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INTRODUCTION 
 
Objective 
This workshop will identify the essential elements of a coast-wide strategy for rebuilding 
Louisiana’s coast in the wake of hurricanes Katrina and Rita.  The 2050 Plan established the 
overarching goal of “a Louisiana coast that supports and protects the regional and national 
economy.”  To achieve this goal, a coast-wide strategy must address the subsidiary goals of flood 
protection, wetland restoration and economic and community development.  The results of this 
workshop will contribute to a report that outlines the requirements for a comprehensive, coast-wide 
recovery strategy and major issues that must be addressed by such a strategy. 
 
Approach 
We will review and critique The Multiple Lines of Defense Strategy to Sustain Coastal Louisiana 
(MLOD) whitepaper prepared by the Lake Pontchartrain Basin Foundation.  This strategy serves as 
a strawman for discussing what will be required to meet the three subsidiary goals of flood 
protection, wetland restoration and economic and community redevelopment in the post hurricane 
setting.  Presentations on each of these topics will review the natural processes and human activities 
that are reshaping the coast and identify the range of engineering, economic and human 
development strategies available to pursue the overarching goal of “supporting and protecting the 
regional and national economy.” 
 
Discussions following each presentation will seek answers to the following questions: 

• What is required to achieve each subsidiary goal? 
• What opportunities exist now for innovative, new approaches? 
• Does the MLOD strategy support the requirements of each subsidiary goal? 
• If not, how can these requirements are supported in a coast-wide plan? 

 
Venue 
Marriott Hotel, New Orleans  
Salon D – 2nd Floor 
555 Canal St. 
New Orleans, LA 70130 
 
Sponsors 
The Bioengineering Group, Inc. 
Environmental Defense 
Lake Pontchartrain Basin Foundation 
National Wetland Research Center, U.S. Geological Survey 
 
Host “Organization” 
This conference is being hosted by the Motley Krewe Working Group, a “non-organization” that 
formed the week after Hurricane Katrina with the purpose of enabling improved communications 
among the many working on coastal issues.  
 
The following members of that group were charged with convening this conference.  They should 
be contacted for further information. 
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Len Bahr, Governor’s Office of Coastal Activities, len.bahr@gov.state.la.us 
John Lopez, Lake Pontchartrain Basin Foundation, johnlopez@pobox.com 
William Nuttle, Eco-hydrology, wnuttle@eco-hydrology.com 
Robert A. Thomas, Center for Environmental Communications, Loyola University New Orleans, 

rathomas@loyno.edu 
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AGENDA 
 

Requirements for a Coast-wide Strategy to Rebuild Louisiana’s Coast 
Marriott Hotel, New Orleans, 18 January 2006 
 
8:00  Registration 
 
8:30 Welcome 

Carlton Dufrechou, Lake Pontchartrain Basin Foundation 
 Jimmy Johnston, USGS/NWRC 
 
8:50  Summary of Multiple Lines of Defense Strategy  

John Lopez, Lake Pontchartrain Foundation 
 
9:20 Workshop Objectives and Approach 
 Bill Nuttle, facilitator 
 
9:30 Processes and requirements for a coast-wide strategy for flood protection and storm surge 

mitigation – Case study: Atchafalaya 3rd Outlet concept 
Paul Kemp and Hassan Mashriqui, LSU 

 
10:00 Facilitated discussion  
  
10:30  Break 
 
11:00  Processes and requirements for a coast-wide strategy for ecosystem enhancement  

John Day, LSU, and Sue Hawes, USACE 
 
11:30 Facilitated discussion 
  
12:00  LUNCH (Limited box lunches available at $5.00 cash or lunch on your own.)  
 
1:00  Review of morning discussions, preview of afternoon 
 Bill Nuttle, Eco-hydrology 
 
1:15 Economic activities and requirements for community re-development  

Shirley Laska, UNO 
 
1:45 Facilitated discussion 
 
 
2:45 Pulling it together - Summary of discussion on subsidiary goals 
 Bill Nuttle, facilitator 
 
3:45 Wrap-up: Where do we go from here? 
 Len Bahr, GOCA 
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SUMMARY NOTES  
 
 

Requirements for a Coast-wide Strategy to Rebuild Louisiana’s Coast: critiquing The Multiple 
Lines of Defense Strategy to Sustain Coastal Louisiana” 

 
January 18, 2006 
New Orleans, LA 

 
Hosted by the Motley Krewe Working Group (Len Bahr, John Lopez, Bill Nuttle, & Bob Thomas) 
 
Official Sponsors: Lake Pontchartrain Basin Foundation, Environmental Defense, The 
Bioengineering Group, USGS National Wetlands Research Center, and the CREST Program 
 
9:00 – John Lopez – Lake Pontchartrain Basin Foundation 
Presentation summarizing The Multiple Lines of Defense Strategy to Sustain Coastal Louisiana (MLOD)  

• MLOD is a model to integrate coastal restoration and flood protection (i.e., a model to sustain the 
coast) 

• Habitats goals (Ecological engine)  +  Flood Protection  (economic engine)  =  sustainable coast 
• Eleven types of Lines of Defense are proposed and include natural and manmade features  
• Habitat goals should be based on historical baselines and sustainability of the habitats considering 

the current condition of the estuaries 
• Overlay of the target habitats and the Lines of Defense defines the “Where” and What” of restoration  
• The Multiple Lines of Defense strategy  was used to prioritize projects within the Pontchartrain 

Basin  
• The Pontchartrain Lines of Defense program includes ten projects which all have dual benefits  i.e. 

coastal habitat restoration and flood protection  
•  
• Benefits of this strategy which support sustainability: 

• The strategy produces an integrated map of landscape goals 
• Shifts toward a more riverine influenced hydrology 
• Does not conflict with economic corridors of abandoned distributaries 
• Marsh landbridges are “survivor marsh” which may be more sustainable 
• Models are utilized to convey ideas and calibrate projects;  such as  CLEAR’s conceptual 

ecological model  
• The strategy promotes adaptive management since goals are clearly defined 
• Strategy  encourages Institutional commitment & economic viability 
• There is feed-back loop that  –  a commitment to protect (i.e., build levees) supports the 

economy; when the economy is enhanced, more revenue is generated to support the commitment 
to protect 

More information may be found at saveourlake.org 
 
9:20 – Bill Nuttle  Workshop objectives and approach 

• Workshop Objective: identify the requirements for a comprehensive, coast-wide recovery strategy 
and major issues that must be addressed by such a strategy 

• Motivation for multiple lines of defense (comprehensive, coast-wide effort):  
o “Focusing only on levees is a fool’s gamble” – Robert Verchick 
o “We need a map” - NAS/NRC report on LCA 
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• Flood protection, wetland restoration, and economic development goals often conflict and compete 
for resources 

• What is a “coast-wide strategy?” 
o Not just levees; need a diversity of approaches 
o Activities tailored to specific settings – geologic, geomorphic, hydrologic, etc. 
o Must answer three questions:  

 How to protect from flooding?  
 How to restore and preserve natural resources? 
 How to develop and sustain economic activities beneficial to LA and to the US?  

  
9:30 – Paul Kemp and Hassan Mashriqui, LSU   
Presentation: Processes and requirements for a coast-wide strategy for flood protection and storm surge 
mitigation – Case study: Atchafalaya 3rd outlet concept 

• “Integrated coastal protection and processes”   
o Kemp  

 Need strong levee systems with redundancy – need one defense to pick up the slack 
for another.  No two storms are the same, so we need different lines of defense to 
compensate for this.  

 He showed a “Dutch Inspired Proposal Map” which consists of category 5 hurricane 
levees across the interior of the coast; people inside the levees would not need to 
evacuate for hurricanes 

 Also need to restore barrier islands and coastal wetlands, etc.   
o Mashriqui: Two steps (levee protection with wetland restoration) 

 Storm surge from Katrina piled up in Lake Borgne; surge was about 18 ft in MRGO 
and 14 ft in Industrial Canal  

 If levees had held, New Orleans would not have had extensive flooding   
 Threats to New Orleans 9th ward – 1. MRGO leads water to the Industrial Canal, and 

2. Existing hurricane protection levees create a funnel effect; this creates such a fast 
flow that the levees were actually scoured.  

 If we had levees in the wetlands of lower St. Bernard parish, the funnel effect of the 
current levees may have been reduced.  

 Most of the levee failures were near New Orleans East and St. Bernard parish near 
the MRGO 

 Most of the erosive wave action and scour to the levees occurred along parts of the 
hurricane levee system where there were no / very little wetlands to border them.  
Tree lines and wetlands saved portions of levees from being washed away.  Tree 
lines and tall grasses absorb storm surge energy and wave energy, and can provide 
significant protection to levee systems. 

o Kemp –Restore coastal processes to create protection 
 ADCIRC model shows lower surge elevations in areas where there are wetlands. 

Need to sustain wetlands outside of the levees. We’ve had inadequate commitment 
to levee protection systems and to wetland restoration.  If you commit to levees, you 
can also commit to restoration (i.e., the “barrier plan” can be integrated into a super-
levee or very high levee system).   

 Currently, the Atchafalaya River is not building land efficiently- more sediment is 
coming down the river than is being utilized for natural land building.  We could do 
a “hands on” approach, constructing diversions along the Atchafalaya (i.e., divert at 
east levee near Pilot Channel).  Building land could then help provide flood 
protection. 

 Overall – we must engineer restoration processes into the landscape (i.e., have flood 
gates in levees to mediate the natural processes).  7



 We should anticipate flood protection failure, and therefore have redundancy in the 
protection system. 

 Need to consider the timing of this (How long will it take to have adequate flood 
protection for coastal LA?). 

 
10:00 - Facilitated discussion 
 

• Rod Emmer – It is unwise for Paul Kemp to say that people living behind the flood protection levee 
would not have to evacuate.  We need to be realistic.  

• Paul Kemp - LSU - Said that his statement was based on the Dutch approach – the Dutch don’t 
evacuate in areas behind their levee system. 

• Mark ? - Agrees that it would be unwise to tell people not to evacuate. 
• Man in the audience – Agrees that telling people not to evacuate is ill advisable because even if no 

flood damage, structures may fail due to wind damage.  
• Paul Kemp - LSU - said that he didn’t say “don’t evacuate” – he said that that’s the way that they do 

it in the Netherlands; the Dutch don’t evacuate.  They actually have the level of protection necessary. 
From an engineering standpoint, it is possible to create that type of flood protection. 

• Man in audience - How would flood protection levees (spanning across entire bays) allow 
movement of aquatic organisms from one side to another? Would there be landscape connections 
across the levees? 

• Paul Kemp – LSU – If the main objective of the levee system is to provide flood protection, then 
fewer/smaller hydrologic connections are preferable.   

• Man in audience - What about flooding via Lake Pontchartrain and the land bridge?  Because Paul 
Kemp said that levee breaks occurred due to lack of trees (and other natural protection), what about 
flooding across the land bridge?  The land bridge levees will be exposed and vulnerable to erosion 
and scour.  

• Paul Kemp - LSU - Yes, they are exposed and we need to provide a swath of wetland protection.  
• Lee Richardson - Lake Catherine Civic Association – He has an interest in the East Orleans land 

bridge. 
• Jerry Spear – environmental lawyer – Doesn’t feel like John Lopez’s MLOD presentation is 

integrated with Paul Kemp’s “super-levee” presentation; how can these two be integrated?  
• John Lopez - LPBF – Said that he talked about natural lines of defense, but the concept of multiple 

lines also include man made lines of defense; that’s how the “super-levee” fits into the strategy. 
• Nick Norton - SEU – How critical are flood gates to the system? Do we need new flood gates in the 

system?   
• Paul Kemp - LSU – Yes, flood gates are critical.   
• John Lopez - LPBF – They are critical, but viewed as a last resort. 
• Bill Nuttle – Flood gates serve a special role - they stop impending surge.   
• Paul Kemp - LSU - Put flood gates on the “super-levee” to allow organisms to move from one side 

to another. Flood gates would serve a dual role – they can remain open all the time for critters to 
move from one side to the other, and they can be closed when there is a threat of flooding. 

• Oliver Houck – Tulane Law School – We need a starting point.  Some people are starting with 
flood protection, which leaves ecosystem restoration as the runt of the litter.  This is a bad idea.  We 
need to know what the primary goal is. The goals should be 1. Restore the coastal zone, 2. Determine 
where the people and developments are, and 3. What areas are we going flood protect?  The Dutch 
plan has been to maximize flood control and then see what they could do for the environment.  
Because of this rationale, they lost all of their wetlands.  The Dutch idea is not the right way for us to 
proceed.   

