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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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Transgressive depositional systems

Wadden Sea

regressive d
High sea-levels at 4-6 ka =

Notches -

Sediment
T0% MUy

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

Coleman & Roberts, 1989

Wide deltaplain

Characteristics of
deltas in Asia

ASIAN DELTAS |

Stable/falling sea level
Sediment supply
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Drainega batin area (K

Drainage basin area

LARGE 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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Wlde de”aplal n Coleman & Roberts, 1989

Asian deltas have a wide deltaplain
consisting of marine/deltaic sedim
deposited during the last 6-8 ky
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High precipitation
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Strong N wind
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Delta progradation
Mekong: > 250 km
Yangtze (Changjiang): ~250 km
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PO P U LAT I O N Table 10.3. Estimates of populaion within the Holocene deltaie plains of mega

ased upon GPW-3,

2.5 are minute gridded population of the world (CIESIN) for 2000 and 2015 9 mega-deltas
Megadela Arca km? Population 2000 Population 2015 Increase (%)
Indus 19800 3058500 4425100 +45
GBM 115600 129931 100 166217000 +28
Irrawaddy 31500 10591700 12163600 +15
Chao Phraya 11600 11485600 16ARTHN +d4
Mekong 37900 54200 19039800 +21
Song Hong (Red) S0 13293900 16K 3400 +21
Pearl 5900 SREAG400 27166900 +176
Changjiang 15600 25945700 33147500 +28
Huai 25100 14060400 16614100 +18
[Jiangsu] 30300 19930700 14978400 25

Population %
pressure in the
Asia-Pacific

Coastal Region

Newe: Area of delta plain has been determined from gridded pe
1D BOCOUT it are covered by water, including stribut

Total population ‘ 254 M

Delta globall

ell count, and is only approximate

Population density | | 834

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

Harvoy & Mimura, 2006 Fig 1.2

Asian Development Bank, 2011
Asia’s Deadliest Disasters, 19902009

Mora than 2,200 natual disasters struck the region in the past 20 years, claiming an ir ini H
estimated 500,000 lives. Five mega disasters alone—the Indian Ocean tsunami, Cyclone H o | Oce ne deltas & the I r I n Itl atlo n
Gorky, Gyclone Nargis, the 2008 earthquake in the People’s Republic of Ghina, and the 2005
sarthquake in Pakistan—accounted for more than 70% of fatalities, with 560,000 deaths.

Mega Disasters
are Rare but
Deadliest by Far

Woridwida, 0.28%

from 1975 10 2008,

™ Matural
Mega-deltas and coasts disaasl.r:rs

O O

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

Tracks and Intensity of All Tropical Storms
Others.
90.72%

Others




Stanley & Warne (1994) 36 deltas  Science
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Age of basal Holocene delta deposits (years)

Lowarmost deita
sk cores
Wl s w0 ower e
plain cores.

Fig. 3. Summary of age data from the 36 Holocone deltas. (A) Age distribution of basal Nita defta
deposits, differentiating dates from 19 samples collected in lowermost delta plain cores om 45
sampées collected in landward, mid- 1o lower delta plain cones. (B) Age distribution of oldest dated
basal Holocens sections from the 36 deltas considered in this study (Table 1); della positions. are
shown in Fig. 2. (C) Age distribution of basal Holocene sections from the 36 deltas, depcted by
geographic position. (D) Geoidal-eustatic cycle, as related 10 cone-mantle changes [modifiod aher
(21)]. showing a marked change during the 8000 10 7000 year B.P. period, which closely
coresponds with initiation of most world deltas examined in this report. Curve converted from

sideraal o radiocarbon years B P. [compare with (21)]

Stanley & Warne (1994)

H
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Transgressive sediment

Pleistocene fluvial sediment

Plaistocens

Fig. 1. Simplified lithostratigraphic section
showing the threefold lale Pleistocene to Ho-
locene succession. We focused on the age of
the readily identifisble base of sequence IIl,
usually comprising near mean sea-level facies.

