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EXECUTIVE SUMMARY 
 
Global sea levels currently are rising and will continue to rise far into the future.  This 

rise engenders significant risks to life and the environment, as it creates negative 

physical, economic, and societal impacts across the globe.  The precise magnitude of the 

impacts depends on a diversity of variables, e.g., the amount the sea will rise, the 

magnitude of storm surges, and the types of adaptation and protection measures in place 

to mitigate the impacts.   

 

If the various geographic regions across the globe are to adequately prepare for the rising 

sea, it is necessary to conduct risk assessments to determine which specific impacts and 

the policy options that are necessary to mitigate those impacts.  While many regions have 

conducted analyses and are planning adaptation measures, many have neither thoroughly 

assessed the impacts nor planned adequately for the risks.  Additionally, some regions 

that have conducted analyses did not rigorously assess the impacts or a diversity of 

possible policy options.  This may be due to lack of sufficient funding to conduct the 

assessment, lack of knowledge of the severity of the issue, or lack of expertise to conduct 

a thorough assessment. 

 

This paper examines a diversity of risk assessments conducted by regions worldwide.  It 

includes a range of studies that assess regions with different economic capacities, types of 

terrain, location, and that implement a range of different methodologies.  It examines and 

compares the impacts and policy options included in the analyses, as well as the variable 
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inputs and evaluation criteria that were implemented to conduct the assessments.  While 

some previous studies have analyzed a particular risk assessment methodology for sea 

level rise (Bosello, Roson, & Tol, 2007) or compared adaptation measures (Tol, Klein, & 

Nicholls, 2008), no previous study has been conducted to comparatively weigh the 

components and results of impact and adaptation risk assessments. 

 

Through a comparison of the components and results of a variety of risk analyses, this 

study provides valuable insights into the diverse impacts and possible policy options that 

may be selected for inclusion in future sea level rise studies.  The goal of this study is to 

assist regions in tackling the problem of sea level rise by providing a foundation to 

streamline the process for future assessments. 

  

Based on the assessed reports, the results demonstrate that the most commonly analyzed 

impacts are those to a region’s economy and population.  Additionally, the impacts to a 

region’s infrastructure, particularly transportation infrastructure, and total land surface 

appear to be of great importance.  The variable inputs that appear to be most commonly 

applied to assess the impacts are storm surge and a range of sea level rise scenarios, as 

opposed to one specific future sea level rise quantity. 

 

The results of a comparison of reports that analyze policy options to sea level rise show 

that hard adaptation options (e.g., dikes, sea walls, breakwaters) are more commonly 

assessed than soft adaptation options (e.g., land use change, relocation).  Of the hard and 

soft measure categories, natural barriers and resettle were included in the most reports.  
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Additionally, it appears valuable to include the current protection activities and policies 

of a region in an assessment.  The criteria most utilized for conducting the policy 

evaluations are the protection cost of a measure and its environmental impacts.  While 

not all reports proposed an exact recommendation that the study area should pursue for 

mitigating sea level rise impacts, soft options were more frequently recommended at the 

conclusion of the reports.   

 

The majority of the studies were conducted with quantitative methods. However, it is 

recommended that future assessments also include a qualitative perspective.  It may be 

valuable to discuss the impacts of sea level rise with residents of an area to determine 

which impacts are considered most important to mitigate and to determine the most 

appropriate adaptation options to pursue in preparation for mitigating those impacts. 

 

There is no correlation between a study region and the quantity of impacts analyzed or 

depth of the impacts assessed.  Additionally, there is no correlation between a study 

region and the policy options pursued. 

 

Lastly, omissions of variables and criteria from the reports are explored.  Future impact 

studies should include location-specific trends in sea level rise, as opposed to assessing 

the impacts based on the global average future sea level rise prediction.  It is also 

important to incorporate the speed of the rise in a dynamic analysis, as well as any 

uncertainties in a report’s input variables.  Future policy assessments should include a 
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criterion that accounts for the human behavior and response to the sea level rise and the 

implemented policy measures. 

INTRODUCTION 
 
Unequivocal evidence exists that sea level rise is occurring today and globally is 

negatively impacting a diversity of geographic regions  (IPCC, 2007).  In locations that 

currently are undergoing alteration due to sea level rise, threats to the societal, economic 

and/or physical environments are emerging.  Such threats may generate a range of effects 

on humans, on non-human species, and on biodiversity.  Furthermore, while some threats 

stand alone, affecting only one group, others may be interlinked, compromising not only 

biodiversity, but creating indirect affects on non-human species and human lives as well.  

As diverse as are the impacts, so too are the specific imbalances that have occurred in 

various regions and their abilities to respond to the impacts through adaptation. 

 

In order to prepare for the negative impacts of sea level rise and to formulate appropriate 

policies, policymakers must first rely on risk assessment measures that are used to 

analyze the possible types and severity levels of the impacts of sea level rise.  Then, 

policy-level adaptation options to mitigate the impacts may be examined and compared 

against one another.  Various studies have taken different approaches to conducting the 

analysis of risk.   

 

Differing methods selected for risk analysis may drive differences in policies that craft 

the preparations for, and adaptation to, the impacts of sea level rise.  If clear and effective 
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policies are to be enacted, rather than piecemeal policies that fail to fully address the 

negative impacts, it is necessary to conduct a thorough risk assessment and to include all 

relevant variables. 

 

 In this report, I conduct a comparison of different risk assessment studies implemented 

to address the impacts of and adaptation/policy measures to sea level rise.  I perform this 

analysis by examining assessments conducted in various countries, as well as on 

comprehensive assessments that analyze multiple areas in a single study.  I analyze the 

similarities and differences in the components of the risk analyses.  I categorize the 

different analytical methods used to assess the impacts of sea level rise and the methods 

used to compare and recommend policy, adaptation, and governance measures.   

