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Coastal Vulnerability of Asian Mega Deltas:
Natural Delta System versus Human‐influenced
Recent Changes
Delta initiation and recent changes in relation to sea-level rises
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vulnerability and societal impacts
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Greek letter, Δ
By Herodotus, BC By Herodotus, BC 
5th Century5th Century
From similarity of From similarity of 
morphology of Nile.morphology of Nile.

DELTADELTA An irregular progradation of the shoreline directly fed 
by a river

A discrete shoreline protuberance formed at a point 
where a river enters an ocean or other large body of 
water.
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Sea level changesSea level changes
Holocene
Sea-level
Changes
are 
controlled by
1) Eustatic

SLC
2) Glacio-
3) Hydro-
isostasy,

rising

Stable/falling

GLACIERS

GLACIO-
ISOSTASY

isostasy,

4) Tectonics
Local factors

HYDRO-
ISOSTASY

Transgressive depositional systemsTransgressive depositional systems

Glacio-isostasy Gironde

Wadden Sea

GLACIER

rising

regressive depositional systemsregressive depositional systems

Hydro-isostasy

High sea-levels at 4-6 ka

Mekong

+2.5m
4-5 ka

~+4m MIS 5

Notches

~250 km
progradation

FAR FIELDS

rising

Stable/falling

GLACIERS

Mekong
Mekong

Wide deltaplainWide deltaplain Coleman & Roberts, 1989

ASIAN DELTAS

ASIAN DELTASCharacteristics of 
deltas in Asia

Stable/falling sea level
Sediment supply

Drainage basin area

Stable/falling sea level
Sediment supply

Milliman & Farnsworth, 2011
River Discharge to the Coastal Ocean
Cambridge University Press

LARGE RIVERS & DELTASLARGE RIVERS & DELTAS

Large rivers & deltas are located mostly in Asia.
Nine of top 16 largest rivers in sediment discharge are in Asia
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MONSOON

High precipitation 
in summer

Strong N wind 
in winter

Wide deltaplainWide deltaplain Coleman & Roberts, 1989

ASIAN DELTAS

ASIAN DELTAS
Asian deltas have a wide deltaplain,
consisting of marine/deltaic sediments 
deposited during the last 6-8 ky

Delta progradation
Mekong: > 250 km
Yangtze (Changjiang): ~250 km
Yellow River (Huanghe): 150km
Red River (Song Hong): 100 km  

Drainage basin area

Stable/falling sea level
Sediment supply

POPULATION
9 mega-deltas

254 M 326 MTotal population

Population density 834 1076 pop/km2
Delta world-average: 500 pop/km2 in 2002 (Ericson et al., 2006)
Global average:         50   pop/km2 in 2002 (Ericson et al., 2006)

Delta globally:                        500 M

Asian Development Bank, 2011

Mega‐deltas and coasts

40% of the world’s natural 
disasters occurred in Asia 
from 1999 to 2008, Asia 
accounted for 80% of 
disaster deaths

Holocene deltas & their initiation
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Stanley & Warne (1994) 36 deltas     Science

Deltaic sediment

Stanley & Warne (1994)

Basal peat and lags

Transgressive sediment

Pleistocene fluvial sediment

Stanley & Warne (1994)

C-14 age

Fairbanks, 1989Slow rise in sea level

Rapid rise in sea level

Fairbanks, 1989

Geology, 2010

Singapore Mangrove peat on basement

7.0-7.5 ka:  sea-level rise of ~4 m

Bird et al., 2007, 2010

9–8 ka:  rapid sea-level rise of >>10 m

Geology, 2010

8ka

Back to 8.6 ka
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MEKONG DELTAMEKONG DELTA
TOPOGRAPHYTOPOGRAPHY

&&
BATHYMETRYBATHYMETRY

The shoreline was in 
Cambodia during the 
Mx transgression, 

Mekong delta

Morphological map
Nguyen et al., 2000
After Ta et al., 2002

g
early-middle 
Holocene

Upper Intertidal zone

Estimated sea level 

Mekong delta core from Cambodia: 3 drilled cores
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(Mangroves)

Subaerial
(Fluvial: natural levee)

