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21.1 Introduction
Activities that restore and preserve coastal ecosystems, wetlands and barrier islands will also
benefit coastal communities and the state by reducing the risks posed by coastal storms.  The
erosion of barrier islands, wetland loss, and subsidence expose Louisiana’s coasts to increased
damage during tropical storms and hurricanes.  Coastal storms flood low-lying areas and this
poses serious risks to coastal communities and to the economy of Louisiana.  Coastal land loss
increases these risks by removing the wetlands and barrier islands that buffer inland areas from
storm surge and storm waves.  Loss of elevation due to subsidence increases flood depths and
decreases the protection offered by existing levees and other emergency protection measures.

This report investigates how an assessment of the risks associated with coastal flooding might be
incorporated as part of comprehensive planning for coastal restoration. The Coastal Louisiana
Ecosystem Assessment and Restoration model (CLEAR) consists of a coast-wide database and a
linked set of predictive models.  Together this database and the models describe the essential
biogeophysical characteristics of coastal Louisiana and how these characteristics will evolve
through time in response to human activities aimed at reducing land loss, maintaining ecosystem
function and structure, and creating new land.   As it exists, CLEAR does not evaluate the effect
that changes in the biogeophysical characteristics of the coast will have on storm-related risks.

This report is part of a larger, ongoing project supported by the Louisiana Department of Natural
Resources that is assembling data, analytical tools and predictive models needed to support
comprehensive planning and evaluation of coastal restoration activities.  Results from this work
over the past 18 months have already contributed to evaluating ecological effects of various
restoration plans as part of the state's contribution with the Corps of Engineers to draft a
comprehensive plan for the Louisiana Coastal Area (LCA).

Scope and Objectives
This project has the overall goal to initiate the development of a risk assessment module for the
comprehensive planning tool, CLEAR.  The two objectives of this work are 1) to formulate a
method for evaluating the human and economic risks from projected storm surge and wave
heights, and 2) to identify the additional information that must be added to the CLEAR model in
order to evaluate the effect of coastal restoration on storm-related risks.  A case study illustrates
a basic method for assessing the risk of coastal flooding based on estimated damages to
structures and agricultural activities.  This approach builds directly on established planning
practices now in use by the Corps of Engineers.  The additional information required to
implement a risk assessment module fall into two categories. First, additional data must be added
to the database that characterizes the nature and distribution of communities and economic
infrastructure at risk and critical facilities such as evacuation routes.  Second, a new algorithm
must be added to evaluate storm-related risks, e.g. storm surge inundation and associated human
and economic losses, based on information in the expanded database.

The approach to risk assessment demonstrated in this report provides a tool for selecting among
alternative plans for coastal restoration.  Risk assessment also provides a method for evaluating
the benefits of coastal restoration against other goals related to sustaining coastal communities
and obtaining economic benefits for Louisiana and the nation.  Risk assessment for this latter
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purpose will require a more comprehensive approach to evaluating risk.   Such evaluations might
reasonably focus on the reduction of risks (and associated damages) that would likely result from
alternative restoration plans and projects.  This report briefly describes some elements to be
considered in implementing a more comprehensive approach to risk assessment.

The protection of coastal areas from storms is exemplary of natural system services that would
be lost through further barrier island and wetlands disintegration.  While there may be important
benefits from storms themselves, such as sediment influx, a variety of major economic and social
benefits of protecting coastal areas from storms would include:

• Protection of built economic infrastructure, such as highways, ports and buildings,
necessary for economic activities.

• Protection of homes.
• Protection of the human life and community life, which takes place in the storm’s path.
• Protection of natural ecosystem on which many economic activities depend, such as

fishing and hunting.
• Protection of important markets from the costs and risks associated with the disruptions

caused by storms.
These economic and social benefits have, in principle, economic and social measures that can be
derived to assess the values of various coastal project options.

An area surrounding Terrebonne Bay, Figure 22.1, was chosen as a case study for several
reasons:  First, the site is characterized by a dense network of oil and gas infrastructure in the
form of oil and gas well, pipelines, platforms and structures, crude oil and gas production
facilities.  Second, Terrebonne Bay sits behind the Isles Dernier and Timbalier Island chains,
both of which are eroding as among the highest rates in Louisiana.  This area is gradually being
transformed into open marine conditions and the outer protective barrier system is becoming less
efficient as a buffer to storm wave energy with time.  The study site approximated 1.09 million
acres in 1950.  In the early 1990s, the area was reduced by 24 percent to approximately 0.85
million acres.

Risk Analysis and Risk Assessment
“Risk” refers to the potential for incurring a loss.  In concept, risk denotes the probability of a
specified event occurring combined with an evaluation of the consequences of the event.  Kaplan
and Garrick (1981) present a cogent model of risk as an ordered triplet

Risk ~ [xi, pi, ci]

where, xi specifies some undesired event, pi is an estimate of the chance occurrence of xi, and ci
measures the consequences of xi.  The subscript i in this model indicates that in most risk
assessments there are many potential events of concern, each event requiring an estimate of
probable occurrence and characterization of its consequences.  Thus, each of the three
components of this model of risk is, in application, more aptly described as a vector quantity.
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Figure 22.1:  Area of the case study in Terrebonne parish showing Water Resource Units
(WRUs) used in the calculation of direct damages from a hypothetical Category III hurricane
(path of the center of the storm shown in red).

 

Houma Houma 

Golden 
Meadow 
Golden 
Meadow 



Final Report CLEAR LCA Model Volume II

21-6

The undesirable events are commonly identified as “endpoints” in risk assessment (e.g., USEPA
1998).  Risk assessments directed at flooding in coastal Louisiana would address at least three
categories of endpoints:  (1) damages to built infrastructure, (2) adverse impacts on coastal
ecosystems, or the natural infrastructure, and (3) degradation or loss of social systems important
in defining the quality of human life in coastal Louisiana.  Methods for analyzing risks posed by
flooding to physical structures and evaluating the associated economic consequences have been
developed and applied for several decades largely by the US Army Corps of Engineers (NRC
2000).  Concepts and methods for assessing ecological risks and evaluating the monetary and
non-monetary consequences are steadily evolving in sophistication (e.g., USEPA 1998, Bartell
1996).  Careful consideration of human values and social systems in the initial design of risk
assessments increases the likelihood that the results of an assessment will enter effectively into
risk management and decision-making processes (NRC 1996).