 

The first objective is to compare risk assessments and examine the extent to which these 

approaches are likely to accurately represent its impacts and lead to useful 

recommendations.  Following this, I highlight possible gaps or omissions that may exist 

in the currently applied studies.  I then recommend approaches to analyze the impacts and 

the adaptation/policy options for sea level rise that is responsive to limitations in the 

resources available for such studies.   

SEA LEVEL RISE 
 

Scientific Observations 
 
Sea level variations have occurred throughout history and will continue to occur into the 

future.  Over the past several million years, global sea level has risen and fallen 
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approximately 120m (IPCC, 2007).  During the period from 1961 – 2003, global sea level 

rose at an approximate rate of 1.8 ± 0.5 mm/year.  During the last decade of that period, 

1993 – 2003, average sea level rise occurred at a faster approximate rate of 3.1 ± 0.7 

mm/year (IPCC, 2007).  More recent studies report that the average rate of sea level rise 

was 3.3 ± 0.4 mm/year from 1993 – 2009  (Ablain, Cazenave, Valladeau, & Guinehut, 

2009).  As stated in the Intergovernmental Panel on Climate Change’s (IPCC) Fourth 

Assessment Report, “global mean sea level has been rising…[T]here is strong evidence 

that global sea level gradually rose in the 20th century and is currently rising at an 

increased rate” (IPCC, 2007). 

 

Sea level rise is the product of both natural and anthropogenic forcings in the climate 

system and represents a direct consequence of a warming of Earth’s surface.  The 

anthropogenic forcings underlying the surface warming are attributed to an increase in 

greenhouse gas emission and atmospheric concentrations, i.e. an increase that causes the 

sea level to rise through ocean thermal expansion, melting of glaciers and ice sheets, and 

changes in land-stored water.  “Anthropogenic warming and sea level rise would 

continue for centuries due to the timescales associated with climate processes and 

feedbacks, even if greenhouse gas concentrations were to be stabilized” (IPCC, 2007). 

 

While scientific studies have demonstrated that global sea levels rose during the 20th 

century and will likely continue to accelerate through the 21st century and beyond due to 

global warming, the exact magnitude of the rise is uncertain (Nicholls & Cazenave, 

2010).  Projections of the magnitude of future sea level rise have become the focus of 
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extensive and diverse research, yet the differing assortment of variables included in 

specific research projects has led to contrasting projections of magnitude.  Accurate 

measurements of projected sea level rise rely on factors that, at present, resist precise 

quantification.  First, the trajectory of global greenhouse gas emissions and associated 

rates of warming are uncertain and depend on the type of mitigation action taken.  

Second, there is difficulty in precisely measuring the level of the sea.  A primary system 

of measurement relies on the use of satellites through altimetry, gravity measurements, or 

radar interferometry; each with strengths and weaknesses (Pilkey, 2009).  With satellite 

observations having been made available only since the early 1990s, many ocean 

observations are poorly sampled in space and time, thereby making long-term trends 

difficult to identify.  Third, there are gaps in scientific knowledge regarding present-day 

glacier volume and the processes involved in the discharge of ice from ice sheets.  Lastly, 

there remains a great deal of regional heterogeneity, with sea level rising at up to several 

times the global mean in some areas, while falling in others. 

 

Projections and Uncertainties 
 
Despite these obstacles to obtaining accurate measurements, a wide array of predictions 

of the magnitude of sea level rise is nevertheless reported.  One of the most widely cited 

predictions remains that of the IPCC.  In the Fourth Assessment Report (AR4), the IPCC 

estimated a sea level rise of 0.18 – 0.59 m by 2100.  However, the worldwide scientific 

community considers these results outdated and overly conservative for two primary 

reasons.  First, the report, published in 2007, is based on scientific studies reported before 

May 2006.  Second, the IPCC only employs as variables the thermal expansion of water 
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and the melting of mountain glaciers in its sea level rise assessment; it does not take into 

account the melting of ice sheets.  Specifically, the IPCC does not include the possible 

collapse of the West Antarctic ice sheet nor of the Greenland ice sheet.  The IPCC 

acknowledges this omission in its report, which notes that “models used to date do not 

include…the full effects of changes in ice sheet flow, because a basis in published 

literature is lacking” (IPCC, 2007).  Furthermore, the IPCC report notes that “this 

indicates a deficiency in the current scientific understanding of sea level change and may 

imply an underestimate in projections” (IPCC, 2007). 

 

Currently, a broad range of scientific studies has been reported that improve upon the 

projections reported by the IPCC AR4.  (Notable examples are highlighted in Table 1.)   

Table 1. 
 

Selected global average sea level rise projections by 2100 

Source Publication Range (m) Notes 

IPCC 2007 0.18 - 0.59 Data prior to May 2006 

S. Rahmstorf 2007 0.5 - 1.4 Based on IPCC warming 
scenarios 

J. Hansen 2007 5   

World Bank 2007 1 - 3, possible 5   

FL Miami-Dade Climate 
Change Science & 

Technology Committee 
2008 0.98 - 1.51   

RI Coastal Resource 
Management Council 2008 0.9 - 1.5   

T. Pfeffer, et al 2008 0.8 - 2   

UK Climate Change Impacts 
Programme   0.9 - 2.4 Predicted range is by 

2080 
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The majority of the worldwide scientific community currently agrees on a global average 

sea level rise of at least 1 m or more by 2100 (Nicholls & Cazenave, 2010).  However, a 

sudden and complete collapse of an ice sheet may occur in the near future, resulting in a 

rapid rise in sea level.  While the Antarctic and Greenland ice sheets together contain 

sufficient ice to raise global sea levels by 70 m, the theoretical projection of a possible 

trigger point resulting in a rapid collapse is focused primarily on the West Antarctic ice 

sheet (WAIS) and the Greenland ice sheet (GIS) (Rahmstorf, 2007). 