• Woody Gagliano – New Orleans is clearly vulnerable on the eastern side.  He is a fan of natural 
barriers but Lake Borgne is such a vulnerable area that we need to consider artificial levees for 8



protection in that area.  We can’t build a natural barrier in Lake Borgne fast enough to achieve 
protection; therefore, we need artificial at least in that one location. 

• Ricky Brouillet – DNR – There have not been any discussions about the level of risk and reliability 
we’re willing to accept with the design?  We need to take into account the flooding of the 
Mississippi River – if we put levees along the coast, they could hold water in if the river flooded 
behind that levee system.  Also need to consider the cost of alternatives. 

• Len Bahr - GOCA- Hurricanes Katrina and Rita hit LA and wreaked so much havoc that everyone 
felt the need to do something.  John Lopez had already written the MLOD white paper before the 
hurricanes.  These storms have made a lot of pre-storm protection ideas obsolete.  We can’t simply 
revert to pre-storm thinking.  There are opportunities that are available now that may never come up 
again.  Example – Do not provide flood protection for Venice; rebuild it somewhere else, etc.   

• John Lopez – LPBF – The federal and state agencies are looking at flood protection and restoration 
together.  

• Barry Kohl - LA Audubon Council and Tulane – There was a situation in Jefferson Parish where 
developers wanted to develop all the way to Lake Salvador – the area near the lake is now a state 
park.  Luckily, a “line of no growth” was established and it protected the area.  The state needs to set 
“lines of no growth” in each parish, because with time, developers will push into every area along 
the coast (no matter of the flood risk).  “Lines of no growth” could prevent development in areas that 
are at high risk for flooding and also leave open areas for productive natural habitats.  

• Becky Boudreaux – UNO – How can we protect the port infrastructure (Port Fourchon, etc.) using 
the Dutch "super-levee?”  It doesn’t make sense because some areas of the coast are below the levee 
protection.   

• Paul Kemp - LSU – The “super-levee” would not protect communities south of the levee.  People 
can either live below the levees and deal with evacuations and continued threat, or they can move to 
areas within the levee system.  

• Becky Boudreaux – UNO - The super levee is not a protection for all the coastal people.  Should 
they relocate permanently? 

• Paul Kemp - LSU – It is not meant to protect all parts of the coast, and people are already 
relocating.   

• Bill Nuttle – This is where the “multiple” lines of defense comes into play.  No one solution will 
protect everyone. 

• Allen Eskew – architecture / planner- We need to consider the consequences of wind damage.  
Everyone is modeling flood damage, but no one is modeling wind. We are missing a huge part of the 
picture because wind can cause just as much damage as flood waters. He is waiting for LRA to show 
a map of wind damage just as the LSU Hurricane Center has shown a map of the flooding.   

• Carol Franze – UNO – Is there an effort to predict storm surge and potential flood damage?  Today 
we classify hurricanes based on barometric pressure and wind speed, but we should categorize them 
based on the storm surge. 

• Hassan Mashriqui - LSU – Storm surge varies greatly depending on where you’re located on the 
coast. Storm surge in Terrebonne Parish will differ from that in Lake Borgne, etc.  It would be very 
difficult to categorize hurricanes based on forecasted storm surge due to the high degree of variation 
within the local setting.  

• Mark Shexnayder – LSU Ag Center – We should divert water from the Bonnet Carre Spillway 
into Lake Pontchartrain. Lake Pontchartrain should be a “chocolate lake.” 

• Carlton Dufrechou – Director, Lake Pontchartrain Basin Foundation – He would strongly 
support opening the Bonnet Carre into local wetlands but not directly into the lake.  

• Woman in the audience - Can we superimpose what would have happened if Katrina would have 
hit New Orleans directly and not western Mississippi?  Given the actual storm track, New Orleans 
flooded, but many eastern Mississippi communities no longer exist.   
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• Hassan Mashriqui - LSU - Storm surge has to do with details of the coast line.  They did model the 
storm track further west, but never got a storm surge over 18 ft (even though the MS coast received a 
25 ft surge).  He said that it’s a local landscape issue, based on landscape features.  

• Woman in the audience - What if the storm had hit as a category 5?  Even with the amount of 
destruction, it wasn’t even the worse case scenario.  

• Paul Kemp - LSU- Yes, we know that Katrina was not the worse case scenario; the worse case 
would have been a lot worse.  

• Len Bahr - GOCA - As vulnerable as we are, we do have an awesome tool, the ADCIRC model; it 
can hindcast and predict different scenarios.  This tool will be incredibly important for future plans 
and restoration.  

• Mike Tabony - concerned citizen group – Even if we build a “super-levee,” how will we stop the 
surge from moving up the Mississippi River?   

• Paul Kemp - LSU – We’re not trying to stop the surge from moving up the river; however, the 
integrity of the Mississippi River levees should be considered in future plans. 

• Billy Marchal – Bring back New Orleans – One idea from NOAA and COE – use $2million to put 
a real time storm surge monitoring system on an offshore oil platform; this can help with our 
modeling ability. Tides begin to change once a storm enters the Gulf, and this would help us predict 
storm surge earlier.  

• Ioannis Georgiou – UNO - Isn’t WAVCIS already there?  The problem is that monitoring stations 
tend to go out during the storms.   

• Man in the audience – Yes, WAVCIS is there, but those monitoring stations are cemented into 
buoys; the other man was talking about a real time tracking system further out in the Gulf to feed 
into models earlier.  

 
BREAK – 10:30 – 11:00 
 
Bill Nuttle: Overview  
First part of the meeting dealt with flood protection; second part will deal with ecosystem enhancement. 
 
11:00  John Day – LSU Professor Emeritus  
Presentation - “Mississippi Delta restoration in a post–hurricane, post-modern world”  

• Delta – balance between growth and decline  - riverine input, floating marshes, skeletal framework 
(barrier island, ridges, re-suspended sediments; loss = subsidence, loss of river input, saltwater 
intrusion, fragmentation of skeletal framework 

• Map of relic distributaries before settlers changed the landscape 
• Human impacts have diminished sustainability and increased deterioration ; after 5000 years of net 

growth, we now have decline 
• By the mid 20th century, over bank flooding, crevassing, and distributary flow has been stopped or 

greatly reduced – starving the coast 
• Delta restoration – increase forces leading to delta growth; reduce forces leading to delta 

deterioration; also need to look at broader issues; hurricanes, global change, Mississippi River basin 
energy cost and availability 

• Management options equivalent to natural forcings: reopening distributaries, crevasses, etc.  
• Loss of marsh in the Breton sound area following Katrina; high level of disturbance in brackish 

marsh; not so much damage in salt marsh across coastal zone.  Hurricane Andrew had a similar 
effect; the state is going to use Caernarvon diversion at its maximum flow possible to help rebuild 
the damaged areas.  Most of the damaged area can probably re-vegetate.  Accretion due to Katrina 
and Rita was apporximately10cm in 2 days!  Past 10 years, accretion averaged ~1cm/yr. 

• Applicability of the Dutch model to LA  
o They have solved the problem of hurricane protection (i.e., establish your country in an area 

with no hurricanes) 10



o They don’t have the level of rain that we have 
o They have a stable geologic base 
o They have very few wetlands that they can restore  
o They have pervasive water quality problems behind the dikes 
o There is very low accretion in LA without sediment from the river 
o There is a consensus among scientists that climate change is occurring; one model predicts 

there will be a 39% increase in flow in the Mississippi River and Atchafalaya River between 
2090 and 2099.  

o Recent hurricane research shows that the number of storms has not increased, but the 
magnitude of them has  

o Oil use grew rapidly since 1940’s, but discovery is steady/declining; future generations will 
have problems 

o We’ll never be able to finish building cat 5, “super-levee”; it will take too long and will cost 
too much 

o The price of oil will be too high in the future, just as constructing levees may become too 
expensive to maintain in the future 

o Must have both levees and sustainable coastal landscapes 
• Near-term, critical, restoration feature of LCA should be reexamined and prioritized (suggested by 

the NRC upon review of the LCA plan) 
• We need a stronger inner defense around larger population centers, with broad, self-sustaining 

wetland landscapes that can reduce encroachment of open deep water in those centers and also 
reduce storm surge 

• Need future integrated plans 
• Must recognize future changes that may affect options (increased cost and threat in the future…) 
• We need flood protection that works with nature, not against it 
• In 1970, many people thought that canals were good, while diversions were unheard of.  In 2006, 

many people believe that canals are bad and diversions are good.  In 2030 and beyond, well will be 
doing new things that are considered unacceptable now or not even imagined yet (i.e., permanently 
open large spillways, no living below sea level, no birdfoot delta, seasonal occupation along the 
lower coast, natural resources being more important than the economy) 

 
QUESTIONS  
 
• Man in the audience – We’re only producing 30% of the oil that we’ve already found, but we can still 

tap into secondary and tertiary recovery efforts (it’s just not economically viable now because oil isn’t 
expensive enough to warrant it); overall, there is still a lot of oil left to be had 

• Jimmy Johnston - USGS – Based on the NRC report, how would you (Day) reevaluate the LCA 
restoration plan?   

• Man in the audience – Day said that levees are energy intensive, so how does that compare to energy 
use in dredging operations, pumping sediments, etc.   

• John Day - LSU- Yes, those efforts are energy costly, but using spillways and diversions are not costly 
(beyond the initial construction).   

• Len Bahr - GOCA– Building and maintaining levees takes a lot of effort, and they are not sustainable. 
We should build sustainable marshes using massive sediment redistribution. 

• Man in the audience - Increasing energy costs have resulted in a 25% increase in construction efforts. 
• Alex McCorquodale - UNO – What about the drastic drop in sediment load in the river?  Sediment was 

reduced because of the many dams upstream.  We may need to decommission reservoirs in the 
Mississippi River Basing to restore sediment flow to our region. 

• Man in the audience - Upper portions of the Mississippi River drainage basin are accumulating 
sediment faster than they can dispose of it.  We should look at options such as the Illinois Department of 
Natural Resources – “Mud to Parks” program.  We can initiate a “Mud to Marshes” restoration plan.  We 11



can barge sediment down from IL to rebuild our marshes.  It is like a liver transplant for a dying patient; 
we must do it, no matter what the cost.  The cost to the nation to transport sediment from IL to LA is less 
than the cost to the nation to lose the resources from LA wetlands.  

• Gene Turner- LSU – With regard to the idea that canals are bad and diversions are good – we’re not 
doing anything about the canals.  We need to close them.  We also need to take another look at 
diversions.  They don’t necessarily bring all the benefits that John Day mentioned.  Some of Day’s 
assumptions about diversions need to be readdressed.  There is a problem with sediment; marshes are 
built up by plant biomass.  This is not the same river that we had in 1860.  It’s not a sediment dominated 
system that maintains marshes. 

• Doug Meffert - Tulane– A strategic plan must account for natural resources and trends in energy use.  
Does the Boesch et al report take into account urban areas and infrastructure as well as how population 
shifts will influence green spaces? 

• John Lopez – LPBF – The Boesch et al report does not address those issues.  
• Woody Gagliano - Emphasis of restoration has been on vegetated wetlands and marshes more than 

swamps.  We need to recognize the importance of natural ridges as part of restoring.  
 
• Bill Nuttle presents Sue Hawe’s (USACOE) – comments:  

o MLOD strategy does a good job merging flood protection and wetland restoration.  
o Coast 2050 mentioned merging the two, but MLOD is first report to actually combine the 

concepts.   
o Acknowledge barrier shorelines as a line of defense (LOD) (Caminada headland, Region 

Four Shoreline, land bridges are the only marsh LOD).   
o We need a LOD where marsh is created adjacent to levees and highways, especially 

evacuation routes.   
o This parallel marsh would provide protection to these vital LOD’s.  Parallel marsh - 

CWPPRA PPL 16 projects. 
o Determining historical baseline for THT is difficult, and this map seems to have far too 

much fresh marsh in Barataria and Terrebonne basins. 
o We need recognize that marsh creation by diversion is slow and pushes fresh marsh way out 

into the estuary. 
o Some stakeholders won’t be happy with this approach.  
o MLOD must become truly coast wide and involve people of Barataria-Terrebonne and the 

Chenier Plain. 
o We need fishermen, hunters, scientists, engineers, parish representatives, industry 

representatives, plain folks, non-profit organizations, and academics. 
o There are opportunities for new approaches - sediment pumping and Dutch-type flood gates 

(so that we don’t ruin the marsh) 
o Does the MLOD support wetland restoration?  YES, but it should incorporate 

aforementioned comments for improvement.  
 