Risk assessment provides an overarching framework for risk analysis.  The assessment
framework (e.g., USEPA 1998, 1992) emphasizes the interactions among risk managers,
decision-makers, risk analysts, technical contributors, and stakeholders in the overall design,
performance, and end-use of the assessment.  Risk analysis focuses on estimating the
probabilities of occurrence of the specified assessment endpoints.  The analysis also evaluates
the consequences of risk endpoints, including economic damages, environmental impacts, and
socioeconomic effects.  Salient to the risk assessment process is the explicit inclusion of the
many sources of uncertainty inherent to large-scale, complex, and comprehensive assessments.
Risk managers and decision-makers translate the results of an assessment into actions directed at
avoiding, minimizing, or mitigating risks and their consequences.

This study addresses future risks posed by storm surges and waves associated with landfall of
tropical storms and hurricanes in the absence of coastal restoration.  This “without-project”
assessment estimates damages for a Category III hurricane projected for Terrebonne Parish in
2020. This study also addresses reductions in risks afforded by alternative plans to restore the
historical structural and ecological integrity of coastal Louisiana.  Two restoration efforts are
defined in relation to historical Terrebonne coastal systems as described for 1990 and 1950.
Benefits derive from risk reduction in the form of avoided damages and costs estimated for each
of these two scenarios compared to the without-project damages and costs.  Although not
considered within the scope of this study, estimation of the costs of the two restoration scenarios
would permit a risk-benefit analysis or net benefits analysis of restoration alternatives.  The
results of the risk assessments, analyses of risk reduction, and net benefits analyses can be
combined with considerations of social equity, environmental justice, and perceived societal
risks and benefits in a comprehensive evaluation of restoration alternatives in coastal Louisiana.

Attendant to environmental restoration are two related types of risk that are not routinely
included in more conventional risk assessment (e.g., hazardous waste site risk assessment).
These additional risks include (1) the risk that the restoration actions will not achieve the
restoration goals and objectives, and (2) the risk that manipulation of the current coastal systems
might actually make things worse.  These kinds of risk can be effectively addressed through
implementation of selected restoration alternatives within a framework of adaptive
environmental management.  Continued monitoring of carefully selected performance measures
throughout the restoration can provide information of system status and trends in relation to
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goals and objectives.  Operational linkages between monitoring, evaluation, and decision-making
establish the critical feedback mechanisms central to adaptive management.

A full description of the risks of coastal flooding would include both a description of possible
losses and how likely it is that these losses will occur from a flooding event.  Often likelihood is
described in terms of how frequently one would expect to see such an event during a specified
time period – that is, a frequentist estimate of risk.  The seasonal timeframe during which
tropical storms and hurricanes are highly probable is well characterized (i.e., hurricane season).
In contrast, the development, track, landfall, and severity of individual storms remain difficult to
predict, although such capabilities continue to improve.  Coastal flooding events do not occur on
a regular periodic schedule, but they occur randomly.  The so called one hundred year storm
refers to a magnitude of storm or flooding event that one would expect to occur once every one
hundred years, on average over a much longer time span.

From a risk perspective, the probability that any storm within a given year will exceed the
magnitude of the 100-year storm is 0.01.  This annual exceedance probability is used as a design
criterion by the Corps of Engineers in constructing dams and levees to protect against flooding.
The associated expected annual damages (EAD) are used in the assessment of risks, evaluation
of consequences, and estimation of benefits afforded by alternative engineering projects for flood
control (NRC 2000).  These concepts and methods might be usefully applied in the evaluation of
alternative restoration projects.

For the purposes of this study, risk analysis refers to the process of estimating the risk associated
with a particular type of event.  Risk assessment refers to the application of information about
risks to evaluate alternative activities as part of a planning or decision-making process.  Often,
risk analysis and risk assessment are taken to refer to the overall approach of estimating risks to
inform a decision-making process.  Within the context of comprehensive planning for coastal
restoration in Louisiana, the analysis of risks associated with coastal flooding provides a means
of accounting for potential economic and public safety benefits in the assessment of restoration
plans and projects.

The information required for risk assessment falls into three categories: 1) characteristics of the
source of risk, 2) characteristics of the risk pathways, and 3) characteristics of receptors of risk,
Figure 22.1.2.  Tropical storms are the source of risks examined in this study, and tropical storms
are categorized based on measures of intensity.  The risk pathway considered here is the flooding
caused by storm surge and waves generated by the storm.   These can be simulated based on
knowledge of the intensity and trajectory of the storm and the bathymetry and geomorphology of
the coast.  The following section discusses the definition of the risk receptors; what is at risk?
The basic approach to risk assessment demonstrated by this study defines risk to coastal
communities in terms of estimated cost of damages from flooding.
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Figure 22.2:  Risk assessment gathers information about the source, pathway and receptor of
risk.
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Implementation for Planning Coastal Restoration
The implementation of risk assessment for planning coastal restoration must address several
questions related to the purpose and scope of the analyses.  Coastal restoration modifies risk
from coastal flooding by altering the size and location of barrier islands and wetlands, which
affect the propagation of storm surge and wave height inland from the coast.  Risk assessment
can provide input into choosing among alternative plans for coastal restoration, and a basic level
of analysis serves for this purpose, Table 22.1.1.

Risk assessment also can provide input into constructing a strategy for managing risk.  Other
options for modifying or managing the risks of coastal flooding include building and maintaining
flood protection levees, flood-proofing existing and future infrastructure, and relocation and
other interventions in markets in ways that alter supply and demand conditions in favorable
ways.   Designing a risk management strategy that uses a combination of some or all of these
measures will require a more comprehensive approach to risk assessment beyond what is
described in this report, Table 22.1.1.

Evaluating the potential benefits of a policy or management intervention involves comparing
future conditions anticipated with and without the intervention.  The fundamental objective of
risk assessment in this regard is to answer the question: “What difference will the intervention
make relative to the base scenario?”  In determining what difference an intervention will make, it
is not sufficient to establish how significant or important some economic activity may be.
Rather, the policy relevant question is whether the policy will enhance or degrade that economic
activity.  For example, we should ask “How much less costly will it be to inhabit the coast with a
storm mitigation policy than without?” or other similar questions that refer to the differences to
the economics, quality of life, etc. of coastal and related communities.