 

Various remote-sensing tools available since the early 1990s “have provided good data 

on the mass balance of the polar ice sheets” (Nicholls & Cazenave, 2010).  These data 

have demonstrated that the contribution of the WAIS and GIS to sea level rise has almost 

doubled since about 2003 compared to the 1993 – 2003 period (Rignot, et al., 2008; 

Rignot, Box, Burgess, & Hanna, 2008; Velicogna, 2009).  The 2007 IPCC AR4 reports 

that a complete collapse of the WAIS and GIS would result in a sea level rise of 

approximately 5 m and 7 m, respectively (IPCC, 2007).  A more recent study reports that 

a complete elimination of the WAIS would result in about 3.3 m total sea level rise 

(Bamber, Riva, Vermeersen, & LeBrocq, 2009). 

 

“For the near term (next decades), the largest unknown in future sea level rise is the 

behavior of the ice sheets” (Nicholls & Cazenave, 2010).  One study conducted by an 

interdisciplinary group of experts found that while there was agreement on a high 

probability that the WAIS will ultimately cause sea level rise, there was a large amount of 

disagreement on the time-scale in which it would occur.  The study noted, “[c]omplete 
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collapse of the WAIS would raise sea level by around 5 m, but whether collapse is likely, 

or even possible, has been ‘glaciology’s grand unsolved problem’ for more than two 

decades” (Vaughan, 2002).  Therefore, “[g]iven the current status of scientific 

knowledge, the total collapse of the WAIS in relatively short timescales of 100 – 200 

years cannot presently be stated as completely impossible” (Tol, et al., 2006).  Thus, 

while a minimum of a 1 m global sea level rise by 2100 is commonly agreed upon by the 

scientific community, a sudden collapse of an ice sheet may occur and result in a rapid 

rise of the sea several times higher than that of a 1 m gradual rise.   

 

Non-uniform Distribution 
 
A significant variable in the analysis of the rise in sea level is that of non-uniform 

change.  Some regions have and will continue to experience a decrease in sea level, while 

others will continue to experience a rise of several times the magnitude of the projected 

global average value.  The non-uniform regional and local distribution of the sea level 

across the globe is caused by geological uplift and subsidence of the coastal zone and by 

regional and local climate changes (Lambeck & Chappell, 2001).  Figure 1 shows the 

regional variations of sea level trends for the period of October 1992 – July 2009. 
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Figure 1. 

 
       Satellite altimetry of sea level from October 1992 – July 2009 (AVISO, www.aviso.oceanobs.com/) 

 
When comparing a gradual to a rapid rise in sea level, it is important to note that a rapid 

rise would also result in an uneven sea level across the globe.  For example, as 

demonstrated in Figure 2, a sudden collapse of the WAIS would result in a greater sea 

level rise in the regions bordering the North Atlantic (approximate 30% increase) and 

Indian Oceans (Mitrovica, Gomez, & Clark, 2009).   

Figure 2. 

 
Distribution of sea level change in response to a collapse of the WAIS, computed based 
on the theory of Mitrovica, J. et. al. (Mitrovica, Gomez, & Clark, 2009) 
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RISKS:  IMPACTS & ADAPTATION OPTIONS 
 
The consequences of a gradual 1m rise in sea level will subject the populations of a wide 

variety of regions to harsher living conditions.  However, the sudden collapse of the 

WAIS or GIS, resulting in a rapid rise of 3m or more would compound the risks in 

affected areas.  The consequences for regions directly affected by the collapse and 

resulting rapid sea level rise would be severe and potentially catastrophic.  Additionally, 

these risks would be further amplified by an increase in the predicted sea level rise as a 

result of storm surges that flood land forms. 

 

Although there is no commonly accepted definition of a coastal zone, most coastal zones 

are considered to fall within 60 – 200 km of the shoreline.  Approximately 50% of the 

world’s population lives within 200 km of the shoreline, and the number of people living 

within this region is expected to double by 2025 (Creel, 2003).  Based on 1995 data, 

approximately 400 million people (or 8% of the global population) live within a 5 m rise 

of sea level (Nicholls, Tol, & Vafeidis, 2008).  Moreover, fourteen of the world's 

seventeen largest cities are located in coastal areas (Tibbetts, 2002).  Mangroves, which 

aid in protecting coastal areas from storm surges and provide nutrients to marine life, are 

located in approximately 8% of world coastlines and 25% of world tropical coastlines 

(AAAS, 2002).  Figure 3 shows the global distribution of coastal populations and 

shoreline degradation, i.e. alterations in land use and land cover.  “[T]he coastal areas 

with the greatest population densities are also those with the most shoreline degradation” 

(UNEP, 2008). 
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Figure 3 
 

 
(Rekacewicz, 2009) 

 
A variety of scientific methodologies have been employed to analyze the potential risks 

that will result from a rise in sea level.  In a study conducted by the World Bank (see 

Table 2), the impacts on 84 developing countries were categorized based on land loss, 

population affected, capital loss value (GDP), wetlands loss, urban extent, and 

agricultural extent.  The World Bank study assessed the impacts within each of these 

specified categories based on a range of sea level rise from 1 – 5 m.  While the results of 

the study prove alarming in the assessment of risks to developing nations, they are 

considered conservative.  The World Bank notes that the “approach undoubtedly 

underestimates future sea level rise impacts, because human activity is generally 

increasing” (Dasgupta, Laplante, Meisner, Wheeler, & Yan, 2007).  The study further 

notes that the results do not include a projection of liabilities from storm surge 

augmentation. 
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Table 2 

 
(Dasgupta, S. et al. World Bank. Based on 84 developing nations. p.10) 

 
Impacts resulting from a rise in sea level may be viewed from two analytical 

perspectives.  One perspective is that of the environmental costs of sea level rise: the 

physical impacts on natural systems.  The other perspective is based on the direct and 

indirect effects of these physical impacts on human coastal settlements and general living 

standards of the population: the economic and societal impacts (IPCC, 2007). 

