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Abstract

Vertical change in a delta’s surface relative to local mean sea level, ARSL, is determined by five factors: Agst = A-AE-C,-Ca £ M. Adelta’s
Aggradation Rate (A) is determined from the volume of sediment delivered to and retained on the subaerial delta surface as new sedimentary
layers, and it typically varies from 1 to 50 mm/y. Dam interception of upstream river-borne sediment presently leaves modern rivers with
relatively clean water, reduced flood magnitude, discharged within fewer distributary channels armored with artificial levees. Flooding from
ocean surges can sometimes contribute turbid water.

AE, the Eustatic Sea Level Rate, is influenced by fluctuations in the storage of terrestrial water (e.g., glaciers, ice sheets, groundwater, lakes,
and reservoirs), and fluctuations in ocean water expansion due to temperature. Today AE contributes 1.8 to 3 mm/y under the influence of
global warming. Deltaic shorelines are experiencing extraordinary rates of relative sea level rise due to non-eustatic forcing.

Natural Compaction (C,), or Accelerated Compaction (Ca) reduce the volume of deltaic deposits respectively through (i) dewatering,
grain-packing realignment, and organic matter oxidation (typically <3 mm/y); and (ii) subsurface mining (oil, gas, or groundwater),

Copyright © AAPG. Serial rights given by author. For all other rights contact author directly.


http://www.searchanddiscovery.com/documents/2010/50339syvitski/2_9 US_NID_Dams.avi

human-influenced soil drainage and accelerated oxidation. Ca can exceed C, by an order of magnitude. M is the typically downward vertical
movement of the land surface as influenced by the redistribution of earth masses (e.g., sea level fluctuations, growth of delta deposits, growth or
shrinkage of nearby ice masses, tectonics, and deep-seated thermal subsidence). M is highly variable spatially but rates are typically between 0
and -5 mmly.

A majority of the modern deltas are now sinking at rates many times faster than global sea level is rising. Categories identified include those
where: (1) Reduced aggradation that can no longer keep up with local sea level rise (Brahmani, Godavari, Indus, Mahanadi, Parana, and
Vistula); (2) Reduction in aggradation plus accelerated compaction are overwhelming global sea level rise rates (Ganges, Irrawaddy,
Magdalena, Mekong, Mississippi, Niger, Nile, and Tigris); and (3) Delta aggradation has ceased and/or anthropogenic compaction is very high
(Chao Phraya, Colorado, Krishna, Nile, Pearl, Po, Rhone, Sao Francisco, Tone, Yangtze, and the Yellow).
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Controls on Delta Elevation

Awg =A—AE-C -C,+M

Ar;, = Vertical change in delta surface elevation (m/yr)
A = Sediment Aggradation Rate (m/yr)

AE = Eustatic Sea Level Rise (m/yr)

C, = Natural Compaction (m/yr)

Ch, = Accelerated Compaction (m/yr)

M = Crustal Vertical Movement (m/yr)
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Aggradation i1ncludes sedimentation between

distributary channels from overbank flooding.

CSDMS
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Aggradation includes sedimentation within distributary channels
and the subsequent migration of these channels.
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Eustatic Sea Level Rate: change In the volume of the
global ocean over time, as Influenced by the storage of
terrestrial water (glaciers, i1ce sheets, groundwater,
lakes, reservoirs), and from ocean water expansion due

to T°C changes

Rate of sea level rise (mm per year)

Source of sea level rise 1961-2003 1993-2003
Thermal expansion 0.42 +0.12 1.6+ 0.5
Glaciers and ice caps 0.50 +0.18 0.77 +0.22
Greenland Ice Sheet 0.05+0.12 0.21 + 0.07
Antarctic Ice Sheet 0.14 + 0.41 0.21 +0.35
‘ Sum of individual climate 1.1+£0.5 28+0.7 ‘
contributions to sea level rise
Observed total sea level rise Source IPCC 2007  1.8+0.52 3.1+0.72
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Natural Compaction Rates changes i1n the void space

within sedimentary layers (dewatering, grain-packing
realignment, organic matter oxidation)

Present compaction rate {mm/yr) ARSL — i A = AE CA i' M

1

0.9

0.8

0.7

0.6

0.5

0.4

Cumulative probability

0.3

107! 10"

10!

Pig = 0.69 mm/yr

120}
100+

g0t

. L 1 0.

# of stratigraphies

lf]l

Present compaction
rates for deposits
with thickness of
=100m and
accumulation time
of = 10Ky.

Meckel et al., 2007

hmhmmm.“

Present compaction rate (mm/yr)

ESDMS

Syvitski AAPG/SEPM 2010 New Orleans CFFACE DTHANMCS 1K



Accelerated Compaction Rates Examples

Yangtze: 28 mm/y before controls

Niger: 25 to 125 mm/y
Azg = % A - AE - Cn + M Chao Phraya: 50 to 150 mm/y

Po: 60 mm/y before controls

Bangkok”s population went
from 1M to 12M 1n 35 years

Chao Phraya Delta

Subsidence through water mining (& &t

Saito et al., 2008
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Accelerated Compaction Rates Examples
Yangtze: 28 mm/y before controls

Niger: 25 to 125 mm/y
Azg = % A - AE - Cn + M Chao Phraya: 50 to 150 mm/y
Po: 60 mm/y before controls

Bangkok”s population went
from 1M to 12M 1n 35 years

Subsidence through water mining ﬁ & <

Saito et al., 2008
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Accelerated Compaction Rates

Subsidence Recovery from accelerated
through

gas mining

compaction occurs within years
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Accelerated Compaction Rates

A RCLERELYl  Subsidence Recovery from accelerated

through compaction occurs within years
gas mlnlng

-1967 1974 : Recovered
subsidence Natural subsidence

onfalcone}

Subsidence of the,

. ]
Po Delta, ltaly _. 105
. . |
: Bondesan & Sir imini FER <0.5
Cattolica
LS
* Simeoni et al., 2007 °© 25 50 km
w Syvitski AAPG/SEPM 2010 New Orleans COMMMTY SLRFAE DITNAMKS WIDELING SYSTEM



Crustal Subsidence

Each location on a
large delta sinks at
different rates,
depending on their
load history.

