
NORTH CAROLINA DIVISION OF EMERGENCY MANAGEMENT                                                     

OFFICE OF GEOSPATIAL AND TECHNOLOGY MANAGEMENT 
 

 

North Carolina 

Sea Level Rise 

Risk Management Study 
 

 

Conceptual Model Report 
 

 

 
 

 

 

 
 

May 2nd, 2011 

Version 2.2 

 



 

NC Sea Level Rise Risk Management Study     Page 1 

CONTENTS 

Contents 
 
Document Version History ....................................................................................................................... 2 

1.0 Study Overview ............................................................................................................................ 2 

 

2.0 Study Approach ........................................................................................................................... 5 

 

3.0 The Conceptual Model ............................................................................................................... 10 

3.1 What is the conceptual model ................................................................................................ 11 

3.2 Conceptual Model Development ............................................................................................ 11 

3.3 Elements of the Conceptual Model ........................................................................................ 14 

3.4 Full Conceptual Model ........................................................................................................... 17 

 

4.0 Survey ........................................................................................................................................ 19 

 

5.0 Next Steps ................................................................................................................................. 21 

 

6.0 Appendix I. – Detailed Conceptual Model................................................................................... 24 

5.1 Emissions Scenarios (Source) .................................................................................................. 25 

5.2 Sea-level and Storminess (Source) .......................................................................................... 26 

5.3 Landform Response (Pathway) ............................................................................................... 27 

5.4 Flood Hazard (Pathway) ......................................................................................................... 29 

5.5 Hydrology (Pathway) .............................................................................................................. 31 

5.6 Buildings and Structures (Receptor) ....................................................................................... 32 

5.7 Critical Infrastructure (Receptor) ............................................................................................ 34 

5.8 Agriculture and Aquaculture (Receptor) ................................................................................. 36 

5.9 Ecological (Receptor) .............................................................................................................. 38 

5.10 Societal (Receptor) ............................................................................................................. 40 

5.11 Land (Receptor) .................................................................................................................. 45 

5.12 Risk (Metric) ....................................................................................................................... 46 

 

7.0 Appendix II.  Questions and Survey prioritization by SPR Framework.......................................... 48 

7.1 Flood Hazards ........................................................................................................................ 48 

7.2 Sea Level Rise and Storminess ................................................................................................ 48 

7.3 Hydrology .............................................................................................................................. 48 

7.4 Land ....................................................................................................................................... 49 

7.5 Critical Infrastructure ............................................................................................................. 49 

7.6 Agriculture and Aquaculture .................................................................................................. 49 

7.7 Buildings and Structures ......................................................................................................... 50 

7.8 Ecological ............................................................................................................................... 50 

7.9 Societal .................................................................................................................................. 50 

 



 

NC Sea Level Rise Risk Management Study     Page 2 

1.0  DOCUMENT VERSION HISTORY 

Version 1.0 – July 14th, 2009 – Initial Draft  

Version 1.1 – August 21st, 2009 – Revised Draft 

Version 2.0 – September 11th, 2009 – Initial results from prioritization survey added.  

Revised with comments from the Advisory Committee. 

Version 2.1 – June 11th, 2010 – Final Draft, incorporates additional feedback from Advisory 

Committee and Study Management Team.   

Version 2.2 – May 2nd, 2011 – Revised Final Draft, incorporates changes in scope to the 

original conceptual model tables. 

2.0  STUDY OVERVIEW 

The North Carolina Sea Level Rise Risk Management Study will evaluate the potential 

changes in coastal flooding hazards due to sea level rise and changes in storm frequency 

and intensity on a system-wide basis, considering built and living systems, and inclusive of 

societal and economic impacts.  This assessment will include future vulnerability to both 

temporary and permanent flooding, land loss, and account for dynamic interactions and 

feedback between receptor systems.   

Changes in hazards will be evaluated using a source, pathway, receptor framework applied 

at six representative sea-level scenarios that may potentially occur between 2010 and 

2100.  Several scenarios of future conditions will be evaluated at each time slice in order to 

quantify the plausible range of future conditions.  The forcing scenarios will be assessed 

across the receptor systems to identify the vulnerability of each system to each scenario.  

Uncertainty will be defined for all analytical aspects of the study process and attached to 

results.  A risk assessment will then be applied to quantify the impact of each scenario.   

Flood risk management strategies, considering public policy, planning and zoning, codes 

and standards, resource management, and outreach will be iteratively developed with the 

risk assessment.  Strategies will be evaluated on estimated economic impacts, regulatory 

costs, implementation costs, and stakeholder acceptance.  The best “next steps” as 

determined from the strategy analysis will then be put forth to the study stakeholders.   

Study products will include a final report describing the identified hazards and risks, in 

addition to mapping products.  A study template, data requirements and guidance will be 

developed to assist future studies in other locations.  It is also anticipated that a GIS 

analytical toolset will be developed.  Preferred mitigation and adaptation options will be 

identified and discussed with guidance on applicability in varying environments.   
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The study will be accomplished by a partnership between the State of North Carolina, the 

North Carolina university system, the study contractor, and other stakeholders.  These 

entities are to be organized into nine work groups comprised of: conceptual modeling, 

analytical modeling and programming, coastal landforms, processes and structures, flood 

risk strategies, buildings and coastal structures, critical infrastructure, ecological, 

agriculture and aquaculture, and societal.  

The overarching goal of this study is to inform State and Federal policy makers on the 

subject of the sea-level rise impacts and foster development of risk management policy.  

The study does not intend to produce community-level action plans.  

Study development is organized into ten stages as shown in Figure 1. This ‘Conceptual 

Model Report’ represents the main output from Stage 3. Full details of the study scope and 

approach are provided in the ‘Study Plan’ produced in Stage 1. 
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FIGURE 1.  STUDY PROCESS FOR THE NORTH CAROLINA SEA LEVEL RISK MANAGEMENT STUDY 
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3.0  STUDY APPROACH 

The study will develop reasonable scenarios of potential sea level rise and demographic 

conditions in North Carolina for four “time slices” through 2100: near term (2025), 

medium term (2050), long-term (2075), and end of the century (2100).  Scenarios are 

plausible alternative futures, each an example of what might happen under particular 

assumptions.  Scenarios are not specific predictions or forecasts.  Rather, scenarios provide 

a starting point for examining questions about an uncertain future and can help us visualize 

alternative futures in concrete and human terms.  The military and industry frequently use 

these powerful tools for future planning in high-stakes situations.  In addition, the 

application of scenario approaches for climate change and sea level rise studies is well 

established in Europe.  Using scenarios helps to identify vulnerabilities and understand the 

performance of management strategies across the range of possible future conditions. 

This study will evaluate changes to the frequency and magnitude of coastal flooding due to 

increasing sea-levels and changes to the frequency and/or intensity of coastal storm 

activity and the associated risk to coastal resource systems.  Wind, as a separate hazard, 

will not be examined.   Changes in precipitation as pertinent to coastal flooding will be 

appraised.  Other alterations of natural hazards due to climate change will be 

acknowledged, but not directly assessed.   

The study will utilize the Source-Pathway-Receptor (SPR) framework model for assessing 

flood risks.  An illustration of the SPR framework is conceptually depicted in Figure 2.  

 

FIGURE 2.  SOURCE-PATHWAY-RECEPTOR FRAMEWORK FOR ASSESSING FLOOD RISK. 
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In the SPR framework, Sources are climate or weather events (e.g., sea level rise, 

hurricanes) that drive flood hazards.  Pathways are the routes that sources take to reach 

receptors, such as coastal landforms and flood control structures that convey floodwaters 

that originate as weather events to places where they may impact on receptors.  Receptors 

are the people, industries, and built and natural environments that may be affected by the 

flooding hazard.   

Utilization of the SPR model allows us to break down the flood risk management process 

into constituent parts.  This facilitates a framework around which to develop a transparent, 

consistent analytical approach for the study.  When considering future management 

strategies, this framework enables the targeted development of approaches that will either 

1) reduce the probability of a hazard through the source or pathway stages, or 2) reduce 

the exposure or vulnerability of one or more receptor.  Figure 3 depicts how the SPR 

framework will be applied to the study.    

The Sources and Pathways drive the impacts to all receptors.  For example, increases in 

sea-level would allow greater wave energy to the coast, which could then result in 

accelerated beach erosion.  The erosion could lead to breaches or significant overwash of 

the barrier island system.  Breaching would allow additional conveyance of oceanic water 

into the estuarine environment.  During storm surge events, the additional conveyance 

would allow more storm surge into the back bays and ultimately result in increased 

flooding and damages to assets.  

Table 1 summarizes the scope of the receptor systems to be assessed in the study.  As 

shown in Figure 3, there are significant interdependencies between the impacts of sea level 

rise and increased flooding on the various receptor systems.  For example, increases in 

water levels and storminess will result in modifications to the form and function of 

‘natural’ coastal landforms, conveyance, and storm surge propagation to the estuaries.  In 

turn, this could result in alterations to circulation, salinity, nutrient residence times and 

water quality.  These changes could affect fauna recruitment and/or mortality, among 

other things.  Management strategies at the receptor level may also alter the hazards 

through feedback with the pathways and other receptors.  One example would be evolution 

of land use practices in response to the changing hazards.  In response to changing land 

use, critical infrastructure would have to adapt to provide services and thus change the 

overall exposure and risk to sea-level rise and inundation hazards.  Such interdependencies 

are recognized and are considered an integral part of this study. 