 

Some of the physical impacts are flooding and submergence of coastal land, saltwater 

intrusion of surface and ground waters, erosion, and the decline of coastal wetlands (e.g., 

salt marshes, mangroves)  (IPCC, 2007; Nicholls & Mimura, 1998).  Some of the 

socioeconomic impacts include disruptions in international trade, travel and tourism, 

coastal settlements that may be forced to abandon land due to permanent flooding or 

destruction of cropland through salinization, and the cost of protection to a society from 

the rising sea.  For example, increasing the height of the California Central Valley levees, 
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which protect urban and rural lands from flooding, by only 0.15 m will cost more than $1 

billion (Mount & Twiss, 2005). 

 

The projected risks of sea level rise leave three options for adaptation: protection, 

accommodation, or planned retreat (IPCC, 2007).  “This choice is both technical and 

sociopolitical, addressing which measures are desirable, affordable, and sustainable in the 

long term.  Adaptation remains a major uncertainty concerning the actual impacts of sea 

level rise” (Nicholls & Cazenave, 2010).  In order to appropriately plan for adaptation, it 

is important to determine the quantity and speed of sea level rise, so that the risks, or 

damages to an area, can be appropriately determined.  A gradual rise of 1 m in sea level 

will likely result in a different set of risks, and thus different response and adaptation 

strategies, than a rapid rise of 5 m in sea level. 

 

AUDIENCE 
 
The intended audience comprises policymakers at the local, national, and international 

levels who govern regions that currently are undergoing, or in the near future will 

encounter, the impacts of sea level rise, i.e. policymakers who have an immediate 

obligation to formulate policies for mitigation of those impacts.  These include 

international governing bodies that formulate global policies to mitigate the risks of sea 

level rise to nations. 
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Additionally, this project is intended for those who are conducting or plan to conduct 

impact and adaptation assessments of sea level rise.  The audience may include 

independent analysts as well as analysts commissioned by a particular body to conduct 

risk and adaptation assessments to prepare coastal regions for sea level rise.  

 

RESEARCH & METHODS 
 
Through a qualitative comparison of different risk assessments, I categorize the impacts 

of sea level rise and compare the comprehensiveness of the studies’ recommended policy 

responses.  I compare the impacts assessed and policy options and recommendations 

resulting from risk assessments.  Additionally, I analyze the input parameters (e.g., 

subsidence, storm surge) utilized to conduct the impact assessments and the evaluation 

criteria (e.g., protection cost, quantity of property protection) that were used to perform 

the policy assessments.   

 

As a means to performing the analysis, I selected assessments conducted for a variety of 

regions across the globe.  I selected coastal areas that are or will be directly impacted by 

sea level rise.  Additionally, I chose locations that differ in their terrain and state of 

development or GDP.  I included studies that implement a range of different 

methodologies in order to draw comparisons across the various methodologies.  I analyze 

whether the impacts assessed and specific policies recommended are dependent on the 

type of assessment method implemented or on the regional characteristics, such as 

economic development, terrain, or other factors that vary across the areas.  
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Detailed risk assessments of sea level rise have been conducted in various locations 

worldwide (Naples & Aerts, 2007).  Varying approaches have been employed in 

conducting these risk assessments; they focus on different risks to different degrees.  

Additionally, some include variables (e.g. storm surge, land subsidence) that are not 

included by others.  

 

The majority of the studies analyzed either the impacts of sea level rise to a particular 

region or the policy options to mitigating the impacts.  A small number of studies 

presented a highly detailed assessment of both the impacts and policy options of sea level 

rise.  A larger number of studies analyzed the impacts in depth rather than the policy 

measures. 

 

Impact Assessment 
 
Of the more than 100 reports considered, I selected 26 reports for my analysis of studies 

that assess the impacts of sea level rise.  I chose reports that focus on 13 countries 

(Bangladesh, Denmark, Egypt, Estonia, Finland, Italy, Kenya, Portugal, Samoa, 

Singapore, Turkey, the United States, and Vietnam) and four broad areas (global, 

developing nations, South Pacific island nations – Tonga, Fiji, Samoa, and Tuvalu, and 

the Wadden Sea, which is harbored by the Netherlands, Germany, and Denmark). 

 

In my analysis, I categorize the various assessment methods as quantitative, semi-

quantitative, and qualitative.  Quantitative methods comprise those that include a 
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quantitative analysis through numerical calculations or mathematical modeling.  

Qualitative methods categorize, describe, or identify impacts without directly conducting 

calculations or modeling.  The qualitative methods also include those studies that analyze 

the impacts of an area through a review of secondary sources that may have included 

quantitative methods.  Semi-quantitative methods refer to analyses that include 

calculations or modeling, yet create their own metric through quantifying the elements or 

variables by basing them on subjective weights, personal judgment, opinions or 

experience. 