QUESTIONS 
 
• Hassan Mashriqui – LSU - We need to recognize the importance of public consultation; suggests that 

people should get what they want (i.e., if they’re satisfied with 50-year flood protection, then that option 
should be considered). 

• Man in the audience - Does the oil industry support the restoration of the wetlands? c 
• John Lopez – LPBF – Flood protection touches all industries, either directly or indirectly. 
• Man in the audience – Sue’s recommendation was to coordinate the coastal community – is there really 

a way to do that?  Just today, there are three or four coastal restoration meetings going on.  There is no 
coordination as of yet.  
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• Len Bahr – GOCA - It’s his job to coordinate the scientists, but the bureaucracy, etc., makes it difficult; 
he says that there needs to be a coastal Czar to coordinate all science / restoration efforts. 

• Mark Shexnayder – LSU Ag Center – We need to attack the problem; however, we get attacked when 
we try to open a diversion.  How should we deal with this?  We need to bring the system back to what it 
used to be (i.e., historic salinity regimes, etc.). 

• John Lopez – LPBF - Restoration of the Pontchartrain Basin to a pre-industrialization baseline is better 
than restoring to 1949, because there were no canals.  If the fishermen are not consulted, they will be 
against diversions; however, if we do not restore the wetlands, fisheries will decline.  

 
12:00  Lunch Speaker – Jan de Jager, Dutch engineer  
Presentation – Integrating navigation, engineering, and restoration – the Dutch experience 
• Parts of the Netherlands are up to 8m below sea level; with the tidal range that they have, parts of the 

country would flood twice daily without the massive flood protection system. 
• Heavily populated region (500 people/km2)  
• Their soil is alluvial and experiences subsidence. 
• Their airport is 4m below sea level. 
• Dutch started building levees over 1000 years ago.  
• The Netherlands used to flood 

o The lands north of Amsterdam were heavily flooded in 1916  
o This was a turning point for them; enough is enough 

• They shortened their coast line and protected the country 
• The last time they flooded was 1953, and 1800 people died; this was the major turning point for them.  
• They built tree major sea dikes 
• There would be a huge cost for doing this for the LA coast.   
• The Dutch government has made a legislation to collect money from the oil companies – called the 

“subsidence funds;” it is only right to let the US oil companies take part of the responsibility for wetland 
restoration in LA.   

• Steel sheet pilings with concrete are not the answer; LA should restore the vast amount of wetlands, and 
have green, earthen dikes. 

• Ask legislation to get compensation to fill the many obsolete oil / gas canals. 
• Suggests abandoning the outermost wetlands and let nature have them.  
• The Dutch have water boards (similar to levee districts) that are chosen by the public. 

o Everyone contributes; this system has been in place for 900 years;  
o Members serve for 4 years and can be reelected by the people. 
o Everyone that serves on the board is an educated professional. 

• The Dutch are impressed with the US’s evacuation system (i.e., the level of coordination).  
 
1:00  Bill Nuttle – Review of morning discussions and preview of afternoon 
What is a coast wide strategy?  It’s not just levees; we need a diversity of approaches.  We need activities 
that are tailored to our setting.   
• Major questions 

o How can we protect ourselves from flooding? 
o How can we restore and preserve our natural resources?   
o How can we develop and sustain economic activities beneficial to LA and to the US?  

 
OPEN DISCUSSION  
 
• Man in the audience – Suggests incorporating flood damage reduction within Nuttle’s three 

aforementioned points (work with engineering, work with wetlands, and deal with elevation and even 
relocation) 13



• Paul Kemp - LSU – Suggests incorporating timelines (can’t take 50 years to provide protection from 
flooding); we also need to incorporate ecosystem processes 

• Man in the audience – We need to incorporate priorities in the system, in terms of funding and what is 
economically feasible.  We need to link this to what we’re trying to accomplish 

• Billy Marchal - business community, Bring New Orleans Back Commission – In the business world, 
they use a term called “time to marketing.”  If you don’t get your product to the market soon, your 
competition will win.  For us, Mother Nature is our competition.  We should look at short, medium and 
long term projects, and put a “time to market” plan out there.  We can’t get money from Washington 
until LA has a single plan (not 4 plans).  We should lay out a short term (0-3 yr), medium term (3-7 yr), 
and long term (7+ yr) plan.  

• Bill Nuttle - What is required to achieve these goals?  What opportunities exist now for innovative, new 
approaches?  Does the MLOD strategy address the processes to get to the goals?  We need to recognize 
the processes that drive change.  We need to identify specific objectives and endpoint.  Are there new 
opportunities for innovation?  How do goals (flood protection, restoration, economic redevelopment, etc) 
complement or conflict one another?  

 
1:15  Shirley Laska – UNO – 
Presentation:  Economic activities and requirements for community redevelopment 
• Presentation Outline 

o Setting the stage: view from the human 
o Contribution that LPBF/Lopez proposal makes  
o Challenges it faces 
o Boesch et al report 
o Third line of defense 
o Take aways 

• Setting the stage: view from the human – Coast 2050 plan was a strong plan that included the 
stakeholders, but as time went on, not much effort was made to bring humans into the process.  Projects 
were conceived technically without input from the stakeholders; stakeholders were not included until 
after the projects had already been dreamed up.  Next, there was LCA – this was a more state-wide, 
coast-wide plan; however, congress asked for short term plans.  When the short term plans were 
generated, stakeholders were left out again.  Now, after the 2005 hurricanes, there is an opportunity to 
include humans in the planning process.  Caernarvon diversion structure is an example of how not 
including stakeholders can wreak havoc for everyone (oyster lease lawsuits, etc).  The impact of 
restoration projects upon humans is complicated and often significant.  Only a limited number of agency 
technicians recognize this reality.  Agencies generally have limited tolerance for stakeholders.  It’s also 
difficult for stakeholders to image the future of the coast if restoration doesn’t occur.  Is this the window 
of opportunity for both sides to be acknowledged?  The agencies have to understand the importance of 
stakeholder involvement in the planning process.  

• Contribution of LPBF / Lopez proposal – Lopez links ecosystem needs and human needs.  Human needs 
for restoration are much shorter than the ecosystem needs.  We need efficiency for providing flood 
protection.  One good point about the MLOD strategy is that it has a short timeline.  For human interests, 
we can slurry (add sediment to) the coast and make mounds of mud, but that doesn’t necessarily build 
ecosystems.  Lopez’s idea points out that you can use the mud to 1. protect form flooding and 2. create 
ecosystems.  He has reminded us of the linkages.  

• Challenges the MLOD faces- FEMA used to have flood mitigation (now it’s called flood preparedness); 
however, the MLOD proposal doesn’t incorporate this.   

o The human part of the coast is a moving target.  Since Europeans settled this area, we have felt 
that we have a static coast.  Hurricanes have taught us otherwise.  Populations have had to move 
and relocate; however, there is a desire for families to return to their “homes.”   
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o Our coast is also a moving target in terms of industry (showed map of pipelines across coastal 
zone); some oil companies are relocating their main offices out of New Orleans to Galveston, 
Mobile, etc.   

o Highways and instates – which ones should we beef up?  If there are no longer communities at 
end of certain roads, do we need to rebuild them?  

o Natural resources are also moving targets – LA’s last shrimp cannery has left LA. 
o The culture of LA is totally dependent on both the people and the natural resources.   

 We can’t have Cajun culture without 1. Cajun people, and 2 LA’s natural resources 
(oil/gas, fisheries, etc.) 

 After two generations, the skills associated with family occupations are lost (true both 
for women and men) 

o Basically, EVERYTHING within the coast is a moving target; nothing is static. 
o We need to consider how changes to the system affect the natural resource users (shrimpers, 

fishermen, etc.) - we can’t just assume that they’re going to move around to find the resource – if 
the resource is moved too far or lost completely, they may just give up the trade. 

o Sometimes, ecosystem changes can have good results, but people will first see havoc and loss of 
their resources.  After the ecosystem calms down, things can return to a previous state. 

o Humans fight to live in the ecosystem that they feel fits them the best (just like fish/shrimp swim 
around to find habitats that suit them best, humans want to live in places where they feel best 
suited).  A fisherman will fight to live along the coast, because that’s the habitat that suits him 
best.  

o The MLOD strategy needs to incorporate adaptive management processes.  
• Boesch et al report - Integration of planning, investment and regulatory decisions.  How should the 

federal and state governments engage all parties involved?  She showed a slide of a “California-Coast 
Design” home with concrete walls, a flat, concrete roof, and concrete pilings that have rebar within, 
extending below the ground level.  It was the only house to survive hurricane Katrina for miles along the 
Mississippi coast.  We can build our homes in these coastal areas; we just have to have strict building 
codes.  She showed a slide of a home that survived hurricane Katrina in Plaquemines Parish – very 
steeply slanted roof, elevated 22 ft off the ground, deep pilings (perhaps driven into a slab), etc.   

• Third line of defense – non-structural mitigations (elevated houses).  There is no other way.  People are 
waiting to rebuild when the new flood maps come out, so that they can see if there home is in the flood 
zone.  Need stakeholder inclusion, inclusion, and inclusion. 

• Take Aways - The complexity of restoration is overwhelming.  The complexity must be dealt with, not 
avoided.  The benefit of today’s workshop to find “guides” to overcome complexity challenges (coastal 
map and interlocking lines of defense).  We need to work on building societal momentum to heed 
scientists warning to act now. 

 
QUESTIONS 
 
• Man in the audience – There should be a 90-95% agreement on a small number of specific projects so 

that we can move forward on them.  
• Woman in the audience - How do we educate the masses?  How can we educate people that what’s 

happening along the coast (rebuilding/not rebuilding certain communities) is not an economic (economic 
class, race, etc.) issue?  How can we convince them that the state is just trying to get them out of harms 
way?   

• Shirley Laska – UNO - Nonstructural mitigation includes education, evacuation, etc. Example of why a 
lot people didn’t evacuate New Orleans: In Princeville, NC, land was given to an African American 
community after slavery ended.  They would not leave the area even with the hurricane risks that they 
faced, because they felt like someone would take it away from them in their absence.  This is the same 
reason some people did not evacuate from New Orleans.  Families have been living in some of those 
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homes for generations, and there was a feeling that their legacy would be lost, that they would lose the 
only thing they had if they evacuated.  Reliving bad past experiences; loss of a legacy.  

• Woman in the audience -Why are people looking for a short term solution?  Some are trying to reduce 
their flood damage below 50% (to avoid compliance with new flood codes).   

• Shirley Laska – UNO – People are doing this because they just want to go home.  New flood zone maps 
are being created based on areas that received “50% damage,” so the new maps won’t be correct if 
people are concealing there true level of flood damage.  

• Bill Nuttle - Older constructions in FL survived past hurricanes due to good building standard, while 
newer structures were heavily damaged; this shows the important to put forth the effort to meet higher 
building standards. There is a need for a side-by-side example of new and old structures following a 
hurricane, so the public can see the importance of stricter building codes. 

• Man in the audience – Evacuation from New Orleans tended to rely on whether people were self-reliant 
or state-reliant; those people who are self-reliant picked up their families and evacuated; those who are 
state–reliant did not evacuate. 

• Shirley Laska – UNO – Many people in New Orleans do not own a car; evacuation was more likely an 
issue of those who owned a car evacuated and those without a car did not evacuate.  We found no 
income difference in those who did / did not evacuate from Jefferson Parish (where a car is basically a 
necessity).  Evacuation was not an issue of economic self- or state-reliance.  

• Woman in the audience – We should have a rail corridor between downtown New Orleans and the 
airport; this could be used for future evacuations.  Once people arrive at the airport, they could be flown 
out.  

• Shirley Laska – UNO - Yes, other ways of making sure that evacuation occurs for everyone (regardless 
of vehicular or economic status) should be a priority.  

• Shirley Laska – UNO – additional explanation of the home that survived hurricane Katrina in 
Plaquemines Parish  

o 4000 sq ft living area 
o Owner/builder had just built a FEMA-compliant (elevated 17ft off the ground) house that 

was named “Hurricane Hut.” Flood insurance for this house was $5800/year.  
o The man was then motivated to build himself a similar house, and he discovered that if he 

elevated his house to 22ft off the ground, the flood insurance would drop to only $800/year.   
o It is likely that his house survived the hurricane because of it’s elevation.   

