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OTHER TECHNICAL ISSUES

Formulation and Evaluation of Alternatives

The LACPR planning area is divided into five planning units (PU1, PU2, PU3a, PU3b,
PU4; see Figure 4) based on geographic areas and delineated such that there is minimal
interaction between units. Within each planning unit, numerous potential plan components were
identified. These potential components were combined into a large number of alternative plans.
The best-performing alternative plans were then identified on the basis of analysis, experience
and judgment. The result was a total of 111 alternative planning unit-level plans, ranging from
33 alternative plans in PU2 to 13 alternative plans in PU3a.

FIGURE 4: LACPR planning area and planning units.
SOURCE: USACE (2009).
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The alternative plans fall into five categories:

e No-action alternatives, which assume continued loss of coastal lands.

e Coastal restoration alternatives, where the only actions taken are preservation and
restoration of coastal lands.

e Nonstructural alternatives, which combine nonstructural measures with coastal
restoration. The nonstructural measures considered consist of buyouts and/or raise-in-
place measures for structures that meet certain criteria.

e Structural alternatives, which combine levees, floodwalls, flood gates, etc., with coastal
restoration.

e Comprehensive alternatives, which combine coastal restoration, structural measures,
and complementary non-structural measures.

Alternative plans are further differentiated by the level of protection provided. Plans
assume protection from storm surges having recurrence intervals of 100 years, 400 years, or
1,000 years. As the level of protection rises, implementation costs increase but expected residual
damages decrease.

The result of the evaluation phase should be to identify the preferred alternative plan for
each planning unit. The LACPR team elected to stop short of this outcome. Instead, the report
narrows the list to five or six alternative plans for each planning unit (27 in all). This is followed
by some discussion of the tradeoffs existing among these plans. Finally, the 27 alternative
planning unit-level plans are assembled into seven coastwide plans.

Evaluation

As a basis for evaluation, the LACPR team characterized each of the alternative plans in
terms of ten metrics. Five of these are relatively direct cardinal measures of plan impact, such as
the average number of people impacted per year, lifecycle cost of the plan (annualized $/year), or
residual damages (annualized $/year). Four metrics are cardinal proxies for actual impact, such
as number of archeological sites protected or acres of wetland impacted. One metric (indirect
environmental impact) is measured on an arbitrary ordinal scale, ranging from -8 to +8. An
ordinal scale differs from a cardinal scale in that ordinal measures reveal only rank (1%, 2™, 3,
etc.) and provide no information on the difference between alternative measures. For example, a
horse might win a race by a nose or by ten lengths; the ordinal measures for the first two horses
are still 1* and 2.

The LACPR team first attempted to identify preferable alternative plans through the use
of Multi-Criteria Decision Analysis (MCDA). It was intended that stakeholder workshops could
be used to assign weights to the ten metrics and that these weights could then be applied to the
actual values of the metrics for each alternative plan. The weighted sums of the metric scores
would then be used to rank the alternatives. This committee's prior 2008 report addressed the
first estimates of metric weights, noting flaws in the process of obtaining these weights through
direct elicitation. The Corps subsequently employed, in a single set of workshops, a swing
weighting approach that produced somewhat better results.
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Swing weighting is considered preferable to direct elicitation because it provides
respondents with an understanding of the possible range of each of the metrics. To determine
swing weights, respondents are asked to rank metrics based on the relative desirability of
“swinging” the value of each metric from its least preferred to its most preferred level, compared
to the swing from least to most preferred for each of the other metrics. The metric which is
judged to have the most desirable “swing” is assigned a weight of 100. Then the respondent is
asked to compare the importance of the range (“swing”) of the next most important metric and to
state the relative desirability of this range as a fraction of the desirability of the most favored
metric. The weight for the second metric is 100 times this fraction. This process continues until
weights have been derived for all metrics. Swing weighting is considered to be a reasonable
compromise between the need for rigor and ease of use (Edwards and von Winterfeldt, 1986)