  

Following the categorization of the analytical method types, I identified the various 

impacts that were assessed by each report.  I included 23 impacts.  I did not include all 

impacts addressed in every study I analyzed.  Most impacts that are not included 

comprise subsets of broader impacts that can be grouped together.  I included those 

impacts that I viewed to be the most consistently analyzed, as well as the impacts that 

capture less-extensive, subcategory impacts.  The impacts I included are listed below: 

 

• Economy 
• Land Surface 
• Wetlands 
• Estuaries 
• Coastal Lagoons 
• Beaches 
• Urban Extent 
• Industrial Area 
• Infrastructure 
• Transportation Infrastructure 
• Commercial Area 
• Residential Area 

• Agriculture Extent 
• Food Supply 
• Water Resources 
• Species 
• Population 
• Employment 
• Tourism 
• Pollution 
• Human Health 
• Security 
• Energy 
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I used the levels of analysis - low, medium, and high - to identify the extent to which a 

particular impact is analyzed in a given report.  These levels of analysis are subjective 

and based on my personal judgment and definition.  A low level of analysis indicates that 

a report mentions or briefly identifies a particular impact in the studied region but does 

not elaborate on the details or extent of the impact.   

 

A high level denotes a report that conducts an in-depth or complex analysis of the 

particular impact.  In this type of analysis, the study contains an extensive discussion of 

the impact and of the degree of the impact.  A high may also indicate whether a report 

analyzed an impact by assessing multiple subcomponents (e.g., analyzed multiple types 

of animal species or broke employment down by type of occupation) or analyzed the 

study region in multiple sections (e.g., assessed an impact in all of the districts within a 

particular city).   

 

A medium analysis level falls between the low and high levels.  It indicates that a report 

addresses a particular impact yet does not conduct an in-depth analysis of the impact, 

fully quantify the impact, or assess subcomponents of the impact.  A medium also 

specifies that a particular impact is assessed, but the analysis of the assessment is 

attributed to another one of the 23 impacts.  For example, if a study measures the impact 

on agricultural extent by calculating the economic impact it would create, the Agriculture 

Extent impact would receive a medium, as the main focus of the calculation is placed on 

the Economy impact. 
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After categorizing the impacts assessed by the reports, I identified some of the inputs that 

were used by the studies to analyze the impacts.  I selected the inputs that I consider most 

influential or important in determining the magnitude of an impact.  I included eight 

inputs.  These inputs are listed below: 

 
• Range of SLR 
• Subsidence 
• Geological uplift 
• Storm surge 

• Population change 
• Economic change 
• Man-made Protection 
• Natural coastal protection 

 
 

For the output, and to conduct my analysis, I construct tables with my results.  The tables 

display the specific region in which each respective study is focused, author(s), year of 

publication, and methodology by type according to a color classification (blue: 

quantitative, yellow: semi-quantitative, orange: qualitative).  One table identifies the 

impacts assessed by each study and the relative weights of each assessment according to 

a pattern classification (horizontal stripes: low, dots: medium, vertical stripes: high).  

Another table indicates the inputs assessed by each study.  These tables are displayed in 

Appendix A. 

 

The compositions of these tables aggregate my findings, thereby allowing me to contrast 

and compare the assessed impacts, input parameters, and study regions to the analysis 

method types (quantitative, semi-quantitative, qualitative) and study depths (low, 

medium, high).  Aggregated indicators (e.g., percent each impact was included in all the 

studied reports, percent each impact was studied to a high extent, percent each impact 
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was analyzed with a quantitative study) are presented in multiple charts demonstrating 

my results.  

 

Policy Option Assessment 
 
I was unable to find the same expansive range of detailed reports that conduct in-depth 

analysis of policy responses to sea level rise for diverse areas worldwide, as I was for the 

impact assessment.  I analyze 13 reports that assess the policy options of sea level rise.  

The studies I analyze focus on eight countries (Denmark, Egypt, England, Germany, 

Samoa, Singapore, the United States, and Vietnam) and on two broad regions (global and 

the Wadden Sea). 

 

Similar to my analysis of reports that assess the impacts of sea level rise, I categorized 

the methods of the reports that assess the policy options as quantitative, semi-

quantitative, and qualitative.  The categorization process I implemented to identify a 

method as one of these three types is the same as described previously for the impact 

assessment. 

 

After categorizing the analytical methods by type, I identified the policy options that 

were explored by the reports.  I included 18 policy options and divided them into two 

categories: Non-Structural/Soft Measures and Structural/Hard Measures.  Given the large 

number of policy options that were analyzed by the reports, I further condensed them into 

five subcategories.  The 18 policies and their respective categories are listed below:



Non-Structural/Soft Measures 
 

Land Use Management 
 

- Legal development regulation 
- Land use change 

 

Resettle 
 

- Move away from coast 
- Relocation 

 
Structural/Hard Measures 

 
Natural Barriers 

 
- Mangroves 
- Reefs 
- Beach nourishment and  
  groins 
- Sandbagging 
 
 

Building Adaptation 
 

- Flood-adapt contents 
- Raising structures 
- Flood-proof building    

structures 
- Moveable buildings 

 
 

Hard Structures 
 

- Mobile barriers 
- Revetments 
- Breakwaters 
- Dams 
- Dikes 
- Sea walls

I employed the levels – low and high – to identify the level with which each study 

analyzed policy options under Non-Structural/Soft Measures and the levels – low, 

medium and high – for the level of analysis under Structural/Hard Measures.  If a study 

considered both of the policy options under a Soft Measures subcategory, it received a 

high.  If a study considered only one of the two policies under a Soft Measures 

subcategory, it received a low.  For example, if both “Move away from coast”1 and 

“Relocation”2 were analyzed in a report, then the report received a high under the 

“Resettle” subcategory, but if the report only analyzed “Relocation,” it received a low 

under “Resettle.”  It is important to note that a high rating does not indicate that a study 

analyzed a policy option in significant depth or with great quality.  Similarly, a low does 

                                                        
1 This refers to the movement of people, property, and/or infrastructure farther inland and away from the 
direct rising coastline, while remaining near the coast itself, e.g. a retreat of several meters farther back 
from the coastline.  
2 This refers to an evacuation of people, property, and/or infrastructure away from the coast, e.g., relocation 
to an entirely different area. 
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not indicate that a study’s assessment was conducted with insignificant depth or minute 

quality.  Rather, they refer to the quantity of policy options that are analyzed in a report. 