This raises the issue of what risk receptors should be used and of determining the information
and analysis required to evaluate the risk of coastal storms for these receptors.  A wealth of
information exists about coastal Louisiana that provides a basis for an analysis of coastal
flooding risks.  The appendix to this report summarizes some of this information and how it can
be analyzed.  Some of this information, i.e. inventories of homes and businesses, lends its self to
quantitative analysis that is typical of risk analysis and assessment.  Other information relating to
the vitality of coastal communities is just as important to decision-making, or more so, but this
type of information requires a different approach to analysis if it is to be incorporated into the
assessment of coastal restoration plans.

An analysis of a policy intervention must also establish the geographic and time scales of effects
to be investigated; i.e., the “community” of impact.  This is critical, as local impacts may not be
measurable at regional or national scales.  For example, pipeline operations from outer
continental shelf (OCS) may be less feasible in Louisiana without storm mitigation, but the result
could be shifting of pipelines to other states.  The effects of this shift in economic activity would
be dramatic on the economy of Louisiana, but might be relatively small at a national level.

Storm mitigation policies will play out over time, as barrier islands and wetlands are maintained
or enhanced relative to the base conditions.  Evaluating the effects of coastal restoration on
mitigating storm risks over time requires making some assumptions regarding the future
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behavior of populations and industries in the coastal zone.  These assumptions have
consequences on the results of the evaluation.  For example, if many people would leave the
coastal risk areas as flood intensities increased over time, the damage cost savings to
infrastructure would be much less than if people remained in the coastal zone.

Table 22.1.1:  Summary of information needs for risk assessment based on coastal flooding

Level of Analysis Sources of Risk Risk Pathways Receptors
Basic:
Choose among
alternative plans for
regional coastal
restoration

Single project storm Scenarios of future
coastal
geomorphology
altered by restoration

Deterministic storm
surge and wave model

Depth-damages tables
for existing
infrastructure

Comprehensive:
Develop national
economic and risk
management
strategies

Probabilistic
description of storm
characteristics and
trajectories

Trends and variability
of major fisheries and
other natural
resources

Scenarios of future
coastal
geomorphology, water
quality and ecology
altered by restoration

Alternative plans for
constructing coastal
defenses (e.g. levees)

Other approaches to
mitigating risks (e.g.
insurance, risk
avoidance measures)

Deterministic storm
surge and wave model

Detailed information
on resident
populations

Assessment of
individual and
community response
to impacts and
mitigation activities

Regional economic
model to forecast
trends in population
and industry to storm
risk and other factors
(e.g. depletion of
inshore oil fields and
development of fields
offshore)

The geographic scale of analysis will also be critical to evaluation of the policy.  Impacts and
benefits at local scales, such as within the coastal zone, may disappear at larger, regional scales,
such as the state or nation.  New jobs may be created or old jobs preserved in the coastal zone as
a result of the policy; but this may simply mean that fewer jobs are created or preserved
elsewhere in the state or nation.  So any policy analysis must carefully specify the geographic
unit of study.  A general rule would be that the evaluation of impacts and benefits be at the same
scale as the geographic unit that will bear the costs of the project.  For example, if only coastal
zone jurisdictions would be paying for projects, that would be the spatial unit of analysis for
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impacts and benefits.  But if the nation were paying, the nation would be the appropriate unit of
analysis.  This may mean that projects appearing highly beneficial locally may not be so
attractive at larger units of analysis.  This purity of level of analysis however is confounded by
the benefits that the national level may have derived at the burden of the local.  While the current
benefits may be confined to the local, the causes of the risk may be considerable benefit
nationally over a long period.

The Corps planning process evaluates each project alternative and attempts to identify the project
that provides the greatest economic benefit measured at a national scale. The National Economic
Development (NED) plan is one of four accounting measures for evaluating project alternatives.
Regional, social, and environmental implications of projects are evaluated in identifying the
NED.  Given the role of the Corps in the restoration of coastal Louisiana, it might prove useful to
develop a parallel planning process among other vested stakeholders, or at least understand how
alternative approaches to planning might be received and evaluated by the Corps.

Summary
This report reviews available information and approaches for evaluating storm-related risks in
coastal Louisiana, with particular attention given to a case study of flood risks in Terrebonne
Parish.  Information for the case study is drawn from a number of sources, including in particular
recent predictions of storm surge and wave height by Stone et al. (2003) and economic data
assembled by the Corps of Engineers in connection with studies on the effect of river flooding
(USACE 1980).  Similar information is directly available for other areas of the coast.  In other
instances, the CLEAR models can be extended to develop the necessary information.

The continuing erosion of the barrier islands off the Louisiana coastline has increased the
potential for flood damages from the surges of hurricanes and tropical storms throughout
southern Louisiana.  Structural and agricultural damages were estimated for three water resource
units (WRUs) in the southern portion of Lafourche and Terrebonne Parishes: two WRUs near the
communities of Cut Off and Golden Meadow in Lafourche and Terrebonne Parishes and one
WRU near the city of Houma and the community of Dulac in Terrebonne Parish.  The barrier
islands have provided protection for these areas by lowering the height of the surges and wave
action and reducing the corresponding damage to the inventory of structures and agricultural
resources in the study region.  However, with the continuing erosion of these islands, the
potential for increased flood damages exists throughout the study area.  The case study compares
the flood protection created by the barrier islands as existed in 1950 and 1990, and as projected
to exist in the year 2020.

Findings:
• Damages caused by storm surge alone from the project storm (Category III hurricane) to

urban and agricultural areas in the study area increase significantly (14%) under the “no
action” scenario, i.e. 2020 geomorphology, compared to the two scenarios, i.e. 1950 and
1990, representing “maintain” and “rebuild” restoration goals.

• At the higher flood levels defined by the combination of storm surge and storm-generated
wave height, coastal restoration at any level does not appear to reduce damages to urban
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and agriculture areas below the “no action” restoration scenario.  These results do not
include damages to oil and gas facilities in the study area.

• The majority of oil and gas facilities in the study area are exposed to very large combined
wave and surge heights, Tables 22.4.5A and 4.5B.  Most facilities are within the range of
10-20 feet elevation relative to sea level, with a very small percentage falling in higher
ranges.  The range of flooding elevations that oil and gas facilities are subject to is
significantly greater than the elevations used in the damages calculations above for the
urban and agricultural areas.   Limited information available for the case study does not
allow for estimation of damages to oil and gas facilities from these higher flood
elevations.