 
MISCELLANEOUS DISCUSSION   
 
• Alaina Owens – CLEAR - Gave a brief description of the conceptual ecological model newsletter 

(Reducing flood damage in coastal Louisiana: communities, culture, and commerce).  Copies are 
available (www.clear.lsu.edu or aowens@lsu.edu).  

 
• John Marlin – Illinois Department of Natural Resources  
Presentation - Mud to Marshes 

o Source of sediment is the Peoria Lake portion of the Illinois River; river mile 165  
o There are places where there is 25ft of sediment – IL topsoil that eroded and is filling in 

many lakes. 
o This sediment is actually building deltas at the mouth of channels (into lakes) 
o The grain size / soil classification  = silty-clay and silty-clay-loam 
o They amended sandy soils with this silty-clay, and the size of experimental corn was 

drastically larger than those grown in unamended soil.  
o They can easily get a barge to carry it off. 
o They have used it to cover an old landfill in Chicago; resulted in lots of self re-vegetation.  
o This is a good sediment source because it comes from outside of delta. 
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o They can deliver it as mud; it can be pumped, conveyed, sprayed, trucked, etc.; It can be 
transported and applied as a thick consistency or thinned by mixing with water; It’s cohesive 
and does not need containment for application. 

o They found about 62 plants in the seed bank (mostly sedges).  
o There is very little free water (52% moisture content).  
o The sediment can be deposited by cement pump trucks. 
o Pumps can be attached to marsh buggies to transport the mud into the marshes (without 

tearing up the marsh and without having to dredge a channel for a barge to get through). 
o For more information:  www.wmrc.uiuc.edu or  http://ilrdss.sws.uiuc.edu/ 
o This is good material to use for building land in coastal LA. 
o The IL senators are trying to get money to do a demonstration project to build land in coastal 

LA – we need to get LA’s senators to get behind this as well. 
 

• Man in the audience – Louisiana loses a football field size of land every 30 min.  Let’s say it’s 6 inches 
deep.  This equals 30,000 cubic feet.  There are 100 lbs / cubic feet at a 50% moisture level.  A barge holds 
50 tons (?).  We need 1 barge full every 30 minutes.  This equals 50 barges / day for 365 days/ year.  This 
would be18,000 barges / year.  This equals 20 million cubic yards / year.  If we utilized the sediment from 
IL, we would deplete their sediment in about 5 years.   

o IL has too much sediment and we have too little. 
o We can’t afford the cost, but if we bring private industry into this, we would have a taxable 

revenue stream in the shipping process.  
o The federal government may or may not decide to support the transport of sediment from IL 

to LA; therefore, we need to get the states to support this idea. 
o We can purchase investment tax credits. 

 
• John Marlin – IL Dept Natural Resources– There a lot of industries that are interested in doing this – 

caterpillar, barge companies, etc.  
 
3:00 –Bill Nuttle - Recap of the day’s events: recognize processes driving change; identify specific 
objectives and endpoints; are there new opportunities for innovation? How do goals (flood protection, 
restoration, and economic redevelopment complement or conflict?) 
  
Processes: 
• delta processes building/degradation;  
• decision processes for individuals (what are people trying to do for restoration, flood protection and 

flood damage reduction);  
• trends in oil / gas (economy) ;  
• building levees (this is a process with a timescale);  
• building wetlands ;  
• climate change (hurricane risk ; river discharge);  
• sea level rise,  
• risks from wind damage are not addressed in the MLOD document;  
 
Open discussion about “processes”: 
 
• Piers Chapman – CREST – We should look into mining the birds foot delta for sediment; this could 

also help restore natural east to west flow of currents across the coast. Currently, the longshore current 
may be cut off by the extension of the birds foot. 

• John Marlin – IL Dept. Natural Resources – We need to get the federal agencies on the same page so 
that marsh restoration isn’t limited to areas immediately next to dredging operations.  We should be able 
to move sediment down from places where it’s not needed to areas where it is needed.  We must think of 17



environmental restoration as environmental restoration, not as an adjunct goal tagging along on another 
goal. 

• Woman in the audience – Sometimes we have to mitigate areas that have already been mitigated; to 
combat this problem, restoration efforts must be communicated with the regulatory agencies so that they 
don’t get in the way of the projects that are proposed. 

• Man from NOAA – The entire regulatory processes need to be reviewed. 
• Woman in the audience –The USACOE did develop a strategy for self certification.  Regulatory 

processes were never intended to assist proactive restoration; they are intended to throw up road blocks 
to increase thinking.  The USACOE has satisfied its NEPA allowing plans to be designed.  There should 
be a link between districts within the same agency (i.e., within the USACO).  Currently, the USACOE 
(and other federal agencies) typically can’t do work across district boundaries.  

• Man in the audience - Once a restoration plan is accepted, what is the process to educate the public?  
 
Consultation:  
• Man in the audience - We must educate stakeholders, get their input, and give them options BEFORE 

we go to the regulatory agencies.  Once there is buy-in from the public, agencies and state officials may 
be more likely to stand behind it.  

• Ann Rheams – LPBF – LPBF has been working on educating the public on issues related to their work.  
They’ve done this through news ads, print material, and other education outreach.  They are looking at 
new ways to integrate the public into what they’re doing.  

 
Conflicting and complementary themes: 
 
• Complementary ideas – MLOD = protection in depth, natural ridges, skeletal framework, third line (i.e., 

Shirley Laska’s nonstructural element).  All of these flood protection ideas are complementary under the 
MLOD strategy.  

 
• Conflicting ideas – Who goes first?  Do we protect from flooding or restore wetlands?  We have patterns 

of growth that inhibit risk reduction (people want to live along the coast, and they don’t want to use strict 
building codes for their homes).  

 
• John Lopez – asks several questions to the audience: 

o Who thinks we can protect the coast using only levees?  One person raises their hand.   
o Who thinks both natural and engineered structures are needed?  Everyone else in the room raises 

their hand.  
o Who thinks the coast is uniform and should be protected to the same degree across its entirety?  

No one raises their hand.  
o Who thinks the coast has different values in different parts and should be protected to a different 

degree depending on the location?  Everyone in the room raises their hand.  
o Who thinks maps are a good tool for communicating (?)  

• Kathy Haggar – Wetland Consultant – Maps don’t always convey the value of a 
community, our value to the nation, costs, monitoring, etc.  When you show someone a 
map, they will fix only on what is shown on that particular map.  We must be careful of 
what we chose to show people.  

• Man in the audience – Does not think maps are effective.  We need to include oil / gas 
and ALL stakeholder groups; we must engage the stakeholders. 

• Man in the audience – Does not think maps are effective.  When dealing with 
ecosystems, it’s hard to look at large areas because there is a lot of uncertainty.  How do 
we plan feasibility and incorporate inherent risk?  We must be able to translate this to the 
public, and maps might not always be the best tool.  
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• Brian Perez – USGS – Maps are important because they can show priority areas (or 
priority projects, etc.).  Using maps, smaller, focused project areas can be justified 
quicker.  

• Andy Nyman – LSU – It would be fairly easy to make a single map to depict the 
Chenier plain, because it is not very dynamic; however, we would need a series of maps 
for the Deltaic plain because it is such a complex, dynamic region.  

 
• THREE GOALS  

o flood protection 
o restoration 
o redevelopment 

 
3:45 – Len Bahr – Wrap up of the meeting 
• The hosting group came about because no one was dealing with science immediately after the hurricanes.  

They were frustrated by this, so they formed a group and called them selves the Ad hoc, Post Storm, 
Motley Krewe working group.  They put aside their previous agendas and agency ties / biases.  The 
hurricanes created an opportunity for them to do this; however, as time passes, this window of 
opportunity is already closing, and people are getting bored;. 

• LCA is now obsolete.  This is why they held the workshop today; they wanted to put a straw man out 
there for LA to build off of.  The MLOD paper was already written, and it made a good starting point.  
The objective of the workshop today was to look at the pros and cons of the MLOD strategy.    

• We need to think bigger.  We have made many serious mistakes in the past (i.e., closing Bayou 
Lafourche, closing Bayou Manchac, dredging the largest oyster bed in Atchafayala Bay, etc.).  We now 
need to think on a large scale of how to repair the landscape.  

• Kevin McCaffery (New Orleans film producer) with E-Prime Productions was here all day and filmed 
the workshop for those who couldn’t be here.   

• Please don’t just go back to your office and business as usual; use the ideas presented today as a jumping 
point.  We all need to stay involved.   

• With regard to the Coast 2050 plan, the science community wasn’t given a clean slate on which they 
could contribute new ideas.  They were only given the opportunity to react to old ideas.   

• What Paul Kemp said today about “super-levees” was never considered in any of the older plans.  We 
need to think bold, like the Dutch (i.e., send Red River water down through the Mermentau system; this 
would also alleviate flooding in Alexandria). 

• We also need to incorporate navigation because we can’t propose any changes to the coast without 
including navigation.  They are a huge economic player in LA’s economy. 

• Another important tool that was developed is the physical model of the lower Mississippi River; it was 
built at LSU. 

 
 

19



POWERPOINT PRESENTATIONS (AVAILABLE) 
 

John Lopez 
Suzanne B. Hawes

20



1

Lake Pontchartrain Basin Foundation

Coastal Sustainability Program

John A. Lopez, Ph.D.

January 2006

Supporting Documents

The Multiple Lines of Defense Strategy to Sustain Coastal Louisiana, 2005

Comprehensive Habitat Management Plan for the Lake Pontchartrain Basin, 2006

SAVEOURLAKE.org

The Multiple Lines of Defense Strategy to Sustain Coastal 
Louisiana

Define Habitat Types and Sustain Define the Lines of 
Defense and Sustain

A Model to Integrate of Coastal Restoration and Flood Protection

Traditional Model

$$
$$

Sustainable Coast ?
Coastal 
Restoration 
Shortfall

Flood 
protection 
Shortfall

Flood Protection 
Shortfall

Define Habitat Types and Sustain Define the Lines of 
Defense and Sustain

Integrating of Coastal Restoration and Flood Protection

A New Model

$$
$$

Sustainable Coast
Sustainable Coast

The “Post – Katrina” Coastal Planning 
Governor Blanco  November 10, 2005

“Coastal restoration and hurricane protection must go hand in hand and 
must not be treated as separate efforts.  This integration will allow us to 
achieve true coastal protection for south Louisiana.”

CRS Report to Congress  November 18, 2005 RE: LCA

“Congress might consider asking the corps to examine how each of the 
restoration projects might mute future storm damage, and whether there 
are some modifications that could be made to pending projects that would 
further protect the city or other south Louisiana communities.”

National Research Council   Re: LCA

“To Achieve this, the development of an explicit map of the future 
landscape of coastal Louisiana should be a priority as the implementation of 
the LCA study moves ahead.”
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Define Habitat Types and Sustain Define the Lines of 
Defense and Sustain

An integrated map of landscape goals:
A Sustainable Coast

The Multiple Lines of Defense Strategy to Save Louisiana’s Coast

Lines of Defense

definable geographic areas in which certain natural or 
manmade features or activities are promoted or 
implemented, resulting in the reduction of impacts by 
tropical weather systems in coastal Louisiana. 

1st LOD 
Offshore Shelf

2nd LOD 
Barrier Isl

3rd LOD 
Sound

5th 
LOD 
Natural 
Ridges

4th LOD 
marsh 
landbridges

6th LOD 
Highway 
Found. / 
spoil

8th LOD 
Flood 
levee

9th LOD 
Pump

0’

20’

40’

-20’

-40’

Wave Height Elevation

Max. Storm surge Elevation

Land surface Elevation

10 th LOD 
Elevate:
Immobile 
Assets

11th LOD 
Evacuation routes

Model of Multiple “Lines of Defense” (LOD) to Reduce the Impact of 
Tropical Weather Systems to the Louisiana coast
(Scale is vertically exaggerated and approximate)

7th LOD 
Flood 
Gates

Inland Municipality,   
e.g. N.O.

Gulf of Mexico

Mean sea Level

Effective LOD’s

Potential “Lines of Defense” in Southeast Louisiana
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8
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Marsh Land Bridges

Target Habitat Types are the accepted wetland habitat 
goals  for the coast, which dictates the salinity gradient 
of the coast; therefore, it is the official salinity goals for 
the state

Habitats includes swamp, fresh marsh, intermediate 

marsh, brackish marsh and salt marsh.

“Target Habitat Types is primarily based on consideration of an historical 
baseline and what is biologically and physically achievable with restoration, 
considering the already collapsed condition of the Louisiana coast.  