 

If a study considered one policy under a Structural/Hard Measures subcategory, it 

received a low.  If it considered two or three policies, it received a medium, and if it 

considered four or more policies, it received a high rating.  For example, if the only 

policy a report analyzed under the Natural Barriers subcategory was mangroves, it 

received a low for this subcategory.  However, if a report analyzed mangroves, reefs, 

beach nourishment and groins, and sandbagging, it received a high for the Natural 

Barriers subcategory. 

 

In addition to listing the policy options considered by the reports, I noted the reports that 

include current protection activities or policies that are implemented in the study region.  

I also indicated the reports that consider the baseline situation, “no action,” if no policy 

steps are taken to reduce the impacts of sea level rise. 

 

After identifying the policies that the reports assessed, I identified the criteria that the 

reports used to evaluate the various policies.  I included 12 criteria.  They are listed 

below: 
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Criteria 

Protection Cost Monetary cost of implementing policy/adaptation measure 

Safety/Coastal Defense Qualitative measurement of the quantity of defense or protection provided by adaptation measure from the sea  

Property Protection Quantity of property area or infrastructure protected by adaptation measure 

Flood Avoidance Amount of land area protection against flooding provided by adaptation measure 

Wetland Preservation Amount of wetland area protected by adaptation measure 

Agriculture Protection Amount of agricultural land area protected by adaptation measure 

Environmental Impact Qualitative or area measurement of quantity of negative impact of policy/adaptation measure on the environment 

Robustness/Flexibility Qualitative amount of durability or resilience provided by measure/adjustability of measure to future alterations 

Chance of Success Probability that measure will succeed in protecting against the sea without failure 

Feasibility Qualitative degree to which implementation of measure is achievable or attainable 

Fairness Qualitative degree to which implementation of measure is fair or equitable to people or residents in the protected area 

Net benefits Benefits provided by measure minus the costs of measure 

 

For the output and to conduct my analysis, I construct tables demonstrating my results.  Similar 

to the “Impacts Assessment,” the tables display the specific region in which each respective 

study is focused, author(s), year of publication, and methodology by type according to a color 

classification (blue: quantitative, yellow: semi-quantitative, orange: qualitative).  One table 

identifies the degree to which the policy options are assessed by each study according to a 

pattern classification (horizontal stripes: low, dots: medium, vertical stripes: high).  A second 

table indicates the criteria evaluated in the assessments by each study.  A third table illustrates 

the recommendations of each study.  I categorize these recommendations by “Adaptation/Hard 

Measures” and “Strategic/Soft Measures.” 
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Three expanded tables are located in Appendix A.  One table presents the details of each study 

(location, author(s), publication date) and indicates the 18 policy options included in each study.  

Another table shows the frequency of inclusion of the subcategorized policy options according 

to each study.  A third table shows the evaluation criteria implemented in the 13 studies. 

 

The compositions of these tables aggregate my findings, thereby allowing me to contrast and 

compare the policy options assessed to the analysis method types.  Aggregated indicators (e.g., 

percent each policy subcategory was included by all the studied reports, percent each policy 

subcategory was studied to a high extent, percent each policy subcategory was analyzed with a 

quantitative study) are presented in a chart.  

 

RESULTS/ANALYSIS 
 

Impact Assessment 
 
Chart 1 specifies the percent level at which each of the 23 impacts is studied in the 26 analyzed 

reports.  The percent value immediately following each impact represents the amount that the 

specific impact is included in the 26 reports.  For example, Employment is assessed in 38% of 

the 26 reports.  Additionally, two colored bars follow each impact and depict the type of study 

conducted.  The upper bar (blue, yellow, orange) represents the percent that each impact was 

studied with a quantitative, semi-quantitative, and qualitative method.  For example, of the 

reports that analyzed the impact of sea level rise on Wetlands, 53% were quantitative (blue), 

20% were semi-quantitative (yellow), and 27% were qualitative (orange).  The lower bar (black, 

dark gray, light gray) demonstrates the percent at which each impact was assessed to a high, 
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medium, and low extent.  For example, of the reports that assessed Wetlands, 67% studied it to 

a high extent (black), 27% to a medium extent (dark gray), and 7% to a low extent (light gray). 
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The results of Chart 1 demonstrate that the majority of the 23 impacts are studied to a high 

extent and with the implementation of quantitative methods: 16 are studied to a high extent and 

16 are assessed with quantitative methods.  (See Appendix B for the exact quantities of 

high/medium/low and quantitative/semi-quantitative/qualitative for each impact.)  Only seven 

of the impacts are analyzed by at least 50% of the 26 reports: infrastructure, economy, 

population, land surface, wetlands, agricultural extent, and transportation infrastructure.  Of 

these impacts, all excepting infrastructure are studied mostly to a high extent, and all of the 

seven are analyzed with quantitative methods.  Infrastructure is studied mostly to a medium 

extent, not a high extent, due to the fact that, while infrastructure is frequently addressed as an 

impact of sea level rise (the most assessed of all impacts), the high depth analysis is typically on 

its subcomponent, transportation infrastructure. 

