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Why Deltas?

Deltas are home to over half a billion people (occupy only 1% of the
world’s land)

They are home to biodiverse and rich ecosystems, such as mangroves,
reedlands and marshes

They are economic hotspots, food baskets for many nations, supporting
much of the world’s fisheries, forest products, and extensive agriculture

They are ports of entry supporting significant growing cities and harbors

... they are disappearing at an alarming rate

Human actions from upstream deplete them from water and sediment :
on a global scale >40% of river discharge and 26% of sediment are being

intercepted by large reservoirs

Local exploration contributes to subsidence, loss of wetlands, and
accelerated erosion

Sea level rise increases salinity and accelerates land loss
Tropical storms and cyclones cause devastating flooding
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"There Is on the
globe one single
spot..."

Thomas Jefferson to Robert R. Livingston,
Washington,

April 18, 1802



"There 1s on the
globe one single
spot , the possessor
of which 1s our
natural and
habitual enemy."

Thomas Jefferson to Robert R. Livingston,
Washington,
April 18, 1802



The Louisiana Purchase

"It 1s New Orleans,
through which
the produce of
three-eighths of
our territory must
pass to market...”

Thomas Jefferson to Robert R. Livingston,
Washington,
April 18, 1802
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Office of Freight Management and Operations
Freight Analysis Framework
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BEA to State Flows
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Coastal Louisiana is Facing a Crisis
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Land loss representation from Barras et al. (2003)

Approximate Scale

Coastal Land Change 1932-2050

- Land Loss 1932 - 2000
0 20 miles

B and loss: 1932-2000 (=6,000 Km?)

I Fredicted Land Gain 2000 - 2050

- Based on Coastal Louisiana has lost an average of 34 square miles of land,
P Ote n tl al Lan d I OSS . 2 O O O _ 2 O 5 O primarlly mareh, per year for the last 50 y8ars. From 1832 to 2000 cosstal
. Louisiana has lost 1,900 square miles of land, roughly an area the size of the
state of Delaware. If nothing is done to stop this land loss, Louisiana is expected
to lose another 700 square miles of land, or about equal to the size of the great
Washington D.C.-Baltimore are, in the next 50 years. Further, Louisiana
accounted for an estimated 90 percent of the coastal marsh loss in the lower 48
states during the 1990s.

Source

Projected Future Land Change (2050) ) s prtstion



The Mississippi River Delta Is sinking

@ Land Loss 1932 to 2000
@D Land Gain 1932 to 2000

@ rredicted Land Loss 2000 to 2050
@ Fredicted Land Gain 2000 to 2050
& Backdrop Fall 1999 Landsat Thematic Mapper Satellite Images
~——— Louisiana Land Change Study Boundary

Prepared by:

U.S.Geological Survey

National Wetlands Research Center
Lafayette, Louisiana

Delta Land loss: 1932 - 2000 (=2,000 Km?)
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2005 Hurricane Katrina Effects
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New Orleans is threatened ...

2100

Blum, M.D. and H.H. Roberts (2009), Drowning of the Mississippi Delta due to
insufficient sediment supply and global sea-level rise, National Geosciences, 2, 488-491



World deltas Under Threat

& USGS

science for a changing world

IPCC Fourth Assessment: Megadeltas and Risk of Displacement
Mark Wimer, USGS Patuxent Wildlife Research Center, Laurel MD
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Sediment Starved Deltas

Factor

[ Sediment Trapping
Bl ~ccelerated Subsidence
[ ] Eustatic SLR Increase

Sources of Change:
-- 5 Eustatic Sea Level Rise
-- 8 Groundwater/petroleum extraction
-- 27 Upstream sediment trapping & diversion

Global Water
System Project

Ocean

Deltaic Plain

. 18
Ericson et al., 2006, Global and Planetary Change Slide courtecy of C. Vorosmarty



The Great

Flood 1927

Displaced

700,000 g :

Homes destroyed T e -
130,000

Dead

246

Library of Congress

John Stewart Curry
Hoover and the Flood
1940




Transformation of the Alluvial-Delta Landscape

1928 Flood Control Act
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Flood Protection Succeded...

>> 3,486 miles of levees were put in place...

“Since inception of the project in 1928, no project levee built to MR&T standards
has ever failed. ” (USACE April 2009)

>> But river was cut-off from its floodplain and sediment supply to delta
was reduced with known consequences ...