Cal BP Tamura et al., 2009, QSR

Transgressive

8.0-8.2 ka

Catch-up
Give-up
Keep-up

Lower Intertidal
Upper Intertidal

Landward 
Migration
(deepening-
upward)

Migration
(shallowing-
upward)

D
el

Upper Intertidal zone

Estimated sea level 

Mekong delta core from Cambodia

Regressive

Abrupt sea-level rise
(~3m, ~100y at 8400-8500 cal BP)

Seaward 
Migration

(Mangroves)

Subaerial
(Fluvial: natural levee)

Cal BP Tamura et al., 2009, QSR

Transgressive

8.0-8.2 ka

Landward 
Migration
(deepening-
upward)

Migration
(shallowing-
upward)

Lower Intertidal
Upper Intertidal

Red Yangtze 

Keep-up

Give-up

Hori & Saito, GRL 2007

Huon Kiso 
coral data

sea-level data

A rapid rise in sea level 
started at ~8.8–9.0 ka

Mekong River delta
8.8-9.0 ka sea level
In Vietnam (DT-1)
Nguyen et al., 2010

9.0(8.8) to 8.2 ka:
a rapid sea-level rise 
with a maximum rate of 2–3m/100y at around 8.5 ka

total 12–16 m SL rise (8.8–8.2 ka)
Relative sea level rise from 8.8 ka in Vietnam to 8.2 ka in Cambodia is ~20m.   

Tamura et al. (2009) QSR, Nguyen et al. (2010) Sed Geol,  Li et al., (2012) QR

Followed by delta progradation
(MFS & Delta initiation: 8.0-8.2 ka)

Makong River, Red River and Yangtze River deltas

5 m sea-level rise

standstill

8.6 ka
8.45
8.4

Laurentide Ice Sheet
After Dyke 2003, 2004
(Kaplan & Wolfe, 2006, QR)
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Meltwater release from 
the Lake Agassiz at 8.4–8.5 ka
~40 cm SLR
As a  key trigger of 
8.2 ka cooling event

Clark et al.,
Science, 2003

North America

Jakobsson, 2008

Meltwater
&
Iceberg 
Formation
from LIS
at ~8.5 ka

Nature-geoscience

Iceberg formation  is 
an important process 
to explain a rapid rise 
in sea level, in 
addition to normal 
melting process.

Mackintosh et al.
Nature Geoscience
2012

East Antarctic 
ice sheet

We need more 
information on
1) the sources of 

meltwater
2) sea-level 

changes
during 8.8-8.2ka

Bird et al. Geology, 2010

Delta Initiation

A id l l i f 9 0(8 8) t 8 2 k

Deltas

A rapid sea-level rise from 9.0(8.8) to 8.2 ka:
with a maximum rate of 2-3m/100y 
at around 8.5 ka
total 12–16 m SL rise (8.8–8.2 ka)

The timing of delta initiation is from 8.2 to 
~6 ka after the rapid rise of sea level, 
depending on sediment discharge.

Recent changes: delta collapse

Reduction of sediment discharge

Relative sea-level rise

1950–1960 ~2000– 1950–1960 ~2000–

Yellow 1300 148 1300 148

Yangtze 480 146 480 146

Pearl 80 38 80 38

Red 130 52 130 52

Mekong 160 160

Sediment discharge in Mt/y

Mekong 160 160

ChaoPhraya 25 2 25 2

Irrawaddy 260 260

G-B 1100 1100

Godavari 170 57 170 57

Indus 250 13 250 13

Total 3955 1976 2435 456

50% 20%
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Impacts of sediment reduction on delta

Yellow River (Huanghe) delta

Yangtze River (Changjiang) deltaYangtze River (Changjiang) delta

Holocene
10 superlobes

Yellow River Delta

Since 1855Saito et al. 2000

Sediment discharge
~1.2 10^9 T/y
New land
20–25 km2/y 

Wang HJ et al., 2010, JH

ss: ~25 g/L

<10 g/L

Yellow River

Wang et al., 
2011

Lijin

-1976

1996-
~10km retreat

Oil 

Oil field

1976-1996

Chu et al., 2006

field

19761996

Wang et al.,2006

Erosion limit depth:11-14 m

Most active erosion occurs 
at subaqueous part

Shoreline retreat is <5 km

20-25 km2/y

Satellite image analysis: Chu et al., 2006
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1950-2004年間の土砂堆積量の変化 Yang et al. in prep

1976-1988 1988-1998 1998-2004

Sediment discharge is only ~150 Mt/y since 1999.

