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Cong Mai Van, Xuefei Mei, and Tri Cao Mai

1 Physical Setting

1.1 The Mekong River

Mekong River (MR) is the 12th longest river in the world with a total length of
4800 km (Li et al., 2017). From its source in the Tibetan Plateau, MR flows across
six different countries, namely China, Myanmar, Laos People’s Democratic Republic
(Laos PDR), Thailand, Cambodia and finally Vietnam before draining into the South
China Sea (Fig. 1). The river has a drainage area of 795000 km? (Hoang et al., 2016).

In its natural and undisturbed state, MR annually transports approximately ~470
billion m? of water and 160 million tons of sediment to the delta (Li et al., 2017;
Wild & Loucks, 2014). Following various human interferences, the delta presently
receives 400 billion m> of water and only 37 million tons of sediment (Thi Ha et al.,
2018). MR basin is dominated by Asian monsoon climate, which generates distinct
wet (June—November) and dry (December—May) seasons. Tropical typhoons in the
Pacific Ocean also significantly contribute to the rainfall during the later parts of the
wet season (August to early October).
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Fig. 1 Map of Mekong River basin

1.2 The Mekong Delta

The Vietnamese part of the Mekong Delta (MD, also known as the Cuu Long or
“Nine Dragons”) is the region in the far south of Vietnam (Fig. 2). The delta roughly
forms a triangle of over 39,000 km? stretching from M§ Tho in the east to Chau Ddc
and Ha Tién in the northwest, down to Ca Mau at the southernmost tip of Vietnam
(12.7% of the total land area of Vietnam) (Hoa, 2008; Ta et al., 2002).

The MD is a wave-influenced tide-dominated delta. The mean tidal range is 2.5 m

and the maximum tidal range is 3.2-3

.8 m (Nguyen et al., 2000). The mean wave

height is 0.9 m (Ta et al., 2002). Southwestward coastal and longshore currents
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Fig. 2 Schematised map of the Mekong Delta

generated by winter monsoons are dominant and they are the cause of the formation
of a beach ridge and spit system.

The subaerial delta plain of the MD is composed of two parts: an upper (inner) delta
plain dominated by fluvial processes, and a lower (outer) delta plain characterized
by a well-developed beach-ridge system and mainly influenced by marine processes
(Nguyen et al., 2000; Szczucinski et al., 2013). In addition, the MR-system has a
relatively young subaqueous delta (<1000 yr), a shallow rollover at 4-6 m water
depth, gentle foreset gradients (0.03—0.57°), and a short cross-shelf dimension of
15-20 km within 20 m water depth (Liu et al., 2017a; Tamura et al., 2012).

The MD comprises highly fertile soils. The coastal wetlands are featured by
mangrove forest and peatland Melaleuca forest wetlands. These nature wetlands,
along with manmade ones, such as rice fields and aquaculture ponds, provide vital
ecosystem services to the region (Dang et al., 2021; Leinenkugel et al., 2011).
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2 Socio-economic Characteristics

Home to nearly 18 million people (approximately 20% of the Vietnamese popula-
tion), the Vietnamese MD covers 13 provinces and plays akey role in the demographic
fabric of the Vietnam region (Schmitt et al., 2019). With its catchment, the delta has
a comparatively high population density of 435 people/km?, of which about 20%
is urbanised, leaving an 80% rural population (GSO, 2020; Vo, 2012). Despite its
economic significance, the MD belongs to the regions with the lowest population
growth in Vietnam, due to a high out-migration (Berchoux et al., 2023). Since the
1990s, population growth has been a steady 1.8-2% per year. Approximately 85%
of the population lives from agricultural activities (GSO, 2011).

The economies and societies along the MD are strongly linked to good water
access and highly fertile land. As the “rice bowl” of Asia, the MD is a major
rice-growing region, accounting for not less than 54% of Vietnam’s paddy produc-
tion in 2018 (23.6 million tons) and over 95% of Vietnam’s rice exports over the
last decade. It also produces around 70% of Vietnam’s fruit, including oranges,
tangerines, bananas and mangoes. The Mekong Delta is also a major contributor
to Vietnam’s fisheries and aquaculture industries (56.0% and 69.9%, respectively
in 2018). It accounts for some 60% of national fish exports, with shrimp, panga-
sius fish and tilapia as key aquaculture products, making Vietnam the world’s third
largest exporter of aquatic products and the fifth largest producer of rice (FAO, 2016).
The fishing and aquaculture industries in the region alone employ over 2.8 million
people—10% of Vietnam’s entire labour force.