The overriding goal of development of the Target Habitat Types is stabilization 
and sustainability of the regional estuaries which compose coastal Louisiana 
and their estuarine functions.”

Fresh Habitat Maintain salinity

Only habitat to build land by river reintroductions 

Maximize land-building from River 
reintroductions

Promote sustainable cypress forestry
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Brackish Habitat – maintain salinity
Promote oyster production, seed grounds, 
support private industry, oyster cultch, reef 
stabilization structures etc

Enhance and Protect barrier reefs where 
critical to coast Define Habitat Types and Sustain Define the Lines of 

Defense and Sustain

Sustainable Coast

The Multiple Lines of Defense Strategy to Save Louisiana’s Coast

A strength of the Multiple Lines of Defense 
approach is the ability to merge the 
mapped habitats and lines of defense in a 
meaningful way through GIS

Potential “lines of Defenses in Southeast Louisiana
Overlay of Habitat goals over the Lines of Defense

Defines the “Where” and “How” of coastal restoration
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Fresh Habitat

Maintain Salinity

Land building through river reintroduction

Long-distance Pumping & Marsh Creation 
with a sustaining river reintroduction

Intermediate Habitat

Maintain salinity

Marsh Creation 

Armoring

Habitat enhancement

Brackish Habitat

Maintain Salinity

Oyster seed grounds

Construct reefs

Develop & Protect barrier reefs

LOD/Habitat Project Identification & Project Gaps
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BA-41

An Example of 
CWPPRA’s
Landscape 
Level Planning

The “Barataria 
Basin Landbridge 

Concept”

Map provided by Natural 
Resource Conservation 
Service

M
ississippi R.

Bayou LaFourche

Integration of Levee Protection and Evacuation Routes into the LOD’s

Integration of Development Corridors Routes into the LOD’s

Example Development Corridors
Define Habitat Types and Sustain Define the Lines of 

Defense and Sustain

Sustainable Coast

A Model to Integrate of Coastal Restoration and Flood Protection

(A Model to Save the Coast)
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Target Habitat Types GIS Lines of Defense GIS

Map of Coastal Goals

7
6
5

4
3 2

1

81
1 9

&
1
0 Define Habitat Types Define the Lines of Defense

Ecologic Engine Economic Engine

Sustainable Coast

A Model to Integrate of Coastal Restoration and Flood Protection

(A Model to Save the Coast)

Multiple Lines of Defense Strategy

Natural LOD Engineered LOD

Project A Project A

Project B Project B

Project C Project C

Etc. Etc.

Other CHMP Goals and Recommendations

Project A

Project B

Project C

etc

Questions to answer: Who, What, Where & Cost

Approximately 100 
recommendations

Habitats Lines of Defense

A common Vision 
of a Sustainable 
Ecosystem and 
Economy
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Reconstructed Habitats of the Lower 
Pontchartrain Basin circa 1912- 1932

Saline         18 ppt (8-29 ppt)

Brackish     10 ppt (4-18 ppt)

Intermediate 4 ppt (2-8 ppt)

Fresh            0 ppt (0-3 ppt)

Fresh Swamp 0 ppt (0-3 ppt)

Levee habitat - mixed 
hardwoods

Hydrology for the LOD’s
Modeling – PRP funded  PIES

Caernarvon FW Div  - operationable    CIAC

Caernarvon FW Div. expanded in LCA   USACE

Violet Canal – Expanded discharge not approved  LPBF

Hope Canal – Approved under design   EPA

Pontchartrain Lines of Defense Program:
Prioritized Projects Utilizing the Multiple Lines of Defense Strategy in the Pontchartrain 

Basin, i.e. providing dual benefits Current

Funding Request

1. Maintain the MRGO-Lake Borgne Landbridge LCA

2. Restore the Bayou la Loutre Ridge (includes constriction of MRGO to ICW dimensions)

3. Restore the Chandeleur Barrier Islands

4. Construct the Jefferson Parish fringe marsh buffer

5. Construct the Violet Reintroduction to maintain target salinity in LA and MS

6. Maintain and restore the Biloxi Marsh Landbridge and reefs (South)

7. Maintain and restore Breton Landbridge with Caernarvon and marsh creation

8. Maintain critical marsh shorelines and ridges of the East Orleans Landbridge

9. Maintain and restore Biloxi Marsh Landbridge and barrier reefs (North)

10. Maintain and enhance the Maurepas Landbridge with Maurepas Reintroduction CWPPRA

4% of  the Pontchartrain Basin
7% of Pontchartrain Estuary

20% of Pontchartrain wetlands

Where: Bayou la Loutre Ridge

What: Constrict MRGO channel (GIWW 
dimensions), rebuild and re-forest natural ridge,  
natural ridge and intermediate marsh

Who:

US Army Corps of Engineers - Lead agency

LSU SRC

LSU Hurricane Center

St. Bernard Parish

The Nature Conservancy

DNR

Lake Pontchartrain Basin Foundation

Cost: Requested $200,000,000 

Performance Goals
Flood Protection: Impede northward movement of storm surges through the MRGO and overland across the 
Bayou la Loutre ridge resulting in reduced storm surge elevation north of Bayou la Loutre ridge 

Habitat Restoration: Natural levee ridge habitat of live oak, black willow providing refuge of indigenous ridge 
species 

Define Habitat Types and Sustain Define the Lines of 
Defense and Sustain

An integrated map of landscape goals
Does it define a Sustainable Coast?

The Multiple Lines of Defense Strategy to Save Louisiana’s Coast
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Efficient Use of Restoration 
or Flood Protection 

Funding

focuses limited restoration funding on a 
limited number of features which 

together are a framework for the coastal 
estuaries and flood protection.

2 for 12 for 1

Shifts Toward a More Stable & Riverine Influenced Hydrology

aligns all coastal resource managers, coastal restoration programs to a common natural 
habitat and resource architecture utilizing riverine resources

Wax Lake delta: Lafayette Geological Society website

Fundamental Economic Compatibility

Bayou natural ridges are compatible with ecologic restoration while continuing 
to be economic corridors, evacuation routes etc.  

2000 Landsat imagery

Invests in Survivor Marsh 

Marsh landbridges are largely the residual marsh and, in general, 
should have less potential to be loss due to processes of subsidence,  
faulting etc.

Potential marsh landbridge Lines of Defense
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Models Assess Strategy

Quantitative hydrologic and ecosystem models will help define the map 
and guide toward sustainability

LA Conceptual Ecological Model Newsletter, 2005

Adaptive Management 

Goals are definable and measurable allowing for feedback to ongoing 
coastal management

Institutional Commitment & Economic Viability

Natural Lines of defense are designated with a commitment in 
perpetuity just as manmade lines of defense such as a levee 

The economic viability of the region will be enhanced and available to 
maintain the lines of defense framework .

Target Habitat Types Lines of Defense

Sustainable Coast
Sustainable Coast

Multiple Lines of Defense Strategy
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Multiple Lines of Defense 
Strategy to Sustain Coastal 

Louisiana
Document does excellent job of 
merging flood control and wetland 
restoration
Coast 2050 mentioned merging, 
MLOD is first report to actually 
combine the concepts

Multiple Lines of Defense 
Strategy to Sustain Coastal 

Louisiana

Suggested improvements to:
Concept
Process

Concept Improvements

Acknowledge barrier shorelines as a 
LOD

Caminada Headland
Region 4 shoreline

Concept Improvements

• Land Bridges are only marsh LOD
• Need an LOD where marsh is created 

adjacent to levees and highways, 
especially evacuation routes

• This Parallel Marsh would provide 
protection to these vital LOD’s
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Concept Improvements
Parallel marsh

* CWPPRA PPL 16 Project 
* Madison Bay Marsh Creation and 
Terracing creates land east of highway
* Protects Montegut Levee and Hwy 55

Concept Improvements
• Determining historical baseline for 

THT is difficult
• This map seems to have far too much 

fresh marsh in Barataria/Terrebonne
• Suggest O’Neil, 1949, as baseline

Concept Improvements
• Land Bridges only marsh LOD
• Thus, he who draws land bridges is 

the God of wetland restoration
• Must insure input from a variety of 

sources

Process improvements
• We all want wetlands for many reasons

• It’s just what kind and where
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Process improvements
• THT’s can determine strategy
• Recognize that marsh creation 

by diversion is slow and pushes 
fresh marsh way out in estuary

• Some stakeholders won’t 
be happy

Process improvements
THT’s and Land bridges cannot be 

drawn only by:
Bureaucrats in an office building

Academics in an 
Ivory Tower

Process improvements
To develop the process, we need variety of 

people.
Fishermen and hunters
Government scientists and engineers
Parish representatives
Industry representatives
Nonprofit representatives
Just plain folks
Academics

Process improvements
• THT’s can determine strategy
• Recognize that marsh creation 

by diversion is slow and pushes 
fresh marsh way out in estuary

• Some stakeholders won’t 
be happy
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Process improvements

MLOD must become truly coastwide and 
involve people of :
–Barataria Terrebonne
–Chenier Plain

What is required to achieve 
wetland restoration ?

• WILL TO WORK TOGETHER
• A PLAN (MLOD is a good start)
• MONEY, MONEY, MONEY

What opportunities for new 
approaches?

• SEDIMENT PUMPING (we’ve talked 
about it, now we need to do it)

• CONSIDER DUTCH TYPE FLOOD 
GATES (make sure we don‘t ruin the 
estuary)

• LIDAR (we need to improve it and use 
it more)

Does MLOD support wetland 
restoration?

YES!!
It needs to incorporate the          
suggestions for improvement 
discussed above
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Executive Summary 
The tragedies of Hurricanes Katrina and Rita in 2005 have revealed to the world the enormous 
challenge Louisiana now faces.  South Louisiana appears to have entered a period when the 
convergence of two powerful forces is working against its survival.  Since the 1950’s, the processes 
driving coastal loss have continued only slightly abated. 1  Since 1990, meteorological and oceanic 
processes driving tropical systems have more frequently generated category 4 and 5 hurricanes. 2  
More destructive hurricanes are predicted for coming decades. 3  South Louisiana’s ongoing peril is 
the continued overlap of weakened hurricane protection with more frequent and intense hurricanes. 4  
 
In light of this predicament, how can the coast and culture of south Louisiana survive? The survival 
of a culture and a region is at stake.  Hurricanes Katrina and Rita may have narrowed the field of 
discussion from what Louisiana may want, down to what Louisiana absolutely needs. There is a 
growing consensus that what is needed is a pragmatic and effective strategy to integrate both coastal 
habitat restoration and engineered flood protection, such as levees. 5  This strategy must be 
established soon and while under duress.  The next hurricane season will always be just 180 days 
away.   
 
This is a plan of how to merge coastal habitat restoration and  engineered flood protection.  When 
both are achieved, the ecology and economy of the region can continue and together they will save 
and sustain Louisiana’s Coast for future generations.  This can be achieved and this is how it may 
be done.  
 
The examples shown and areas discussed in this report focus on the delta portion of the Louisiana 
coast; however, the same principles are applied to the entire coast of Louisiana.  Maps of the 
chennier plain in southwestern Louisiana are under development. 
 
The Multiple Lines of Defense Strategy proposes that two key elements of the coast be managed 
and perpetuated that will together sustain the coast (Figure 1).  The two planning elements are:  
1) Utilizing natural and  manmade features which directly impede storm surge or reduce storm 
damage (Lines of Defense),  
2) Establishing and sustaining the wetland habitat goals (Target Habitat Types).  
These two, when integrated, can sustain the coast.  This strategy is not a new restoration 
technology; rather, it is a new strategy to coordinate and prioritize conventional restoration methods 
and projects for coastal habitats.   
 
This coastal management vision acknowledges the reality that environmental habitat restoration and 
engineered flood protection are not separable goals.  It is unlikely that sufficient flood protection in 
south Louisiana can be accomplished by a “levees only” strategy. It is also true that adequate flood 
protection cannot be accomplished by simply restoring coastal habitats.  Both habitat restoration 
and engineered flood protection must proceed in a coordinated plan which maximizes regional 
benefits and minimizes costs.  Because there are substantial costs associated with both coastal 
habitat restoration and engineered flood protection, their financial justifications are codependent on 
a sustainable coastal economy.   
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Figure 1: The Multiple Lines of Defense Strategy proposes the two essential planning 
elements should be defined and sustained with the result of sustaining coastal Louisiana.  
The Target Habitat Types defines the salinity regime and habitats for the coast.  The Lines 
of Defense are either natural or  manmade features which may reduce the impact of 
hurricanes to the coast.    