Risk to the system-wide impacts of sea-level rise will be aggregated and reported at the 

county level.  Relative risk across differentiating units, such as estuarine and open barrier 

island coast will be distinguished.  The underlying risk assessments will be of higher 

fidelity.  Each aspect of the risk assessment will be evaluated at the appropriate spatial 

resolution, to be determined by the quality of the input data and uncertainties involved in 

the analysis.   
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TABLE 1.  RECEPTOR SYSTEMS TO BE ASSESSED 

System Scope 

1. Land 
Land loss, including ocean and estuarine coasts and 

categorized by land use type.  

2. Ecological 

Ecosystems and the environment, including water quality; 

wetlands; plants; animals; aquatic life; recreational and 

commercial fisheries; and barrier islands. 

3. Agriculture and 

Aquaculture 
Agricultural systems including crops; irrigation; livestock; 

silviculture; in addition to Aquaculture facilities and stocks. 

4. Buildings/Coastal 

Structures 

Buildings; appurtenant coastal structures (e.g., piers, etc.). 

Includes those buildings associated with the other receptor 

systems. 

5. Critical Infrastructure 

Critical infrastructure facilities and key resources including: 

transportation facilities/infrastructure; pipelines; electricity 

generation, transmission, and distribution; 

telecommunication; wastewater; water supply; education; 

flood control and storm water management; food 

production and distribution; heating; public health; financial 

services; monuments/icons; government facilities; and 

security services 

6. Societal 

Social systems including potential loss of life; health (e.g., 

water- and vector-borne diseases); insurance, 

amenity/recreation; employment loss (permanent or 

temporary); displacement from residence; educational 

disruptions; and social welfare programs.  Includes overall 

economic impacts. 
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FIGURE 3.  SOURCE-PATHWAY-RECEPTOR MODEL FOR THE NORTH CAROLINA SEA-LEVEL RISE RISK MANAGEMENT STUDY. 
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Risk assessments and economic analyses will be performed as part of the impacts 

assessment for each receptor system.  The economic analyses will include the following 

financial impacts:  average annual cost and damages, and 100-year and 500-year events.  

To provide added context, historical events adjusted to the climate scenarios will be run 

and roughly correlated to the Saffir-Simpson Hurricane Categories. Where appropriate, 

other (non-monetary) metrics will be used to describe the impacts on receptor systems. 

The future hazard scenarios associated with SLR and storminess will be superimposed on 

the existing land use and a future development scenario at each time slice.  Future 

development scenarios will be developed based on existing and anticipated land use, 

zoning, policy, and economics.  In order to provide an accurate assessment of future risk, 

the future development scenarios will incorporate anticipated reactive adaptation to 

increased risk under existing laws, policies, and regulations.  Relative change in exposure 

and impact from the baseline condition to each time slice and SLR scenario will be assessed 

to quantify the influence of SLR on risk and identify the most vulnerable areas.     

Using the results of the hazard and risk 

assessments, the Study Team will identify and 

evaluate flood risk management strategies to 

reduce North Carolina’s vulnerability to and 

consequences from the negative effects of sea level 

rise and increased coastal flooding. A review of the 

current policy and administrative framework 

during the early stages of the study will assess the 

capacity of existing systems for adaptive SLR risk 

management implementation. The effectiveness of 

proactive implementation of these adaptation 

policies will be evaluated through implementation 

in the hazard analysis and impact analyses.  

Results from this appraisal will then be used to rank and modify strategies and to inform 

the development of alternative strategies for evaluation.  An iterative risk mitigation 

assessment may be performed to identify the best policies for adoption.   

The study will identify and consider key conceptual issues related to sea-level rise and 

increased flooding adaptation.  These include the relative roles of planned, autonomous, 

proactive, and reactive adaptation.  The societal, economic, and environmental 

consequences of each type of adaptation are diverse, and pursuing planned and/or 

proactive adaptation options are likely to have significant impacts of reducing exposure 

and risk in the long-term.  On the other hand, public reception of proactive adaptation 

initiatives could be negative and ultimately force adaptation into a reactive situation.  The 

relative differences between these paths will be considered and evaluated.   

 

 

For purposes of this study, ‘flood 

risk management strategies’ 

(FRMS) includes all policy, 

administrative, and regulatory 

actions that State and Federal 

Government have enacted or could 

implement to reduce the impacts of 

sea level rise and flooding to 

present or future existing 

development and infrastructure.  
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Categories of strategies to be examined are: 

• Public policy (e.g., laws and regulations) 

• Planning and zoning requirements 

• Codes and standards 

• Environmental  

• Analysis and monitoring 

• Outreach 

A final study report will document the study methodology, hazard identification, risk 

analysis, and flood risk management strategies.  The report will be intended for consideration 

by the U.S. Congress, North Carolina General Assembly, FEMA, and North Carolina State 

Government Senior Executives.   

4.0  THE CONCEPTUAL MODEL 

A key part of any study is to identify the key components of the effort and ensure that they 

achieve the study objectives.  In the case of the North Carolina SLR RMS, four overarching 

questions have been posed for the study effort: 

1. What changes to coastal flooding hazards will possibly occur between 2009 and 

2100 due to changes in storminess and sea-level? 

2. What built and living systems will be exposed to coastal flooding from changes in 

storminess and sea-level rise? 

3. What possible impacts and/or consequences (i.e., system-wide, financial) will occur 

on the exposed built and living systems? 

4. What short-term and long-term strategies will result in efficient and effective 

prevention and/or alleviation of exposure and consequences from changes in 

storminess and sea-level rise? 

Conceptual modeling is an intellectual exercise that allows identification of the study 

questions and the analytical framework needed to address them.  This process includes the  

interdependencies between the questions and also identifying and bounding the scope of 

the sea level rise risk system to be analyzed for this study.  The goal of developing the 

conceptual model is to provide a framework within which the detailed study methodology 

and analytical system will be developed in alignment with study objectives. This exercise 

was conducted under the umbrella of questions 1-3, question 4 refers to Flood Risk 

Management Strategy (FRMS) development, which will be undertaken in a separate effort 

at a later point in time.   
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3.1 WHAT IS THE CONCEPTUAL MODEL 

The Conceptual Model builds upon the elements of the Source-Pathway-Receptor System 

(Figure 3) to clearly identify the attributes of sea level rise risk that we intend to describe 

in the study, and the information and analyses required to define them. 

As a representation of the full risk management system, the conceptual model is intended 

to capture and represent all elements necessary for the study analyses. In this sense, the 

model includes all the physical and human attributes of the risk system as defined in the 

SPR model, plus climate and development scenarios that will be analyzed to determine risk 

sensitivity to these variables. 

Through the study process, hazard identification and risk analysis will ultimately lead to 

vetted flood risk management strategies (FRMS). The conceptual model presents the 

process by which risk to the sea-level rise/storminess hazard shall be defined within each 

receptor system.  The conceptual model also provides the framework through which 

FRMS will be appraised, but does not explicitly describe the FRMS. FRMS development 

and analysis will be undertaken as a separate effort, to be pursued at a later date.  As 

such, the conceptual model is intended to represent all elements of the flood risk 

system that will be considered in FRMS appraisal, but does not need to explicitly 

incorporate those strategies into the risk model. 

3.2 CONCEPTUAL MODEL DEVELOPMENT 

The initial step in the conceptual model development was to review the proceedings of the 

Study Scoping Workshop and gather the key questions posed for each receptor system by 

the participants.  In addition, any identified inter-relationships and/or dependencies were 

noted.  These data were assimilated into tables for each receptor, pathway, and hazard 

source by the Study Management Team.  The tables were then subsequently reviewed and 

additional contributions were made as necessary to advance the conceptual model into a 

preliminary state.   

In order to further the development of the conceptual model a Conceptual Modeling 

Workshop was held on June 25th, 2009 at the Renaissance Computing Institute in Chapel 

Hill, North Carolina.  A group of 20 individuals representing a cross-section of expertise 

across receptor systems and hazard assessment gathered to review the preliminary 

conceptual model and make the appropriate revisions and additions.  The focus of the 

workshop was to determine what the study needed to accomplish, rather than how to 

accomplish it.  The approach of the workshop was to develop the conceptual framework 

from the bottom-up – meaning that the individual questions at the receptor level should 

drive the hazard analyses and determine the scale of the study, rather than vice-versa 

(Figure 4).  The desired outcome was a clear definition of the hazards, vulnerabilities, and 

consequences to be appraised by the study, together with a conceptual diagram showing 

the inherent, causal relationships and inter-dependencies that need to be represented in 



 

NC Sea Level Rise Risk Management Study  Page 12 

the analytical framework (the what).  This framework will be used to develop the detailed 

study design in Phase 4 of the Study Process (the how).   

The workshop began with a discussion of the key consideration to the study framework, 

and then progressed into a receptor level discussion of potential impacts – the main goal of 

the workshop.  The work group provided a thorough review of the main questions to be 

answered for each receptor.  As the questions were reviewed and discussed, additional 

questions were added as inter-dependencies were identified.  First, questions at the 

receptor level were reviewed to frame the questions at the pathway level (i.e., if the 

receptor level question was “What is the potential permanent building loss that would 

occur?” – the pathway level questions would be “What are the changes to the flood hazard 

due to SLR [including flooding depth, frequency, wave energy, etc.]?).  This process 

continued from the receptor level of the framework, to the Pathway level, and finished at 

the Sources level.   