The Mekong Delta houses 11.1% of Vietnam’s industry and construction (I&C)
sector. It is the third largest industrial region in Vietnam after the metropolitan areas
of Ho Chi Minh City (HCMC) and Hanoi. Activities in the region’s services sector
account for 14.8% of the national services output. Annual tourism-related revenues
alone were estimated at around $400 million in 2019. The region is a net supplier
of labour to the rest of the country. The net out-migration from the Mekong Delta
has averaged 0.53% per annum in the years 2005-2018 (GSO, 2020, with over
90% of these migrants reportedly relocating to the neighbouring South East region
of the country (particularly to HCMC). Overall, the Delta has close economic ties
with the Southern Economic region (which includes HCMC) and the dependence
on national road connections means that almost all Mekong Delta’s output presently
passes through HCMC before being traded within Vietnam or abroad. As economic
growth centred on HCMC has expanded in recent years, there has been an expan-
sion of activities (particularly light industrial) out of the formal industrial areas of
HCMC and towards the south—effectively coalescing the two economic regions,
such that provinces such as Long An may be de facto in both regions. This phys-
ical encroachment is in part facilitated by the over-development of industrial parks
by local authorities and contributes to the urban fragmentation and low economic
density which is described later.

The 2018 composition of the region’s GDP by sector in comparison with Vietnam
as a whole is shown in Fig. 3. Due to the rural nature of the Mekong Delta’s economy,
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Fig. 3 GDP composition of Mekong Delta and Vietnam. Data source GSO (2020)

the share of agriculture, fisheries and forestry in the regional GDP is very high (at
28.9%) compared to the national average of 14.7% of GDP, while 1&C’s share is
low (at 25.7% regionally vs. 34.2% nationally). However, with the industry and
construction and services sectors now growing much more quickly than agriculture,
fisheries and forestry (i.e., at 7.2% per annum for industry and construction and
8.5% per annum for services but only 2.4% per annum for agriculture, fisheries and
forestry during the 5 years 2013-2018), the region is now undergoing a process of
industrialisation and structural transformation, although later and at a slower pace
than the rest of the country.

3 Current Issues

3.1 Relative Sea Level Rise and Land Subsidence

Continuing sea level rise in the coming centuries potentially has large impacts on the
MD, in particular by increasing salinization, inundation and flood risks. The rate of
sea-level rise, however, is still uncertain depending atmospheric temperatures rises
and the rate of glacier and snow melt particularly in Greenland. According to the
IPCC Fourth Assessment Report, a prediction has been made for the coast of southern
Vietnam that the sea level will experience a rise of 30 cm by the year 2050 (Wassmann
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etal., 2004). Based on the Fifth Assessment Report by the IPCC have confirmed this
prediction, with a 5-95% uncertainty range of approximately 20-40 cm for IPCC’s
Representative Concentration Pathway 8.5 (Katzfey et al., 2014).

Analyzing the impacts of sea-level rise in the MD requires calculation of the
relative sea-level rise, which also takes land subsidence into account. Land subsidence
due to unsustainable ground water extraction and/or morphological changes caused
by changing sediment load from upstream will exacerbate the impacts of sea-level rise
in delta areas. This issue is particularly relevant in the MD, given the current situation
of unsustainable ground water extraction and reduced sediment load, potentially
aggravated by further dam and reservoir construction upstream (Gupta et al., 2012). If
the current rate of groundwater pumping continues, it is expected that land subsidence
throughout the delta will have reached 0.35—1.4 m by 2050 (Erban et al., 2014). The
local subsidence rates of 2.5 cm per year exceed the global sea level rise by nearly
ten times (Fig. 4; Minderhoud et al., 2017). Besides, this subsidence rate is likely to
increase in the future due to increased groundwater demand (Minderhoud et al., 2017,
2020). Considering that a significant portion of the lower MD is only slightly above
2 m in elevation, the combined effects of subsidence and rising sea levels would
pose a significant threat to the long-term sustainability of the delta. Additionally,
with the acceleration of subsidence and sea level rise, coupled with the construction
of planned dams and ongoing sediment mining, the MD will face the risk of almost
complete disappearance by the end of this century (Schmitt et al., 2017).

