.7.6 Summary: Main Drivers of Vulnerability in the Urban
and Peri-urban Cluster

In summary, the vulnerability and adaptive capacity in the urban and peri-urban
areas of Can Tho is shaped by a number of interacting factors. Poverty and a low
socio-economic status often force households to live in locations with high hazard
exposure. The poor quality of makeshift dwellings leads to a high physical suscep-
tibility and limits the options for coping in flooding situations. On larger scale, the
morphology of such makeshift settlements increases the risk of, for example, dis-
ease spreading during floods due to insufficient sanitation and drainage infrastructure.
The capacity for long term adaptation — and hence vulnerability reduction — is limited
not only through poverty but also through institutional factors. The majority of
highly exposed households in makeshift settlements lacks official land title, making
it hard to impossible to acquire bank loans for implementing structural improve-
ments or fostering economic activities. Social networks within the community are
hence important not only for coping with acute flooding but also for implementing
provisional in situ adaptation. The main burden of such endeavors has to be borne
by the affected population with rather limited support from governmental entities.

10.8 Tra Vinh: Vulnerability to Salinization in Coastal Areas

10.8.1 Role of the Study Area Within the Wider
Vulnerability Assessment

Salinity intrusion is a normal phenomenon in the coastal provinces of the Mekong Delta
of Vietnam. In the dry season, seawater can penetrate into the Delta to a distance of
about 40-60 km inland and about 2.1 million ha (about 55% of total Delta area) are
affected by salinity (Miller 2003; Sam 2006). It causes many problems for agricultural
development and people’s livelihoods (Hashimoto 2001; Hossain et al. 2006; Hanh
and Furukawa 2007). An analysis of rice productivity in the coastal area of the Mekong
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Fig. 10.15 The Tra Cu map showing three different zones (Source: Mapping exercise with DARD
staff in Tra Cu district in 2009)

Delta has shown that rice cropping intensities decreased with increasing salinity level
in canal water (Kotera et al. 2008). Potentially, within the context of global climate
change — especially sea level rise — the Mekong coastal region would be among the
most affected regions globally in terms of impacts on population, biodiversity degra-
dation, land loss and water-related hazards including flooding and storms (Dasgupta
et al. 2007; Hanh and Furukawa 2007; Carew-Reid 2008). With around 65 km of
coast line, Tra Vinh province would be affected the most by sea level rise. Carew-
Reid (2008) projected that around 45.7% of the province area would be inundated by
1 m sea level rise (the third highest percentage per province in Vietnam).

Tra Cu district which covers an area of 370 km? in Tra Vinh province was selected
for the research (Fig. 10.15), as: (1) the district has been affected by salinity problems
and drought; (2) the district encompasses various socio-economic groups and different
ethnicities (i.e. Vietnamese and Khmer ethnic, high poverty rate); (3) economic
activities are diversified due to different ecological zones (i.e. freshwater zone for
intensified rice farming; brackish water zone for aquaculture and brackish water
zone for sugar-cane farming; see Table 10.3). Therefore, data and information
was collected and compared in these three zones as well as between different
socio-economic groups. The results from Tra Cu are not only useful for the district
itself but also for other coastal regions with similar conditions. The household
survey targeted 512 households and was conducted in May 2010. The interviewed
households were equally distributed in three agro-ecological zones in Tra Cu District
(Table 10.3). Within each zone, a stratified sampling was applied. In total, 46% of the
respondents were Kinh and 54% Khmer.
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Table 10.3 Characteristics of three different zones in the study site

Zone 1 Zone 2 Zone 3
(rice zone) (sugar-cane zone) (aquaculture zone)
Irrigation system  Freshwater whole year  1/3 freshwater whole Brackish water in the
Good irrigation system year (inside SMTS) dry season (100%
due to SMTS (100% and 2/3 affected by outside SMTS)
inside SMTS) brackish water in the
dry season (outside
SMTS)
Main economic 2-3 rice crops per year  Sugar-cane Shrimp culture
activities Upland crops (maize, 1-2 rice crops per year 1 rice crop in the wet
peanut, etc) season and 1 shrimp
crop in the dry
season
Cattle, pigs, poultry Upland crops (maize, Less animal husbandry

peanut, etc)
Less animal husbandry

Major hazards Freshwater scarcity in ~ Brackish water intrusion Shrimp diseases
and problems the dry season can destroy or Brackish water can
(especially from reduce crop destroy or reduce
February to April) production crop production
Drought, especially Affected by tidal Freshwater scarcity
along sand ridges influence (flooding)
Brackish water leakage ~ Whirlwind Affected by tidal
influence (flooding)
Whirlwind Storm (seldom) Whirlwind Storm
(seldom)