Aside from the study questions, the principal recommendations of the workshop attendees 

that have been or will be implemented are as follows: 

• “Land” will be explicitly added as a receptor group.  Impacts to land will be reported 

from the receptor level.  (Landform Response was previously reported only at the 

pathway level, with the intention of reporting impacts out of that level). 

• Rain will be considered during modeling and impact analysis of historical events 

against future conditions.   

• “Culture” and “Cultural Icons” will be added to the description of items under the 

Societal Receptor.   

• Wind was previously excluded from the hazard and risk analyses.  To clarify, wind 

as a separate hazard is excluded from the study; whereas, wind (and atmospheric 

pressure) as a driver of storm surge is included in the study.   

• Development scenarios will be reactive to the changing flood hazard.  Additional 

changes to development patterns to reduce exposure and vulnerability will be 

assessed as part of the FRMS. 

The conceptual model was progressed in to a draft form by the Study Management Team, 

incorporating the input of the Conceptual Modeling Workshop.  The questions posed by the 

workshop attendees were reviewed and re-organized into a main to sub-level hierarchy 

(some questions were sub questions of others).  Each question was related back to the 

overarching study questions to ensure that it was relevant to the study objectives.  For each 

question listed, a general metric and possible evaluation criterion was identified.  Finally, 

inputs and output linkages for each question to other Receptors, hazard assessments (at 

the Pathway level) and forcing assessments (at the Source level) were explicitly identified.  

This effort is described in more detail in the following section.  
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FIGURE 4.  BOTTOM-UP APPROACH FORCES THE STUDY CONCEPTUAL MODEL TO  

CONFORM TO THE QUESTIONS AT THE RECEPTOR LEVEL. 
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TABLE 2.  CONCEPTUAL MODEL WORKSHOP ATTENDEES 

Name Organization 

Tom Allen ECU 

Brian Batten Dewberry 

Philip Berke UNC-CH 

Brian Blanton RENCI 

Steve Cline NC-Public Health 

John Dorman NC-GTMGTM 

Chris Dumas UNC-Wilmington 

Adam Hosking Halcrow 

Dave Levinson NOAA/NCDC 

Rick Luettich UNC-CH 

Hope Morgan NC-GTM 

Margery Overton NCSU 

Pete Peterson UNC-CH 

John Pine App. St. University 

Stan Riggs ECU 

Spencer Rogers NC Sea Grant 

Gavin Smith UNC-CH 

Jerry Sparks Dewberry 

Jeff Warren NC Division of Coastal Management 

John Whitehead ASU 

 

3.3 ELEMENTS OF THE CONCEPTUAL MODEL  

As previously mentioned, the major elements of the conceptual model are the same as 

those in the SPR model (Figure 3); however, here they are expanded to include analytical 

steps necessary to consider how risks evolve under various future scenarios. These 

scenarios include both variations in future climate and future development.  

Figure 4 provides an overview of the conceptual model illustrating the process of defining 

risk, moving from the definition of climate scenarios through to reporting the risk.  
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The major elements of the conceptual model, and the abbreviations used to describe them 

in conceptual model tables, are as follows: 

• Emissions Scenarios (ES) 

• Sea Level and Storminess (SS) 

• Landform Response (LR) 

• Flood Hazard (FH) 

• Hydrology (H) 

• Development Scenarios (DS) 

• Land (L) 

• Critical Infrastructure (CI) 

• Buildings & Structures (BS) 

• Agriculture and Aquaculture (AA) 

• Ecological (E) 

• Societal (S) 

• Risk (R) 

The linkages between these elements are described in semi-sequential order below: 

1. The analysis will start with the selection of four ‘Emissions Scenarios’ based on the 

best available climate science.  These four scenarios will represent a ‘reasonable range’ 

of the possible future greenhouse gas emissions.   *Note:  The study adopted the sea-level rise 

curves produced by the North Carolina Coastal Resource Commission Science Advisory Panel.  Due to this, it 

was no longer necessary to consider emission scenarios for the study. 

2. Climate model outputs for the four emissions scenarios will then be used to define four 

combined ‘Sea Level and Storminess’ scenarios to be applied in the risk analysis. 

Differential isostatic adjustments will be applied to derive relative sea-level changes.   

Sea level and storminess will be parameterized in a way that enables their input to the 

hazard analysis.  

3. The four scenarios containing combinations of sea level rise rate and frequency and 

intensity of storms will then be used to inform three components of the ‘hazard’ 

assessment: ’Landform Response’, ‘Flood Hazard’ and ‘Hydrology’. 

4. ‘Landform Response’ considers the impacts of sea level and storminess on erosion and 

accretion of landforms above and below sea level.  The result of this step will be a 

redefined bathymetry and topography for application to the flooding and hydrological 

analysis. This will also be used to identify areas of land lost to erosion.  

5. The ‘Flood Hazard’ analysis will include mapping of the potential future flood extents 

and depths under the range of future sea level and storminess scenarios, incorporating 

the projected changes in landforms. The flood hazards will provide the primary source 

of risk for most receptor systems, and will affect all the systems. 

6. Changes in ‘Hydrology’ resulting from sea level rise/storminess and changes in 

landforms will alter the interactions of marine salt water with terrestrial freshwater. 

This will impact salinity levels and salt water intrusion within tidal water bodies 
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(estuaries, rivers, etc), and potentially affect salt water penetration into 

groundwater/aquifers. 

7. Another component of the risk analyses will be the consideration of ‘Development 

Scenarios’. These will be analyzed to determine the relative impact of future 

development on flooding risks. These scenarios will present alternative future types 

and locations of development and population, which will have the potential to impact 

receptor systems. 

8. The changed erosion patterns, and flooding frequency, will have the potential to make 

some land untenable. This will be reported in the ‘Land’ receptor system, which will 

include the type and extent of land loss. This is the first analysis for which risks will be 

directly reported (i.e. the loss of ‘Land’ will be reported as part of the overall ‘Risk’ for 

each scenario). 

9. Having determined the flooding and erosion risks for each scenario, we will assess the 

impacts on ‘Critical Infrastructure’; as impacts to this system have the high potential 

to have cascade into the other ‘human’ systems.  Through impacts on critical 

infrastructure (e.g. transportation, facilities, etc) it is anticipated there will be impacts 

on the ‘Buildings & Structures’, ‘Agriculture and Aquaculture’, and ‘Society’ receptor 

systems. 

10. Impacts on the ‘Buildings & Structures’ receptor system will be directly reported as 

the ‘Risk Results’ as number and magnitude of impacts to properties, economic impacts, 

etc. This receptor will also drive impacts on other receptors, namely: ‘Agriculture and 

Aquaculture’ and ‘Societal’. 

11. Impacts on the ‘Agriculture and Aquaculture’ system will be reported under ‘Risk 

Results’ as changes in crop yields, changes in crop patterns, economic impacts, etc. 

These will also have cascading impacts on the ‘Societal’ receptor. 

12. Impacts on the ‘Ecological’ system will be reported in the ‘Risk Results’ as changes in 

the habitats and species distributions and productivity resultant from the changes in 

hazard (and development). It is also anticipated that ecological changes will impact 

human use of natural areas and could impact health; hence there will be a link to 

‘Societal’.  

13. The cumulative impacts of changes in each of the other receptor systems will then be 

considered for the ‘Societal’ system.  The in-combination effects on aspects such as 

population displacement, health, recreation, commerce, the economy, etc., will be 

assessed. The differential levels of vulnerability due to demographic characteristics will 

be considered as risk is assessed. These impacts will be described and reported under 

‘Risk Results’. 
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3.4 FULL CONCEPTUAL MODEL 

The linkages described in the proceeding section provide an overview of the sea level rise risk 
system to be analyzed for this study. However, the conceptual model needs to more fully describe 

the exact nature of the analyses to be undertaken within each element of the system and 

information inputs that will be necessary to undertake those analyses.  

For each element of the conceptual model a table has been developed to present the characteristics 

of the system that should be described in order to fully define the system, then the questions that 
should be considered within each system, how they will be answered and how the answer will be 

used, in order to fully define the analyses that must be undertaken.  A visual example of what the 

tables represent for an example question to the Critical Infrastructure Receptor is provided in 

Figure 5.   

 

 

FIGURE 5.  VISUAL REPRESENTATION OF THE CONCEPTUAL MODEL FOR CRITICAL INFRASTRUCTURE 

QUESTION 1 (CI1).   
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For each element of the conceptual model the following information is described. 

Locations of features (Receptor) 

or 

Source/Pathway representation 

(Source, Pathway) 

(Row 1) 

Describes the information necessary to define the 
location, extent, etc of the features of this element of the 

system. 

For the scenario and hazard elements this identifies the 

information to define the current form of the element. 

Flood vulnerability of the features 
(Receptors Only) 

(Row 2) 

Describes the features that influence the impacts of 
flooding and erosion.  

Number (#) 
(Column 1) 

A unique ID given to each question (and its associated 
metrics, etc).  

What are the questions that  
need to be answered? 

(Column 2) 

Describes the aspects that should be appraised as part of 
the study.  

Related high-level question 

(Column 3) 

Describes the overarching study question the individual 
question relates to.   

Metric 
(Column 4) 

Defines how the outcome from the question will be 
described. 

Sub-classes of metric 

(Column 5) 

Identifies whether sub-elements of the output metric 
can/should be reported individually. 

Inputs to analysis 

(Column 6) 

Explicit reference to outputs from other elements of the 
conceptual model that will be necessary to perform the 

analysis. 

