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The Issues: growing vulnerability
(coastal migration, infrastructure development, land claim)
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show the underlying layers. Thus the blue colour is not uniform.
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The Issues: Growing costs
engineering, iInsurance

I After the storm, the reckoning
Global natural-disaster costs, $bn (2011 dollars)
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..and the responses

e Increasing coastal defence e« Adaptation funds

Fast Start financing pledges
from Cancun Agreements:
$30 billion

Adaptation
25%

Mitigation
32%

Technology
500,000 (renewables)
12%
450,000 / §
Mobile Bay, Alabama. Graph from Douglass & 31%

Pickel (1999)



NGO Interest

e Concern at the loss of
natural systems

S . Aware that ecosystems can

~= play arole in coastal
defence, but that this may
be being overlooked

&+ Want to emphasise the
additional ecosystem
benefits




NGO Involvement
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Action on the ground

Planning tools/Decision
support

Science - building the case

Policy - making the case
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Action on the ground: coral reefs

Marriott, Grand Cayman

St Vincent Grenadines
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Action on the ground: seagrasses and
saltmarshes
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Action on the ground: oyster reefs

Mark Spalding
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Federal efforts

NOAA Restoration Center — 2009-2011 only

#projects Hectares  NOAA funding Total funding
Community-based Restoration
Program (CRP) 201 127.9 $ 9,602,929 $ 27,914,609
American Recovery and
Reinvestment Act (ARRA) 6 $ 18,066,812 $ 18,066,812
Damage Assessment, Remediation,
and Restoration Program 13 20.6 $ - $ 5,908,868
Appropriations 166 682.7 $ 1,220,853 $1,804,974
Emergency Support 4 459.7 $ 9,000,000 $ 9,006,876
Total 391 1404.7 $ 28,848,782 $ 53,660,327

US Army Corps of Engineers - Chesapeake

State Period Hectares  Cost
Maryland 1996-2011 182 $6,726,000
Virginia 2000-2011 162 $12,800,000
Total USACE Chesapeake 344 $19,526,000



Oyster reefs as coastal defence
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Oyster reefs as coastal defence




Oyster reefs as coastal defence
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Planning tools and decision support:
Participatory 3D modelling, Choiseul, Solomons (AusAlID)
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Planning tools and decision support:
sea-level rise and storm surge scenarios
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Planning tools and decision support:
Gulf of Mexico

Restoration Decision Support
Ecological, Social and Economic
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Planning tools and decision support:
Building numerical models

natural
Example Outputs: Oyster Reefs s
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Science - building the case

Evidence for
service provision

!

Factors affecting
level of service
provision

}

Quantitative
relationships :
Factors = Level

|

Modelling and
predicting
Service provision

|

to plan how to

" Applying models

. increase service |

Location Species

Cocoa Creek,
Australia

Iriomote Island,
Japan

Tong King Delta,
Vietnam

Bruguiera sp.

Kandelia candel

Vinh Quang coast, Sonneratiasp.
northern Vietnam

Red River Delta,
Vietnam

Nang Hai, Can Gio pyicenia sp. and

Vietnam

Kandelia candel

Red River Delta
and Can Gio as above
forest, Vietnam

Wate attenuation / transmission Source

Rhizophora stylosa Wave transmission factor 0 to 0.7 Brinkman et al. 1997

Wave transmission factor 0.2 t0 0.8  Brinkman et al. 1997
Waves attenuated 20% per 100m Mazda et al. 1997

45% / 100m when water 0.2m deep, Mazda et al. 2006
26% per 100m when water 0.6m deep (typhoon conditions)

0.002 t0 0.011/m Quartel et al. 2007

50-70% in first 20m (coinciding with  Vo-Luong & Massel 2006,
2m scarp) 2008

mean 0.0043/m over 80m of forest  Bao, 2011

All studies reviewed show that mangroves are capable of
reducing wave energy and height).



Science - building the case
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Science - building the case

Evidence for
service provision
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to plan how to

Applying models .
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Three models:

WAPROMAN (Vo-Luong and
Massel, 2008)

SWAN model (Suzuki et al.,
2011)

Used to estimate wave attenuation
behind a mangrove island Dhamra Port,
Orissa and to make case for expansion of
mangroves

Regression model based on
forest structure data (Bao,
2011)

Used to to work out the required band
width of mangrove forests of different
vegetation structure to reduce 3m waves
to 0.3m for Vietnamese coasts
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Science - building the case

Storm surge reduction in Florida
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all studies (7} all studies (30) accretion lateral erosion  marsh surface
rate (19) reduction (6) elevation (5)

Zhang et al., 2012

Wave Shoreline Stabilization (overall and by measure of effect) Shepard et al. 2011
Attenuation PloS One 6: e27374



Relative
sea level rise
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Building the economic case

5.8km of restored oyster reefs, Alabama, USA:

Fisheries:

— 3100 kg/year of additional fish and crab total economic output
of $39,000/year.

Coastal erosion:

— 51-90% reduction in wave height and 76-99% reduction in wave
energy at the shore.

Nitrogen abatement:
— 130-1890kg of nitrogen per year removed from Bay waters.
Economic impacts from reef construction itself:

— $8.4 million in local output, $2.8 million in earnings and 88 jobs
created.

Kroeger, 2012 and in press



ommunication and outreach
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ENUST shifting the needle
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— World Bank
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 Partnerships
— NOAA, Restoration Center n

— US Army Corps, SAGE - hybrid engineering
— Mangrove Capital Project (Wetlands Int, Deltares, Wageningen)
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