Source: Focus Group Discussion and Key-Informant interviews 2009

The case study area is situated down-stream at the Mekong River with much
differences in term of socio-economic conditions from the other two case study
areas in Dong Thap and Can Tho. Thus, combining the results from three study sites
will provide a full picture of vulnerability in the whole Mekong delta.

10.8.2 Past Hazards

The economic losses caused by the effects of salt water intrusion in 2005 was
estimated at USD 45 million or 1.5% of annual rice production in the Mekong Delta
(MARD 2005). Apart from economic losses, salinity intrusion also implies ecologi-
cal degradations and health problems. It degrades water quality, damaged aquatic
ecosystems and threatened bio-diversity in coastal areas (White 2002; Hanh and
Furukawa 2007). As a result, livelihoods of downstream communities are extremely
affected, particularly for poor people who rely mainly on natural resources (Hossain
et al. 2006; Nhan et al. 2007). Salinity intrusion and drought in the dry season
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Fig. 10.16 Affected upland crop areas by salinity intrusion and drought in Tra Cu district, Tra
Vinh province (Source: Nguyen Thanh Binh, based on DARD-TC 2003)

are — according to the data available — increasing in the coastal region of the Mekong
Delta. An example from Tra Cu district shows that upland crop areas affected by (i)
saline water, increased from 763 to 1,375 ha between 2000 and 2002 and by (ii)
drought, from 1,221 to 2,266 ha in the same period (Fig. 10.16). Given data restric-
tions with respect to salinity measurements, this analysis is based on a very short
time frame; however, these numbers may function as an alarm signal for the likeli-
hood of a longer trend.

Typhoons have rarely happened in the past but are expected to increase in inten-
sity and frequency in the future. Since 1997, there have been two harmful typhoons
in the Mekong Delta namely typhoon Linda in 1997 and typhoon Durian in 2006. In
Tra Vinh province, losses were estimated at around 82.76 billion VND for typhoon
Durian. In terms of housing, the typhoon caused 830 fully and 2,352 partly destroyed
houses and in agricultural sector, it destroyed 3,033 ha of rice, 524 ha of fruit trees,
135 ha of sugar cane and 128 ha of upland crops in the province in 2006 (own expert
interviews 2009).

10.8.3 Exposure to Natural Hazards

Before 1995, the district was strongly affected by salinity intrusion which caused
freshwater scarcity in the dry season (November to May) due to low flow from Hau
River and tidal influence from the East Sea. Since 1995, a series of embankments
and sluice gates (Fig. 10.17) have been built in the district to prevent sea water intru-
sion under the framework of the South Mang Thit Sub-project (SMTS) supported
by the World Bank.
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Fig. 10.17 Sluice gate and dyke system under the framework of South Mang Thit sub-project
(Source: own picture N.T. Binh 2010)

Based on hydrologic regimes, topographic conditions, and irrigation systems,
Tra Cu is divided into three different zones (see Fig. 10.15 and Table 10.3). Each
zone has particular activities and faces varying constraints which are summarized in
Table 10.3.

In zone 1, brackish water intrusion has been controlled thanks to the SMTS
which allowed for agricultural development as farmers can grow two or three rice
crops per year. However, from February to April, low discharge from the Hau River
and less local rainfall cause freshwater scarcity for crop irrigation and animal
husbandry. Additionally, brackish water leakage during closed-gate period is also
recorded. The household survey revealed that rice yields were on average 41%
lower in the areas affected by such leakage.