• The magnitude of the height differences between the “rebuild,” 1950, and “no action,”
2020, scenarios demonstrates that coastal restoration may be an effective approach to
mitigating storm risks in the area where oil and gas infrastructure is located.  Determining
whether restoration is a cost-effective approach to protecting oil and gas infrastructure
requires specific information on the cost of damages likely to be incurred by oil and gas
infrastructure as a function of flood depth.
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21.2  What Is At Risk?
Severe tropical storms along the coast of Louisiana have a dramatic impact on the physical and
ecological composition along the northern coast of the Gulf of Mexico, especially in coastal
Louisiana.  Impacts are immediately evident by shifting and stacking of marsh and scattering of
debris by the storms and following the storms by the long-term loss of land and decline in
vegetation ranging from swamp forests to coastal grasses. Although perhaps less immediately
evident, except to those who extract or enjoy the natural living resources, are the impacts to local
fisheries, bird colonies, shellfish and their supporting food chains.

When such severe storm events occur, similarly dramatic events take place within the human
communities that reside there and the activities they pursue in sustaining their presence along the
coast.  Some storm impact is also very visible—damaged homes, business structures, roadways,
bridges, electrical lines, shrimp and fishing boats strewn on land.  Similar in concept to the
damages to the ecosystem, however, much of the harm caused by severe storms results in a
reduction of the communities’ and their residents’ long-term capacity to function successfully, as
measured by economic activity and by other means.  It also results in the ways in which residents
define their world as safe, inhabitable, and successful in terms of earning a living (Burley et al.,
2004).  These socio-economic impacts can be as equally difficult to measure, as are the local or
regional ecosystem damages.

Continuum of Risk
There is no absolute definition of risk from coastal flooding, or other sources of risk, not
withstanding physical damages that are immediately and visibly evident.  When risk is defined
for the human dimensions of a physical landscape, additional unseen impacts to the social
structure add to those on the physical infrastructure to constitute the total loss.  The way in which
social scientists and economists approach these potentially incompatible components of risk this
dilemma is to posit a continuum of risk perspectives from the strong realist—a storm occurs and
physical damage occurs which has a measurable monetary value--to the strong social
constructionist perspective in which even the definition of a storm is debatable (Kroll-Smith,
Gunter and Laska, 2000). This latter assessment is often called symbolic risk (Wilkins, 1996).

Similarly, how a community copes with physical changes can vary considerably, some focusing
almost exclusively on fully restoring the physical infrastructure to pre-storm conditions and
others focusing more directly on using the storm’s effects to strengthen the community’s ability
to deal with risk, in other words devoting effort to building community social capital (Edelstein,
1988). The realist end of the continuum presumes that experts can define the risk to which the
communities and residents are subject; the constructionist approach requires observation of the
ways in which the communities and their cultures, themselves, define the risk.

Identifying risks from severe storms must take into account perspectives along the full
continuum of risk as defined above.  Methods to accomplish this goal must be combined into an
interdisciplinary (among social sciences) approach.  Such a comprehensive approach provides
the spectrum of data that are useful in anticipating how severe storms will affect the human
component of the Louisiana coast and appreciating the utility of coastal restoration of varying
configurations and degrees.  This approach also benefits appreciation of the resident participation
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dynamics within the process of project selection and implementation that must take place
because project goals relevant to the residents can be better defined (Margolis, 1996: 162-163).

Present and Future Risks
In order to determine the effects of coastal restoration on the hurricane flooding risk to humans
and their activities in the coastal area, it is important to add the dimension of time and thus
variation in the coastal landmasses and ecosystems. As the coastline deteriorates or is enhanced
by restoration, different storm impacts are expected.  Pilke (2000) notes “comparing damage
across time and space is problematic.”  Changes in population and property at risk often increase
over time (unless a severe storm leads to a collapse of the social structure and thus inland
migration of coastal residents). Therefore refinements of historic estimates must be carefully
undertaken to account for the changes in what is at risk. Pilke notes that adjustments for inflation
are normally done but that other refinements must also be considered.  While it was not possible
in the scope of this project to include such adjustments, the authors of this report recognized the
dimensions that need to be considered when modeling coastal storm effects on humans and
activities and believe that data such as population counts at particular times (conditions),
mitigation measures that have been taken by the public sector (levees, forced drainage systems),
individual home-owner mitigation measures (Laska and Wetmore, 2000) can be incorporated
into a larger study. This report demonstrates the utility of such modeling activities by estimating
damages for three different coastal conditions using the same storm characteristics modeled as
damage estimates at one point in time.

People in the Coastal Zone
Census data comprise a valuable portion of the wealth of information that can be used to evaluate
risks of coastal flooding.  Census data provide insight into the distribution and composition of
coastal communities as well as ancillary information from which characteristics of risk can be
inferred.  This information includes race, nativity, occupation, and income level.  Over one and a
half million people live in the coastal zone – just under a third of them in New Orleans, with an
additional third in the lower Barataria/Terrebonne estuaries.  The coastal flood plain provides a
living for these residents through a myriad of natural resources harvest and supporting activities.
The coastal zone produces seafood, is the location of the historic oil/gas fields, shipping
infrastructure to move a variety of products including petroleum, and more recently has been the
location of support for the critically important offshore oil industry on the outer continental shelf.
Additionally, up to a million individuals that live outside of the coastal flood plain are directly
and indirectly affected by activities that occur within it.  The appendix provides a more detailed
account of the information that can be obtained from analysis of census data.

Economic Activities
Direct costs of storm damages may be felt by local households, through damages to property and
temporary or permanent loss of employment, by local governments through increased public
service and infrastructure costs, and by local businesses through increasing costs or lost profits
during downtimes.  But storms can also impose costs far beyond the immediately impacted areas
as markets, such as those for energy and fisheries, restrict supplies and raise costs to consumers.
Also, depending upon insurance arrangements, private and government insurance may cover
property damages and unemployment.  The result is that a localized storm may have broad-
ranging implications to regional and national economies.
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For purposes of evaluating risk based on potential damages, different methods apply to different
types of infrastructure, Table 22.2.1.  The total amount and distribution of population-based
infrastructure is driven by the number and incomes of people who wish to live and work in the
coastal zone.  The response of these populations to changes in storm risk is complex and should
be established before any estimate of the economic damage costs from storms to residences,
businesses and public infrastructure can be determined.  Infrastructure related to special
industries is driven by the distribution and quality of the related natural resources and, in the case
of depletable resources such as oil and gas, by the history of resource development in the region.
The appendix presents more detailed information on these categories of infrastructure and on
approaches to evaluating the associated risks.