Sea Level Changes During Last Deglaciation
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Singapore Mangrove peat on basement
7.5 ka: sea-level rise of ~4 m

9-8 ka: rapid sea-level rise of >>10 m
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Timing and magnitude of the sea-level jump preluding the 8200 yr
event

Geology, 2010

Marc P. Hijma'*" and Kim M. Cohan'

RACT

Evidence from terrestrial, glacial, and global clinute model
reconstructions sugmests that a sea-level jump caused by meltwa-
tor release was associated with the triggering of the 5.2 ka cool-
cver, there his been no direct measurement of this
recise sea-devel data. In addition, the chronology of
Timited dating

ace - The mast plausible mec

ing event is the sudden, possibly multistaged drainage of
entide proglacial Lakes Agassic and Ojilway throagh U
Strait into the North Atlantic ca, 8470 = 300 yr ago. Here we show
with detailed sea-bevel datn from Rotterdam, Netherlands, that the
sea-level rise commenced 8450 = 44 O timbng consider-
event amil provides
aged Inke drainage. The

Jump that ks double the size of previous estin
sus 04-1.4 mb, The dise

tes (30 = 1.2 m ver-
ey suggests either a coeval Antarctic
» previous underestimate of the total

contribution or, more likely
American lake drainage.




CAMBODIA

MEKONG DELTA
TOPOGRAPHY
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BATHYMETRY

The shoreline was in
Cambodia during the
Mx transgression,
early-middle
Holocene

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

SOUTH CHINA SEA

Mekong delta core Cambodia

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

Estimated sea level

Seaward
Migration
(shallowing

upward)

Tamura et al.,

9.0(8.8) to 8.2 ka:
a rapid sea-level rise

Regressive

Upper Intertidal zone
(Mangroves)

Lower Intertidal
Upper Intertidal

Subaerial
(Fluvial: natural levee)

Transgressive

2009, QSR

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, Liet al., (2012) QR

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

Makong River, Red River and Yangtze River deltas
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Mekong delta core from Cambodia: 3 drilled cores

.

Estimated sea level
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Tamura et al., 2009, QSR
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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
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After Dyke 2003, 2004
(Kaplan & Wolfe, 2006, QR)




Superlakes, Megafloods,
and Abrupt Climate Change

Ganry Clarks, Dwvid Livarington, james Teller, Arther Dyke

|
Meltwater release from

the Lake Agassiz at 8.4-85ka
~40cm SLR g
As a key trigger of
8.2 ka cooling event

Temperature {“C)

A

pou | l'I (] i
2 | oy

Codling e

Time (years aga)

AW

The climate, the lake, and the dam.
mate record from ice cones in
! Greenland revesls an abrupt
vent about B20O years ago.

cen

leased it5 stored water 1o Hudson Bay.
Three possible flood routes are indicat

Clark et al.,
Science, 2003

ably several hundred kilometers

Elevation (m)

ed by red amows. Many mare routes are po
. 55
started when the pressure of lake water approached that for f

a 50 W 150
Path distance (km)

ble. (C) At the time of the flood, the ice dam was prob-
ge froen the lake dson Bay would have

al

f the dam

The last stampede of a glacial lake

Mty Lsksbsson

—t 7 East Antarctic

=t ice sheet

Mackintosh et al.
¥ Nature Geoscience
2012

We need more
information on
M 1) the sources of
meltwater

2) sea-level
changes
during 8.8-8.2ka

Recent changes: delta collapse

Reduction of sediment discharge

Relative sea-level rise

PEICANIIE el Age (cal. yr B.P.)
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Meltwater
&

Iceberg
Formation
from LIS
at~8.5 ka

Jakobsson, 2008
Nature-geoscience

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

Bird et al. Geology, 2010

at around 8.5 ka

MLWS tide
24

-
.