Mississippi delta
lobes weigh between
200 to 900 billion
tonnes. Today the
various Mississippi
lobes are sinking at
between:

1) 0.3 to 3.6 mm/y
(Hutton & Syvitski,
2008)

2) 2.0 to 6 mm/y
(lvins et al., 2007)
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Net Changes 1n a Delta’s Relative Sea Level

Aggradation ( <50 mm/y)

(new layers of sediment Eustasy (1.8 — 3 mm/y)
added td a delta’s (increase 1n ocean volume

& warming ocean)

surface)
ﬁ\ \
Load Isostasy l
(0O — 6 mm/y)

Natural Compaction
(0.7 — 2.2 mm/y)

Accelerated Coﬁpaction (0O — 150 mm/Zy)
(petroleum & water mining)

Controls on Delta Surface Elevation Agzg = A-A4E-C, -

e.g. natural conditions 10-1-2-0-2 = + 5 mm/y
e.g. anthropogenic forcing 5-3-2-13-2 = - 15 mmly
\SF CSDMS
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Relative sea level has risen 4 times faster
within deltas than the global average.
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Po Subsidence = Aggradation - Accelerated Compaction - Natural Subsidence
20th Century = Om - 3m - O.7m = -3.7m/century
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Other Modern Deltas below sea level

Pink
areas are
below sea

Euphrates

SyVitSki AAPG/SEPM 2010 New Orleans COUMANTY SURFACE DTNAMICS UODELING SYSTEM



__100km SRTM

River Flood Mapplng (in situ, overbanking)

SRTM: morphologic patterns of sedimentation

lR: Surface water as black or shades of blue depending
on the sediment concentration

Vis: Water turbidity
DFO: Dartmouth Flood Observatory maps (MODIS)
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Ocean Surge Mapping (cyclone, tsunamis)

Cyclone Nargis, Irrawaddy Delta with SRTM 90m topographic data overlay
MODIS Terra, May 5th, 2008. with MODIS flood extent map in red.

Floods are widespread, 85% of the studied deltas experienced flooding.
From 2001-2008, in the 33 deltas ~260,000 km? was submerged by floods.

S » CSDMS
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Tracks and Intensity of All Tropical Storms

Cyclone Airla, May 2009
—extensive flooding 1In
Ganges-Brahmaputra
Delta

Storm surge ~6-7/m!

Unisys corp., 2005 ' R
o] s ] 2] 5] =0 e e

Saffir-Simpson Hurricane Intensity Scale |-

Hurricane Pressure Winds Surge
Category (mb) (mph) (m)
>980 74-95 =1.5
965-980 96-110 =2.5
945-965 111-130 =3.5
920-945 131-155 =5
<920 =155 >6
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Delta Vulnerability

1) Low Risk: e.g- Fly, Orinoco, Mahakam - Sk
aggradation rates high; low anthropogenic .. =&
compaction; RSLR low S

|

2) Moderate Risk: e.g. Danube, Han — reduced
aggradation; RSLR < 1.2 mm/y

3) High Risk: e,g. Godavari, Indus, Parana,
Vistula — aggradation << RSLR 1.3 to 3
mm/y

4) In Peril: e,g. Ganges, Ilrrawaddy,
Magdalena, Mekong, Mississippi, Niger,
Tigris - low aggradation rates plus
accelerated compaction overwhelming rates
of sea level rise; RSLR 4 to 32 mm/y

5) Great Peril: e.g. Chao Phraya, Colorado,
Krishna, Nile, Pearl, Po, Rhone, Tone,
Yangtze, Yellow - no aggradation and/or
very high accelerated compaction; RSLR 7

.. to 150 mm/y
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Sinking Deltas 1n the Press

prennent l'eau

un demimillard de personnes vivent sur ces 5% des
surfaces continentales. Mals I'activit humaine fait -+
couler ces termes gagnées sur la mer par le dépot
des sédments chariés par les fleuves. Deltas

du NI, du Gange et méme du Rhone,

es sclentifiques sonnent falarme.
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Global Change

International Geosphere-Biosphere Programme Issue 74 1 Winter 2009

Where sinking land
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river delta areas sinking, report claims

M Sy Wang Qian (China Daily)
B Updated: 2008-02-23 0740 Jf Ke -ﬁ

Five hundred million people living on 1 =) Comments(1) (= Print [ZZ Mail c H I NA DA II.Y

world's deltas now face the twin threz aday's Paper|Subseribe
of subsidence and rising sea levels.

Three river deltas in China are sinking due to global warming and excessive
extraction of underground water, leaving millions of people with an increasing
risk of floods, a recent scientific report showed.
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Conclusions

» 33 global delta systems have significant areas (>100,000 km?) <2m a.s.l.

» 75% of studied deltas experienced flooding in last decade; 260,000 km?
was temporarily submerged.

» Deltas are sinking on average 4 times more rapidly than ocean level is
rising

» Accelerated sinking is due human interference in river basins and their
deltas.

1.Sediment delivery to deltas has greatly been reduced: 3.5 Billion t/y is no
longer reaching deltas, much of the remaining bypasses the delta plains.
2.Compaction due to mining is a major factor in 70% of studied systems.

»>Vulnerable low-lying lands are expanding rapidly, due to sinking of the
land.

»Growth of infrastructure for mega-cities is becoming a dominant factor.
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