In retrospect, the resulting stakeholder weights exhibit a number of inconsistencies. The
implied tradeoffs between cost and benefit are suspect because of the low priority that
stakeholders gave to life cycle costs. Application of the same weights to nonstructural and
structural projects may be inappropriate since the metrics do not reflect plan characteristics such
as political and social acceptability, visual amenity, or other factors that may diverge
significantly between the two kinds of approaches. There is also some concern that respondents
may have been confused by some metric definitions, especially where signs reversed (some
metrics were to be minimized while others were to be maximized). Finally, the number of
stakeholders that participated in this process was very low—there were 114 stakeholder
participants (USACE, 2009, p. 12, Summary). The fundamental issue of how adequately a group
of 114 stakeholders represent the interests of the roughly 2.3 million people that inhabit the
coastal Louisiana study area was not addressed in the draft final technical report.

As a result of these and other shortcomings, the LACPR-defined metrics combined with
the stakeholder weights did not produce a ranking of alternative plans that the LACPR team had
confidence in, or that seems reasonable (USACE, 2009, p. 12, Summary). The LACPR team
noted that further iterations of the MCDA process could improve the result, but that available
time and resources did not permit that option. This committee is more skeptical, believing that
substantial redesign of the MCDA process is needed, including extensive use of focus groups to
redefine and refine metrics, not just additional iterations of the existing process.

Nevertheless, the LACPR team attempted to make use of the MCDA results by
combining them with other scoring and ranking approaches. Nine additional decision criteria
were defined, including direct and indirect environmental impacts, various measures of cost and
cost effectiveness, and various measures of residual risk. These criteria are measured in various
ways, including dollars, risk/cost ratios, wetland acres, and ordinal rankings (MCDA results,
indirect environmental impact).

All of the measures, both cardinal and ordinal, are normalized to a 0-1 scale. Note that
the MCDA results are already the result of rescaled metric measures, which are then weighted
and summed, and rescaled again in this exercise. Armed with these additional criteria and
rescaled results, the LACPR team performed 13 different rankings of the alternative projects in
each planning unit. All these rankings included the MCDA results, but with a relatively minor
weight. Four rankings were performed on the basis of weighted ordinal ranks; the number of
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included criteria and the weights applied differed from one to the other. Next, nine more
rankings were performed, where weights were applied, not to ordinal ranks, but to the
normalized scores (in some cases derived from ordinal ranks). Again, these rankings differed in
that they included different sets of criteria and applied different weights. The final choice of the
preferred projects was based on observed consensus among the 13 rankings. Those projects
(usually five) were chosen that appeared most often at the top of the individual rankings. The
effect of this is to reduce the number of planning-unit level projects from 111 to 27.
Unsurprisingly, given the method used, the rankings were quite consistent.

The deficiencies in the application of MCDA have been noted above and are
acknowledged by the LACPR study team. Unfortunately, the attempt to salvage the results of
this flawed exercise has introduced more problems, rendering the end result even less useful.
One problem that runs through this process is the repeated weighting of ordinal numbers. Since
an ordinal number reveals only order (1%, 2", etc.), it is, strictly speaking, not possible to
perform arithmetic operations on such a measure. To do so is to treat the ordinal number as
though it were cardinal. This may be acceptable in limited circumstances. For example, an
MCDA approach may use an ordinal metric measure that is roughly proportionate to the true
cardinal value, so that treating it as cardinal number does not significantly bias the result. But
the LACPR report rankings begin with a weighted ordinal measure, combine it into another
ordinal measure, then weight it again before combining it into still another ordinal measure.
Whatever information was revealed by the first measure is likely to be significantly distorted, if
not lost altogether.

The 13 rankings produced in the LACPR report contain no useful information regarding
the relative desirability of the alternative plans. The apparent consensus among the rankings
simply reflects the commonality of the metric definitions and underlying assumptions. It does
not provide any corroborating evidence for the rankings. Accordingly, the 27 alternative plans
presented in Table 15-1 of the Technical Report may not necessarily be preferable to the 111
alternatives from which they have been chosen.