In zone 2, sugar-cane farming is the main agricultural production type. This zone
is strongly affected by brackish water intrusion and tidal influence, especially in
areas of low elevation and located outside the SMTS (Fig. 10.18). Salinity intrusion
occurs between December and May while tidal influence (causing flooding) becomes
very important from November to January. During the last 15 years, the salinity level
was highest in 1998 and lowest in 2000 (on expert interviews 2009). The salinity
levels for these 2 years at Vam Buon station (around 30 km from the sea), for example,
where 13.9 g/l in April 1998 and 4.4 g/l in March 2000 (Sam 2007). Both brackish
water intrusion and tidal influence constrain the agricultural production. Salinity
intrusion affects more than 500 ha of sugar-cane and 300 ha upland crops annually
(own expert interviews 2009). 45% of the interviewed sugar cane farmers reported
to have been affected in the past by salinity intrusion and tidal flooding which caused
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Fig. 10.18 Shifts in aquaculture production in the coastal areas (outside of SMTS) of Tra Vinh
(Source: Nguyen Thanh Binh, based on DARD-TV 2010)

not only a reduction in the amount of production but also in quality. Resulting from
this are increased costs of production and decreasing prices for the produces.

In zone 3, salinity intrusion and tidal influence are greater than zone 2. The
maximum salinity concentration was recorded at 25 g/l at La Bang station (around
15 km from the sea) in April 1998. The rice-shrimp integrated farming system is
popular in this zone. Farmers grow rainfed rice in the wet season and cultivate tiger
shrimp in the dry season. If the rain stops early and salinity levels become higher the
rice production is at risk of being lost. Currently, salinity intrusion, tidal influence
and freshwater scarcity in the dry season create severe problems for agricultural
development in the study site.

Sea level rise is likely to severly affect the whole area, even inside the SMTS area
due to its low topography. In combination with an increased likelihood of severe
low flows in the Mekong River, this could imply that freshwater intake points for the
SMTS will be increasingly influenced by brackish conditions threatening rice pro-
duction and other crops within the original SMTS freshwater zone. It was identified
that if the sea level increases 20-30 cm the SMTS dyke systems will be ineffective
(Key-informant interview 2009). Additionaly, under climate change the occurrence
of storms and whirlwinds (which are rare now) will increase in future. Moreover,
upstream interventions (i.e. deforestation, irrigation and hydropower development)
will change river flows and could increase the exposure of downstream communi-
ties to floods as well as low-flows.

10.8.4 Coping and Adaptation

To cope with and adapt to salinity intrusion and related problems, the government and
the local population have applied various strategies. Governmental responses include
e.g. dyke constructions or the development of sluice-gates, while individual farmers
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Fig. 10.19 (a) Individual earth walls to cope with tide; (b) integrated rice-shrimp farming (Source:
own picture N.T. Binh 2010)

often cope and adapt through crop calendar adjustments, crop or varieties changes,
water storage and migration.

10.8.4.1 Dyke Construction

Besides large projects such as the SMTS which was planned and built by the central
government, many smaller projects have been implemented to prevent brackish
water intrusion and tidal influence in Tra Cu. These are funded by the province and/
or district. In high risk areas, farmers have also protected themselves by building
small earth walls around their fields (Fig. 10.19a). These investments are very costly
and suitable for the wealthier groups while the poor groups cannot afford to imple-
ment such measures. Generally, both types of dyke systems have shown many
advantages. Referring to the effects of the SMTS project, 44% of the respondents
have reported to benefit from increased crop intensification, 23% from agricultural
diversification, 19% from increased freshwater availability for domestic usage, and
14% from other advantages. However, dyke systems like the SMTS project have
also caused negative impacts including a reduction in natural fish resources and
increasing water level outside the dyke areas. During the focus group discussions
and KI expert interviews in 2009, local people reported that before the construction
of sluice gates and dyke systems natural fish resources were abundant and contrib-
uted a significant part to the total household income, especially for landless and
poor people. An estimation from Long Truong hamlet leader in zone 1 showed that
in 1990, natural fish contributed around 15% of total household income; the
contribution is now only 1% (own expert interviews 2009). When sluice gates are
closed, the crops inside the dykes are protected from salinity intrusion but it
causes serious inundation on the other side of the dykes. Particularly in 2005,
the outside areas could not cope with the high water levels and the sluice gates
had to be opened to avoid catastrophic failure.
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10.8.4.2 Crop Calendar Adjustments

Based on experiences and information gathered from the Department of
Agriculture and Rural Development, farmers have adjusted their crop calendar
due to salinization problems. For example, if the rain comes later they will seed
later and vice versa. But this sometimes can put people at risk due to abnormal
weather (i.e. shorter rainy period, earlier salinity intrusion). Thus, it is necessary
to improve the weather forecast system by using both modern technologies and
indigenous knowledge.