1980-1990

Cp NS
N
4 ALY

Sediment reduction Delta land loss
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'In making war with nature,
there was risk of loss in winning,"

John McPhee, The Control of Nature

Py
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Dam constructions

Local Resource exploration
Sea level Rise

Intensified tropical storms

Food security

Political instability

Human health

Extreme poverty

Loss of biodiversity
Groundwater contamination

24



Projected Sea Level Rise: 2010 - 2100

Sea Level Rise: Past, Present, Future

1990 1995 2000 2005 2010 2015

Proxy Records
— Tide Gauge Data

Satellite Data

Future Scenarios
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National Climate Assessment Report, 2013
Source: Josh Willis, NASA Jet Propulsion Laboratory



Vulnerability of Asian Megadeltas to

Rising Sea Level

Percentage of delta area below an elevation of

2 4 6 8 10 20 meters
u [] [l =

data from Table 10.2 in Woodroffe et al., 2006



Vulnerability of Asian Megadeltas to

Rising Sea Level

Percentage of delta area below an elevation of

2 4 6 8 10 20 meters
u [] [l =

data from Table 10.2 in Woodroffe et al., 2006



Projected Atlantic Hurricane Frequency

Period 2081-2100 compared with 2001-2020

Projected Changes in Atlantic Hurricane Frequency by Category
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Data SI0, NOAA, US, Navy, NGA, GEBCO
. © 2012 Google g
© 2012 Cnes/Spot Image

THE TIME IS NOW ... for a .
Global delta sustainability initiative™



A coordinated campaign on deltas around the world for shared observations,
research and strategies for adaptive management. An effort that is multidisciplinary
in scope and international in participation.

Presentation can be found at: http://www.ce.umn.edu/~foufoula/presentations.php

World Delta Dialogue, New Orleans, Oct. 2010 30



INTERNATIONAL YEAR OF DELTAS 2013 :

A PROPOSAL

We propose that 2013-2014 be designated the international Year of Deftas to: (1) increase awareness and attention to
the value and vulnerability of deltas worldwide, (2) promote and enhance international and regional cooperation at the
sclentific, policy, and stakeholder lewvel, and (3) focus and accelerate a comprehensive research agenda towards
understanding and modeling these complex soclo-ecslogical systems as the cormerstone of ensuring preparedmness in

protecting or restoring them in a rapkdly changing emdronment.

FORUM

Foufoula-Georgiou et al., Oct., 2011

International Year of Deltas 2013:

A Proposal
PAGES 340341

Marine and lacustrine deltas around the
world are economic and environmental hot
spots. They occupy approximately 1% of
the Earth's land area but are home to more
than 500 million people—a population den-
sity more than 10 times the world average
[ Ewrreeeyer e sl MR —=]] weithin 5 mefaere if

There is an urgent need to rally the interna-
tional community for a focused effort toward
a holistic physicalsociceconomic under
standing of deltas as critically delicate and
vulnerable systems undergoing change. Such
understanding is a basic requirement for their
management, protection, and restoration.

We propose that 20132014 be designated
as the Internatinnal Year of Deltas (1¥D0 to

geomorphology, ecology, sediment engineer-
ing, hydrology, coastal oceanography, stratig-
raphy, geography, history, anthropology, soci-
ology, political sciences, and economics.

Basic research guestions across these dis-
ciplines include the following:

|. What are the systemn dynamics of a delta,
its main processes and reservoirs, feedback
loops, system gains, and relevant parameters
that govern dynamic equilibrium states? How
strong is the two-way coupling between the
ecological communities of the delta top and
the geomorphic (physical) termplate?

2. How does the delta system (distribu-
taries, wetlands, lakes, lagoons, and coast-
lines) self-organize into a dynamic structure
capable of maintaining the subaerial delta
over different time scales?

2 Heawr e mertnirbiatiene i1 Pha e im



Vision for the 1YD

(1) Increase awareness and attention to the value and
vulnerability of deltas worldwide

(2) Promote and enhance international and regional

cooperation at the scientific, policy, and stakeholder
level

(3) Launch a 10-year initiative committed to understanding
these complex socio-ecological systems as the
cornerstone of ensuring preparedness in protecting and
restoring them in a rapidly changing environment

32



2013
Intematlonal Year
of Deltas

Why Deltas?

IYD Goals

Join us

Delta Events
Sponsors
Documents
Delta Resources
Show me Deltas!
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The Lena River Delta is the most extensive protected wilderness area in Russia.