Observed InSAR-based subsidence Predicted land-use-based subsidence
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Fig. 4 a Observed InSAR-based subsidence rate. b Predicted subsidence rates for the period 2006—
2010 (from Minderhoud et al., 2017)
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3.2 Floods and Storm Surges

The MD experiences annual widespread flooding, which constitutes the region’s
primary natural hazard (Heiko et al., 2012). The delta has been significantly impacted
by a series of major floods this century, notably those in 2000, 2001, and 2002 (Pengel
et al., 2007). These floods have led to loss of lives (nearly 500 casualties), livestock
and property, inflicted damage on agriculture and rural infrastructure, and disrupted
socio-economic activities. The total economic cost of the flood damage was estimated
at $400 million (Weichselgartner, 2005). The flood regime in the MD is shaped by a
complex interplay of four influencing factors. Type 1 floods are primarily triggered
by the MD’s flood pulse and overland flow. Type 2 floods are artificial floodwaters
distributed via a dense network of canals and controlled by dykes and sluice gates.
Type 3 floods are short-term floods resulting from extreme local precipitation events.
Type 4 floods are primarily associated with high tides during storms. Typically, no
single flood occurrence in the MD can be exclusively attributed to one of these
four factors. Instead, flood occurrences are invariably triggered by a combination of
several of these sources (Hoang et al., 2016).

Storm surge, associated with tropical storms and typhoons, is a recurrent issue in
the MD (MRC, 2015). Extreme wind speeds, along with the associated storm surges,
cause most of the damage in coastal regions because of its low topography, high
population density and inadequate protection (Tung et al., 2020). Typhoon Linda
in 1997, considered to be the worst storm in recent times, claimed more than 3000
lives and caused severe damage in the delta and the remote islands (Anh et al., 1997,
2022). An area of 9800 km? of the MD is estimated to be susceptible to storm surges
with potentially serious damage on agriculture, transportation, and threats to lives
of the local inhabitants (Syvitski et al., 2009). Furthermore, the situation can be
exacerbated during floods due to sea-level rise (SLR) induced by climate change
(Gupta et al., 2003).

3.3 Sediment Starvation, Sand Mining and Coastal Erosion

The MR is one of the world’s most crucial sediment-carrying rivers, continuously
transporting sediment to the MD. For the past 3000 years, the average sediment
discharge of the MR was nearly 150.000 Mt/yr, almost equivalent to the present value.
Consequently, the delta’s leading edge continuously advanced towards the sea, and its
steepness increased during this period (Ta et al., 2002). However, in recent decades,
due to human activities and climate change, the sediment load of the MR is rapidly
decreasing, leading to intensified erosion in the MD (Kondolf et al., 2014; Tamura
et al., 2020). Specifically, with 38 dams already constructed or under construction,
sediment reaching the delta is expected to decrease by 51%. If all planned dams are
completed, the cumulative sediment retention will reach 96% (Kondolf et al., 2014).
Moreover, Kummu et al. (2008) indicated that between 1995 and 2000, the Tonle
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Sap Lake supplied 0.65 £ 0.6 Mt/yr to the downstream MR. However, since 2001,
the Tonle Sap Lake has become a sediment sink, accumulating an average of 1.35 +
0.7 Mt/yr. The net sediment storage in the lake has further exacerbated the impact of
reduced sediment supply due to upstream dam development and sand mining in the
river (Sok et al., 2021). The suspended sediment flux in the lower MR is expected
to change to 43 Mt/yr by 2020-2029 (Bussi et al., 2021). In addition, Darby et al.
(2016) stated that in recent years (1981-2005), the suspended load delivered to the
delta has decreased by 52.6 £ 10.2 million tons due to a shift in tropical-cyclone
climatology, which may pose further risk to the vulnerable coastal systems. Schmitt
et al. (2017) predicted through models that, under the current situation of planned
dam construction, sand mining, and groundwater extraction, the sediment supply to
the delta will be completely cut off. Coupled with the increased subsidence rate of the
delta and rising sea levels, by the end of this century, the MD will almost completely
disappear.