Multi-Criteria Decision Analysis is a potentially useful approach to evaluate
projects with important environmental, social, and cultural impacts; however, flaws in the
application of these methods to the LACPR study have prevented any convincing results.
As applied, the methods do not support the identification of a preferred alternative for any
of the planning areas. Furthermore, they do not support the rankings of alternative plans
as presented in the LACPR report.

Nonstructural Measures

The draft final technical report lacks specificity with regard to a number of the
alternatives it proposes for further consideration. For example, many of the alternatives
suggested for further consideration involve nonstructural protection. Simply announcing that a
nonstructural measure—such as elevating buildings—can reduce flood damages will not
necessarily result in buildings being elevated. The LACPR report does not deal with actions
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needed to actually persuade households to voluntarily take part in such a nonstructural protection
program, such as informing households of the risks they face, formulating standards for cost-
effective elevation and other nonstructural mitigation measures, training and certifying
contractors/inspectors to conducting on-site audits to identify appropriate actions households
might take to reduce risk, providing financial assistance to households to undertake cost-
effective actions, and so forth. The report also lacks clarity as to who should undertake such a
program (i.e., the state, local governments, nonprofit entities, or the Corps).

The LACPR draft final technical report acknowledges many of the recommendations
offered in this committee’s previous, 2008 report—such as the need for measures to counter
induced development behind levees and to prevent new and more intensive development from
occurring in the future in high hazard areas whether or not protected by levees. However,
recognition of a problem does not necessarily solve it. These problems are also not solved by
stating that the issues of induced development and prevention of development in high hazard
areas are a state, not federal, responsibility. Since the State of Louisiana lacks state regulations
that address either issue, they likely will not be addressed without more direct federal action.

The previous, 2008 report from this committee noted that there was precedent to employ
many different nonstructural measures to help reduce development in areas subject to frequent
flooding:

The LACPR draft technical report would be stronger if it proposed an integrated
set of measures for limiting future increases in vulnerability. These would
include comprehensive plans prepared by parishes and municipalities that assess
the suitability of land for development and propose policies for limiting
development in areas deemed unsuitable due to the risk of flooding. Potential
policies that are regularly used for this purpose throughout the United States
include: (1) zoning regulations that limit the intensity of development to a level
appropriate for the degree of flood risk; (2) subdivision regulations with flood-
hazard mitigation provisions; (3) building regulations that require additional
freeboard beyond that mandated by the National Flood Insurance Program; (4)
public acquisition of land for open space, habitat protection, and outdoor
recreation; (5) public acquisition of easements that limit the amount of
development possible in the future; and (6) location of new public infrastructure
(e.g., roads and water and sewer lines) such that it does not induce or support
unsafe new development in flood-hazard areas (NRC, 2008).

There is ample precedent for federal requirements of state and local land-use planning
and regulation to limit induced development and prevent development of high hazard areas as a
condition for federal participation in the construction of hurricane protection levees (see
ASFPM, 2004 for case studies of contemporary flood risk management actions in several U.S.
communities). This would be similar to the National Flood Insurance Program’s requirement of
local regulations to prevent development in floodways and to elevate buildings to the 100-year
base flood level as a condition for offering flood insurance to the residents of a community.
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Implementation of a variety of nonstructural measures will be essential in better
managing and reducing flood risks in southern Louisiana. The LACPR team and the
Corps of Engineers should take a more aggressive leadership role in a variety of
nonstructural measures that are important to reducing flood risks in coastal Louisiana.
Examples of these nonstructural measures include limiting development in vulnerable
areas and stronger public education efforts regarding flooding risk in different sections of
New Orleans.
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Future Planning and Project Implementation
for Coastal Restoration and Hurricane Protection

ADAPTIVE PLANNING AND IMPLEMENTATION

Due to the complex interactions of estuaries, wetlands, rivers, levees, sea level rise, and
future changes in climate, plans within the LACPR project should be designed with some
capacity to adapt to future, changing conditions. Not only will environmental conditions in this
vast region change over time, but social and demographic conditions will change and initiatives
such as nonstructural measures for reducing flood risk reduction (e.g., the adoption of flood
insurance; the elevating of buildings in vulnerable areas; the number of structures that are
relocated) will change and evolve in unforeseen ways.