Yang ZS et al., in prep

現河口
北部旧河口
デルタ全体

g y y

Threshold value to sustain the delta
~180 MT/y needed to keep the river-mouth part.

~260 MT/y needed to keep the whole delta.

?

Smooth & 
straight

Lobate to Bird’s foot 

Threshold value: from delta construction to delta destruction, 
or from a lobate delta to a wave-dominated (chenier) delta   

3000yBP

1500yBP

present

Deforestation in 
Loess Plateau

Wang et al., 2007

?

Below 
Threshold value

present

Yangtze river

480 Mt/y

~150 Mt/y

Yang SL et al. GRL 2006

Yangtze delta

Impacts of sediment reduction 
on tidal flat

Yang & Milliman, 
GPC 2011

Impacts on
Subaqueous delta

GPC 2011

Area I

Area II

Erosion in subaqueous delta

Qs: sediment discharge
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270 Mt/y is a threshold 
l f d iti t

Yang & Milliman, 
GPC 2011

value from deposition to 
erosion in subaqueous 
delta.

Yangtze delta is also changing: 
Its shape to fit current reduced-
sediment supply

Impacts of sea-level rise
Chao Phraya delta (Thailand)  
(subsidence)

Impacts of sea-level rise
Chao Phraya delta (Thailand)  
(subsidence)

メコンデルタ
（ベトナム）

Mekong River delta (Vietnam)Mekong River delta (Vietnam)

Marine Inundation:Marine Inundation:
Impact Impact of sea level of sea level riserise

Chao Phraya deltaChao Phraya delta

Thai cross Thai cross 
sectionsection

Upper Gulf of Thailand

Delta progradation with a rate of 20 m/y for the last 6 ky
1 km shoreline retreat for the last 50 years (20 m/y) 

Saito et al., 2007

WEST

EAST

Zigzag shoreline 
by coastal erosion
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ca. 1980

Land subsidence

Relative seaRelative sea--level rise due to subsidence level rise due to subsidence 

Bangkok

60 cm rise in SL
1960-1990

Land subsidence
During 1992-2000

Gulf of Thailand

Haq, 1994 >20 cm/ 8 years
2–3.5 cm/y: coast
(<4.5 cm/y inland)

Winterwerp
et al., 2005

During 1969–1976, accretion: 8.9 km2, erosion: 4.5 km2 net accretion rate: 0.62 km2/y;
During 1976–1987, accretion 4.9 km2, erosion 10.3 km2, net accretion rate:  –0.49 km2/y 
During 1987–1997,  accretion 7.4 km2 , erosion 4.5 km2,  net accretion rate 0.25 km2/y

Upper Gulf of Thailand: by Thanawat

Saito et al., 2007

1 km shoreline retreat

ca. 1980

Land subsidence

Coastal erosion and seaCoastal erosion and sea--level rise: level rise: ChaophrayaChaophraya

50
40
30

Sediment 
discharge Winterwerp

t l 2005

15-20 MT/y 1-2 MT/y

Gulf of Thailand

Bangkok

Haq, 1994 
1940  1950  1960  1970  1980  1990  2000  2010

140
120
100
80
60
cm

20
10

g
Mt/y

Relative sea-level rise
subsidence

et al., 2005

20cm

Drain overflowSea water intrusion 
during spring high tides

Color change of mangrove leaves

Chao Phraya delta
Topography changes

Topography change: 1979 vs 2012
Maximum difference: ~3m incl subsidence
Maximum change of contours: ~ 4m
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Dominant
wave direction

Beach monitoring 

Summer monsoon
Sediment supply & 
deposition in delta front
platform 
Sediment transport to NE
W k i d/

Repeat survey in Tra Vinh
From Nov 2005 to Feb 2012: 
9 times

Longshore current Winter monsoon
Sediment resuspension in
delta front platform 
Sediment transport to SW
Formation of Camau Pen. 