 
The “Lines of Defense” include the Gulf of Mexico shelf, the barrier islands, the sounds, marsh 
landbridges, natural ridges,  manmade ridges, flood gates, flood levees, pump stations, home & 
building elevations, and evacuation routes. Identification of these Lines of Defense on a map allows 
hydrologists, levee district managers, emergency personnel, etc. to all share a common landscape 
template to evaluate, abate, and monitor flood risk or other storm impacts.  
 
The “Target Habitat Types” include swamp, fresh marsh, intermediate marsh, brackish marsh and 
salt marsh.  Maintaining the target salinity regime and then optimally managing the habitat types, 
puts all the natural resources and resource managers on the same page with a unified biological and 
natural resource vision.  Since each habitat has a differing profile of vegetation, fisheries, soils, 
hydrology, waterfowl, etc., it is imperative that geographic areas of each habitat be identified to 
optimize restoration and management for the needs for each habitat type.  The establishment and 
maintenance of the Target Habitat Types requires a corresponding salinity gradient goal.  This 
salinity gradient would be maintained by controlled river reintroductions and, if needed, hydrologic 
restoration.  
 
Establishment of the Lines of Defense and the Target Habitat Types for coastal planning are useful 
separately to articulate and develop projects.  However, additional value is gained by overlaying of 
these elements on a single map.  This integrated map becomes the central coastal management 
planning tool since it depicts a unifying landscape vision for the coast, embracing environmental 
habitat restoration and engineered flood protection. The Lines of Defense define priority areas for 
coastal habitat restoration; that is, the “where” of restoration.  The target habitats types define 
potential restoration methods or limitations of coastal habitat restoration; that is, the “how” of 
restoration.  This complimentary relationship together focuses restoration funding on priority areas 
and guides the type of restoration possible or required. Coastal habitat restoration using traditional 41
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restoration techniques may proceed while producing ecologic benefits and enhancing flood 
protection to the coastal infrastructure. The integrated map may  satisfy the National Research 
Council’s recommendation to  include an explicit map of the desired future condition or goals for 
the coast. 6 
 
At least two important results of the Multiple Lines of Defense Strategy should be noted. One is that 
a natural ridge’s ecologic function is recognized as generally being a hydrologic barrier.  This 
makes their ecologic function compatible with using them as economic corridors.  Natural ridges 
such as Bayou Lafourche may be leveed and still retain its ecologic function, which opens an 
economic corridor with flood protection.  A second result is that restoration is generally focused on 
remaining marsh, and avoids large areas where previous heavy wetland loss has occurred.  This may 
avoid areas with chronic causes for wetland loss that may be ongoing, such as subsidence. 
 
In summary, the proposal described here is a unified vision for the coast which embraces 
environmental habitat restoration as well as engineered flood protection. Goals can be clearly 
articulated through maps of the Target Habitat Types and Lines of Defense. The Multiple Lines of 
Defense Strategy should be evaluated quickly for the entire Louisiana coast to begin 
implementation if it is deemed to be warranted.   
 

Introduction 
Although the rate loss of Louisiana’s coastal wetlands peaked generally between 1956 and 1983, the 
rate is 24-square miles per year from 1990 to 2000.  This represents an ongoing catastrophic habitat 
loss to the state and continued reduction in buffer from storm surge that coastal wetlands provide.  
The cumulative losses of 1900-square miles across the entire state (pre- Hurricane Katrina) have 
only slightly been offset by ongoing restoration. 1  Preliminary estimates of wetland loss in south 
Louisiana due to Hurricanes Katrina and Rita are approximately 100 square miles. 7  A consequence 
of the collapsing coast has fundamentally altered the hydrology of the coast with one result being a 
more porous coast that is more prone to allowing the movement of Gulf waters inland.  In addition, 
more saline habitats have generally shifted inland and salinity of coastal surface water has risen. 
 
Numerous anecdotal reports suggests that smaller storm events, such as tropical depressions or even 
winter cold fronts, are more quickly and efficiently moving water inland with often negative 
consequences.  It is significant to note that Tropical Storm Juan in 1985 slightly exceeded the prior 
storm surge of all hurricanes in mid-Lake Pontchartrain for the record  going back to 1931.  
Tropical Storm Isidore nearly matched that level in 2002. 8  With an estimated 12 feet of surge, 
Hurricane Katrina in 2005 probably doubled the prior mid-lake surge level for all storm events of 
record since 1931.  In eastern Lake Pontchartrain, the surge probably exceeded 15 feet.  Other areas 
of the coast have had significantly greater cumulative wetland loss and the vulnerability to storm 
surge has also increased dramatically. 
 
The 2005 hurricane season was a record year for activity and included the following9: 

• 27* named tropical storms for the first time since systematic record keeping began about 
150 years ago (*updated by author) 

• 12 hurricanes with 6 major hurricanes  
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• The earliest date on record by which four named tropical storms formed (Arlene, Bret, 
Cindy, Dennis formed before July 5)  

• The earliest date on record by which two category 4 hurricanes occurred (Dennis formed 
July 4-7; Emily formed July 10-16)  

• The most powerful hurricane ever recorded in the Atlantic basin (Wilma, central barometric 
pressure of 882 mBar)  

• Three of the six most powerful hurricanes ever recorded in the Atlantic basin (Katrina, Rita, 
Wilma; This is the first time three category 5 hurricanes have ever been recorded in the 
same year in the Atlantic basin)  

• The most destructive hurricane in US history (Katrina)  

Meteorologists are suggesting a new period of increased activity may be on the horizon for the next 
several decades and that storms may be increasing in intensity and areal extent.2,3  The long-term 
average for Louisiana is one hurricane per 1.2 years.1 It is reasonable to conclude that Louisiana 
will be struck by additional storms over the next decade as Louisiana re-establishes and improves its 
protection from hurricanes.  
 
South Louisiana has many natural resources and coastal assets that together are the basis of the 
coastal economy.  The underlying force to this economy is a culturally rich, blue-collar workforce.  
Flood protection and preservation of coastal habitats are the two essential features of the coast to 
sustain the people, natural resources and economy of south Louisiana.   These two broad features of 
the coast can primarily be addressed by two-pronged strategy: 1) Define and sustain the Lines of 
Defense 2) Define and sustain the Target Habitats Types.   
 
The Lines of Defense encompass both natural and  manmade features which reduce hurricane 
impacts.  The Target Habitat Types define a gradient of wetland habitats and a corresponding 
salinity regime of surface water of the coast.  Planning and management of the coast should be 
proactive to sustain both.  This is achievable since integration of the Lines of Defense and the 
Target Habitat Types may define the where and how of coastal restoration.   Conventional methods 
of restoration are implemented and may include marsh creation through dedicated or beneficial fill 
material, river reintroductions, reef construction, rock armoring, etc.  The objective of this strategy 
is to efficiently coordinate and prioritize these conventional methods of restoration for coastal 
habitats for restoration and flood protection.  
 

Lines of Defense  
It is often repeated that “barrier islands are Louisiana’s first line of defense from hurricanes”.  This 
statement is intended to emphasize the importance of barrier islands, but is misleading because 
barrier islands are neither the first nor the only line of defense.  This paper suggests a more 
inclusive and clearer definition of Lines of Defense.  They are definable geographic areas where 
natural or manmade features are promoted, resulting in the reduction of negative impacts by tropical 
weather systems along the Louisiana coast (Figure 2).   
 
Although estimates vary, it is sometimes suggested by coastal scientists that coastal habitats may 
provide a storm surge reduction of one-foot per several miles of coastal habitat.10  However, all 
coastal habitats types are not equally effective and their relative position also influences their 
potential to impede storm surge.  Even if marsh were equally effective, far too much marsh has been 
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lost to restore all of it.  It is necessary to discriminate among areas which are more valuable to 
restore and protect.  Coastal planning must move beyond generalized guidance and actually 
delineate on a map the specific, critical natural landforms and engineered flood protection features. 
 
Identification of the various natural Lines of Defense and their locations helps define their value to 
flood protection, but also may expose their deficiencies. The manmade engineered flood protection 
measures are obviously designed to be engineered Lines of Defense, but their effectiveness is 
influenced by the surrounding coastal habitats.  Therefore, an inclusive list and map of natural and 
manmade features recognizes the potential role of both and is an important step toward overall 
mitigation of hurricane protection by managing both the existing natural landscape and engineered 
flood protection such as levees. 
 
Eleven Lines of Defense are listed below in the order derived from the relative physical location to 
each other, moving from the Gulf of Mexico inland.  The order is not intended to indicate the 
relative significance, just the relative physical position (Figure 2).  
 

 
Figure 2: Diagrammatic profile of the general coast of south Louisiana indicating the 
eleven Lines of Defense identified.  Lines of Defense are natural or manmade features that 
contribute to the abatement of storm damage. One through five are natural landscape Lines 
of Defense.  Six through eleven are manmade Lines of Defense which may through design 
or incident provide a measure of reduction in storm damage.  All eleven Lines of Defense 
may be influenced by human activities. 
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The eleven Lines of Defense are: 
 
1st : Offshore shelf within the Gulf of Mexico 

The offshore shelf ranges in depth from 300  feet at the shelf edge to zero depth at the gulf 
shoreline.  Its width varies from a few miles to hundreds of miles.  The primary benefit of the 
shallow shelf is to dramatically reduce wave height and wave energy from an approaching  
tropical system.  A negative aspect of the shelf is that it will promote higher storm surges 
inland.  The variable influences on storm surges due to the geometry of the shelf needs to be 
considered for storm surge analysis.  Also, dredging activities on the shelf should avoid 
increasing shoreline erosion by wave refraction around dredge holes.  The gulf fisheries and the 
oil and gas industry are key economic aspects of the shelf.  
Examples: Narrow shelf  at the mouth of Mississippi River & Wide shelf offshore from 
Cameron Parish 

 
2nd : Barrier Islands 

The Louisiana barrier island shoreline is characterized by fragmented barriers or shoals with 
low vertical profiles and low sand content. However, barrier islands provide an important wave 
barrier for interior sounds and coastal marsh.  The primary benefits of barrier islands are the 
near-complete reduction in wave height and the slight reduction in storm surge further inland.  
A negative aspect of barrier islands is their ephemeral nature and unpredictable local impacts to 
them from hurricanes.  Barrier islands also have significant recreational aspects such as fishing 
and birding. 
Examples: Chandeleur Islands and Grand Isle 

 
3rd : Sounds 

The primary benefit of the sounds is to provide a relatively shallow water buffer to deep water 
currents. Sounds do have a negative aspect during storms by allowing waves to re-generate on 
the on the sound side of barrier islands.  Also, sounds may cause storm surge and wave erosion 
on the back side of barrier islands. 