Output linkages 

(Column 7) 

Explicit reference to analysis in other elements of the 

conceptual model that will utilize this output. 

 

The ‘inputs’ and ‘outputs’ represent the linkages between the elements of the conceptual 

model, and will provide the map for developing the detailed analytical processes during the 

next stage of the study. 

Tables presenting the full details for each element of the North Carolina sea level risk 

conceptual model can be found in Appendix I.  Appendix II present the individual questions 

as they relate to each overarching study question. 
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5.0  SURVEY 

The Conceptual Modeling Workshop provided valuable input and allowed the study to 

establish a host of questions across the receptor systems for consideration.  One aspect of 

the feedback from the first Advisory Committee Meeting, held on July 29, 2009, addressed 

constraining the scope of the study to a manageable level.  In light of this feedback, the 

Conceptual Model Work Group is asked to revisit the list of questions to determine which 

are the most important to the study.   

The list of questions, also reported in Appendix II of this document, was posted to the study 

website.  The Conceptual Modeling Work Group was asked to evaluate each question and 

assign a relative importance on a scale of 1 to 5, with 5 being the most important and 1 

being the least important.  Subsequently, members of the study Advisory Committee 

participated in the survey.   

The intention of the survey is to inform the study effort.  It is recognized that although 

some questions may be ranked low by the survey, they are integral to the success of the 

study effort.  Questions may have to be addressed regardless of ranking due to 

dependencies or inter-relationships.  In consideration of this, the survey results will not be 

used to thoughtlessly discard questions under a particular ranking.   

The results of the survey are presented in Appendix II, organized by the Source-Pathyway-

Receptor Framework.  Average ranking by category is shown in Figure 5.  The highest and 

lowest ranked questions are provided below: 

The highest ranked questions: 

• What is the future rate of sea level rise (geographically specific)?  

• What is the future sea level (geographically specific)? 

• What are the changes to coastal flooding?  

• How much land will be lost (permanently flooded or eroded)?  

• What are the impacts on the FEMA NFIP? 

• What are the economic impacts?  

• How does the barrier island morphology change?  

• What are the risks to human and natural resources? 

• What is the potential permanent building loss that would occur? 

• What is the potential permanent loss of infrastructure assets? 

 

The lowest ranked questions: 

• How does the perception of risk affect property values?  

• What is the impact on amenity and recreational use of the coastal zone?  
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• What are the climate projections for emissions scenarios?  

• What are the changes in flood event water velocities?  

• What are the water quality changes in the estuaries?  

• What are the impacts associated to availability of recovery and social support 

resources?  

• What are the impacts to culture and cultural resources?  

• What are the impacts of temporary displacement?  

• What is the impact on the availability of social programs?  

• What is the impact on the availability of education? 

 

 

FIGURE 6.  PRIORITIZATION SURVEY RESULTS BY CATEGORY. 
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6.0  FINAL CONCEPTUAL MODEL 

The conceptual model was finalized by incorporating feedback and revising the list of study 

questions.  This process included consideration to feedback provided at the second and 

third Advisory Committee meetings, in addition to subsequent additional feedback 

provided by the receptor work group leads.  Further consideration was given to known 

limitations in the analytical framework or changes in study process. 

We recognize that the study process will identify additional questions that may need to be 

addressed, as well as revealing difficulties in credibly answering others.  For this reason, it 

should be remembered that these questions serve to outline the scope of the study, and as 

the study proceeds, it is expected that questions may be removed or added as necessary.   

The following questions were removed from the conceptual model (highlighted in red 

within Sections 7 & 8): 

• Do ecological changes result in cascading impacts to agriculture and aquaculture? 

o Due to schedule and budget constraints, the study scope in regards to the 

ecological receptor has been limited to changes in marshes and fisheries.   

• How much will water quality changes effect agriculture and aquaculture? 

o The analytical framework does not adequately resolve impacts to water quality 

and/or groundwater. 

• What are the potential habitat function changes? 

o Due to schedule and budget constraints, the study scope in regards to the 

ecological receptor has been limited to changes in marshes and fisheries.  

Marsh type changes will be determined, however, these changes will not be 

translated to habitat function changes.   

• How will changes effect species distributions? 

o Due to schedule and budget constraints, the study scope in regards to the 

ecological receptor has been limited to changes in marshes and fisheries.  

Marsh type changes will be determined, however, these changes will not be 

translated to changes in species distributions.     

• What is the lost environmental value? 

o Valuation of marshes is subjective, thus economic impacts related to the 

ecological receptor have been limited to fisheries.   
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• What are the climate projections for emissions scenarios? 

o The SLR RMS has adopted SLR curves established by the North Carolina Coastal 

Resource Commission Science Panel for the Department of Coastal 

Management.  These curves are based on existing predictions calculated from 

IPCC emission scenarios.  Adoption of these data have pre-empted the need to 

address this question. 

• What are the risks to human and natural resources? 

o This is a broad question; specific needs within the receptors are addressed in 

specificity by the existing questions.  

• What are the economic impacts of risk to human and natural resources? 

o Similar to the previous question, this is a broad question and specific needs 

within the receptors are addressed in specificity by the existing questions.  

• What are the changes in storm patterns? 

o Research into this aspect of future climatology has demonstrated that this 

question cannot be addressed with any confidence at this time. 

• What is the risk to human life? 

o Human life, as related to storm impacts, is more dependent on evacuation than 

storm water levels, intensity or frequency.   

 

The following questions were retained, but study effort to address them will be limited to 

the scope of the four overarching questions (highlighted in yellow in Sections 7 & 8): 

• What is the potential loss of habitat? 

o Due to schedule and budget constraints, the study scope in regards to the 

ecological receptor has been limited to changes in marshes and fisheries.  

Marsh type changes will be determined, however, these changes will not be 

translated to habitat function changes.   

• What are the impacts of temporary displacement? 

o This question will be resolved through economic modeling vis-à-vis an 

input/output model. 

• What are the impacts on navigability and navigation channels? 

o This question will be limited in scope to evaluating changes to bridge 

clearances in major navigation channels.   
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• What are the changes in flood event water velocities? 

o This question will be limited in scope to evaluating changes peak tidal velocities 

for each scenario.  Peak water velocities will not be evaluated for the full storm 

suite and return period analysis for each scenario. 

• What is the impact on the availability of education? 

o This question will be addressed through impacts to critical infrastructure, 

which includes education facilities. 

• What is the impact on the availability of social programs? 

o This question will be addressed through impacts to critical infrastructure, 

which includes social program facilities. 

 

The following questions were redefined to reflect the available analytical framework: 

• What is the risk to human life? 

o Where are the vulnerable populations?  

� Note:  Aspects of this question will also be addressed through impacts to 

critical infrastructure, which includes health facilities. 

• Impacts associated to availability of recovery and social support resources? 

o How are recovery resource needs affected? 
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7.0  APPENDIX I. – DETAILED CONCEPTUAL MODEL 

 
Note:  Items highlighted in yellow are constrained in scope; items highlighted in red were 

removed from the conceptual model on final review. 
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5.1 EMISSIONS SCENARIOS (SOURCE) 

How do we represent Emissions Scenarios?         

SRES Emissions Scenarios, Global Climate Model outputs         

  

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

ES1 
What are the climate projections for 

emissions scenarios? 
1 - Change in hazards 

Climate model outputs (for 

four scenarios, at each time 

step) 

Sea level 

Storm relevant variables 

(temperature, etc) 

Climate models 

SS1 - Future sea level 

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 
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5.2 SEA-LEVEL AND STORMINESS (SOURCE) 

How do we represent the Sea-level Rise and Storminess Scenarios?         

Present day sea level, past/present sea level rise rate, local/regional land subsidence/uplift rates, present storm frequency, present storm intensity, characteristics of historical storms 

              

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

SS1 
What is the future rate of sea level 

rise (geographically specific)? 
1 - Change in hazards 

Rate of relative sea level rise 

(for each scenario at each 

time step). 

Determine differences in rate due 

to variations isostatic 

(subsidence) rates. 

ES1 - Climate projections SS2 - Rate of SLR 

SS2 
What is the future sea level 

(geographically specific)? 
1 - Change in hazards 

Relative sea level (for each 

scenario at each time step). 

Determine differences in rate due 

to variations isostatic 

(subsidence) rates. 

SS1 - Sea level rise rates 

FH1 - Coastal flooding 

FH2 - Water velocities 

FH3 - Wave energy 

FH4 - Tidal inundation 

FH5 - Historical impact 

H1 - Water quality changes 

H2 - Saltwater intrusion 

SS3 
What are the changes in storm 

intensity? 
1 - Change in hazards 

Storm central pressure and 

wind speed changes (for each 

scenario at each time step) 

Wind speed 

Central pressure 
ES1 - Climate projections 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH1 - Coastal flooding 

FH2 - Water velocities 

FH3 - Wave energy 

FH5 - Historical impact 

SS4 
What are the changes in storm 

frequency? 
1 - Change in hazards 

Storm return periods (for each 

scenario at each time step) 

Adjusted probabilities for given 

storm intensities 

ES1 - Climate projections 

SS3 - Storm intensity 

SS5 - Storm patterns 

FH1 - Coastal flooding 

FH2 - Water velocities 

FH3 - Wave energy 

FH5 - Historical impact 

SS5 
What are the changes in storm 

patterns? 
1 - Change in hazards 

Changes in potential storm 

combinations (more than one 

storm occurring in succession) 

For each scenario at each time 

step 

ES1 - Climate Projections 

SS3 - Storm intensity 

SS4 - Storm frequency 

FH1 - Coastal flooding 

FH2 - Water velocities 

FH3 - Wave energy 

FH5 - Historical impact 
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5.3 LANDFORM RESPONSE (PATHWAY) 

How do we represent the Landform Response Pathway? 

