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Ecosystem Science:

Natural Systems in Highly Engineered
Landscapes



Environmental Issues Requiring Strong National
Agenda

Relative Sea-Level Rise Scenarios for the Gulf of Mexico
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Natural Ecosystems Built/Urban Ecosystems
 Wetland/Floodplain ¢ New Orleans
e Shoreline  Rural Communities
 Upland * Navigation

 Energy Related
Managed Ecosystems
o Agriculture

e Forestry
* Fisheries
 Restored Ecosystems

FIGURE 2-4. Diagram of an environmental system with use of
gymbols of the energy circuit language.




Federal Projects with purpose to Protect and
Serve the Public Good,
With Long-term Unintended Consequences
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Ecosystem Forecasting:
Risks, Restoration, Resiliency
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Coastal Louisiana Ecosystem Assessment and Restoration
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Ecosystem Forecasting
Systems:

1) Conceptual Models

2) Numerical Models

3) Observation Systems

4) Data Management
Systems
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Concepts of Ecosystem Resiliency - National
Agenda

e Metrics to test hypothesis;
forecast ecosystem state
change; establish ecosystem
report cards; establish critical
threshold conditions
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Increasingly studies in ecology and other
fields are showing... (that systems)
maximize performance by pulsing...
Pulsing can maximize long-range
performance.

[from H.T. Odum 1988 Science
242:1132-1139]
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Uncertainty Assessment of Ecosystem
Forecasting:

Land Surface Dynamics (storm surge);
Climate Change,;
Ecosystem Thresholds;

Model Validation



s for the Gulf of Mexico
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Ecosystem Science and Hurricanes:

Natural Systems as Part of the
Protection Strategy



The problem in urban areas is clear
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Strategies for Developing Scenarios

Resto atlon effort

Landscape integrity
+
Economic outputs

+

Protection measures



Storm Protection

Historic <:

Barrier islands {J\ continuous
YA act as buffers to reduce storm
surge penetration (::I & wave impacts
along the coast. With the presence of
healthy, intact barrier islands & extensive

wetlands, only small flood protection
levees are required.

eir
buffering capacity is lost. Storm surges<_ "]
& wave impacts penetrate farther inland
with increased magnitude and frequency.
This results in the need to huild and
maintain larger levees rf‘i}& more
complex pumping systems to protect
communities & commercial infrastructure.




VIEWPOINT

Social-Ecological Resilience to Coastal Disasters

W. Neil Adger,'* Terry P. Hughes,” Carl Folke,” Stephen R. Carpenter,’ Johan Rockstrom’

Social and ecological vulnerability to disasters and outcomes of any particular extreme stable, to a more reahstic viewpomt aimed at
event are influenced by buildup or erosion of resilience both before and after disasters sustaiming and enhancmg the capaaty of socal
occur. Resilient social-ecological systems incorporate diverse mechanisms for living ecological systems to adapt to uncertamty and
with, and leaming from, change and unexpected shodks. Disaster management requires SUTPIISE.

multilevel governance systemns that can enhance the capacity to cope with uncertainty

and surprise by mobilizing diverse sources of resilience. Coastal Hazards and Resilience

Table 1. Examples of local- and regional-scale actions to enhance resilience in social-ecological
systems exposed to abrupt change.

Elements of Local action National and international action
vulnerability
Exposure and Maintenance and enhancement of  Mitigation of human-induced causes
sensitivity to ecosystemn functions through of hazard
hazard sustainable use Avoidance of perverse incentives for
Maintenance of local memory of ecosystem degradation that increase
resource use, learning processes sensitivity to hazards
for responding to environmental Promotion of early warning
feedback and social cohesion networks and structures

Enhancement of disaster recovery
through appropriate donor

response
Adaptive capacity Diversity in ecological systems Bridging organizations for
Diversity in economic livelihood integrative responses
portfolio Horizontal networks in civil
Legitimate and inclusive society for social learning

governance structures and social
capital




Recommendations
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(1) Ecosystem Forecasting: Risks,
Resiliency, and Restoration

(2) Ecosystem Forecasting: Thresholds for
wetland stability under different scenarios
of sediment supply, tidal amplitude, sea
level rise, subsidence, and hurricane
disturbance?



(3) Uncertainty Assessment: Land
Surface Dynamics; Ecosystem
Thresholds; Pulses as Part of System
Stability;



(4) Environmental
Observation Systems;
Questions assoclated
with large-scale
disturbances
(hurricanes); Data
acquisition and model
verification (data
archives);




BoR Post Hurricane Forum 2006
‘Science Recovery and Discovery: Role of Higher
Education in Securing a Sustainable Future’

Goal of Forum 2006

e Rebultlding of Science

 Science of Rebuilding



(5) Ecosystem Science and Engineering: Role
of natural coastal systems to protection
strategies; Coastal Engineering and Science

Natural Engineering
A Coastal Ecosystem Forecasting Science Science
System:

A Modular Approach to Link
Modeling, Monitoring, and Data

Economics
and Social
Science

Applied Science (CLEAR)

[(What is feasible?
[How is/will it perform?
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