 
4th : Marsh Landbridges 

Marsh landbridges are areas of emergent marsh with relative continuity compared to adjacent 
bays, sounds or areas of significant marsh/land loss.  Ideally, landbridges connect other 
elevated landforms such as natural ridges. Since some ridges are developed and have adjacent 
levees, marsh landbridges may also bridge adjacent levee systems and economic corridors. 
Marsh landbridges compose much of the residual internal framework of the coast which 
reduces fetch and shoreline erosion of interior marshes and lagoons.  Landbridges impede 
storm surge movement inland and protect other emergent marsh areas that may perform the 
same function.  Some landbridges are threatened themselves by various processes of marsh loss 
and need to be sustained through restoration and maintenance.  The landbridges represent  an 
increasing fraction of the remaining emergent marsh of the coast and provide typical high 
productivity and fishery benefits typical of coastal wetlands.  
Examples: East Orleans landbridge, Biloxi Marsh landbridge, Barataria Basin landbridge, 
Upper Terrebonne Bay landbridge, Grand Lake-White Lake landbridge, Western Marsh Island 
landbridge, south Calcasieu Lake landbridge 
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5th : Natural Ridges 
In southeast and central Louisiana, most natural ridges are the natural levees of abandoned 
distributary channels.  These channels now act as tidal channels and are often colloquially 
named bayous or rivers.  In southwest Louisiana, most natural ridges are chenniers running 
parallel to the Gulf coastline. Natural ridges may have continuous elevation of several feet and, 
therefore, will impede overland flow across the ridge and potentially reduce storm surge. 
Natural ridges often define (at least historically) the hydrologic basins of the coast.  Natural 
ridges are most effective when they have at least 6 feet of elevation and well drained soils to 
maintain upland forests.  Forests will also slow the movement of overland flow and may also 
provide a wind barrier. Natural ridges tend to be the economic corridors across the coast 
including primary state highways and coastal communities.  These highways are also likely to 
be evacuation routes. 
Examples: Bayou la Loutre, Bayou Lafourche             

 
6th :  Manmade Soil Foundations 

Manmade soil foundations for transportation may provide incidental benefit to storm surges.  
Railroads,  highways and spoil banks may run parallel to the coast and locally provide a 
manmade ridge several feet in height.  These foundations may have settled and may need 
improvement to provide reliable transportation routes without chronic flooding.  If highway 
improvements are contemplated, the effects on storm surge may be considered. 
Examples: Highway 90, Hwy 82 
 

7th : Flood Gates 
Flood gates are typically designed to withhold flood water and, therefore, remain open under 
most conditions.  Flood gates are generally open so as  not to impede navigation or natural ebb 
and flow of tides and aquatic organisms.  Flood gates would be closed during a threat of 
flooding and to reduce flood tides in channels.  Because of the generally low elevation of the 
coast, the effectiveness of flood gates may depend on the nearby topography or constructed 
features such as levees or spoil banks. 
Examples: Bayou Bienvenue, Bayou Dupre 

 
8th : Flood protection levees 

Flood protection levees are designed and constructed for flood protection of municipalities or 
other coastal infrastructure features.  Levees are generally designed to be an absolute barrier 
defining a flood side and a protected side.  The intent is to have zero storm surge flooding on 
the protected side, but an unintended consequence may be to increase water levels on the flood 
side. Levees are generally not designed to be overtopped or to withstand significant wave 
erosion.  Exceptions include “potato levees” or other low relief levees designed to reduce 
flooding from non-storm tides.  Typical hurricane protection levees  protect limited portions of 
the coast with intense economic development. 
Examples: St. Bernard levee, Jefferson and Orleans Parish levees on Lake Pontchartrain 

 
9th : Flood protection pumping 

Pumping stations are generally within leveed areas and are used to reduce flood risk from 
rainfall and are not designed to pump out flood water in the case of a levee breach.  Most 
pumping stations are not prepared with fuel, staff or other requirements to be effective to pump 
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out flood water from a significant levee breach.  Generally, these are large capacity pumps 
which displace water vertically above the water level on the flood side of the levee.  Pumping 
stations are generally to protect areas of intense development. 
Examples: Orleans and Jefferson Parish’s pumping stations 

 
10th : Elevated homes and businesses 

All homes and  businesses in south Louisiana are subject to being flooded if they are not 
elevated above the normal land elevation. Even those behind levees are not 100% safe.  
Hurricanes Katrina and Rita made this painfully clear.  All attempts to reduce storm surge 
height or its extent are limited by the intensity and attributes of particular storm events.  Since 
there will always be the potential of a storm exceeding the limits of protection from storm 
surges, immovable assets such as homes and businesses should be elevated to the appropriate 
flood elevation risk. This is the last line of defense for immovable assets. Elevated homes also 
provide important side benefits such as improved protection from termites and more economic 
capacity to re-level or raise the houses due to settlement or increased flood risk. 
Example: pre-1940 housing in New Orleans, LUMCON, Marina del Ray in Madisonville 

 
11th : Evacuation 

Evacuation routes are typically highways, but could also include other means of transportation 
such as railroads, air transportation, etc.  Evacuation routes are the last line of defense for 
people or moveable assets. Evacuation routes and procedures should be established for the 
coast.  Ideally, evacuation routes may also serve as re-entry routes for first responders and as 
routes to re-populate after a storm event.  Evacuation routes are generally selected based on 
capacity to move a large number of people to safer areas as a storm approaches the coast. Some 
routes may be subject to flooding quickly and need to be improved. 
Examples: Regional contra-flow evacuation plan for southeast Louisiana 
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Figure 3: The proposed distribution of Lines of Defense in southeast Louisiana: 1) Gulf of 
Mexico shelf, 2) barrier islands, 3) sounds, 4)  marsh landbridges, 5) natural ridges, 6) 
manmade ridges, 7) flood gates, 8) flood levees, 9) pumping stations, 10) elevated homes 
& buildings, and 11) evacuation routes 

 
Figure 3 is a draft representation of potential Lines of Defense in southeast Louisiana.  The map 
was interpreted manually from coastal information.  More accurate methods using GIS and spatial 
analysis should be used to develop a final map representation of the Lines of Defense.  
 
Numerous institutions have expertise or accountability in regards to these aspects of the Lines of 
Defense.  A matrix can be used to develop management teams to address particular Line of Defense 
within the Multiple Lines of Defense Strategy (Figure 4). The goal is to reduce the exposure of 
homes, businesses and people to the damaging effects of flood water generated by tropical weather 
systems. 
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  Accountability for Multiple Lines of Defense                       

  LOD LPBF CRCL PIES 
LSU 
Geod 

UNO, 
SLU, 
LSU     
SC&E 

N. 
O. 
Gov 

DNR 
CRD 

DNR 
CMD 

State 
Police DOTD Parish  FEMA MMS COE USFW NMFS NRCS EPA USGS 

# of 
Accn'ble 
Parties 

Offshore Shelf 1   1   1   1     1 1 1 1  1 1 9 

Barr Islands 2 1 1 1   1  1 1   1   1 1 1 1 1 1 13 

Sounds 3 1 1 1 1 1  1 1   1   1 1 1 1 1 1 14 

Marsh Fringe 4 1 1 1 1 1 1 1 1   1   1 1 1 1 1 1 15 

Natural Ridge 5 1 1 1 1 1  1 1   1   1 1  1 1 1 13 
Manmade 
Ridge 6    1  1  1 1 1 1   1    1 1 9 

Flood Gates 7 1 1     1 1 1   1 1  1 1 1  1  11 

Levees 8    1 1 1 1 1   1 1  1    1  9 

Pumps 9    1  1     1 1  1      5 

Elevate 10    1  1     1 1  1      5 

Evacuation 11       1   1     1 1 1 1   1           7 

 
Figure 4: Matrix with Lines of Defense (LOD) listed vertically (numbers under LOD refer to Figure 2).   Some typical institutions with a 
presence in the Louisiana coast listed horizontally.  “1” in the matrix indicates the institution has significant expertise or accountability regarding 
a specific Line of Defense.   
 
LPBF= Lake Pontchartrain Basin Foundation;  
TNC = The Nature Conservancy; 
BTNEP= Barataria-Terrebonne National Estuary Program; 
CRCL = Coalition to Restore Coastal Louisiana;  
PIES = Pontchartrain Institute for Environmental Sciences;  
LSU SRC = LSU Spatial Reference Center;  
LSU SC&E = LSU School of the Coast and the Environment;  
N.O. Gov = New Orleans City Government;  
DNR CMD = Department of Natural Resources – Coastal Management 
Division;  
DNR CRD = Department of Natural Resources – Coastal Restoration 
Division;  

State Police = LA State Police;  
DOTD = LA Department of Transportation and Development;  
Parish = any LA  coastal parish government;   
FEMA = Federal Emergency Management Agency;  
MMS = Mineral Management Service;  
COE = US Army Corps of Engineers;  
USFWS = US Fish and Wildlife Service;  
NMFS = National Marine Fisheries Service;  
NRCS = Natural Resource Conservation Service;  
EPA = Environmental Protection Agency;   
USGS = US Geological Survey. 
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Target Habitat Types  
The Target Habitat Types span from Fresh to Saline habitats and together represent a gradient of 
habitat types from inland areas to the Gulf of Mexico.  Related to the habitat gradient, salinity also 
varies across the estuary from fresh to seawater.  More than any other variable, salinity determines 
the basic wetland habitat type in south Louisiana (Fresh, Intermediate, Brackish or Saline).  The 
habitat type determines the vegetation, animal and other life present and, therefore, defines the 
natural resources of the landscape including much of its economic potential.  Since the biological 
resources can be strongly influenced by salinity, and salinity can be manipulated, the control of the 
estuarine salinity gradient of the coast should be a primary management goal and not a random 
result nor simply the result of a restoration project.  
 
Therefore, one of only two essential planning elements is a map of the Target Habitat Types 
distribution for restoration and management. This map defines the distribution of five basic coastal 
habitats and, therefore, potentially defines the natural resource goals for the coast.  Everyone on the 
coast from fisheries managers, to biologists evaluating regulatory compliance, to recreational fishers 
will potentially understand the target habitats, species composition and natural resources of the 
coast.  The map of Target Habitat Types is analogous to architectural plans for a house.  With a 
house plan, everyone involved with construction such as plumbers, carpenters, etc. understands 
where the kitchen, bathrooms, etc. are going to be located.  As well, the occupants of the house will 
be rewarded with a functional house, just as coastal communities will anticipate and rely on a 
functional coast with pre-defined resources.  However, contrary to a rigid house, it is understood 
that salinity will always have desired, seasonal movement. Therefore, the map represents an 
average, long-term salinity target around normal seasonal variation.  
 
Regardless of coastal habitat restoration or other interventions by man, the future salinity of the 
coast will primarily define the future natural resources.  It is proposed here that, in the future, 
salinity goals, restoration projects, fisheries management, resource conservation and exploitation of 
coastal resources, in general, be managed using the accepted Target Habitat Type distribution for 
the coast. Coastal salinity should be managed to prevent damaging, extreme salinity events rather 
than being determined by hurricanes, droughts, floods or the retreat of the coast. Natural resources 
management will be improved since all stakeholders understand the intended distribution of the 
natural resources.  
 
The habitat types also influence one other extremely important element of coastal planning.  They 
limit the tools available for restoration and, therefore, define what restoration projects are possible.  
For example, a freshwater diversion will predominately build fresh or intermediate habitat, and has 
little capacity to create brackish or saline marsh.  Conversely, the armoring potential of oyster reefs 
(brackish habitat) generally provides little direct protection to a fresh swamp.  However, it is 
possible - and desirable - that a fresh water diversion can manage salinity over all the habitats 
within the area of influence of the diversion including a brackish marsh.  A freshwater diversion 
may not build a brackish marsh but it may be designed to manage salinity so that the brackish marsh 
can still be enhanced through marsh creation, barrier reef development, rock armoring or other 
sustaining techniques.  Long-term stabilization of the salinity also generates a more consistent and 
predictable natural resource, which promotes economic and responsible commerce. The enhanced 
oyster production due to salinity management by the Caernarvon freshwater diversion is a good 
example of the benefits of salinity management by a freshwater diversion.11 
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The basic coastal wetland habitats in south Louisiana are typically described as Swamp, Fresh 
marsh, Intermediate, Brackish and Saline.12,13  These habitats are strongly influenced by the salinity 
regime of the surface water.  Historically, the habitats were maintained by freshwater introduced 
through rivers such as the Mississippi River and other natural water sources and there was an 
absence of manmade canals.  The construction of flood protection levees limits freshwater into the 
marsh and the construction of canals allows additional saltwater into the estuary.14  These and other 
changes have resulted in the unnatural shift of habitats inland.   
 
The five Target Habitat Types are: 
 
Swamp (0-3 ppt salinity) 

Forested coastal wetlands in south Louisiana are dominated by bald cypress (Taxodium 
distichum) and water tupelo (Nyssa aquatica), which have re-generated since extensive logging 
of virgin forest more than 70 years ago.  The Louisiana swamps generally lack a mature canopy 
as was present in pre-existing forests and have lower productivity where isolated from riverine 
influences.15  The greatest potential to restore and sustain coastal forests is near the Mississippi 
and Atchafalaya Rivers where freshwater reintroductions may be implemented.  Other local 
sources of freshwater may be municipal wastewater or storm water. Potentially sustainable 
economic natural resources include fisheries of catfish, crawfish, etc. and logging of wetland 
forests.  

 
Fresh Marsh (0-3 ppt salinity) 

Fresh marsh has the highest plant diversity of all the coastal habitat types including as many as 
93 species. Productivity is higher in fresh marsh than swamp.  Floating aquatic and submerged 
plants are common and are significant for waterfowl.  Soils may be highly organic and prone to 
settlement.  The greatest potential to restore and sustain fresh marsh is near the Mississippi and 
Atchafalaya Rivers where freshwater reintroductions may be implemented. Other sources of 
freshwater may include municipal wastewater.  Economic natural resources include fisheries of 
crawfish (Procambarus clarkii),  blue catfish (Ictalurus furcatus), and channel catfish 
(Ictalurus punctatus).  Duck hunting and bass fishing are important recreational industries.  