Monitoring of various physical and ecological change, as well as compliance with and
success of various nonstructural programs, will be an important part of successful future
adjustments in coastal restoration and hurricane protection. Monitoring of the performance of
the hurricane protection system should be part of the system’s ongoing maintenance and there
should be regular considerations for altering the system in response to any adverse impacts. This
is particularly true in the face of the LACPR study assumptions of no net loss of coastal lands.
The outcomes from diversions will have to be monitored in order to adjust and improve future
actions. Following up and adjusting programs related to compliance with nonstructural flood
risk reduction initiatives and incentives will also be important to their future performance and
effectiveness.

TRADE-OFFS BETWEEN DIVERSIONS AND NAVIGATION

The LACPR draft final technical report proposes nearly two dozen diversions to permit
up to 525,000 cubic feet/second of sediment-laden water to leave the Mississippi River and flow
into the wetlands for land building (USACE, 2009, p. 43, main report). These diversions would
operate during the flood season. The diversion of this much water from the river would cause
the river’s flow rate to decrease. This would reduce the river’s scouring ability and would lead
to additional shoaling.

Diversions are featured within the LACPR report as a major supplier of sediment for
restoration purposes (USACE, 2009, p. 219-220, main report). Diversions have large
implications for the navigation sector, however, and the trade-offs between diversions and
keeping water in the channel to support navigation are prominent, important issues. Removing
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river water to create diversions for wetlands restoration, while also maintaining full navigational
uses of the river, means that dredging costs will rise. Increased diversions imply reduced
benefits for navigation, and vice versa. Despite the importance of these trade-offs, the LACPR
team has conducted little analysis of them to date:

It should be noted that the LACPR team has not determined the cumulative
impacts that multiple diversions may cause on the system. Nor has the team

quantified the impacts on navigation or flood control on the Mississippi River
(USACE, 2009, p. 219-220, main report).

The LACPR team should more specifically identify and explain the trade-offs
between commercial navigation and river diversions for coastal restoration.

Current dredging in order to support commercial navigation yields large amounts of
sediment from the bed of the Mississippi River. This sediment, if not contaminated, constitutes a
valuable resource for the replenishment of wetlands and where possible should be put to
beneficial use. The importance of capturing sediment or limiting its loss is a point that has been
made previously in a number of reports. Historically, overbank flooding has provided sediment
to the wetlands, but flood protection by levee fortification has eliminated overbank flooding and
consequently resulted in the loss of most sediment to the deep waters of the Gulf of Mexico.
Minimizing the loss of this sediment off the continental shelf will be important to the success of
efforts to preserve and restore Louisiana’s coastal wetlands.

FUTURE SETTLEMENT AND INDUCED DEVELOPMENT

A frequent consequence of levee construction is human settlement of areas behind levees,
as these areas may be seen as safe for development and habitation. This phenomenon may take
place in previously undeveloped and uninhabited areas; similarly, it may occur in flood-damaged
areas such as New Orleans, where settlement or resettlement may take place behind strengthened
and raised levees.

The negative consequences of this ‘induced development” were noted in this NRC
committee’s 2008 report, where it was stated that “Plans that encourage people to move into
hazardous areas put them at risk in future hurricanes” (NRC, 2008). The Association of State
Floodplain Managers likewise has concluded that levees “are inappropriate as a means of
protecting undeveloped land for proposed development” (ASFPM, 2007).

The LACPR draft final technical report explains the importance of preventing induced
development behind levees (USACE, 2009, p. 25, main report). The LACPR report explains the
ways in which induced development was addressed in its report and the LACPR team deserves
credit for recognizing the importance of limiting new settlement in hazardous areas. The
LACPR report also appropriately recognizes the value of other related nonstructural measures,
such as relocations, in significantly and reliably reducing flood risk (USACE, 2009, p. 36,
Summary).
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Even though the concept of preventing induced development is endorsed, another portion
of the LACPR report explains that “the population of South Louisiana is expected to increase”
(LACPR, 2009, p. 38, main report). Population growth and redevelopment policies are of course
beyond the Corps’ responsibilities; nevertheless, a program for reducing flood risks that sought
to prevent induced development in vulnerable areas would state clearly the reasons why the most
vulnerable areas of southern Louisiana should be avoided and not resettled. There are of course
many parties encouraging population growth in the region, but efforts to resettle people back into
vulnerable areas will increase the flood risks to the city and its inhabitants and will not improve
public safety.