10.8.4.3 Changes in Crops or Varieties

This option consists of choosing other crops than rice which need less water, such
as maize and water-melon. In aquaculture areas (zone 3), before the 1990s, farmers
grew only one traditional rice crop in the wet season but later on they introduced
shrimp in the dry season. In recent years, shrimp farming faced diseases and
environmental pollution. To cope with the situation, farmers culture crabs or other
fish species instead of shrimp (Fig. 10.18). The integrated rice-shrimp farming system
is a suitable system in coastal areas (Binh et al. 2009). Therefore, it is important to do
more research with respect to these options in order to diversify agricultural activities
and utilize land and water resources in saline affected areas.

10.8.4.4 Water Storage and Groundwater Exploitation

In the wet season, farmers harvest and store rain water in jars or small tanks in
order to use it in the dry season, mostly for drinking and cooking. For other
types of household consumption, people use groundwater from individual drilled
wells or rural tap water supply systems (these systems are newly developed). Along
the sand ridge areas, groundwater is also exploited for watering upland crops.
In the 1990s, many handle wells were drilled under a UNICEF (United Nations
International Children’s Emergency Fund) program. According to the Department
of Natural Resource and Environment, there are more than 14,000 drilled wells
in Tra Cu today. Currently, the use of groundwater is free of charge which
could cause excessive exploitation in the near future (Chap. 7). Thus, research
on groundwater markets is necessary for better management of this resource in
the region.

10.8.4.5 Migration

Before the SMTS was built, natural fish resources were considered as a source of
income for local people, especially the poor. However, after the construction
of the SMTS, natural fish stocks were reduced which affects mainly the poor
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people who have previously relied on open access, common pool, natural fish
resources. Crop failures due to water related hazards have caused many difficulties
to people’s livelihoods. On the other hand, local industrial activities have not
much developed but rural labour activities are increasing. Therefore, a number of
young people have moved to cities (e.g. Ho Chi Minh City, industrial zones in
South East Vietnam) to find new jobs since 1995. It is estimated that around 10%
of total population have migrated out the district (own expert interview 2009).
Most of them are poor and unskilled.

10.8.4.6 Adaptation of Vulnerable Social Groups

The Khmer population in the region shows relatively high poverty rates when com-
pared to other groups (TCSO 2009; Chap. 4). Household livelihood activities differ
between wealth groups. The poor rely much on unskilled off-farm and/or non-farm wage
labour due to their low education levels. With respect to the households interviewed in
the survey, household income of Kinh populations was on average 1.3 times higher than
that of Khmer households and the income of wealthier famers was 2.3 times higher
than the income of households with a poverty certificate: this has detrimental impli-
cations in terms of adaptive capacities. The government has many policies to reduce
poverty among such population (i.e. the 135 program for improving infrastructure and
living conditions in disadvantaged communities, The 134 Program for supporting land,
houses and tap-water in minority ethnic population, etc). However, they do not seem
to be very effective and stable due to their single disciplinary and top-down approach
that did not include to stimulate community participation and empowerment. People
just above the poverty line can easily fall below that line if they suffer from shocks such
as diseases or crop failure. It is necessary to develop more effective measures and
increase investment for rural poor areas (i.e. extension, education, micro-credit, job
creation, health care programs). The way to set up such programs should change
from the current “top-down” approaches towards an inclusion of participatory and
multi-disciplinary components in order to make them more useful and stable.

10.8.5 Summary: Main Drivers of Vulnerability in Tra Vinh

Vulnerability to water related hazards in Tra Cu results from many different factors,
not only in the terms of socio-economic factors but also due to close coupling pro-
cesses within social-ecological systems (e.g. farming systems). A high poverty rate,
especially amongst the Khmer population is considered as the most important con-
straint for enhancing adaptive capacity. The income and livelihoods of people are
highly dependent on fluctuating price levels for agricultural products. In particular
zones 2 and 3 are more susceptible to market integration as sugarcane and shrimp
prices are unstable compared to rice prices. Additionally, the dyke systems cause
socially dif