Mud 
deposition

Strong wind/waves
High water level

Weak wind/waves

Repeat survey of a tidal beach from 2010 to 2012
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Shoreline retreat

2010-2011 Winter

2011-2012 Winter

In
te

r

>10 m retreat of the shoreline occurred in 2011
Mainly around 18th-20th February and around 24th December in 2011

2010-2011 Winter 2011-2012 Winter

beachface

Farm field washover fan & dune field

After Uehara, 2010

Summer Winter

After Uehara, 2010

40cm

Bay of Bengal
~50 cm

40–20cm
55–30 cm

After Uehara, 2010

January

H

L

July

H

L
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End of Summer monsoon

Seasonal changes of tidal beach: BT Line 2005-2008

End of Summer monsoon 

Winter monsoonWinter monsoon 

Active barsActive bars

Repeat survey of tidal beach from 2010 to 2012
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Shoreline retreat

2010-2011 Winter

2011-2012 Winter

In
te

r

>10 m retreat of the shoreline occurred in 2011
Mainly around 18th-20th February and around 24th December in 2011

2010-2011 Winter 2011-2012 Winter

Observed sea level in 2011

SCS scale coastal set-up
Spring high tides
+
Additional coastal set-up (10-20cm)

170(-180) cm: threshold value

Non-dyked coasts:  sensitive & vulnerable

Wang et al., 2011, ESR

Total sediment discharge
Five large rivers

Yellow
Yangtze
Pearl
Red
Mekong

Delta progradation
(Land gain) km2/year
6 deltas in total

2–7000 y
Last 
1-2000 y

1950-1980

~2000 –

~15                     30–35               45–50               10–15              

3

?

Subaqueous erosion 
Is on-going problem

Sinking 

Deltas at RiskDeltas at Risk

Relative sea-level rise
Subsidence, eustasy

Ecosystem collapseShrinking

Decrease of sediment supply

Dams, irrigation, sand mining

Deforestation of mangroves
Reclamation of wet lands

Sediment supply (discharge) and relative sea-level change are key controlling factors
in delta formation and delta sustainability.

Sediment discharge of some of mega-deltas in Asia is already below a threshold value 
from constructive phase to destructive phase of deltas, particularly subaqueous parts.

Relative sea-level rise induces the reduction of sediment discharge and increase of 
wave impacts on deltaic coasts in addition to submergence and inundation, resulting 
in coastal erosion.

Relative sea-level rise including land subsidence is a threat to further destruction of

Mekong River

Merci beaucoup
INQUA 2015, Nagoya, Japan

Relative sea level rise including land subsidence is a threat to further destruction of 
deltas.

Sand/gravel mining in rivers is important for economical development in developing 
countries as aggregates at present. However it will impact deltaic coasts decadal time 
scale.
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Subsiding coastal megacities with the maximum observed subsidence (in m)

Nicholls, R.J. 2011

2007 & 20100     100    200    300    400m

Electricity poles remain in the sea at present

Mangroves must be above mean sea le
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Mega-Deltas
in Asia

wide and low-lying

100 km

Woodroffe et al., 2006

SRTM data

Deltaplain area:>10,000km2

High sediment yield

Tibet
Himalaya

メコン河
Special thanks to 
prof. Anny Cazenave, 
Collège de France,
TOTAL

Special thanks to 
prof. Anny Cazenave, 
Collège de France,
TOTAL

メコンデルタ
（ベトナム）

Paella

Ebro Delta

Po Delta

Risotto
rice bowl

Deltaic lowlands

Rice cultivation in the Nile delta
6500 km2 in 2009 (25% of the delta plain)

sushi

Some systems and sectors are very vulnerable. 
Some regions will be more affected than others

• The Arctic

WG-2: IPCC AR4 2007

• Sub-Saharan Africa
• Small islands
• Asian megadeltas

IPCC 4AR 2007

GodavariKrishna
Nageswara Rao et al. 
2010. ESPL

Monthly change

Water discharge

Sediment discharge

Sediment discharge
(Decadal)