Table 22.2.1:  Categories of infrastructure at risk

Population Based
Residences
Business and industrial establishments
Public infrastructure:
  Schools
  Transportation (roads)
  Ports
  Utilities networks

Specialized Industries
  Oil and gas
  Fisheries
  Recreation
  Shipping

Storm risks to population-based and specialized industry infrastructure must be analyzed
separately.  Population in the coastal zone will be driven by local cost, risk, quality of life and
employment opportunities, in addition to the more general drivers for population in the larger
region such as general economic conditions, climate, regional tax structures, etc.  The local
determinants of coastal zone populations will change over time with and without the storm
mitigation policies.  So there must be some basis for determining populations with and without
the storm mitigation policies.  The population projections will drive much of the storm
mitigation benefits analyses.  While populations in Gulf coastal counties have increased by only
3% per year over the past decade, there is no reason to assume these rates will continue,
especially in Louisiana which faces greater vulnerabilities to storms and sea level rise (Neumann,
et al., 2000).

Attempts to estimate the costs to developed property from sea level rise are instructive for
analyses of coastal storms.  Sea level rise studies have incorporated various possible responses to
risk.  Neumann et al. (2000) estimated that the coastal property at risk in the US from a 50 cm
rise was $138 billion (measured in 1990 dollars).  With no adaptation or protection, this would
presumably be the economic loss to property of such a rise.  If protection is the response to sea
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level rise, the costs of coastal property losses are reduced to only $36 billion for the US
(Neumann, et al, 2000).  This would include levees, dikes, etc., located to protect high valued
areas.  If both protection and adaptation (retreat, elevation of structures, etc.) are considered, the
costs of loss are reduced further to only $20 billion for the US (Neumann, et al, 2000).  So it is
clear that assumptions about the responses to increased coastal risks dramatically impact the
measures of economic loss to property.

Specialized infrastructure at risk from coastal storms and likely to be impacted by storm
mitigation policies would include:

• Transportation systems, including public infrastructure such as highways, ports and
shipping channels, as well as railroads.

• Utility systems, including water, natural gas, and electric utilities.
• Fishing industry infrastructure, including ports.
• Oil and gas industry infrastructure, including wells, pipelines, processing plants, tanks,

refineries, port facilities, and associated supply infrastructure.

As in the case of population-based infrastructure, the storm damage related benefits of mitigation
policies depend critically on the self-protective behaviors of these public and industry groups.
For example, there are several possible responses to increase storm risk to transportation systems
in the “without restoration” conditions.  Highways could simply be repaired, if possible, after
each storm; or critical highways could be made safer by leveeing or elevating, as is being done
for the only highway to Port Fourchon.   The oil and gas industry could elevate productive wells
and close unproductive wells in the coastal zone, rebury or reroute pipelines, and move support
facilities to safer locations.  We can be sure there will be some types of self-protective responses
by this sophisticated industry in the “without restoration” conditions, but trying to predict those
responses is problematic.

So we see again that the difficulties in determining the potential benefits to these public and
specialized industry infrastructures stem from being able to establish a reasonable behavior in the
“without restoration” condition base case.  What would these public agencies and industries do if
storm mitigation policies were not in place?   If we cannot answer that question, we will not be
able to credibly estimate the difference that these policies will make to their behaviors and hence
their costs.  These agencies and industries may remove or abandon their at-risk infrastructure in
the coast under the “without” conditions.

Some firms in the private sector may know what they would do, others may not.  And it will be
very difficult to obtain the confidential information about their potential strategies so we can
make a credible estimate of what they might do.   The simplest, reasonable assumption is that
they will engage in self-protection of their existing infrastructure through structural methods,
such as elevating wells, and reburying pipelines.  Or water utilities will pipe water into their
systems as coastal sources become unusable.  Or some highways will be repaired after each
storm, others will be abandoned, and others will be structurally enhanced.  Existing fishing ports
will be repaired after each storm.  Shipping channels will be dredged and repaired when
breached, but every effort will be made to maintain the existing channels.  These are simplistic
responses, perhaps, but would be some basis for benefit estimation.
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Natural Infrastructure
Natural infrastructure refers to those ecological structures and functions that provide services to
economies.  Construction and protection of strategically located wetlands and barrier islands will
provide protection of this natural infrastructure from coastal storms.  This protection may be just
as important economically as the protection of built infrastructure, and maybe more so; for
example, if there are no fish there is no fishing, but fishing ports can be rebuilt.

Wetlands and barrier island structures play important functional roles in geophysical and
biochemical processes important to coastal economies.  For example, nutrient cycling and
biomass productivity in wetlands is critical to fisheries and waste treatment processes.   Hunting,
fishing, trapping and other recreational and commercial activities depend on the condition of
coastal wetlands.  The condition of coastal wetlands may play an important role in moderating
the toxicities of wastes from economic activities throughout the entire Mississippi Basin, in turn
protecting water quality for coastal and offshore fisheries.  These wetlands may also play
important roles in providing for the freshwater recharge of coastal aquifers and for potable water
sources in the coastal zone.  Strategically located wetlands and barrier islands may moderate
losses to wetlands from storms, providing a form of natural insurance and the protection of
natural infrastructure against catastrophic losses and resulting losses to associated economic
activities.

While there may be many economic activities that are dependent on the conditions of the coastal
natural infrastructure, several are likely critical to the conditions of coastal economies.  These
include:

• Commercial fishing
• Recreational fishing
• Water supply

Methods for evaluation of storm protection benefits to these activities are considered below.