It is encouraging that the LACPR draft final technical report describes the
importance of preventing induced development. The report, however, does not adequately
demonstrate how these principles will be a prominent part of hurricane protection and
coastal restoration actions. Discouraging development in particularly vulnerable areas,
whether or not they are protected by levees, is a fundamental principle of flood risk
management and reduction. The LACPR should strengthen its cooperation with state and
local entities to ensure that the prevention of induced development is accorded a more
prominent and meaningful role in future plans.

CONSTRAINTS OF THE CURRENT LEGISLATIVE SETTING

The Corps of Engineers has responsibilities for numerous restoration and hurricane
protection projects in southern Louisiana, under multiple authorizations. Although this reflects
the traditional process of project authorizations through federal Water Resources Development
Acts, it represents a piecemeal and poorly coordinated approach to ecosystem restoration and
hurricane protection. If these projects are to be developed and implemented in a coordinated
fashion across all of coastal Louisiana, this current situation of multiple authorizations—which
may entail lengthy re-authorization processes if the Corps wishes to adjust operational goals—
will hinder comprehensive, collaborative, and adaptive restoration and protection.

The LACPR draft final technical report indicates that the majority of the improvements
identified for final consideration therein could be implemented under the multiple, existing
authorizations for hurricane protection across southern Louisiana, either directly or by utilizing
project change orders and that the remainder could be handled by new authorizations; however,
it is not clear that this is advisable.

A good precedent for authorizing legislation for large-scale, adaptive ecosystem
management projects, such as those that are needed to protect southern Louisiana into perpetuity,
is the Comprehensive Everglades Restoration Plan (CERP). Authorized in the Water Resources
Development Act of 2000 (WRDA 2000), the CERP is a 50/50 funding partnership with the
State of Florida with a goal to “restore, preserve, and protect the South Florida ecosystem while
providing for other water-related needs of the region, including water supply and flood
protection” (WRDA 2000, Section 601).

In addition to the enabling legislation, an accompanying report from the U.S. Senate
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Committee on Environment and Public Works explains the rationale and value of the CERP in
promoting an adaptive approach to large-scale ecosystem management:

The committee does not expect rigid adherence to the Plan as it was submitted to
Congress. This result would be inconsistent with the adaptive assessment
principles in the Plan. Restoration of the Everglades is the goal, not adherence to
the modeling on which the April, 1999 Plan was based. Instead, the committee
expects that the agencies responsible for project implementation report
formulation and Plan implementation will seek continuous improvement of the
Plan based upon new information, improved modeling, new technology and
changed circumstances

(U.S. Senate Committee on Environment and Public Works, 2000).

From the outset of comprehensive restoration efforts in the Everglades, the Corps and the
State of Florida recognized that they were charged to implement a large, complex portfolio of
projects over decades and in the face of substantial scientific uncertainty. Their approach was to
build in adaptation based on a major analytical and modeling effort and to seek congressional
approval for a unique type of program authorization. The LACPR program is similar to the
Everglades Restoration Plan in its spatial extent, hydrologic and ecologic complexity, and
uncertainties regarding outcomes of future ecosystem restoration and hurricane protection
efforts. The LACPR, however, presently lacks the kind of authorization that allowed CERP to
move forward with a flexible, adaptive program.