  
Intermediate Marsh (2-8 ppt salinity) 

Intermediate marsh has lower species diversity than fresh marsh, but may have higher 
productivity. This habitat provides important nurseries for brown shrimp (Farfantepenaeus 
aztecus), white shrimp (Litopenaeus setiferus), blue crab (Callinectes sapidus), and Gulf 
menhaden or pogy (Brevoortia patronus),. Soils may be very poor due to very high organic 
content.  Important species are Rangia clams (Rangia cuneata) and Roseau cane (Phragmites 
australis).  Clams are important for filtration and may compose a significant portion of the 
biomass in lakes or bays.  Roseau cane is an aggressive and highly tolerant plant.  Its root 
system is dense and resists shoreline erosion.  Submerged aquatic vegetation within lakes and 
bays are vital to secondary productivity.  Economic natural resources include fisheries of blue 
crab, shrimp, catfish and drum. Duck hunting and recreational fishing are important 
recreational industries. 

 
Brackish Marsh (4-18 ppt salinity) 
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Brackish marsh has the low plant diversity, but may be the most productive.  The dominant 
species is emergent marsh grass. Oysters (Crassostrea virginica) are exceptionally significant 
due to filtration, biomass, reef building, and commerciality.  Historically, natural reefs had 
more vertical structure and were larger than managed oyster beds.  Natural reefs have generally 
been lost due to mining or salinity increases.  Presently, oysters are located further inland and 
generally have little vertical reef due to harvesting practices.  Oyster management should be 
directed toward expanding oyster extent within the targeted brackish habitat and enhancing 
critical functions of oysters including oyster reefs as barriers.  Oyster shell material also helps 
stabilize shorelines.  Economic natural resources are fisheries (shrimp, blue crab, oyster, drum, 
mullet, Gulf menhaden, and others). Duck hunting and recreational fishing are important 
recreational industries.  Speckled trout, redfish and flounder are typical sport fish. 
 

Salt Marsh & Barrier Islands (8-29 ppt salinity) 
Salt Marsh and Barrier Islands have high overall species diversity due to plants and animals 
(primarily waterfowl).  In addition to its special ecologic value, this habitat has high aesthetic 
and recreational value.  Bird rookeries are important and include threatened or endangered 
species. Nesting for sea turtles occurs on some islands.  Some islands also have true seagrasses 
on their bay side lagoons and provide habitat for the endangered West Indian manatee 
(Trichechus manatus) during migration. 
 

It is recommended, but not required, that the distribution of the Target Habitat Types is primarily 
based on consideration of an historical baseline and what is biologically and physically achievable 
with restoration, considering the already collapsed condition of the Louisiana coast.  The overriding 
goal of development of the Target Habitat Types is stabilization and sustainability of the regional 
estuaries which compose coastal Louisiana and the estuarine functions.  Ultimately, this may only 
be economically feasible through high organic productivity and efficient riverine sediment 
importation, which suggests allowing the estuaries to function as naturally as possible.   
 
Because of the great need to allow the rivers to introduce sediment and nutrients to the coast, 
displacement of current fisheries is required to achieve sustainability of the coast. However, it must 
be noted that all five coastal habitats do have commercial fisheries and so all regions of the coast 
will still have commercial fishing.  Nevertheless, it is not known if a sustainable condition will be 
the most commercially viable in the short-term, but the only viable long-term economic prospect for 
a commercial fishery is a sustainable coast.  
 
The Lines of Defense include natural landscape features, which are the offshore shelf, barrier 
islands, sounds, marsh landbridges, and natural ridges.  Their capacity to reduce storm impacts is a 
service naturally provided by the indigenous characteristics of these coastal habitats.  Future 
restoration and management of these natural Lines of Defense should expand or accentuate this 
service, naturally and without compromising other services typically provided by these habitats.  
One exception may be natural ridges designated as an economic corridor. In general, restoration and 
management of the natural Lines of Defense represent an opportunity to greatly expand the physical 
and biological services provided by Target Habitat Types located on a Line of Defense. 
 
Figure 5  is the proposed Target Habitat Types map for the Louisiana coast.  This map is a 
reconstruction of  habitats based on historical habitat data circa 1900 to 1932. The distribution 

52



 16

reflects a more natural influence of overbank discharge the by the Atchafalaya and Mississippi 
Rivers, resulting in the rivers being enveloped by dominantly fresh habitat.  The intervening areas 
of Terrebonne Bay and St. Bernard have more saline habitats consistent with the historically 
inactive deltaic influence and less riverine influence.  These habitat distributions are indicated by 
historical maps of oyster reefs and of forest types of coastal Louisiana. 16,17   
 

 
 

Figure 5: Potential baseline distribution of Target Habitat Types for southeast Louisiana.  
Map is primarily based on historic maps indicating the distribution of natural oyster reefs 
and wetland forests, circa 1900- 1932.  The goal of this proposal is to have an accepted 
map of the Target Habitats Types, but  it is not required that is this particular baseline 
reconstruction be accepted.  

 
An essential restoration strategy is to maintain a salinity regime for the Target Habitat Types and to 
promote the general health of the habitats including high productivity and appropriate diversity.  
Once the habitat distribution is established and mutually accepted, a multitude of resources can 
focus on each of the habitat types, including both public and private restoration efforts and fisheries 
management.  Greater diligence to habitats is devoted to those which are also an identified Line of 
Defense 
 

Integration of Lines of Defense and the Target Habitat Types  
The strength of the Multiple Lines of Defense Strategy is the ability to integrate of the Lines of 
Defense with the Target Habitat Type maps.  The combination of these data sets has the potential to 
be a powerful management tool, which may articulate the goals of coastal habitat restoration, flood 
protection and potential economic development.   
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Simply overlaying the two data sets with GIS mapping allows combining the two data sets to be 
used for coastal management decisions. Figure 6 is an overlay of the Target Habitat Types (from 
Figure 5) distribution over the Lines of Defense (from Figure 3).    

 
 

Figure 6: Overlay of the Target Habitat Types (Color) over the Lines of Defense (black 
overlain in color).  The Lines of Defense indicate priority areas for restoration or 
preservation of coastal habitats.  The Target Habitat Types indicates the type of restoration 
that may be feasible or desired.  

 
The Lines of Defense map indicates where it is a priority to maintain or restore coastal features 
(manmade or natural).  The Target Habitat Type map indicates the type of restoration needed or 
available to sustain that area of the coast.  Any Line of Defense has a corresponding Target Habitat 
Type mapped.  The combination of maps guides the where and how of coastal management and 
restoration.   
 
Consider an example of a marsh landbridge identified as a Line of Defense in the Barataria Basin, 
such as between Barataria Bay and Little Lake (Figure 7).  The landbridge on the east end would be 
near the Mississippi River where the target habitat is fresh indicating river reintroductions would be 
appropriate to restore or maintain that portion of the landbridge.  Further away from the river, long-
distance pipeline pumping of sediment may be appropriate beyond the reach of natural land 
building.  Even further from the Mississippi River, the Target Habitat Type would be brackish, 
which suggests a robust oyster reef barrier habitat and fisheries should be maintained.  This area 
may also require dedicated dredging for marsh creation if it is beyond the reach of long-distance 
pumping of sediment from the Mississippi River.  The combination of these conventional 
restoration projects on this single landbridge would restore and sustain the landbridge. These 
restoration projects provide predictable ecologic and fishery benefits articulated by the Target 
Habitat Type map.  Through the same investment of restoration projects, the entire integrity of the 
landbridge is maintained providing predictable flood protection benefits.   54
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Consider a second example of an engineered Line of Defense, such as levee construction.  The 
levee performance would be based on socially defined flood risk goals e.g. “Category 3 flood 
protection”. To achieve a given performance level, future storm surge elevation would be predicted 
to physically design the levee height and other design parameters.  This would need to consider the 
future natural landscape of the coast that the surge water would travel across.  If the natural 
landscape has clearly defined restoration goals which themselves have an element of flood 
protection, much of the potential uncertainty will be removed from future predictions of storm 
surge.  The Multiple Lines of Defense Strategy proposes that the natural Lines of Defense are 
restored and sustained in perpetuity just as levees are maintained and managed in perpetuity.  
Ultimately a better fit will be defined for the levee because there is a commitment to maintain 
certain elements of the landscape identified as Lines of Defense including both natural and 
engineered elements.   
 

 
Figure 7: Example of landbridge restoration located between Barataria Bay and Little 
Lake (see Figure 6 for location).  The Target Habitat Type of the landbridge is fresh (near 
river in green) to brackish (near gulf in purple).  Restoration projects vary across the 
landbridge due to the habitat distribution, i.e. the Target Habitat Types.   

 
On the integrated map, the Lines of Defense suggest where the restoration should be a priority and 
the Target Habitat Types indicate what type of restoration or estuarine management is appropriate.  
The overlap of a restoration project on a Line of Defense is where  flood protection benefits are 
produced and anticipated, while also allowing effective restoration and management of coastal 
habitats. 
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Discussion and Conclusion 
The Multiple Lines of Defense Strategy differs from prior coastal planning efforts in several ways, 
including:  
 

1) The National Research Council’s assessment of Louisiana coastal restoration states:  
 

“An explicit map of the desired future landscape of coastal Louisiana should be developed 
as soon as possible to guide the selection of more-integrated restoration projects in the 
future” 
 
The integrated mapping of the Target Habitat Types and the Lines of Defense may provide 
at least one regional map of consistent goals and may address deficiencies recognized by 
the National Research Council.   

 
2) Most coastal restoration programs do not officially place a priority on flood protection.  

CWPPRA and LCA place highest priority on the maximum areal extent of emergent 
vegetation.  The Multiple Lines of Defense Strategy clearly puts priority on flood protection. 
If followed strictly, the strategy would only invest in projects that provide some measure of 
flood protection either through engineered flood protection or coastal habitat restoration.  If 
followed strictly, the only coastal restoration would be on an identified Line of Defense.   

 
3) Most prior coastal restoration programs have incremental project approval processes which, 

in the absence of long-term goals, tends to be influenced by transient perceptions.  This may 
lead to reactionary decision making.  The Target Habitat Type map clarifies the long-term 
natural resource base of the coast and guides projects to be designed within this unified 
biological template.  This should promote pro-active project development by all 
stakeholders even with an incremental approval process.  No former restoration program in 
the Louisiana coast appears to have proposed the obvious: what are the basic habitat goals, 
i.e. the Target Habitat Type map. 1,18 This document is not attempting to dictate exactly what 
the habitat distribution should be, but it is stating that it is necessary to agree on the basic 
habitat distribution for the coast.  This does not need to occur simultaneously across the 
coast.  Each hydrologic basin has some latitude to define the Target Habitat Types.  For 
example the habitats east of the Mississippi River are basically independent of those habitats 
west of the Mississippi River.   

 
4) The basic ecologic function of abandoned distributaries is considered a hydrologic barrier 

rather than a hydrologic channel.  This has large implications since economic development 
is centered on these ridges.  Under the proposal, economic development is compatible with 
coastal habitat restoration, since levees along the ridges may enhance the ecologic function 
as a barrier.  This also eliminates the need to utilize these channels as major conveyance 
canals for large river reintroductions.  It is questionable if these abandoned channels  have 
the discharge capacity adequate for significant land-building. In addition, local residential 
and commercial development further limits the potential for conveyance.  Because 
abandoned distributaries are not required to be utilized for conveyance and are instead 
hydrologic barriers, prominent features such as Bayou Lafourche and Bayou la Loutre can 
be identified as commercial corridors compatible with a long term vision for habitat 
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restoration and engineered flood protection (Figure 8).  This does not preclude modest 
introductions into distributaries such as Bayou Lafourche that are compatible with local 
development.  These small scale freshwater diversions may play a significant role in 
providing municipal water supply and nurturing marshes that its discharge affects. 

 
5) Because existing marsh landbridges are identified as a Line of Defense and, therefore, a 

priority for preservation or restoration, this places priority on existing marsh remnants.  
Areas of very heavy loss are generally avoided.  This may be critical since these areas of 
marsh loss may be inherently less stable due to other coastal processes of marsh loss such as 
subsidence 19, faulting 20 or fluid withdrawal 21.   

 
In summary, the proposal described here is a unified vision for the coast which embraces 
environmental habitat restoration as well as engineered flood protection. Goals can be clearly 
articulated through maps of the Target Habitat Types and Lines of Defense.  The Multiple Lines of 
Defense Strategy should be evaluated quickly so that implementation can begin, if it is deemed to 
be warranted.  The paramount product of this should effort should be a single map indicating the 
desired future elements of the coast that provide essential ecologic services and adequate flood 
protection to perpetuate the economy of the region.   
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