Arapid sea-level rise from 9.0(8.8) to 8.2 ka:
with a maximum rate of 2-3m/100y

total 12-16 m SL rise (8.8-8.2 ka)

Sediment discharge in Mt/y
Yellow 1300
Yangtze 480

Pearl (0]

Red 130

—+Mekong— 160 160

ChaoPhraya 25 2
260 260
1100 1100
170 57

Indus 250 50%

13
| otal 3955 76
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G-B
Godavari

20%
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e Yellow River Delta
Holocene i || Sediment discharge
10 superlobes } \ ~1.210%9 Tly
J 4 New land
20-25 km2/y

Impacts of sediment reduction on delta

Since 18585

Yellow River (Huanghe) delta

Yangtze River (Changjiang) delta
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Yang ZS et al., in prep
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Threshold value: from delta construction to delta destruction,

| straigh

or from a lobate delta to a wave-dominated (chenier) delta

4200 3000 2000 1000
| Wang et al, 2007
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Figure 1. A map of the Yangtze del
bathymetric maps updsted in 2004) show
of intertidal elevation observation point,
metric profike, and coastal wetlands (e
and Juduansha).
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Impacts of sea-level rise
Chao Phraya delta (Thailand)

Yang & Milliman,
GPC 2011

o ¥ = 0.48%x- 1255 270 Mtly is a threshold (
.:: R 0884, P 2001 value from deposition to 7
m3 @ erosion in subaqueous /
E § % delta.
b
§s
Z 0 .
§§ Yangtze delta is also changing: ////////Z
33 Its shape to fit current reduced- / %%/ .
% sediment supply ...
-6 ' o
% =
100 200 300 400
Sediment descharge at Diatong (MU}

Marine Inundation:
Impact of sea level rise
Chao Phraya delta
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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)

Zigzag shoreline
by coastal erosion

Saito et al., 2007



Relative sea-level rise due to subsidence

—
Land subsidence 1930 1950 1970 1990
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Gulf of Thailand

>20 cm/ 8 years
2-3.5 cmly: coast
(<4.5 cmly inland)

Haq, 1994 .
Winterwerp

etal., 2005

Coastal erosion and sea-level rise: Chaophraya

Land subsidence
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Drain overflow

Color change of mangrove leaves

Upper Gulf of Thailand: by Thanawat

During 1969-1976, accretion: 8.9 km? erosio
During 1976-1987, accretion 4.9 km? erosion 10.
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5 km?2 net accretion rate: 0.62 km?/y;
3 km?, net accretion rate: —0.49 km?/y

During 1987—-1997, accretion 7.4 km?, erosion 4.5 km?2, net accretion rate 0.25 km2/y

1382

1 km shoreline retreat

o qoes W 2000 W 2004

Saito et al., 2007

Chao Phraya delta
Topography changes

Topography change: 1979 vs 2012
Maximum difference: ~3m incl subsidence
Maximum change of contours: ~ 4m
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T CAMBOOIA
Repeat survey in Tra Vinh

From Nov 2005 to Feb 2012:
9 times

Repeat survey of a tidal beach from 2010 to 2012

Shoreline retreat
— 2010-2012
Summer monsoon T —aet0017
Sediment supply & 2010-2011 Winter Sor1rars
deposition in delta fi -
plgtform 2 2011-2012 Winter _ 2°"10%1
N N | 201227
e Sediment transport to NE 8 - Y
£ | Weak wind/waves i $p4Q 160 180 200 220 240 260 280 300 330
SOUTH CHINA SEA = ot eras s TLLLLLTT
r, . - : .
Lo:ishore f:urrem Wlnter monsoon - e aea
ol | Sediment resuspension in 4
kg delta front platform

Sediment transport to SW
Formation of Camau Pen. >10 m retreat of the shoreline occurred in 2011
Mainly around 18t-20t February and around 24 December in 2011