Existing bathymetry & topography, existing shoreline, land cover (vegetation/urbanization), shoreline hardening  

              

# 
What are the questions that 

need to be answered? 

Related high-level 

question 
Metric Sub-classes of metric Inputs to analysis Output linkages 

LR1 
How does the barrier island 

morphology change? 
1 - Change in hazards 

Future condition of barrier island 

landforms 

How are dunes affected?  

What are the changes to dry 

beach width? 

How much is breaching potential 

increased (i.e., narrowing and 

lowering of island planforms)? 

Are portions of the barrier islands 

lost? 

Is the magnitude or rate of sea-

level rise more important? 

SS1 - Future sea level 

SS2 - Rate of SLR 

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH1 - Coastal flooding 

FH2 - Water velocities 

FH3 - Wave energy 

FH4 - Tidal inundation 

FH5 - Historical impact 

L1 - Land loss 

LR2 How do the marshes change? 1 - Change in hazards 
Amount and location of marsh loss, 

gain 

Are the marshes able to accrete 

vertically to keep pace with sea 

level? 

How much marsh loss occurs (i.e., 

inundation and erosion)? 

Will and how much new marshes 

may potentially form (i.e., due to 

overwash)? 

LR1 - Barrier island morphology 

SS1 - Future sea level 

SS2 - Rate of SLR 

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH1 - Coastal flooding 

FH2 - Water velocities 

FH3 - Wave energy 

FH4 - Tidal inundation 

FH5 - Historical impact 

L1 - Land loss 

E1 - Habitat loss 

E2 - Habitat function  

E3 - Species distributions 

LR3 
How is the topography and 

bathymetry altered? 
1 - Change in hazards 

Amount and location of  change in 

topographic/bathymetric elevations 

What are the changes in 

nearshore and shallow 

bathymetry for open coast and 

estuarine environments? 

SS1 - Future sea level 

SS2 - Rate of SLR 

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH1 - Coastal flooding 

FH2 - Water velocities 

FH3 - Wave energy 

FH4 - Tidal inundation 

FH5 - Historical impact 

L1 - Land loss 

E1 - Habitat loss 

E2 - Habitat function  

E3 - Species distributions 

CI6 - Impacts to navigation 
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# 
What are the questions that 

need to be answered? 

Related high-level 

question 
Metric Sub-classes of metric Inputs to analysis Output linkages 

LR4 
How much will the shoreline 

recede? 
1 - Change in hazards Future location of shoreline 

Open coast and estuarine. 

Erosion rates 

LR1 - BI morphology change 

LR2 - Marsh change 

LR3 - Morphology change 

SS1 - Future sea level 

SS2 - Rate of SLR 

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH1 - Coastal flooding 

E2 - Habitat function  

E3 - Species distributions 

LR5 How do the inlets change? 1 - Change in hazards 
Location, depth, width of channel, 

volume of shoals 

Are new inlets formed and 

maintained? 

What are the impacts to existing 

inlets (i.e., scour, widening, 

impacts to sediment budget, etc?) 

LR1 - BI morphology change 

LR3 - Topo/bathy change 

SS1 - Future sea level 

SS2 - Rate of SLR 

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH4 - Tidal dynamics 

LR1 - BI morphology 

H1 - Water quality 

CI6 - Impacts to navigation 
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5.4 FLOOD HAZARD (PATHWAY) 

How do we represent the Flood Hazard Pathway? 

not applicable (system is defined by inputs from other systems) 

              

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

FH1 
What are the changes to coastal 

flooding? 
1 - Change in hazards 

Flood extent and depth grids 

(for each return period event). 

Change to the extent of the 

floodplain 

Changes to flooding depths 

LR3 - Topography and 

Bathymetry 

SS2 - Sea Level 

SS3 - Storm Intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

R1 - Risks to resources 

BS1 - Building damage 

BS2 - Building loss 

BS5 - Structures damage  

BS6 -Structures loss 

CI1 - CI damage 

CI2 - CI loss 

S1 - Risk to life 

S2 - Risk to health 

S3 - Amenity & recreation 

S9 - Temporary displacement 

S10 - Permanent displacement 

FH2 
What are the changes in flood 

event water velocities? 
1 - Change in hazards 

Flood water velocity grids (for 

each return period event) 

Grid of flood water velocities 

Change in velocities near structures 

(i.e., navigation, transportation) 

Change in inlet ebb and flood tide 

velocities due to changes in tidal 

prism 

LR3 - Topography and 

Bathymetry 

SS2 - Sea Level 

SS3 - Storm Intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

R1 - Risks to resources 

BS1 - Building damage 

BS2 - Building loss 

BS5 - Structures damage  

BS6 -Structures loss 

CI1 - CI damage 

CI2 - CI loss 

E1 - Habitat loss 

E2 - Habitat function 
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# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

FH3 
What are the changes in flood 

event wave heights? 
1 - Change in hazards 

Wave propagation grids (for 

each return period event) 

Wave heights increase 

Propagation of structurally 

damaging waves 

LR3 - Topography and 

Bathymetry 

SS2 - Sea Level 

SS3 - Storm Intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

R1 - Risks to resources 

BS1 - Building damage 

BS2 - Building loss 

BS5 - Structures damage  

BS6 -Structures loss 

CI1 - CI damage 

CI2 - CI loss 

E1 - Habitat loss 

E2 - Habitat function 

FH4 
What is the 'normal' tidal 

inundation under future sea level? 
1 - Change in hazards Mean High Water line 

Extent of the intertidal zone 

Position of MHW 

LR3 - Topography and 

Bathymetry 

SS2 - Sea Level 

R1 - Risks to resources 

H1 - Water quality 

H2 - Saltwater intrusion 

CI6 - Navigability 

S3 - Amenity & recreation 

E1 - Habitat loss 

E2 - Habitat function 

E3 - Species distribution 

FH5 

What is the impact of an example 

historically significant event (will 

include rain input)? 

1 - Change in hazards 
Change in flood extent and 

depth 

Changes in event flood propagation, 

depth of flooding, wave impacts 

Estimated changes in property 

damage 

LR3 - Topography and 

Bathymetry 

SS2 - Sea Level 

SS3 - Storm Intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

Historic storm details, 

including rainfall 

contribution to flooding. 

S8 - Risk perception 

S12 - Culture 

FH6 

What are the changes to the 

storm surge return period 

elevations (esp. 1% return 

period)? 

1 - Change in hazards 
Change in return frequency, 

associated flood elevations 

What is the magnitude of change in 

the 1% annual chance event? 

What is the new return period of 

the baseline 1% (or all FEMA 

standards return periods) annual 

chance event? 

FH1 - Coastal Flooding 
S1 - Risk to life 

S10 - Permanent displacement 
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5.5 HYDROLOGY (PATHWAY) 

How do we represent the Hydrology? 

Sea level, existing water quality, existing salinity gradients, tidal circulation, soil type 

              

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

H1 
What are the water quality 

changes in the estuaries? 
1 - Change in hazards 

Grid of water quality 

parameters. 

Changes in nutrient concentrations 

Changes to salinity and salinity 

distributions 

Change in suspended sediments 

LR3 - Topography and 

Bathymetry 

FH4 - Tidal conditions 

SS2 - Sea Level 

CI1 - CI damage 

CI2 - CI loss 

CI3 - Disruption of services 

AA3 - Water quality impacts 

E2 - Habitat function 

E4 - Fisheries impacts 

H2 
What is the magnitude and extent 

of saltwater intrusion? 
1 - Change in hazards Grid of saltwater intrusion. 

Extent and magnitude of saltwater 

intrusion into groundwater 

Changes to aquifer salinity 

LR3 - Topography and 

Bathymetry 

FH4 - Tidal conditions 

SS2 - Sea Level 

CI1 - CI damage 

CI2 - CI loss 

CI3 - Disruption of services 

AA3 - Water quality impacts 

E2 - Habitat function 

E4 - Fisheries impacts 
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5.6 BUILDINGS AND STRUCTURES (RECEPTOR) 

How do we define the locations of Buildings and Structures?         

Number and location of buildings, number/location of structures, recreational structures, mobile homes and trailers, parks / courses, community delineation/aggregation? 

              

How do we define the flood vulnerability of the Buildings and Structures?       

Building age, building codes, type, first floor elevation, footprint/parcel, damage curves, NFIP policies, septic systems     

              

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis  Output linkages 

BS1 
What is the potential building 

damage that would occur? 
2 - Risk exposure 

Number of Buildings Damaged 

(per return period storm) 

Building/Structure types, e.g. 

residential, commercial, etc 

Buildings within defined 'set-back' 

areas 

FH1 - coastal flooding 

FH2 - flood velocity 

FH3 - wave energy 

R1 - Risks to resources 

BS3 - Economic value 

BS4 - NFIP impacts 

AA1 - A&A damage 

AA2 - A&A permanent losses 

S2 - Human health 

S3 - Amenity/Rec resources 

S5 - Employment 

S8 - Property values 

S9 - Temporary displacement 

S11 - Recovery & support 

S14 - Community impacts 

BS2 
What is the potential permanent 

building loss that would occur? 
2 - Risk exposure 

Number of Properties 

permanently lost due to 

erosion and flood damage. 