 

Nine impacts are studied by fewer than a third of the reports: estuaries, urban extent, 

commercial area, energy, coastal lagoons, human health, food supply, security, and pollution.  

These impacts vary in their primary method of analysis and depth of study. 

 

Five impacts were studied approximately 80% or more of the time to a high extent: economy, 

population, urban extent, coastal lagoons, and security.  However, as urban extent, coastal 

lagoons, and security were not assessed by many of the 26 papers, it is difficult to draw 

conclusive results from them.  Based on the reports that were analyzed, the high focus on 

population and economy demonstrates that they are significant impacts for inclusion in future 

studies.   
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Tourism, human health, and pollution are the only impacts studied primarily to a low extent 

(78%, 75%, and 100% low, respectively).  However, it remains difficult to draw conclusive 

arguments, as these are not studied by many of the reports.  

 

Chart 2 displays the eight inputs, the percent level at which they were each included in the 26 

reports, and the type of methodology (quantitative, semi-quantitative, qualitative) that was 

implemented for each input.  (See Appendix B for the precise amount of quantitative, semi-

quantitative, and qualitative methods conducted for each input).  The inputs, range of sea level 

rise and storm surge, were used in 83% and 61% of the 26 reports, respectively.  This indicates 

that these may be valuable inputs to include in future assessments.  Geological uplift and natural 

coastal protection were respectively only included in 9% and 13% of the reports.  This may 

demonstrate that these inputs are not highly significant for inclusion in future studies.  It 

perhaps may also indicate that these two impacts are difficult to measure and thereby were not 

included.  However, given that geological uplift decreases the amount of sea level rise to an 

area, it is possible that the regions that have been studied do not experience sufficient quantities 

of geological uplift to affect the magnitude of the impacts, and thus geological uplift is excluded 

as an input in the analysis.  Similarly, the studied regions may have scant natural coastal 

protection, which may also explain its exclusion.  

 

All the inputs were included in studies that were mostly quantitative.  Economic change, 

population change, and geological uplift were included only in reports that implemented 

quantitative methods.  
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Chart 2 
 

 
 
 

The percent of the 23 impacts that are included in each report, according to the report’s study 

area, is shown in Chart 3.  The assessment levels (high, medium, low) are shown for each report 

as well.  (Appendix B displays the numerical amounts of the assessment levels for each paper.)  

For example, there were two reports that assessed sea level rise impacts in Bangladesh.  One of 

these studies included 35% of the 23 impacts in its analysis, and the other study included 65% 

of the 23 impacts. 

 

The countries are listed according to GDP, with those of greatest GDP at the top and the lowest 

at the bottom.  The GDP of the Wadden Sea and 4 South Pacific Islands was calculated by 

taking the average GDP for the countries included in those assessments.  The top three reports 
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in the chart (global and 84 developing countries) are broad area studies, for which a GDP could 

not be calculated. 

 

This chart demonstrates that there is no correlation between the study region and the percent of 

impacts that are included in the report or the assessment level of the impacts.  The three highly 

broad area assessments (global and 84 developing countries) are the only reports in which all 

the analyzed impacts were assessed to a high extent.  However, these three studies did not 

include many of the 23 impacts.  This may be due to the fact that these studies analyzed a 

multitude of worldwide areas and were thereby constrained, due to budgetary or time 

restrictions, to a focus on impacts that were viewed as most germane to the given areas, 

followed by a concentrated focus on only those specific impacts.   

 

Beyond this analysis, it is not possible to draw further conclusions from this chart.  The lack of 

correlation in the chart may be the result of a divergence in funding sources.  Not all reports are 

conducted in and funded by the areas on which they focus.  Therefore, a country of low GDP 

may have produced a report of greater analysis and depth than a country of higher GDP, as the 

funding source of the low-GDP study may be headquartered in a location of greater GDP. 
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Policy Option Assessment 
 
Chart 4 shows the results of the 18 policy options according to their respective five 

subcategories, as well as the “no action” baseline situation and the “inclusion of current 

protection activities and policies” variable.  The chart displays the percent that each of the 

options is included in the 13 reports that were analyzed.  For example, Building Adaptation 

(Hard) indicates that it is a Structural/Hard Measure, and that it is assessed in 38% of the 13 

reports.  The colored bars following the policy options indicate the percent that each option was 

studied with the three method types (quantitative: blue, semi-quantitative: yellow, qualitative: 

orange) and the percent that each option was analyzed to a high (black), medium (dark gray), 

and low (light gray) depth.  Given that the measures “no action” and “inclusion of current 

protection activities and policies” do not comprise subcategories for multiple options, they only 

contain the bar indicating their percent study method, not the study depth. 

Chart 4 
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The results of this chart demonstrate that hard structures (e.g., dikes, sea walls, breakwaters) are 

included to the greatest extent (100%) in the 13 analyzed reports and ‘inclusion of current 

protection activities and policies’ is included to the second greatest extent (62%).  A larger 

number of the studies that included hard structures in their analysis were quantitative (46%), 

rather than semi-quantitative (31%) or qualitative (23%).  However, while all 13 reports 

included hard structures in their respective analyses, the majority of them assessed a low 

number of hard structures – only one hard structure.  (See Appendix B for the specific 

percentages of method type and study depth for each of the policy options.) 

 

The policy options, resettle and natural barriers, were included in 46% of the reports.  Resettle 

was assessed to an equal amount of high and low depth (50% each), and natural barriers were 

assessed mostly to a low depth.  None of the policy options were primarily studied to a high 

extent. 

 

Other than the hard structures, none of the options were studied mostly by quantitative methods.  