Current legislation for coastal Louisiana hurricane protection and ecosystem restoration
does not explicitly promote or provide for comprehensive and adaptive planning. Examples of
important scientific and planning principles that could be more explicitly encouraged include:

o There is a need to shed many outdated concepts such as levee height
specifications that are tied to the Saffir-Simpson scale or the standard or
maximum probable hurricane;

o Protection should be cast in a risk-based framework, (e.g., 1,000-year protection)
that is coordinated although not necessarily equal throughout the region;
o A mechanism is needed to specifically monitor changing environmental

conditions (e.g., due to sea level rise and subsidence) and incorporate the findings
into ongoing protection and restoration efforts in order to achieve successful,
long-term adaptation;

o It should be possible to modify plans as new technologies, such as improved
hazard models, are developed;

o Projects should include beneficial use of all dredged materials (also see USACE,
2009, p. 225, main report);

. There should be a requirement of external review of new or substantially modified
projects and periodic external review of existing projects;

o It is necessary to clearly delineate the roles of the federal and state governments in

the collaborative design and development of a comprehensive system that
includes coastal, structural, and non-structural protections and ties together initial
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system design and construction with long-term maintenance and operations using
adaptive management.

The multiple authorizations that govern ecosystem restoration and hurricane
protection in southern Louisiana represent a piecemeal approach and may hinder
integrated, adaptive restoration and protection improvements across the region.
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Appendix A

Statement of Task
Committee on the Review of the Louisiana Coastal Protection and
Restoration (LACPR) Program

This NRC committee will review the evaluations being conducted as part of the Louisiana
Coastal Protection and Restoration (LACPR) program. These studies are being conducted by the
U.S. Army Corps of Engineers in close coordination with the State of Louisiana. Congress has
directed the Corps of Engineers, New Orleans District, in partnership with the State of Louisiana,
to compile a 24-month technical comprehensive hurricane risk reduction analysis and design.
The Corps and the State of Louisiana thus are evaluating a wide range of flood control, coastal
restoration, and hurricane protection measures in this study. The LACPR study began in early
2006 and an interim report was issued in July 2006. The LACPR team plans to issue a draft
report in December 2007 and a final report in Spring 2008.

The NRC committee will review all aspects of these latter two reports, including assessment of
the hurricane risk reduction framework, alternatives for flood control, storm protection, coastal
restoration, and risk analysis. These two LACPR reports will include several technical
appendixes (e.g., cost estimates, engineering studies, draft EIS, design appendixes, and public
outreach strategy) that will be part of this review. Given the large number of supporting and
supplemental documents that are being produced by the Corps and various other parties, the
NRC committee will also review supplemental documents as the committee sees fit and within
its time and resource constraints.

The NRC committee will issue two reports that include conclusions, findings, and
recommendations for improving the LACPR study.

This project is sponsored by the U.S. Army Corps of Engineers. The approximate start date for
the project is June 11, 2007.

UPDATE 1-16-08: The project duration has been extended. The first report is expected to be
issued by February 2008 and the final report by later in 2008.

UPDATE 3-17-08: The project duration has been further extended. The first report is expected
to be issued by late April 2008.

UPDATE 03-24-09: The second report is expected to be issued in summer 2009, following
review of the final report of the LACPR program which was provided to the NRC committee in
early March 2009.
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that an independent examination of this report was conducted in accordance with NRC
institutional procedures and that all review comments received full consideration. Responsibility
for this report’s final contents rests entirely with the authoring committee and the NRC.
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Biographical Sketches for the Committee on the Review of the
Louisiana Coastal Protection and Restoration (LACPR) Program

Robert A. Dalrymple (NAE) is the Willard and Lillian Hackerman Professor of Civil
Engineering at the Whiting School of Engineering of Johns Hopkins University. He works in the
area of coastal engineering, with specific interests in numerical modeling of coastal processes,
including nearshore hydrodynamics. His current interests are water wave modeling, tsunamis and
their impact on shorelines, and the interaction of water waves with the sea bed, specifically mud
bottoms. The creation of appropriate waves in the laboratory setting--such as in three-
dimensional wave basins--is a sideline activity. He received his A.B. in engineering sciences
from Dartmouth College, his M.S. degree in ocean engineering from the University of Hawaii,
and his Ph.D. degree in civil and coastal engineering from the University of Florida.