Since the 1990s, extensive sand mining in the downstream area of the MR has
been attributed to land reclamation and civil industrial activities, making it one of the
most severely impacted deltas by riverbed mining (Bravard et al., 2013). Hackney
etal., (2020) revealed that the total sand flux entering the MR is about 6.18 +2.01 Mt/
yr, significantly lower than the current sand extraction rate of 50 Mt/yr. Furthermore,
Jordan et al., (2019) demonstrated that sand mining, averaging about 17.8 million
m3/yr, has resulted in extensive fluvial erosion. The large-scale sand extraction has
resulted in the creation of numerous pools and mine pits. In Vietnam, the deepest mine
pit reaches up to 45 m (Brunier et al., 2014). These deep pits actively trap sediment
that should have flowed downstream (Anthony et al., 2015). The depletion of sand
sources due to massive extraction has hindered the normal sedimentation process
of rivers, leading to the destruction of river and delta ecosystems and negatively
impacting delta landform development.

Main cause of erosion along coastlines of the MD is due to sediment depletion
associated with increasing number of dams, large-scale sand mining and accelerated
subsidence (Fig. 5; Anthony et al., 2015). The sediment is transported by waves and
currents and is redistributed along the coast and transported in southwesterly direc-
tion. Due to the appearance of sand bars around the river mouths, caused by siltation
from river branches, most of the coastline sections about 10-20 km downstream
(southern side) of every river mouth are eroded. Study of the past years of Landsat
images indicates that the coastal erosion occurs very quickly, with an average erosion
rate of about 50 m/y (Li et al., 2017). The MD changes from accreting to eroding
around 2005. From 1973 to 2005, the MD’s seaward shoreline growth decreased
gradually from a mean of 7.8 m/yr to 2.8 m/yr, and after 2005 it became nega-
tive, with a retreat rate of —1.4 m/y (Liu et al., 2017b). Strong wave action causes
coastal erosion from November to March every year. The erosion rate of the shore-
line is increasing, especially in the silty east coast that is influenced by the northeast
monsoon while the west coast is mainly affected by the southwest monsoon, which
causes coastal erosion every year from June to October (Le Xuan et al., 2022). These
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erosion trends and their spatiotemporal disparities generate considerable risks to resi-
dents, rendering the MR one of the most vulnerable and threatened deltas (Besset
etal., 2019).

3.4 Freshwater Resources and Saline Water Intrusion

Freshwater availability during the dry season is bound to decrease in the MD, due to
a combination of factors. On the supply side, both dry season local rainfall and MR
discharge are likely to decrease under climate change conditions (Anh et al., 2019;
Ruiz-Barradas & Nigam, 2018). The ground water resource in the delta is also rather
limited, not to mention the fact that groundwater stocks are currently under stress
and already show signs of depletion (Erban et al., 2014; Shrestha et al., 2016). On
top of potential reduction in rainfall and river discharge, increased evaporation due
to rising temperature could further decrease water availability in the delta (Hu & Mo,
2021). On the demand side, water demand for different sectors is likely to increase
in the future (MRC, 2018; Tang et al., 2023). Reduced freshwater availability in
combination with salt water intrusion and higher water demands may cause severe
water stress in the dry season. In fact, local drought events seem to occur with higher
frequencies in the MD during dry months (Nguyen, 2017; Nghia et al., 2022). In the
dry season, the average discharge of the MR is less than 2,500 m?/s, and even as
low as 1,700 m?/s, with the groundwater table lowering by 0.01-0.55 m/y in some
places (Duy et al., 2021; Lu & Chua, 2021; Tuan & Wyseure, 2006). This will affect
nearly 15 billion m? of cultivable land and may affect domestic and industrial water
supply (Nguyen et al., 2021). The current strains on the water resources base of the
delta are threefold: seasonal fresh water flooding during the wet season and seasonal
fresh water scarcity during the dry season (Nguyen et al., 2021; MRC, 2022); water
quality degradation, in terms of salinity, acidity, and water pollution (Eslami et al.,
2021; MRC, 2021; Phong et al., 2014; Smajgl et al., 2015); coastal flooding (Phung
et al., 2016).