In establishing a methodology, we must keep in mind that we are seeking a means to estimate the
value of protecting natural infrastructure from storms.  When we build wetlands, those wetlands
may have direct values insofar as they add to the natural infrastructure, adding nutrients and
habitat for fisheries, for example.  But their indirect values include protection of other existing
natural infrastructure, and this is what we are trying to evaluate in this guidance document.  If
this protection was not in place, the loss of coastal wetlands may be greater and resulting natural
system services may be lost.  So the benefits of building wetlands for storm protection would
include the direct benefits of those wetlands plus the indirect benefits from protection of at risk
wetlands.
Approaches to Evaluating Risk
Traditional estimates of flood impacts focus on economic losses and loss of life.  The Heinz
Center for Science, Economics and the Environment (2000) has developed a detailed approach
for estimating “true” costs.  These differentiate between direct and indirect, short versus long-
term, costs by economic sector, by political entity and identification of who pays (Laska and
Wetmore, 2000).  Each of these dimensions can be included in the modeling of storm impacts
over different coastal land- and bio-mass conditions.  Even the cost of the loss of humans has
been valued and a literature on refinement of that cost is available (see for example, Wilkins,
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1996).  Several governmental and nongovernmental organizations have data available on recent
storms. Property Claim Services of the Insurance Services Office, the Institute for Business and
Home Safety, the National Weather Service and the National Center for Atmospheric Research
(NCAR) are key sources.  Because the storm on which the modeling is being developed occurred
before such data were collected, extrapolation from data for recent storms with similar
characteristics would have to be used to estimate such categories of loss. The example included
in the appendix demonstrates the way census data describing the coastal population can be
examined to identify which parts of the population would be more at risk if barrier shoreline
declines increased the impact of storms to the area.  By virtue of particular social characteristics,
especially economic and social marginalization, sub groups of the coastal population will be
more at risk to the prospective storm.

While (traditional) financial costs of damage and loss of life are key to assessing risk, the ability
of communities to function successfully after a long-term slow onset hazard (like coastal
erosion itself) or a fast onset hazard (like a severe hurricane) is also an important way to view
risk (Burton, et al., 1978).  In the subsequent sections of this report on human impacts and
methods to analyze them (Sections 2.1 and 2.2), we describe additional approaches to evaluating
storm risk that have evolved for considering the effects of dramatic cycles (boom/bust) of major
environmental extractive/production activities on communities where they are located.  Section
2.2 describes the ways in which Social Impact Assessment and Systems Analysis can be used to
assess the risk that could occur (or be prevented) by virtue of the condition of the shoreline
barrier.

Moving toward the symbolic end of the continuum of methods to assess risk, social capital
analysis and risk perception analysis represent the more social constructionist approaches to
identifying risk, the former concerned with community social interaction dynamics and their
support of a “healthy” community and the latter concerned with the ways in which coastal
populations view risk and how those views come full circle to contribute to the realist conditions
of the coast.  Similar to recent work done by Liesel Ritchie (2004), hurricane impact modeling
could include the social capital measures.   Ritchie examined the social capital of Cordoba,
Alaska after the Exxon Valdez oil spill and assessed the social networks and resource
mobilization to be significantly diminished from before the spill. An example of risk perception
modeling would be to examine the causes of population loss after a significant hurricane in terms
of the role that loss of confidence by residents that they are safe and able to carry on with their
lives contributed to out migration separate from economic factors. These latter approaches are
limited for application to historical analysis (in the case of this study 1950 conditions) by the
need to measure attitudes and social networks, norms etc. obtained most often from primary data
collection—surveys or in-depth interviews.

Compilation of (counting) the incidents of particular happenings (e.g. houses flooded, hurricane
related deaths, business failures, population out-migration) provides a method of risk/impact
analysis and these methods are relatively straightforward.  However, social data also exhibits two
related characteristics that are not necessarily linear in nature.  First, social behavior occurs in
systems.  Social organization results in clusters of linked behaviors and networks that are
focused on critical community functions.  So we talk about education systems, law enforcement
systems, or resource harvest systems.
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Here when we talk about risks or impacts we are talking about the ability of the system to
function, not about individual effects.  The effects of a hurricane may be a diminished ability of
the educational system in a community to fulfill its basic goals.  If one out of three schools in a
community cannot open and, as a result, the students in three schools must be crowded into two,
although all the teachers and students survived, this diminished capacity to achieve goals is a real
effect of the storm.  With increasing impacts, at some point the breakdown of the system is
inevitable, leading to a second important characteristic of social systems, the concept of
threshold.

At some point systems cease to function, often due to the failure of some particular element of
the system.  For example, a resource harvest system such as shrimping, an activity that occurs
commonly in the study area, is comprised of a complex set of actors.  Interruptions in power
supply will impact seafood docks, and thus shrimpers, somewhere along a range of no impact to
a threshold where the whole system becomes untenable.  A few hours without electricity will
cause a substantial expense for shrimp shed operators.  But, a week without power might close
the business for the whole year – or permanently.  In addition to boat owners, captains for
company owned vessels and crew, there are seafood buyers (shrimp sheds), ice houses, net sales
and repair businesses, marine hardware stores, engine repair businesses, etc.  Even within a
particular category of individuals in the system there is also variation, which can lead to
differential impacts from the same event.  Skimmers, who fish in the lakes and other inland
estuaries, may be affected differently by storms than deep-water trawlers, or those who fish the
passes with butterfly nets.  Each of these fishing techniques relies on different technologies.

A usable impact assessment of the social world inside the study area will require numerous
desktop models of socio-economic sectors and their interconnections.  Then those models must
be calibrated, insofar as is possible, by real historical, comparative geographic, ethnographic or
survey data.

Each element of this socio-economic system is subject to impacts from external events, such as
hurricanes and methods of assessing risks and potential impacts must take this complexity into
account.  By examining one element of this system (seafood buyers) the threshold nature of the
system can be illustrated.  Seafood buyers operate on a relatively limited profit margin.  If a
hurricane destroys boats that trade with that buyer, the profit margin must go down.  At some
point, with the destruction of enough boats, the dealer(s) may be forced to shut down.

Again, the variations within categories determine how this secondary impact will affect other
members of the system.  Larger offshore trawlers probably would not be affected much by
having to go to another community to sell shrimp.  Skimmers may have greater difficulties.  The
shrimpers themselves operate on even smaller profit margins than do dealers.  With falling
shrimp prices due to Asian imports and rising fuel prices, small charges in operating costs may
put smaller operators in a position where additional transportation costs to go where the fin or
shellfish are abundant would make their operation untenable.
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Social Impact Assessment Model
Methodologically, the task becomes modeling the parameters of the systems.  One of the more
potentially useful bodies of literature for generating models for the assessment of risks/impacts
of hurricanes across scenarios of coastal restoration is the social impact assessment model.  The
National Environmental Policy Act (NEPA) of 1969 requires that federal agencies, or other
agencies using federal funds, assess and attempt to mitigate the environmental effects of their
proposed actions.  NEPA calls for use of “a systematic, interdisciplinary approach, which will
insure the integrated use of the natural and social sciences and the environmental design arts in
planning and in decision-making which may have an impact on man's environment” (102 [42
USC § 4332] (A)).