Building/Structure types, e.g. 

residential, commercial, etc 

Buildings within defined 'set-back' 

areas 

L1 - Land loss 

FH1 - coastal flooding 

FH2 - flood velocity 

FH3 - wave energy 

R1 - Risks to resources 

BS3 - Economic value 

BS4 - NFIP impacts 

BS7 - Tax loss 

AA1 - A&A damage 

AA2 - A&A permanent losses 

S2 - Human health 

S3 - Amenity/Rec resources 

S5 - Employment 

S8 - Property values 

S9 - Temporary displacement 

S10 - Permanent displacement 

S11 - Recovery & support 

S12 - Culture 

S14 - Community impacts 
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# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis  Output linkages 

BS3 

What is the economic value of the 

impacts on buildings and 

structures? 

3 - Risk impacts Annual Average Damages 
Total property damage/loss value 

for each return period event. 

BS1 - Number of 

Buildings Damaged 

BS2 - Number of 

Properties 

permanently lost  

R2 - Economic risk 

AA4 - Economic impacts 

S13 - Economic impacts 

BS4 
What are the impacts on the 

FEMA NFIP? 
3 - Risk impacts 

Value of insurance claims 

under the NFIP for certain 

return period storms. 

Reporting for each return period 

event. 

BS1 - Number of 

Buildings Damaged 

BS2 - Number of 

Properties 

permanently lost  

R2 - Economic risk 

S13 - Economic impacts 

BS5 
What coastal and marine 

structures damage would occur? 
2 - Risk exposure 

Number of 'structures' 

Damaged (per return period 

storm) 

Building/Structure types, e.g. 

residential, commercial, etc 

FH1 - coastal flooding 

FH2 - flood velocity 

FH3 - wave energy 

R1 - Risks to resources 

BS6 
What coastal and marine 

structure loss would occur? 
2 - Risk exposure 

Number of 'structures' 

permanently lost due to 

erosion and flood damage. 

Building/Structure types, e.g. 

residential, commercial, etc 

L1 - Land loss 

FH1 - coastal flooding 

FH2 - flood velocity 

FH3 - wave energy 

R1 - Risks to resources 

S12 - Culture 

BS7 
What is the estimated taxable 

value loss? 
3 - Risk impacts 

Value of reduction in potential 

State/County property taxes. 

Reporting by taxable property 

classes. 

BS2 - Number of 

Properties 

permanently lost 

L1 - Land loss 

R1 - Risks to resources 

S13 - Economic impacts 
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5.7 CRITICAL INFRASTRUCTURE (RECEPTOR) 

How do we define the locations of Critical Infrastructure?         

IHRM data: location of critical infrastructure (physical and geographic region – i.e., NE, SE ), footprint     

              

How do we define the flood vulnerability of Critical Infrastructure?         

IHRM data: Asset age, condition, type, value, revenue, footprint, network linkages/dependencies, damage curve, evacuation plans/systems, ground elevation, critical elevation, land use  

              

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

CI1 

What is the potential damage that 

would occur to the infrastructure 

asset? 

2 - Risk exposure 

Extent of critical 

infrastructure damaged (per 

return period storm) 

Report by IHRM Categories 

(examples listed below): 

- impacts to military installations 

- impacts to water supply 

-  impacts to transportation networks 

- impacts to evacuation 

infrastructure (routes, shelters, etc) 

-  impacts to energy networks 

- impacts to navigation and shore 

protection structures 

- impacts to community buildings 

(i.e., hospitals, libraries) 

FH1 - coastal flooding 

FH2 - flood velocity 

FH3 - wave energy 

H1 - Water quality changes 

H2 - Saltwater intrusion 

R1 - Risks to resources 

CI3 - Disruption of services 

CI4 - Economic value 

S5 - Local employment 

S7 - Education 

S8 - Property values 

S9 - Temporary displacement 

S14 - Community impacts 

CI2 
What is the potential permanent 

loss of infrastructure assets? 
2 - Risk exposure 

Extent of critical 

infrastructure permanently 

lost due to erosion and flood 

damage. 

Report by IHRM Categories, as above 

L1 - Land loss 

H1 - Water quality changes 

H2 - Saltwater intrusion 

FH1 - coastal flooding 

FH2 - flood velocity 

FH3 - wave energy 

R1 - Risks to resources 

CI3 - Disruption of services 

CI4 - Economic value 

S5 - Local employment 

S7 - Education 

S8 - Property values 

S9 - Temporary displacement 

S10 - Permanent displacement 

S14 - Community impacts 
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# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

CI3 

What is the type and extent 

(geographic or temporal) of 

disruption to the infrastructure 

service provision (includes 

network impacts)?  

3 - Risk impacts 

Critical infrastructure 

services/functions lost or 

disrupted 

Will include: 

Potential losses of functionality of 

infrastructure 

Potential aggregate/cascading 

impacts on the infrastructure 

network 

Potential changes to event-based 

disruptions 

CI1 - Infrastructure damage 

CI2 - Infrastructure loss 

H1 - Water quality changes 

H2 - Saltwater intrusion 

R2 - Economic risk 

CI5 - Disruption cost 

S3 - Amenity & recreation 

S5 - Local employment 

S14 - Community impacts 

CI4 
What is the economic value of 

damage/loss to assets? 
3 - Risk impacts Annual Average Damages 

Economic impact due to loss of 

infrastructure (down to County level) 

CI1 - Infrastructure damage 

CI2 - Infrastructure loss 

R2 - Economic risk 

S4 - County/State economic 

impacts 

CI5 

What is the economic cost of 

disruption to service provision 

(lost revenue)? 

3 - Risk impacts 
Cost of service/function loss 

or disruption 

Reporting at different geographic 

scales, including County level 
CI3 - Infrastructure disruption 

R2 - Economic risk 

S4 - County/State economic 

impacts 

CI6 

What are the impacts on 

navigability and navigation 

channels? 

2 - Risk exposure 
Changes in location and depth 

of navigable waters 

Impacts on defined maintained 

channels 

Impacts on estuarine water 

depths 

LR3 - topography and 

bathymetry 

FH4 - tidal inundation 

R1 - Risks to resources 

S4 - County/State economic 

impacts 
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5.8 AGRICULTURE AND AQUACULTURE (RECEPTOR) 

How do we represent the exposure of the Agriculture and Aquaculture Receptor?       

Facility locations, footprints, water sources, leases, use (actual production)       

              

How do we represent the vulnerability of the Agriculture and Aquaculture Receptor?       

Present day crop mapping, soil conditions, water quality conditions        

              

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

AA1 
What is the potential damage to 

A&A? 
2 - Risk exposure 

Aggregate impacts identified in 

BS, CI, L 

Land loss, building/structure 

damage, infrastructure loss 

L1 - Land Loss 

BS1 - Building Damage 

BS2 - Building Loss 

CI1 - CI Damage 

CI2 - CI Loss 

CI3 - CI Disruptions 

SS3 - Storm intensity 

SS4 - Storm frequency 

R1 - Risks to resources 

S5 - Local employment 

AA4 - Economic impacts 

AA2 
What is the potential permanent 

loss to A&A? 
2 - Risk exposure 

Aggregate impacts identified in 

BS, CI, L 

Land loss, building/structure 

damage, infrastructure loss 

L1 - Land Loss 

BS1 - Building Damage 

BS2 - Building Loss 

CI1 - CI Damage 

CI2 - CI Loss 

CI3 - CI Disruptions 

R1 - Risks to resources 

S4 - County/State economic 

impacts 

S5 - Local employment 

S12 - Culture 

AA4 - Economic impacts 

AA3 
How much will water quality 

changes affect A&A? 
2 - Risk exposure Annualized crop losses  

How are crop species affected by 

salinity, nutrient changes? 

H1 - Water quality changes in 

estuaries 

H2 - Magnitude and extent of 

saltwater intrusion 

External - Crop type, 

tolerance, location, soil type 

R1 - Risks to resources 

AA4 - Economic impacts 
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# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

AA4 
What are the economic impacts to 

A&A? 
3 - Risk impacts Average annual losses/damage 

Crop, land, building & structure 

losses, infrastructure losses & 

cascading effects 

AA1 - A&A damage 

AA2 - A&A permanent losses 

AA3 - Water quality changes 

L2 - Value of lost land 

BS3 - Value of building 

damage 

R2 - Economic risk 

AA5 
Do ecological changes result in 

cascading impacts to A&A? 
2 - Risk exposure Annualized crop losses  Crop losses due to predation 

E3 - Habitat changes affect 

species distributions 

E4 - Impact to commercial 

/recreational fisheries 

R1 - Risks to resources 

 
  



 

NC Sea Level Rise Risk Management Study                              Page 38 

5.9 ECOLOGICAL (RECEPTOR) 

How do we represent the exposure of the Ecological Receptor?         

Floodplain extent, land cover, intertidal zone, topography, habitat locations, species distributions       

              

How do we represent the vulnerability of the Ecological Receptor?         

Soil type, water quality requirements, tolerance, competitive dominance, bathymetry/topography      

              

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

E1 What is the potential loss of habitat? 2 - Risk exposure 

% or areal extent of habitat 

loss by type due to 

erosion/inundation 

How does shore protection affect 

losses? 