Groundwater is a primary freshwater source for various domestic, industrial and
agricultural purposes, especially in the MD where there is a lack of surface water
supply (Tran et al., 2020). Groundwater exploitation in the MD has increased dramat-
ically over the past 25 years. The exploitation in the southern MD in 2019 was
567,364 m3/d. The most exploited aquifers are the upper-middle Pleistocene and the
middle Pliocene, accounting for 63.7% and 24.6%, respectively. The least exploited
aquifers are the upper Pleistocene and the upper Miocene, accounting for 0.35% and
0.02%, respectively. In the deeper aquifers, the change in storage is negative due to
the high exploitation rate, leading to a decline of the stocks in these aquifers (Hoan
et al., 2022). The delta has transformed from an almost undisturbed hydrogeological
state to a situation with increasing aquifer depletion (Minderhoud et al., 2017). As
groundwater levels drop, the consequent compaction of sediment layers causes land
subsidence, at these locations at an average rate of 1.6 cm/yr. If pumping continues at
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present rates, about 0.88 m of land subsidence is expected by 2050. Hence, ground-
water extraction is suggested as the main driver of land subsidence, which in coastal
areas poses a flood inundation hazard that is compounded by continued sea level rise
(Erban et al., 2014). Additionally, excessive groundwater extraction also amplifies
saltwater intrusion into coastal freshwater aquifers (Klessens et al., 2022). Failure
to mitigate groundwater extraction-induced subsidence and saltwater intrusion may
strongly increases the delta’s vulnerability to flooding, salinization, coastal erosion
and, ultimately, threatens its nearly 18 million in habitants with permanent inundation
(Minderhoud et al., 2020).

The MD, as one of the world’s regions most susceptible to saline water intrusion,
suffers significantly from salinity (Fig. 6; Loc et al., 2021). For instance, in the 2015—
2016 dry season, saltwater intruded over 90 km inland, causing substantial crop
damage in 11 out of the 13 provinces in the MD, including nine coastal provinces
(Thanh et al., 2023). Given the projected climate change characterized by reduced
dry season river discharge, rising sea levels, and increased evaporation, saline water
intrusion in the MD is expected to increase significantly. The anticipated sea-level rise
by 2030 could affect more than 240 km? of agricultural land through salinity intrusion,
significantly impacting local water resources that are vital to life and production
(Phuong et al., 2020).
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3.5 Land Use Changes

The predominant transformation of land use in the MRB has been characterized
by the extensive conversion of forested regions into cultivated lands (Fig. 6; Liu
et al., 2020; Tang et al., 2021). Over the period of 2003-2014, the estimated area
converted to plantations was approximately 33,617 & 7342 km?, while agricultural
expansion covered about 14,915 + 4682 km?. Notably, 82% of the deforested areas
were transformed into tree plantations. Sam and Khoi (2022) indicated that between
1997 and 2010, the MD experienced significant land use changes, witnessing a 2.35%
decline in forested areas and a corresponding 2.29% rise in agricultural land. It is
also clear that aquaculture began to develop in coastal areas from the 1980s and
expanded rapidly from coastal to inland areas (Fig. 7).

Land use changes in the MR Basin (MRB) have raised significant attention due to
their potential and substantial impacts on hydrological processes, ecological systems,
and the livelihoods of residents (Sam & Khoi, 2022; Shrestha et al., 2018; Zhai
etal., 2016). Zhai et al. (2016) demonstrated that the significant expansion of forest,
woodland, and grassland areas in the specified region of MRB from the mid-1980s
to 2000 contributed to a notable reduction in runoff. This expansion of green cover
likely had a positive impact on water retention and infiltration, leading to fluvial
discharge decrease. Shrestha et al. (2018) indicated that the presence of uncertainty
in land use demand gives rise to the most significant variations in streamflow and
sediment load, leading to potentially substantial implications for water and sediment
management strategies in regions experiencing rapid development.