NEPA led to the birth of a variety of social impacts assessment techniques, summarized by
Burdge (2004) and condensed into guidelines by the Interorganizational Committee on
Guidelines and Principles for Social Impact Assessment (1993).  The focus of this approach is to
assess potential social and economic impacts before activities occur.  Because the social impact
assessment model is explicitly predictive in nature, it is particularly useful in assessing, before
the facts, risks associated with particular scenarios.  This approach focuses heavily on describing
baseline conditions (understanding how the basic social and economic environment functions
prior to the relevant activity), scoping (identifying the full range of probable social impacts based
on discussions with the affected parties), and projecting responses to the most probable impacts.

A second useful body of literature and assessment methods comes out of what has been called
the “boomtown model”.  This model which has been used for assessing the effects of rural
energy development, and large rural developmental activities in general, emerged in the 1970s
with the study of the construction of coal fired generating plants, located near large deposits of
coal, in the rural western United States.  The rapid growth associated with these developments
leads to a host of associated, frequently deemed undesirable, effects such as over crowding,
breakdown of various municipal services, decreases in the density of acquaintanceship with
subsequence loss of informal control of deviance and support of the community disadvantaged
(Freudenburg 1986), to increased rates of substance abuse, divorce, homicide and suicide (see
Albrecht 1978; Bates 1978; Cortese and Jones 1977; Gilmore 1976.  Eventually as the research
tradition continued it came to be recognized that not only was the boom potentially problematic,
but that the “bust” that frequently followed the boom created a whole new set of problems as
social systems began to fall apart from lack of resources (see Gramling and Brabant 1986 for a
concise description).  The point of this research tradition is not the subject matter but rather the
focus on the functioning, or failure to function, of human systems after the impact of some event.
Times series analysis methodologies have been refined to be applied to this approach (Seydlitz et
al., 1994).

In an attempt to combine the two timeframes and provide a more flexible tool for assessing
socioeconomic impacts, Gramling and Freudenburg (1992; Freudenburg and Gramling 1992)
developed a typology that allowed assessment over both time and the various human systems
that are affected by the types of changes potentially brought about by developmental activities.
On a temporal basis, these effects can be separated into opportunity/threat impacts,
developmental impacts, and adaptation/post developmental impacts.  Potential systems analyzed
cross physical (built), cultural, social, political/legal, economic, and psychological.  The data for
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these modeling efforts would come from demographic data as noted in section 2.2, predictive
data obtained through social impact assessment techniques, historical data (what happened with
past storms), and generalizations directly from the inundation model generated by Stone et al.
(2003).

Regional Economic Model
An application of the Regional Economic Model (REMI) may be useful in establishing the
population projections with and without storm mitigation.  It is a supply-demand model with a
variety of interconnected markets represented.  It is capable of determining levels of economic
activity and populations reasonably well at parish scales.  The driving parameter in this storm
mitigation application would likely be the cost of housing.  The cost of housing would include
the damage repair from storms.  In the without-restoration condition, expected residential
property damage costs would be higher than in the with restoration condition.  The difference in
costs would be attributable to the lower intensity of flooding and perhaps personal mitigation
policies such as reconfiguration of residential structures.  More extensive levy construction,
which would likely be a public response in the without restoration, could be amortized into the
tax structure of parishes or local communities and be reflected in the cost of housing.   At the
same time, federal contributions (i.e., cost sharing) to the construction of levees and other flood
control infrastructure might reduce the economic impacts of coastal restoration on housing costs.

The REMI model incorporates feedback from populations to retail activity, so the number of
business establishments could also be determined in the “with and without” conditions.  Cost of
operating businesses would include storm damage costs, even if they have actuarially fair
insurance, and amortized tax costs for levy construction.   These costs could be inserted in the
REMI model using appropriate variables.  So both the population and cost of doing business
would determine projections of populations and coastal economic activity.

The measure of infrastructure related benefits from storm mitigation in this project would, in
principle, accrue to two groups:

• populations remaining in the risk zone in the “without” conditions
• populations that left the risk zone but suffered diminution of property values (i.e.,

asset losses) due to higher storm risks under the “without” conditions

The REMI model could make two projections: populations who would remain in coast in the
“without” conditions, the first group above, and the total population who would inhabit the coast
in the “with” conditions.  But only a portion of the difference between these latter two would
include the second group above, as some of the total population in the with project conditions
may be persons who migrated into the coast because of lower storm risks.  So using only the first
group above would provide a lower bound estimate of housing infrastructure benefits, and using
total populations would provide an upper bound.

A complicating factor is that maintenance is an economic decision, and it would be rational for
residents, businesses and public agencies to reduce maintenance when storm risks are higher.
This may translate into a shorter lifetime for private and public buildings and other
infrastructure, such as roads and utilities.  So we can expect the building and other infrastructure
to be shorter lived and more poorly maintained under the “without” storm mitigation conditions.
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Reducing maintenance is one of those behaviors that moderates the adverse impacts of storms on
infrastructure.  Reduction in maintenance and shorter lived infrastructure under “without”
conditions will mean that using only capitalized expected storm damage costs to infrastructure
will overestimate the adverse effects of the “without” conditions.

Furthermore, housing markets may capitalize some of the anticipated reductions in earnings due
to storm risk and events.  So in principle, a variety of storm damage costs may be capitalized in
housing markets, and would not be limited simply to expected property damages.  It would also
be reasonable to expect that as the quality and value of the housing stock diminishes in coastal
risk areas, poorer households will remain to use that stock while more affluent households, or
households with other residence and employment opportunities will leave.  This suggest an
equity issue in the “without” mitigation conditions.

Storm Damages
Brushing the complicating factors aside, a first order estimate of the population based storm
mitigation damage cost savings would be to have flood level scenarios for varying magnitudes of
storms, accompanied by estimates of the damages to property corresponding to those varying
flood levels.  This is the approach demonstrated in the case study described in the following
sections.  The USACE has undertaken studies of flood stage-damage estimates in South
Louisiana.  These data can be inflated to current dollars using construction cost indices as well as
to current and projected population.  The original USACE data represent damages to structures
in Water Resource Units (WRU), and specify the number of structures at risk in determining
damages.  These data allow determination of damages per structure, and can be used along with
Census data for more recent estimates; i.e., Census data yield information on households, and we
can assume a set number of structures per household.