Photo courtesy of USGS, EROS Data Center

Marine and lacustrine deltas around the world are economic and environmental hotspots.
They occupy approximately 1% of the Earth’s land area but are home to greater than 500 million people
— all within 5 meters of present-day sea level. Deltas support high productivity, rich biodiversity, and




IYD Sponsors

International International

Union of Association of
Geodesy and Hydrological
Geophysics Sciences

Land-Ocean
Interactions in
the Coastal Zone

. International
American Rivers 7% Ml Geographical

information from imagery

International - International
Geosphere-Biosphere &, Association of the Physical
Programme

CHANGE Sciences of the Ocean




DELTAS Sustainabllity Initiative

A successful proposal to the Belmont Forum

" Welcome to the

BELMONI

ECOUNCIL JF vlw

WEOR THE 1GFA” |

o
Deliverin
human acti

regionale x-;a. ment g

G8MUREFU3FP-2201-037: Catalyzing action towards sustainability of
deltaic systems with an integrated modelling framework for risk assessment

35



DELTAS Sustainability Initiative

USA: E. Foufoula-Georgiou (Univ. of MN); I. Overeem (Univ. of Colorado); S. Goodbred
(Vanderbilt University); I. Harrison (Int. Union for Conservation of Nature); C. Vorosmarty and Z.
Tessler (City College of New York); E. Brondizio (Indiana University)

Japan: Y. Saito (Geological Survey of Japan, Japan);

Germany: S. Dech and C. Kuenzer (University of Wuerzburg); F. Renaud (United Nations Univ.);
France: E. Anthony (Aix-Marseille University);

U.K: J. Hutton (United Nations Univ.); R. Nicholls, Z. Matthews, J. Dearing, A. Lazar, and A.
Baschieri (Univ. of Southampton);

India: R. Ramachandran (Anna Univ.)

Netherlands: M. Marchand and T. Bucx (Deltares)

Bangladesh: K.M. Ahmed (Univ. of Dhaka); M.M. Rahman (Bangladesh Univ. of Engineering and
Technology);

Vietnam: V. L. Ngugen (Vietnam Academy of Science and Technology); M. Goichot (World Wide
Fund for Nature — Greater Mekong)

Norway: A. Newton (Norwegian Inst. for Air Research, Norway);

Brazil: S. Costa (University of Vale do Paraiba),

Canada: G. Lintern (Natural Resources Canada); P. Van Cappellen and H. Durr (University of
Waterloo),

China: S. Gao (Nanjing Univ.),

36



DELTAS Sustainability Initiative

Advance science on resilience and sustainability of deltas as

critical coupled socio-ecological systems undergoing change
(Delta-SRES)

Develop and deliver a science-based delta sustainability

framework for risk assessment and decision support (Delta-
RADS)

Build an international repository of data sets including
physical, social, and economic data (Delta-DAT)

Implement and demonstrate the developed modeling and
decision support framework in selected deltas in partnership

with local stakeholders, and open to door for global use and
adoption (Delta-ACT)

37



DELTAS Sustainabillity Initiative BELM@NT

Process understanding
Coupled socio-ecologic system
Feedbacks

Social
Bio-

Thresholds Physical
Scenario development

I

|

Socio-Pdlitical

Biogeophysical

Integrated model
development

Scenario testing

Iterative
Learning

v

Data storage

Visualisation

Spatial (GIS)
analyses Prototyping
) in 3 deltas:

‘ : i _ B~  Amazon

Global Delta

Vulnerabilty | <z

&
Analysis

\ / DeltarADS \ [ Delta-SRES )

Stakeholder participation & consultation

Delta-GDVI

+ Extend to other deltas




Major science questions

(1)

(2)
(3)

(4)

(5)

(6)

How do climate change, pressure on resources, and engineering /
infrastructure development make people, biodiversity, and delta
ecosystems vulnerable?

How is this vulnerability to be measured?

How do delta areas absorb extreme events¢ What are the
hydrological and ecological thresholds underlying the integrity of
a delta region?

What are the relevant local and regional hydrological,
biophysical and social stressors for a particular delta system, how
do these interact, and how do they vary spatially and over time?

How can regional delta sustainability be balanced with economic
growth? and

How can one reduce future risk while attaining sustainable
development?