3.6 Water Pollution

Water in estuarine and nearshore coastal areas in the MR is facing more and
more pollution from agricultural and industrial chemicals and domestic untreated
wastewater (Wilbers et al., 2014). Specifically, the intensification of rice agricul-
ture and aquaculture, accompanied by a more intensive use of agro-chemicals, is
rapidly increasing the non-point source pollution. In addition, the rapid urbanization
and industrialization of urban centers in the delta is accompanied by an exponen-
tial growth of waste water effluents. Most of which are discharged untreated into
the surface waters of the delta. Pollution loads (e.g., heavy metals, agro-chemical
residues) are increasing, and strongly affecting the dilution and flushing capacities of
present river and canal flows (Chau et al., 2015). Meanwhile, groundwater contam-
ination by heavy metals and arsenic was also documented in the delta (Buschmann
et al., 2008).
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Fig. 7 LULC classification maps of the Mekong Delta in the year 1979, 1989, 1995, 1998, 2005,
2009, and 2015 based on Landsat and HI1B-CCD1 images (from Liu et al., 2020)
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4 Solutions for the Problems, Trends and Forecast

4.1 International Policy Development

For regional dialogue and cooperation in the lower MR, the Mekong River Commis-
sion (MRC), an intergovernmental organization, was established in 1995 based on the
Mekong Agreement between Cambodia, Lao PDR, Thailand and Vietnam (Nguyen,
2007). The organization serves as a regional platform for water diplomacy and a
knowledge hub of water resources management for the sustainable development of
the region. In addition, MRC provides scientific analysis and advice for the lower
Mekong countries and various stakeholders and interested parties to sustainably
manage and develop the MR Basin.

4.2 Policy Development Within Vietnam

A series of government initiatives have been issued by Vietnam to cope with the
rapidly changing environmental conditions (Nguyen et al., 2020). For example, the
government has issued Resolution 120 on sustainable development and climate—
resiliency of the MD in 2017 and the Resolution’s 2019 Action Programme to cope
with water related natural disasters such as storms, droughts, floods, together with sea
level rise and saline intrusion (Nguyen et al., 2021; Socialist Republic of Vietnam,
2017, 2019). Apart from aforementioned general orientations, plan implementation
is supported by a number of sectoral policies. For instance, a Water Act has been
issued to restrict groundwater exploitation to alleviate land subsidence (HCMC,
2007). The Forest Land Allocation policy, issued in 1991 by the Ca Mau and Bac
Lieu provincial authorities, has given forest land for 20-year lease to farmers with
a Green Certificate (Green Book), on the condition that 70% of the area should
be replanted with mangrove trees and the rest (30% of total area) be exploited for
agriculture, aquaculture, livestock and residential area.

4.3 Development of an Integrated Regional Plan
of the Vietnamese Mekong Delta

With support from the World Bank, the Vietnamese government recently has devel-
oped a planning program namely “the Mekong Delta Integrated Regional Planning”
(MDIRP) for a time horizon of 2021-2030 with an outlook to 2050. This has been
built on the earlier Mekong Delta Plan established with Dutch donor support in
2013. The MDIRP combines investment, economic development planning and a
planning governance structure for the Vietnamese Mekong Delta (13 provinces/
cities) based on hydrological, spatial, agricultural and climate change analysis. This
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planning program is expected to be the key reference for the on-going and future
developments of natural disaster risk reduction strategies, climate-change resilient
strategies, land use planning, infrastructure investments and socio-economic poli-
cies, taking due account of the adaptability and sustainability of future changes.
The strategy is designed to both “manage challenges” and ‘“‘create value”. It aims
to protect people, improve livelihoods, promote a more balanced regional develop-
ment and improve the environment. The overall vision is to have prosperous and
thriving communities, together turning challenges into opportunities, utilizing and
protecting Mekong Delta resources. The strategy is based on a simple and widely
accepted premise that agriculture is the most advantageous sector in the region, and
that much productive land is currently being underused relative to its potential suit-
ability for higher-value crops. Zones are defined regarding water management and
flood protection: protection of the core freshwater zone and coastal areas, improved
water quality (especially in relation to agriculture and aquaculture), climate change
adaptation and management of natural disaster risks.