L1 - Land loss 

LR1 - Barrier island 

morphology 

LR2 - Marsh change 

FH2 - Water velocity 

FH3 - Wave energy 

FH4 - Tidal inundation 

R1 - Risks to resources 

S2 - Risk to health 

S3 - Amenity & recreation 

S12 - Culture 

S14 - Community impacts 

E2 - Habitat function change 

E4 - Fisheries Impact 

E5 - Lost value 

E2 
What are the potential habitat 

function changes? 
2 - Risk exposure 

% or areal extent of habitat 

function change by type 

Water quality impacts,  

Cascading implications of marsh 

losses,  

E1 - Habitat loss 

LR2 - Marsh change 

LR3 - 

Topography/bathymetry 

FH2 - Water velocity 

FH3 - Wave energy 

FH4 - Tidal inundation 

H1 - Water quality 

H2 - Saltwater intrusion 

SS1 - Future sea level 

SS2 - Rate of SLR 

R1 - Risks to resources 

E3 - Species distribution 

E4 - Fisheries Impact 

E5 - Lost value 
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# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

E3 
How will changes affect species 

distributions? 
2 - Risk exposure 

Anticipated changes in species 

distributions by type 

How will marsh migration and 

loss affect species? 

How will water quality changes 

affect species? 

E1 - Habitat loss 

E2 - Habitat function 

LR2 - Marsh change 

LR3 - 

Topography/bathymetry 

FH4 - Tidal inundation 

H1 - Water quality 

H2 - Saltwater intrusion 

SS1 - Future sea level 

R1 - Risks to resources 

AA5 - Ecological changes 

S2 - Risk to health 

S12 - Culture 

S14 - Community impacts 

E4 - Fisheries Impact 

E5 - Lost value 

E4 
What is the impact to recreational and 

commercial fisheries? 
3 - Risk impacts Annualized losses in catch 

How is 

fecundity/predation/mortality 

affected by habitat and water 

quality changes? 

E1 - Habitat loss 

E2 - Habitat function 

E3 - Species distributions 

H1 - Water quality 

L1 - Land loss 

R2 - Economic risk 

AA5 - Ecological changes 

S2 - Risk to health 

S3 - Amenity & recreation 

S4 - County/State economic 

impacts 

S12 - Culture 

S14 - Community impacts 

E4 - Fisheries Impact 

E5 
What is the lost environmental 

"value"? 
3 - Risk impacts Average annual losses 

Cost of:  Habitat loss 

Environmental "Value" 

Cost of degradation  

Loss of supporting function 

E1 - Habitat loss 

E2 - Habitat function change 

E3 - Species distributions 

E4 - Fisheries Impact 

R2 - Economic risk 

S5 - Local employment 
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5.10 SOCIETAL (RECEPTOR) 

How do we represent the exposure of the Societal Receptor?  

Population location; amenity area locations; commercial/industrial premises/sites; public facilities 

              

How do we represent the vulnerability of the Societal Receptor? 

Social structure (age, income, etc); existing flood related health impacts information; commercial/industrial productivity/revenue; amenity site usage; demographics (education, race, age, 

etc), accessibility 

              

# 

What are the questions 

that need to be 

answered? 

Related high-level 

question 
Metric Sub-classes of metric Inputs to analysis Output linkages 

S1 
Where are the vulnerable 

populations? 
2 - Risk exposure 

Determine the potential for 

loss of life under certain 

return period events. 

  

SS3 - Storm intensity 

SS4 - Storm frequency 

FH1 - Coastal flooding 

FH2 - Flood velocities 

FH3 - Wave energy 

FH5 - Historical event remodel 

FH6 - Return period elevations 

R1 - Risks to resources 

S2 
What is the risk to human 

health? 
2 - Risk exposure 

Determine the potential for 

detrimental impacts on 

human health due to 

flooding and erosion 

  

L1 - Land loss 

SS3 - Storm intensity 

SS4 - Storm frequency 

FH1 - Coastal flooding 

BS1 - Building damage 

BS2 - Building loss 

CI1 - CI damage 

CI2 - CI loss 

CI3 - Disruption of services 

E1 - Habitat loss 

E3 - Species distribution 

E4 - Fisheries 

H2 - Saltwater intrusion 

R1 - Risks to resources 
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# 

What are the questions 

that need to be 

answered? 

Related high-level 

question 
Metric Sub-classes of metric Inputs to analysis Output linkages 

S3 

What is the impact on amenity 

and recreational use of the 

coastal zone? 

2 - Risk exposure 

Determine the flood and 

erosion impacts on defined 

amenity/recreation sites 

and consequences for 

future use. 

  

L1 - Land loss 

FH1 - Coastal flooding 

FH4 - Tidal inundation 

FH6 - Flood frequency 

BS1 - Building damage 

BS2 - Building loss 

CI1 - CI damage 

CI2 - CI loss 

CI3 - Disruption of services 

E1 - Habitat loss 

E4 - Fisheries 

H2 - Saltwater intrusion 

R1 - Risks to resources 

S4 

What is the impact on the 

local (County) and State 

economy? 

3 - Risk impacts 

Define the impacts on the 

economic productivity of 

the commerce and industry. 

  

L2 - Land value 

BS7 - Taxable value loss 

CI4 - CI value lost 

CI5 - CI value disruption 

CI6 - Navigation 

E4 - Fisheries 

AA2 - AA loss 

R2 - Economic risk 

S5 
What is the impact on local 

employment? 
3 - Risk impacts 

Identify changes in the 

number of jobs available in 

each County.  

  

S1 - Risk to human life 

S2 - Human health 

L1 - Land loss 

BS1 - Building damage 

BS2 - Building loss 

CI1 - CI damage 

CI2 - CI loss 

CI3 - Disruption of services 

E4 – Fisheries 

AA1 - AA damage 

AA2 - AA loss 

R2 - Economic risk 

S6 
What is the impact on the 

availability of social programs? 
2 - Risk exposure 

Anticipated loss or 

relocation of resource 
  

S4 - Economic Impact to State, 

etc 
R1 - Risks to resources 
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# 

What are the questions 

that need to be 

answered? 

Related high-level 

question 
Metric Sub-classes of metric Inputs to analysis Output linkages 

S7 
What is the impact on the 

availability of education? 
2 - Risk exposure 

Anticipated loss of facility, 

loss of use, funding 

constraints 

  

CI1 - CI damage 

CI2 - CI loss 

FH6 - Flood frequency 

S4 - Economic Impact to State, 

etc 

R1 - Risks to resources 

S8 
How does the perception of 

risk affect property values? 
3 - Risk impacts Change in property values 

  

L1 - Land loss 

BS1 - Building damage 

BS2 - Building loss 

CI1 - CI damage 

CI2 - CI Loss 

FH1 - Coastal flooding 

FH5 - Historical event remodel 

FH6 - Return period elevations 

R2 - Economic risk 

S9 
What are the impacts of 

temporary displacement? 
3 - Risk impacts Economic Impact 

What are the impacts to 

ind/groups/institutions ability 

to recover from events? 

What are the impacts on 

community cohesion? 

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH1 - Coastal flooding 

FH2 - Flood velocities 

FH3 - Wave energy 

FH5 - Historical event remodel 

FH6 - Return period elevations 

BS1 - Building damage 

BS2 - Building loss 

CI1 - CI damage 

CI2 - CI loss 

R2 - Economic risk 

S10 
What are the impacts of 

permanent displacement? 
3 - Risk impacts Economic Impact 

What are the impacts to human 

capital? 

What are the impacts to social 

capital? 

What are the impacts on 

community cohesion? 

L1 - Land loss 

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH1 - Coastal flooding 

FH2 - Flood velocities 

FH3 - Wave energy 

FH5 - Historical event remodel 

FH6 - Return period elevations 

BS2 - Building loss 

CI2 - CI loss 

R2 - Economic risk 
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# 

What are the questions 

that need to be 

answered? 

Related high-level 

question 
Metric Sub-classes of metric Inputs to analysis Output linkages 

S11 
How are recovery resource 

needs affected? 
2 - Risk exposure   

  

SS3 - Storm intensity 

SS4 - Storm frequency 

SS5 - Storm patterns 

FH1 - Coastal flooding 

FH2 - Flood velocities 

FH3 - Wave energy 

FH5 - Historical event remodel 

FH6 - Return period elevations 

BS1 - Building damage 

BS2 - Building loss 

CI1 - CI damage 

CI2 - CI loss 

R1 - Risks to resources 

S12 
What are the impacts to 

culture and cultural resources? 
2 - Risk exposure 

Loss of cultural icon, 

displacement, dispersion 

  

S11 - Permanent displacement 

E1 - Loss of habitat 

E3 - Species distributions 

E4 - Fisheries 

L1 - Land loss 

FH5 - Historical event remodel 

AA2 - AA loss 

BS2 - Permanent building loss 

BS6 - Coastal/Marine 

structure loss 

R1 - Risks to resources 

S13 
What are the economic 

impacts? 
3 - Risk impacts Value of impacts 

  

BS3 - Economic value 

BS4 - NFIP impacts 

BS7 - Tax loss 

CI3 - Disruption of services 

CI4 - Economic value 

CI5 - Disruption cost 

AA4 - Economic impacts 

E4 - Fisheries Impact 

E5 - Lost value 

2 - Land value 

R2 - Economic risk 
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# 

What are the questions 

that need to be 

answered? 

Related high-level 

question 
Metric Sub-classes of metric Inputs to analysis Output linkages 

S14 
What is the impact to 

community? 
2 - Risk exposure Economic, Social evaluation 

What is the cumulative effect of 

building damages and losses, in 

addition to displacement and 

relocation of individuals? 