The discounted expected values of these flood damages, based on the probabilities of storms of
different magnitudes, would then estimate the present value of expected flood damages.  The
“with” and “without” mitigation conditions would determine the magnitudes of floods and
associated damages.  These damage estimates would have to be based on the infrastructure at
risk in the “without” mitigation conditions since we are asking what are the benefits of
mitigation compared to no mitigation.  The simplest assumption would be that coastal
populations and associated infrastructure at risk would remain as it is currently.  As noted above,
this may result in an overestimate of benefits of storm mitigation because it does not allow for
the cost-savings from self-protective behaviors, such as more extensive levy building,
reconfiguration of existing structure, or moving out of the risk zones.

A slightly more refined estimate would take the REMI forecasts of coastal populations with
higher storm damage costs of housing.  These population forecasts would be the basis for
estimating residential and public infrastructure at risk in the future.
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21.3  Evaluating Risks of Coastal Flooding

When viewed from an economic perspective, the process of making a decision consists of
gathering information and analyzing this information to support the selection of one among a
number of possible alternative actions.  The preceding sections introduce the concept of risk and
discuss general approaches for evaluating risk related to coastal flooding.  Risk analysis applied
to support decision-making seeks to evaluate the level of risk that will result from the choice of
each alternative.  This requires assembling information to characterize the risk sources, pathways
and receptors, Figure 22.1.2, and forecasting the effects that management actions will have on
the magnitude of risk through the effect of the management actions on each of these factors.

Evaluating the risks associate with each alternative, based on forecasts, must take into account
uncertainties that arise from the natural variability of the world and our imperfect knowledge of
it.  A full description of risk typically incorporates these uncertainties by adopting a probabilistic
approach to describing risk sources, pathways, and endpoints.  For example, characteristics of
tropical storms affecting coastal Louisiana, the source, can be described probabilistically, i.e. in
terms of annual probabilities or “return period.”  This probabilistic description can be carried
through the analysis so that the resulting risks also can be described probabilistically.  Results of
risk analysis can also be integrated over the sample of storms to produce a mean annual
“expected” level of risk or loss.

Source of Risk - Definition of “Project Storm”
This case study takes the more basic approach of evaluating risks based on the forecast effects of
a project storm.  This is equivalent to adopting as basis for comparison the risks arising with a
prescribed, but unknown, probability of occurrence.  The approach based on application of a
project storm can be used as long as the decision-making requires only the evaluation of relative
levels of risk.  Where decisions require knowledge of absolute risks, i.e. economic losses with a
given probability of occurrence, then a complete analysis will be required based on a full,
probabilistic description of risk sources, pathways and receptors.

The selected design storm has characteristics of a Category III hurricane that made landfall near
Grand Isle in 1915, referred to as number 214 in the National Oceanic and Atmospheric
Administration HURDAT data set.   The Corps of Engineers frequently uses these same
characteristics in designing flood protection works (Dr. Norm Scheffer, personal
communication).  The hurricane began moving north-northwest on September 22, 1915, from the
eastern Caribbean Sea, traversed the Gulf as a category 4 storm and made landfall just southwest
of Grand Isle, Louisiana, on October 30, 1915.  The maximum wind speed was 115 miles per
hour with the lowest pressure of 931 mb.  The storm was responsible for nearly 300 deaths in
Louisiana.

To fully establish the effects of barrier and wetland loss on storm surge and wave conditions over
time, the 1915 hurricane track was perturbed westward 54.4 miles (0.9 degrees) southwest of the
original landfall, Figures 22.1.2 and 22.3.1.  With this trajectory and the meteorological
characteristics of the original 1915 hurricane, the wind, surge and wave fields would become
maximized over the study area.
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A significant amount of unpublished work in the form of storm surge modeling has already been
conducted by the US Army Corps of Engineers (Drs. Norm Scheffer, Coastal and Hydraulics
Laboratory, Waterways Experiment Station, and Lee Butler, Veri Tech, personal
communication).  Those data showed conclusively that during simulated Category IV and V
hurricanes making landfall in south-central Louisiana, the entire barrier island and marsh system
was submerged to the point where it became ineffective in even partially mitigating the inshore
surge and wave field.  Therefore, utilization of such a powerful hurricane would not help meet
the objectives of the current project.  No Category IV or V hurricanes at landfall have come
ashore along the study site and that a historical precedent for a hurricane of this magnitude had
not been established.  Since 1950 four storms with Category III strength have made landfall at or
near the study site: Hilda (1964), Betsy (1965), Carmen (1974) and Andrew (1992).  Refer to
Stone et al. (1997) and Muller and Stone (2001) for a detailed evaluation of historic hurricanes
impacting the Louisiana coast.

Risk Pathway – Modeling Storm Surge and Wave Height
This study assesses the risks that propagate through the pathway of flooding by storm surge and
wave height associated with the project storm.   Coastal storms impose risks of damage through
other pathways, such as wind and flooding caused by rainfall.  However, coastal restoration will
have its most direct effect on storm surge and wave height through the associated changes in the
barrier islands and in the area of coastline covered by wetland.  A general rule of thumb predicts
a reduction in storm surge by one foot for each mile of wetland between the coast and the point
of impact.

Stone et al. (2003) report results of model calculations to simulate the storm surge and wave
heights that would occur throughout the study area in response to the project storm.  These
calculations were performed based on three different scenarios of assumed coastal
geomorphology, each referenced to a point in the evolution of the coast over time.  The 1950
scenario represents the conformation of the barrier islands, coastal wetland and estuarine and
near shore bathymetry as it appeared in the 1950s, Figure 22.3.2A.  The 1990s scenario
represents the geomorphology of the barrier islands and the wetlands as they appeared in the
mid-1990s, Figure 22.3.2B, and the 2020 scenario represents the geomorphology of the coast
based on projected trends in the migration and erosion of the barrier islands and in the
conversion of wetland into open water, Figure 22.3.2C.

Overall, the three geomorphology scenarios produced very similar patterns of storm surge and
wave height over the study area.  However, important differences occur that affect the risk to
coastal communities and oil and gas facilities.

Surge elevations and wave heights 1950 geomorphology
Maximum surge elevations (SE), wave heights (WH) and surge plus wave heights (SEWH) are
presented for the 1950 scenario in Figure 22.3.3.  Results are shown only for populated areas,
urban and rural land use, where damages can be assessed.  Water levels increase from gray (not
flooded) through light blue to dark blue.