Strong wind/waves 2010-2011 Winter 2011-2012 Winter

High water level

’ After Uehara, 2010
8 Nov 2010 ’ - P Occurrence probability of waves higher than 1m
SW monsoon NE monsoon

Summer Winter

b et rssar b T

T
Tiaae

e

9 Feb 2012

washover fan & dune field

occurs more frequently during surmmer (from south)
s from north generally do not de p because of limited fetch

beachface
curs more during winter mansoon (from NE)

After Uehara, 2010 After Uehara, 2010

Sea-level variation: apparent seasonal cycle Cause of the seasonal sea-level change

Bay of Bengal 40-20cm  Hon Dau (Red Al mouth) —e— Seasonal change in mean sea level

~50 cm 55-30 cm Wung Tau (near Makong) ==

January
Low sea level
atNES

Monthly mean sea level (mm)

r in Gulf of Thalland )
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Seasonal changes of tidal beach: BT Line 2005-2008

End of Summer monsoon [—'}mm:ww —20ENE 2NN

Repeat survey of tidal beach from 2010 to 2012
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“ Bl 2 w0 o0 20 0 0 0 w0 0N ERrG e g 0 0 w0 a0 afo Mainly around 18t-20t February and around 24t December in 2011
: o

Distanca (m)

X o 4000 5k 8P IkaBP 1kaBP Wang et al., 2011, ESR
Observed sea level in 2011 § t t t
= Pristne pericd Puericd of human impact
T =) ] - - o
Vung Tau sea level (em) 7 L2 Yellow = 0] Total sediment discharge ?uf:o‘m;?;v
""""""""""""" @10 | li | f| ||| Yangtze [ 1 Five large rivers b %,
i 1) Pearl AR o
[ IANETEY, s Red R
| [ | A Mekong E 2000-7] %
l I\t ! [ z ] 3‘?{”
T p
o 1L R A 1 £ o Ry
| =800 10" gyt (betore 2 ka BF} L
1 03 0 17 4 B W
200 § Feb 2011 £ ]
""""""""""""""""""""" < a T T T [T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | 4000 3000 2000 ‘chcn 1950 1960 1970 1980 1990 2000 2010
Year 2011 60 | I | || |i|-| Millennial scale Decadal scale
a0 | I 11 | 1
SCS scale coastal set-up .||||||||I,|| | |“|| [ ||i ||f||: o
Spring high tides = I I A" | [ 1 Last 1950-1980 Isuo:—ql;?r?usfc:glsemn
+ pody AL I I||'I Ii'l 12000y going p!
Additional coastal set-up (10-20cm) 40 ! |
20
L

I | Delta progradation ~2000 -
170(-180) cm: threshold value MU l' (Landpgai?u)ka/year -
Non-dyked coast: e & vulnerable 6 deltas in total _

30-35 45-50 10-15

Deltas at Risk

I I RS
Relative sea-level rise in delta formation and delta sustainability.

Subsidence, eustasy

— - w

- - -
Sediment discharge of some of mega-deltas in A_s'halready‘t\)erow‘a threshold value
from constructive phase to destructive phase of deltas, pa-riiculaﬂf subaqueous parts.

Relative sea-level rise induces the reduction of sedi'rhent-discharge and increase of

wave impacts on deltaic coasts in addition to submergence and inundation, resulting
in coastal erosion -

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.

<€——> |Ecosystem collapse

Decrease of sediment supply Deforestation of mangroves
Dams, irrigation, sand mining Reclamation of wet lands

Merci beaucoup
INQUA 2015, Nagoya, Japan Mekong River
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Nicholls, R.J. 2011

Electricity poles remain in the sea at present

Mangroves must be above mean sea l¢
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Some systems and sectors are very vulnerable.
Some regions will be more affected than others

e The Arctic

e Sub-Saharan Africa
e Small islands

|- Asian megadeltas
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Nageswara Rao et al.
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