John J. Boland is a professor emeritus in the Department of Geography and Environmental
Engineering at Johns Hopkins University. His fields of research include water and energy
resources, environmental economics, and public utility management. Dr. Boland has studied
resource problems in more than 20 countries, has published more than 200 papers and reports,
and has coauthored two books on water demand management and three others on environmental
management issues. Dr. Boland is a registered professional engineer. He has served on several
NRC committees and boards, including the Water Science and Technology Board, of which he
was a founding member (1982) and past chair (1985-1988). He is a life member of the American
Water Works Association and past chairman of its Economic Research Committee. Dr. Boland
received his Ph.D. degree in environmental economics from Johns Hopkins University.

Raymond J. Burby is a professor in the Department of City and Regional Planning at the
University of North Carolina-Chapel Hill. Dr. Burby is a fellow of American Institute of
Certified Planners. He has been an author or editor on 14 books and published extensively in
planning and policy journals including, among others, Journal of the American Planning
Association, Journal of Planning Education and Research, Journal of Policy Analysis and
Management, and Journal of Environmental Planning and Management. He is currently
principal investigator on a study of urban growth boundaries funded by the National Science
Foundation and P.I. on another NSF-funded project designed to improve the quality of applied
research on disasters and mitigation of natural and technological hazards. He received his Ph.D.
degree in planning from the University of North Carolina-Chapel Hill.
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John T. Christian (NAE) is a consulting engineer in Waban, Massachusetts. His primary area
of interest is geotechnical engineering. Much of his early work involved developing and
applying numerical methods such as the finite element method. He has also worked on
reliability methods for geotechnical applications, soil dynamics, and earthquake engineering on a
broad range of civil engineering projects. Dr. Christian's current interests are largely focused on
the use of reliability techniques in geotechnical engineering and on earthquake engineering.
Much of his work in industry was associated with power generating facilities, including but not
limited to nuclear power plants. He received his B.S., M.S. and Ph.D. degrees in civil
engineering from the Massachusetts Institute of Technology.

Reginald DesRoches is an assistant professor in the School of Civil and Environmental
Engineering at Georgia Tech University. Professor DesRoches studies and develops mitigation
strategies to reduce risks from earthquakes, particularly, earthquakes in the central and
southeastern United States. His specific research interests include seismic resistant design and
retrofit of bridges, protective systems for buildings and bridges, performance of transportation
networks, and structural applications of smart materials. He is currently a member of the NRC
Board for Infrastructure and the Constructed Environment, and received his Ph.D. degree in
structural engineering from the University of California, Berkeley.

Charles G. Groat is the John A. and Katherine G. Jackson Chair in Energy and Mineral
Resources, Department of Geological Sciences, and professor of Geological Sciences and Public
Affairs at the University of Texas. Dr. Groat has over 25 years of involvement in geological
studies, energy and minerals resource assessment, ground-water occurrence and protection,
geomorphic processes and landform evolution in desert areas, and coastal studies. From 1998-
2005 he served as the 13" Director of the U.S. Geological Survey. At the USGS he emphasized
integrated scientific approaches to understanding complex natural systems and the use of these
understandings in management decisions. Dr. Groat is a member of the Geological Society of
America, American Association for the Advancement of Science, American Geophysical Union,
and the American Association of Petroleum Geologist. He received his Ph.D. degree in geology
from the University of Texas at Austin.

Philip L.-F. Liu is a professor of civil and environmental engineering at Cornell University. Dr.
Liu’s current research interests include fluid dynamics and nonlinear water waves. He is also
currently the Kwoh-Ting Li Chair Professor at the National Central University, Taiwan, which is
the highest-level professorship in the university. Dr. Liu is also a fellow with the American
Society of Civil Engineers and the American Geophysical Union, and is a member of the
International Association for Hydraulic Research. He received his B.S. degree in civil
engineering from National Taiwan University, his S.M. in civil engineering from the
Massachusetts Institute of Technology, and his Sc.D. in hydrodynamics from the Massachusetts
Institute of Technology.
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Richard A. Luettich is director of the Institute of Marine Sciences at the University of North
Carolina at Chapel Hill. His research deals with modeling and measurement of circulation and
transport in coastal waters. Dr. Luettich's modeling efforts have emphasized the development
and application of unstructured grid solution techniques for geometricaly complex systems such
as sounds, estuaries, inlets and inundated regions. He has co-developed a circulation and storm
surge model that has been applied extensively for modeling storm surge in the Southern
Louisiana and New Orleans areas. Dr. Luettich has also participated in the development of
components of the national Coastal Ocean Observing System. He received his B.S. and M.S.
degrees in civil engineering at the Georgia Institute of Technology and his Sc.D. in civil
engineering from the Massachusetts Institute of Technology.