All Societal 

L1 - Land loss 

FH1 - Coastal flooding 

BS1 - Building damage 

BS2 - Building loss 

CI1 - CI damage 

CI2 - CI loss 

CI3 - Disruption of services 

E1 - Habitat loss 

E3 - Species distribution 

E4 - Fisheries 

H2 - Saltwater intrusion 

R1 - Risks to resources 
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5.11 LAND (RECEPTOR) 

How do we represent the exposure of the Land Receptor?         

Location, elevation           

              

How do we represent the vulnerability of the Land Receptor?         

Elevation, erosion stressors           

              

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis Output linkages 

L1 
How much land will be lost 

(permanently flooded or eroded)? 
2 - Risk exposure 

Estimate total loss of land due 

to inundation and erosion 

What are the losses to open and 

estuarine coasts, by land/use 

type, loss of buildable lots? 

SS1 - Future sea level 

LR1 - Barrier 

morphology change 

LR2 - Marsh changes 

LR3 - 

Topography/bathymetry 

change 

LR4 - Shoreline location 

R1 - Risks to resources 

BS2 - Permanent building loss 

BS6 - Loss of coastal structures 

BS7 - Taxable value loss 

CI2 - CI permanent loss 

E1 - Habitat loss 

AA2 - Permanent loss to A&A 

S2 - Human health 

S3 - Amenity/Rec resources 

S4 - County/State economic impacts 

S8 - Property values 

S10 - Permanent displacement 

S12 - Impacts to culture and cultural 

resources 

S13 - economic impacts 

S14 - Community impacts 

L2 
What is the economic value of the 

land that is lost? 
3 - Risk impacts Average annual losses Economic loss by type L1 - Land loss 

R2 - Economic risk 

BS7 - Taxable value loss 

CI4 - CI economic impacts 

 E5 - Ecological economic impact 

AA4 - A&A economic impacts 

S2 - Human health 

S3 - Recreational resource availability 

S4 - County/State economy impact 

S8 - Perception of risk 
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5.12 RISK (METRIC) 

How do we represent the Risk? 
  

      

not applicable (risk is defined by inputs from other systems)       

            

# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis 

R1 
What are the risks to human and 

natural resources? 
2 - Risk exposure 

Descriptions of changes in risk 

for each scenario for each 

time step) 

Change in risk and absolute risk 

will be reported. 

FH1 - coastal flooding 

FH2 - Water velocity 

FH3 - Wave energy 

FH4 - Tidal inundation 

BS1 - Building damage 

BS2 - Building loss 

BS5 - Structures damage  

BS6 -Structures loss 

CI1 - CI damage 

CI2 - CI loss 

CI6 - Navigation 

AA1 - A&A damage 

AA2 - A&A permanent losses 

AA3 - Water quality changes 

AA5 - Ecological impacts 

E1 - Habitat loss 

E2 - Habitat function 

E3 - Species distributions 

S1 - Risk to life 

S2 - Human health 

S3 - Amenity/Rec resources 

S6 - Social programs 

S7 - Education 

S11 - Recovery & support 

S12 - Culture 

S14 - Community impacts 

L1 - Land loss 
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# 
What are the questions that 

need to be answered? 
Related high-level question Metric Sub-classes of metric Inputs to analysis 

R2 
What are the economic impacts of risk 

to human and natural resources? 
3 - Risk impacts 

Descriptions of changes in 

economic risks for each 

scenario for each time step) 

Change in economic risk and 

absolute risk will be reported. 

BS3 - Economic value 

BS4 - NFIP impacts 

BS7 - Tax loss 

CI3 - Disruption of services 

CI4 - Economic value 

CI5 - Disruption cost 

AA4 - Economic impacts 

E4 - Fisheries Impact 

E5 - Lost value 

L2 - Land value 

S4 - County/State economic impacts 

S5 - Employment 

S8 - Property values 

S9 - Temporary displacement 

S10 - Permanent displacement 

S13 - economic impacts 
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8.0  APPENDIX II.  QUESTIONS AND SURVEY PRIORITIZATION BY 

SPR FRAMEWORK 

Survey results are presented alongside each question.  For reference, a rank of 1 indicates least 

importance, whereas a rank of 5 indicates highest importance.   

7.1 FLOOD HAZARDS 

Question Rank Agreement Quartile 

What are the changes to coastal flooding? 4.6 High Upper  

What is the 'normal' tidal inundation under future sea 

level? 
4.1 High Middle  

What is the impact of an example historically significant 

event (will include rain input)? 
3.8 Moderate Middle Lower  

What are the changes to the return period elevations 

(especially the 1% return period)? 
3.8 Low Middle Lower  

What are the changes in flood event wave heights? 3.4 Low Lower  

What are the changes in flood event water velocities? 3.3 Low Lower  

7.2 SEA LEVEL RISE AND STORMINESS 

Question Rank Agreement Quartile 

What is the future rate of sea level rise (geographically 

specific)? 
4.8 High Upper 

What is the future sea level (geographically specific)? 4.7 High Upper 

What are the changes in storm intensity? 4.1 High Middle 

What are the changes in storm frequency? 4.0 High Middle 

What are the changes in storm patterns? 3.8 Moderate Middle Lower 

What are the climate projections for emissions scenarios? 3.3 Low Lower 

7.3 HYDROLOGY 

Question Rank Agreement Quartile 

What is the magnitude and extent of saltwater intrusion? 3.6 Moderate Middle Lower 

What are the water quality changes in the estuaries? 3.3 Low Lower 
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7.4 LAND 

Question Rank Agreement Quartile 

How much land will be lost (permanently flooded or 

eroded)? 
4.4 High Upper 

How does the barrier island morphology change? 4.4 Moderate Upper 

How much will the shorelines recede? 4.3 High Upper 

How are the topography and bathymetry altered? 4.1 High Middle 

How do the marshes change? 4.0 Low Middle 

What is the economic value of the land that is lost? 3.9 Moderate Middle Lower 

How do the inlets change? 3.9 High Middle Lower 

 

7.5 CRITICAL INFRASTRUCTURE 

Question Rank Agreement Quartile 

What is the potential permanent loss of infrastructure 

assets? 
4.4 Moderate Upper 

What is the potential damage that would occur to the 

infrastructure asset? 
4.3 High Upper 

What is the economic value of damage/loss to assets? 4.0 Moderate Middle 

What is the type and extent (geographic or temporal) of 

disruption to the infrastructure  service provision? 

Includes network impacts. 

3.9 Moderate Middle 

What is the economic cost of disruption to service 

provision (lost revenue)? 
3.8 Moderate Middle Lower 

What are the impacts on navigability and navigation 

channels? 
3.6 Low Lower 

 

7.6 AGRICULTURE AND AQUACULTURE 

Question Rank Agreement Quartile 

What is the potential permanent loss to A&A? 4.0 High Middle 

What is the potential damage to Agriculture and 

Aquaculture (A&A)? 
3.8 Moderate Middle Lower 

What are the economic impacts to A&A? 3.8 Low Middle Lower 

Do ecological changes result in cascading impacts to A&A? 3.7 Moderate Middle Lower 

How much will water quality changes affect A&A? 3.6 Low Lower 
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7.7 BUILDINGS AND STRUCTURES 

Question Rank Agreement Quartile 

What are the impacts on the FEMA NFIP? 4.4 High Upper 

What is the potential permanent building loss that would 

occur? 
4.4 High Upper 

What is the likely location and type of future 

development? 
4.3 High Upper 

What is the potential building damage that would occur? 4.3 High Upper 

What is the economic value of the impacts on buildings 

and structures? 
4.2 High Middle 

What is the estimated taxable value loss? 4.0 High Middle 

What coastal and marine structure loss would occur? 3.9 Moderate Middle 

What coastal and marine structures damage would occur? 3.8 Moderate Middle Lower 

7.8 ECOLOGICAL 

Question Rank Agreement Quartile 

What is the potential loss of habitat? 4.1 Moderate Middle 

What is the impact to recreational and commercial 

fisheries? 
3.8 Moderate Middle Lower 

What are the potential habitat function changes? 3.8 Moderate Middle Lower 

How will changes affect species distributions? 3.6 Low Lower 

What is the lost environmental "value"? 3.6 Low Lower 

7.9 SOCIETAL 

Question Rank Agreement Quartile 

What are the economic impacts? 4.4 High Upper 

What is the risk to human health?*  Revised to:  Where are 

the vulnerable populations? 
4.3 High Upper 

What is the risk to human life? 4.1 Moderate Middle 

What is the impact on the local (County) and State 

economy? 
4.0 High Middle 

What are the impacts of permanent displacement? 3.9 Moderate Middle 

What is the impact to community? 3.8 Low Middle Lower 

What is the impact on local employment? 3.6 Moderate Middle Lower 

How does the perception of risk affect property values? 3.4 Low Lower 

What is the impact on amenity and recreational use of the 

coastal zone? 
3.4 Low Lower 

Impacts associated to availability of recovery and social 

support resources?*  Revised to:  How are recovery 

resource needs affected? 

3.2 Low Lower 

What are the impacts to culture and cultural resources? 3.1 Low Lower 

What are the impacts of temporary displacement? 3.1 Low Lower 

What is the impact on the availability of social programs? 2.9 Low Lower 
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Question Rank Agreement Quartile 

What is the impact on the availability of education? 2.7 Low Lower 

 