39



Natural Processes

Gaps in Knowledge

Large range of scales
Large range of processes

Sedimentary processes

Stratigraphic record

Reliability of knowledge

1000 years Woodroffe, et al., Ch 10, Harvey et al. (eds)‘,u}OOG



Controlled Laboratory experiments:
Form Deltaic Surface Evolution to Stratigraphy

Experiment DB0O3, SAFL — see Sheets et al., 2007
Ganti et al., JGR-ES, 2011, 2013




Numerical Modeling:
Effect of cohesiveness on delta form

Edmonds & Slingerland (2010) 42



N\ I —'
A8 Learning from Natur

All since 1980
>100 km2

Wax lake and Atchafalaya deltas can
serve as Natural Laboratories
NSF-funded project DDC

Mostly since 1973

g Slide courtes‘/lohrig




“Edge effects”:
boundaries are
disproportionally productive
and effective in sediment

trapping

Slide courtesA/lohrig



Response to Catastrophic events and thresholds to
recovery

Hurricane Katrina, 2005

Landsat Thematic Mapper 5 Hurricane Katrina Comparison Images

Upper Breton Sound Area
April 16,2004 September 7,2005




Interplay of fine and coarse scale feedbacks
for vegetation patterns == resilience
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Vegetation patterns are the result of fine-scale positive feedback and coarse-scale negative feedback. .

Rietkerk et al, Sience, 2004 46
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Human modification of deltas
e.g., Yellow River Delta — Aquaculture Expansion 1995-2010




The Ganges-Brahmaputra-Meghna (GBM) Delta:

FACTS:

-- ~100,000 km? draining land from Bangladesh, Bhutan, China, India and
Nepal.

-- 147 million people (in 2000) in extreme poverty. Population expected to
increase by 28% by 2015.

-- 30% of Bangladesh is within 5 m of sea level, tidal water movement 100 km
inland during the dry season

-- Proposed construction of mega dams

intensive shrimp farming
saltwater intrusion

49



The Mekong River Delta (MRD):

FACTS:

-- 94,000 km? and population of 17 million, one of Asia’s main food baskets, and
second only to the Amazon in terms of fish biodiversity.

-- Socio-economic transformation and urbanisation lead to degradation of forest
and wetland areas and increased water pollution.

-- Large-scale sand mining, mangrove removal for shrimp farms, dikes and
embankments to protect shrimp farms from flooding increase vulnerability

-- expected to rise 7% a year over the next 20
years; exhausting the river’s hydropower-generating capacity will
lead to a 7 x increase in efficiency with
adverse effects on fisheries and coastal erosion.

-- The Mekong river catchment is shared among six countries (China,
Myanmar, Lao PDR, Thailand, Cambodia and Vietham) —

in harnessing the resources of the basin,
especially hydropower development.

50



The Amazon River Delta (ARD):

FACTS:

-- The world’s largest, contributing 20% (175,000 m3/s) of the total global river
discharge to the oceans and discharging the highest total sediment load.

-- Influences the coastal economies of Brazil, French Guiana, Surinam, Guyana
and Venezuela.

-- Often classified as ‘low risk’ because of its limited damming and water/oil
extraction.

-- The conversion of are an
emerging environmental challenge.
- proceeds rapidly, and population, economy,

and infrastructure are growing quickly.
-- The projected , ports and aqueducts
will impact water and sediment flow from large tributaries

51



We are at the junction of defining
alternative futures

Future
, + Trajecto
N\ i, J ry
Distant\y\' T 4
Futures\
o

Futuresy _~ 1 4

<
+ Alternative

Presenut_s G
~. Futures

52
Morley et al, Past, Present, and Future Landscapes



Distant futures are not that distant ...

National Geographic, 1897

Slide modified from Robert Twilley



Laws of nature are “harder’ than concrete ...

“Every phenomenon and apparent eccentricity of the river ...is
controlled by law as immutable as the Creator, and the
engineer need only to be insured that he does not ignore the
existence of any of these laws, to feel positively certain of the
results that he aims at. ”

“If the profession of an engineer were not based upon exact
science, | might tremble for the result, in view of the immensity
of the interest dependent on my success. ”

From James B. Eads, USACE, circa 1876
taken from ‘The Control of Nature” by John McPhee, 1989

Slide modified from Robert Twilley



Closing Thoughts

We cannot ignore anymore the downstream effects of upstream river
basin management and exploration (need a “multi-generational”
perspective)

Nature is making some statements and will continue to make them so it is
better to work with her than against her

It is not about hydrologic and hydraulic engineering anymore: it needs an
understanding of “water-land-sediment-biota-ocean interactions” and an
approach that acknowledges deltas as dynamic socio-ecological systems

Deltas are rich platforms for basic research but there is urgency to make
this research actionable and start using our knowledge now having in
mind an adoptive management approach

International coordinating efforts and local engagement are critical
elements for progress and success

55



To leave in harmony in the Anthropocene
demands that we must beat the “Tragedy of the
commons”

... without clearly defined property rights, common resources will be overexploited
because individuals ignore the effects of their actions on the overall pool ...

56



Thank you
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