Robert H. Meade is research hydrologist emeritus at the U.S. Geological Survey. His studies
have centered on land subsidence in central California; transport and storage of sediment in
Orinoco and Amazon Rivers of South America; transport and deposition of sediment in estuaries
(including Mississippi River mouth); assessment of pollutants and sediments in Mississippi
River. He received his B.S. in geology from the University of Oklahoma and his M.S. and Ph.D.
degrees in geology from Stanford University.

James T. Morris is a professor of biological and marine sciences at the University of South
Carolina. Dr. Morris is also the director of the Belle W. Baruch Institute for Marine and Coastal
Sciences and the Class of '32 Distinguished Professor of Marine Studies at the university. His
research spans basic and applied aspects of the physiological ecology of plants adapted to
wetland habitats and the biogeochemistry and systems ecology of wetlands, primarily salt and
freshwater intertidal wetlands. He received his Ph.D. degree from Yale University.

Heidi Nepf is a professor in the Department of Civil and Environmental Engineering at the
Massachusetts Institute of Technology. She focuses her research on physical mechanisms which
affect transport and fate of contaminants and nutrients in lakes, wetlands, and coastal zones, as
well as vegetated flow dynamics. Dr. Nepf received her B.S. degree from Bucknell University,
and her M.S. and Ph.D. degrees from Stanford University.

Joan Oltman-Shay is president and senior research scientist at Northwest Research Associates,
Inc. in Bellevue, WA. She has spent much of her career performing field and model studies of
nearshore wave and current dynamics and the interplay with morphology and sediment
dynamics. Her work has centered on the analysis of data from in-situ arrays of pressure and
current sensors designed to study the surface gravity wave field and the wave-averaged current
field. Her current research includes remote sensing of nearshore environmental parameters
(satellite, airborne, and land-based). She received her B.A. degree in applied physics and
electrical engineering from the University of California, San Diego, and both her M.S. degree in
applied ocean sciences and Ph.D. degree in oceanography from the Scripps Institution of
Oceanography.
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Asbury H. Sallenger, Jr. is is a research oceanographer at the U.S. Geological Survey in St.
Petersburg, FL and is also the Chief of the USGS National Coastal Change Hazards Assessment
that examines the processes of storm and long-term coastal change hazards throughout the
United States using innovative technology such as airborne lidar (light detection and ranging)
mapping. His research interests include nearshore sedimentary and wave processes, coastal
erosion, and sediment transport. He received both his B.A. degree in geology and his Ph.D.
degree in marine science from the University of Viriginia.

NRC Staff

Jeffrey Jacobs is a scholar with the NRC Water Science and Technology Board. Dr. Jacobs’s
research interests include policy and organizational arrangements for water resources
management and the use of scientific information in water resources decision making. He has
studied these issues extensively both in the United States and in mainland Southeast Asia. Prior
to joining the NRC he was a faculty member at the National University of Singapore and at
Texas A&M University. Since joining the NRC in 1997, Dr. Jacobs has served as the study
director for over twenty NRC reports. He received his B.S. degree in geography from Texas
A&M University, his M.A. degree in geography from the University of California, Riverside,
and his Ph.D. degree in geography from the University of Colorado.

Michael J. Stoever is a senior program assistant with the Water Science and Technology Board.
He has worked on a number of studies including Desalination: A National Perspective, the Water
Implications of Biofuels Production in the United States, and the Committee on Independent
Scientific Review of Everglades Restoration Progress. Mr. Stoever received his B.A. degree in
political science from The Richard Stockton College of New Jersey in Pomona, New Jersey. He
joined the NRC in 2006.
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