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Solution requires
collaboration among
researchers from multiple
disciplines, policy makers,
community stakeholders,
first responders, and the
citizens.

Climate change impacts,
disasters, and disaster
resilience are a pressing
global concern.
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Resilience Assessment
Zeeland, the Netherlands
& the 1953 flood

(Source: Arenas,Brito, Lam, and Liu, 2009)

Hurricanes 1851-2007

(Source: Arenas,Brito, Lam, and Liu, 2009)

Hurricanes 1987-2007

Hurricane Katrina hit the Gulf Coast in August 2005, A Cat -3 hurricane at landfall near New
Orleans, Katrina resulted in over 1,800 deaths and $108 billion in damages.

In Honduras alone, although Mitch
had already weakened to a Cat -1
hurricane at landfall, the damage
was over 14,000 deaths and $3.8
billion economic loss.

In late October 1998, Hurricane
Mitch struck Central America, leaving
more than 18,000 people dead and
causing more than $5 billion in
damages. It was the deadliest
hurricane to hit the Western
Hemisphere in more than 200 years.

Uneven Impacts

· Louisiana lost approximately 1,900 square miles of coastal
land from 1932 to 2000.
· Louisiana is projected to lose approximately 700 square miles
between 2000 and 2050 (absent restoration efforts).
· Land loss rates from 1956 through 1978 were 39 square miles
per year.
· Land loss rates from 1990 through 2000 were 24 square miles
per year.

Coastal land loss projected by the USGS Wetlands Research Center, Louisiana (Source: CPRA 2011)

Mississippi Delta- The Problem Setting

Planning for sustainability requires a better
understanding of the interactions between the
natural and human dynamics in deltaic regions.

How should we plan and maintain
sustainability in these deltaic regions?

Global warming and sea-level rise pose a
serious threat to low-lying deltaic regions.

In Louisiana, 27.6% or 1.2 million people
would be impacted if sea level rises 3
meters (Lam, Arenas, Liu, 2009).

Population Impacted by Sea-Level Rise

(source: A report by the Mississippi River Delta Science and Engineering
Special Team using the map provided by LA CPRA, 2012).

Predicted land change over the next 50 years if we do nothing

(Source: Dismukes et al., 2011)

(The Advocate, Nov. 1, 2011)

Louisiana:
U.S. No. 1 producer of
crude oil
No. 2 in petroleum
refinery
No. 3 in natural gas
production

Pipelines and refineries are increasingly exposed to land
loss and coastal hazards

Impacts on Human

Benefits of Coastal Protection

Administration, US Department of Energy; Dismukes et al., 2011)

importance of the GOM region (Source: Energy Information

Will southern Louisiana reach the tipping point where it may become
unstainable? What is the utility function that make people stay or move?
What are the interaction effects between human and natural factors?

During 2000-2012,
Ascension (39.9%) and
Livingston (39.4%)
parishes in the North had
very high population
increase; St. Bernard (46.6%) and Orleans
parishes (29.1%) in the
South had high
population decrease .

(Source: The Greater New Orleans Community Data Center, Jan 23, 2012).

Over the last ten years, the Vietnamese population has shifted toward Jefferson and
St. Tammany and away from Orleans and Plaquemines. From 2000 to 2010, the
number of Vietnamese in Jefferson Parish grew by 1,687 and in St. Tammany by 511

Human Responses
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LULC prediction may guide management, planning and restoration
in the studied region

(1) How did the LULC change processes differ between the North and the
South? What made them different.
(2) How will the future LULC patterns in the two sub -regions look like if no
intervention or mitigation measures are implemented?

A LULC model is needed to link different components of a coupled
natural and human system
LULC system is a complex adaptive system driven by environmental
and socioeconomic processes

A Land-Use Land-Cover Change Model

Funded by the U.S. National Science Foundation
(Lam, Liu, Reams, Rivera-Monroy, Dismukes, Pace)

1. Develop models to
assess the resilience
(sustainability) of a
CNH system
2. Develop a system-level
model to capture the
dynamic linkages
among the major
components
3. Compare and
understand factors of
resiliency between the
North and the South
4. Simulate future
scenarios for planning
and decision making

Coupled natural
-human dynamics in a
vulnerable coastal system

Artificial Neural Networks and Cellular Automata

One of the
many data sets
used to mine
the land
use/land cover
change process

ANN training

Change to urban
Change to agriculture
Change to grassland/shrub
Change to forest
Change to water
Change to wetland
Change to barren

Target: LULC changes

Step 2: Simulation using the derived ANN
The derived ANN was applied as transitional rules in a cellular automaton to
simulate the future LULC change .
The ANN model calculates the probabilities that a land cell converts into the
seven LULC types.
The land cell change to the LULC type with the highest probabilities.
Implemented in a system coupling ArcGIS andMatlab is practical
Validation shows more than 90% accuracy by comparing simulated and actual
LULC changes.

Step 1: Model calibration
Two ANNs were trained separately
for the South and the North.
10% of the dataset were randomly
selected for the ANN training.
Training carried out in the ANN
toolbox in Matlab ; used a backpropagation training algorithm

Modeling procedure

Number of agriculture cells
Number of urban cells
Number of grassland/shrub cells
Number of forest cells
Number of water cells
Number of wetland cells
Number of barren cells

Neighborhood cells

Elevation
Soil type
Distance to urban area
Distance to water body
Distance to primary road
Distance to secondary road
Distance to pipelines

Original LULC type
Spatial variables

Input variables

Input and target variables

2006 2016
(simulated)

1996 2006
(actual)

Urban

Water (land loss)

Agriculture

Simulated LULC changes from 2006 to 2016

2)
Simulated LULC changes from 2006 to 2016 (unit: km

2)
LULC changes from 1996 to 2006 (unit: km

Simulation results

Wetland

1154 sqr. miles (less
optimistic)
508 sqr. miles ( moderate)
565 sqr. miles

CPRA scenario

Our scenario

Next 50 years

Urban growth in both the South and the North will accelerate (North
>South).
Agriculture land in the North will significantly decline.
Wetland loss continues, but will accelerate in the North but slowed down in
the South.
Water expansion (land loss) has increased by 38% in the South, which is
equivalent to a land loss of 76.8 km2 (0.4% of the total land of the South).
A simulation to 2056 confirmed the moderate scenario of CPRA.

The simulation reveals future trends of LULC changes

ANN can solve non -linear relations in an adaptive complex system
Separate modeling in the South and North produced better results
Coupling ArcGIS and Matlab for implementation is practical

The modeling approach (ANN + CA) is effective for LULC modeling
with complex social and natural characteristics

1345 sqr. miles

N/A

Next 100 years

CPRA land loss scenario in 2060 (less optimistic)

Conclusions

Our land loss scenario in 2156

Our land loss scenario in 2056

Simulation on future land loss

http://www.rsgis.envs.lsu.edu/cnh
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Community resilience and population migration
Sedimentation, biomass, and hydrology
Land pricing and real estate market
Governmental policies
Genetic algorithms & system equation approach

Coupling with other project components

Take into account more variables, e.g. subsidence rate,
sediment, hazard frequency.
Understand the factors of LULC changes and their
feedbacks.
Extend to a larger area (whole GOM region), using HPC.

Modeling and simulation