4.4 Coastal Restoration and Protection Forecast

Coastal restoration and protection have not adequately taken off and without focused
interventions it will not take off in the future. Continued dependence on groundwater
exploitation for rural and urban water supply, mono-culture based aquaculture and
agriculture in the coastal zones will accelerate land subsidence and must be addressed.
They will make coastal areas more vulnerable to coastal erosion, tidal inundation and
storm surge induced coastal flooding. Initial response will be to strengthen the sea
dyke along the coast, with a refurbished road and sluice gates to close the systems
at times of storm surges. Coastal mangrove regeneration, however, is expected to
remain limited without key interventions, as it causes sub-optimal water manage-
ment conditions for the aquaculture sector. By 2030 and beyond, environmental
degradation of aquaculture and farmlands may cause accelerating land abandon-
ment in the coastal zones. This would provide opportunities for restructuring of the
coastal areas, including re-greening of coastal zones to forests that may be sustain-
ably exploited for diverse sea (food) products. As sea level rise (severely aggravated
by land subsidence in the coastal zone) is set to accelerate, active sedimentation of
the peninsula should become a priority goal of mangrove regeneration.

4.5 Hydrological Measures

Although several solutions were executed and planned, structural solutions remain
predominant. Comprehensive infrastructural measures are implemented by the
government of Vietnam for a safe delta and to enhance sustained economic
development. Specifically,
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(1) Canals, high and low dykes have been built extensively on the delta plain to
prevent river flooding and facilitate crop production;

(2) Seadikes have been built to protect low-lying coastal regions. But the sea dikes
are rather low and their main function is to prevent inundation during spring
tides;

(3) At some place a setback line to a distance of 3—5 km from the coastlines has
been set. The outer land is then accepted to be inundated by sea water. This
actually works as a buffer zone where both aquaculture has been developed in
combination with mangrove forests;

(4) A surface water supply plant was constructed, and larger facilities for the entire
VMD are currently being planned to reduce pressures on groundwater resources;

(5) Tidal barriers and/or sluices with control gates at small sea water entrances/
cannels to address salinity intrusion; At the same time careful studies on impacts
and effectiveness large scale storm-surge and tidal barriers at main (large) river
entrances are implemented;

(6) Natural defenses by the remained mangrove systems (about 15% of the coast-
lines, mainly in far south provinces i.e. in Bac Lieu and Ca Mau) as an alternative
of hard engineering approach.

5 Future Challenges

The resilience of the MD is threatened by higher temperature, accelerated land subsi-
dence, reduced fluvial sediment supply and a rising sea level (Dang et al., 2022). The
task to prepare the MD for an uncertain future is complex. It is important to note
that the most severe impacts will be caused by a combination of these uncertain and
rapidly changing threats. For example, the MD may experience a much higher flood
risk due to a combination of sea level rise, higher fluvial peak flows, and possibly
more frequent and severe typhoons. Reduced water availability in combination with
salt water intrusion and higher water demands could potentially cause severe water
stress in the dry season. Such low-probability, high-impact events will significantly
affect agricultural production, especially rice and fruit crops and can potentially have
an impact on domestic and industrial water supply over MD.

Given the foreseen future change in the delta, while understanding the changes
and complexity of the various social-ecological systems in the MD, it is equally
important to implement solutions and relevant policies (Nguyen et al., 2020). An
ensemble of hard and soft policies is likely to provide the most effective results
for people’s livelihoods in the MD (Smajgl et al., 2015). Furthermore, integrated
planning at basin and delta scale can provide critical information to make delta
management robust to future uncertainty and help in establishing delta resilience as
a crucial objective in river basin management (Schmitt et al., 2021).
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