The options were studied either primarily by semi-quantitative or qualitative methods, or they 

were equally divided between quantitative and qualitative methods.  The majority of natural 

barriers and ‘inclusion of current protection activities and policies’ was analyzed by semi-

quantitative methods, and the majority of land use management and building adaptation was 

analyzed by qualitative methods.  

 

The percent level at which each criterion is included in the reports, as well as the method type 

implemented (quantitative, semi-quantitative, qualitative) is shown in Chart 5.  (Appendix B 
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displays the precise amounts of the three methods for each criterion.)  The reports demonstrate 

that the protection cost is included in the greatest number of the reports (85%), and the 

environmental impact is included in the second-most reports (46%).  All remaining criteria are 

included in 38% or less of the reports. 

 

Only 3 of the criteria were included in quantitative assessments: protection cost, environmental 

impact, and net benefits.  The protection cost is the sole criterion that is included in more 

quantitative studies than in semi-quantitative or qualitative studies.  The majority of the criteria 

are included in primarily semi-quantitative reports, and two of the criteria (safety/coastal 

defense and wetland preservation) are included in mostly qualitative reports.  It is difficult to 

draw conclusive results from the agriculture protection criterion, as it is only included in one 

semi-quantitative assessment. 

 
Chart 5 
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Chart 6 indicates the percent that the policy options are included in each report, according to the 

report’s study region.  The percent depth in which each report was assessed is indicated by high, 

medium, and low (blue, yellow, and orange, respectively).  The countries are listed according to 

their GDP, with the countries of greatest GDP at the top and those of lower GDP at the bottom.  

As described previously, the GDP of the Wadden Sea is calculated by the average GDP of the 

countries included its assessment, and the report at the top of the chart (global) is a broad area 

study, for which a GDP could not be calculated.  (Refer to Appendix B for the exact percent 

depth in which each study was conducted.) 

 
Chart 6 
 

 
 

 
There is no correlation between a particular country’s GDP and the percent of the policy options 

included in its respective report.  Six of the 13 studies (from areas of lower and higher GDP) 

included 60% or more of the five policy options, and six of the 13 studies (from lower and 
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higher areas of GDP) contained 40% or fewer of the policy options.  This demonstrates, based 

on the analyzed reports, that a region’s GDP does not necessarily determine the diversity and 

range of policy options that have been or possibly should be considered for addressing sea level 

rise. 

 

The majority of the reports (9 of the 13) assessed the policy options primarily to a low extent, 

rather than to a high or medium extent.  Six of these reports conducted 100% of its assessment 

to a low extent.  For example, the report conducted in Vietnam assessed 40% of the five 

possible policy option subcategories (e.g., resettle, building adaptation), and of the policy option 

subcategories it assessed, all of them (100%) were analyzed to a low extent.  The low extent 

indicates that it assessed only one policy option from each of the policy options subcategories.  

This demonstrates that regardless whether a study analyzed many or few of the possible policy 

option subcategories, the majority of the studies did not include many of the 18 policy options. 

 

Only two of the reports – United States and Samoa – assessed their respective policy options 

subcategories primarily to a high extent.  Additionally, these reports included 100% and 80% of 

the five policy option subcategories.  Interestingly, these studies were conducted on the two 

countries of greatest and lowest GDP included in this analysis.  GDP therefore is also not likely 

correlated with the study depth of a report. 

 

The percent of each recommendation type proposed by the 13 reports and the type of 

methodology implemented is show in Chart 7.  This chart demonstrates the recommendations 

suggested by the studies according to two types: Adaptation/Hard Measures and Strategic/Soft 
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Measures.  For example, 77% of the 13 reports recommended strategic or soft measures for 

dealing with the impacts of sea level rise.  Of these reports, 30% were from quantitative studies, 

40% from semi-quantitative studies, and 30% from qualitative studies.  (See Appendix B for the 

precise quantities of each recommendation type.)  Some studies proposed recommendations 

within both categories, and some studies only proposed recommendations within one of the two 

categories. 

  

A larger number of studies proposed soft measure recommendations rather than hard measure 

recommendations.  This was an unexpected result, as more of the studies analyzed hard 

measures rather than soft measures.  A possible explanation for the heavier focus on the analysis 

of hard measures is the fact that their consequences are easier to measure.  However, once the 

high expense of implementing and maintaining the hard measures is calculated, it may be 

decided that soft measures are more appropriate, without giving full consideration to the 

possible complications that may be involved.  As a result, hard measures were typically only 

recommended in areas of high economic value.  The reports that proposed hard measures were 

mostly conducted through quantitative methods, rather than a semi-quantitative or qualitative 

methods. 
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Chart 7 
 

 
 

It is important to note that while all the papers addressed possible types of recommendation 

measures to pursue to mitigate the impacts of sea level rise, they did not all propose an exact 

recommendation that the study area should pursue.  (A table detailing each report’s 

recommendation and respective category type is show in Appendix B.)  Many of the reports 

merely suggested types of strategies or soft measures to possibly pursue, but did not firmly 

recommend a specific measure.  For example, the recommendation for the study conducted in 

the United Kingdom was that the most likely adaptation strategy would be a combination of 

accommodation and retreat, but it did not firmly recommend one of these soft measures.  The 

report in Germany proposed no specific recommendation, but its proposal fell within the 

strategic measure type, as it suggested the area should initiate information, awareness and the 

need for coastal protection action.  
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RECOMMENDATION & DISCUSSION 
 
The rising sea level will result in various impacts and will yield a diverse set of response and 

adaptation options.  The differing results may depend on a region’s terrain, location, economic 

state, cohesion of the political system, as well as other factors.  This project examines and draws 

comparisons within a subset of regions in which the impacts of sea level rise currently are being 

analyzed.  Thereby this examination attempts to aid in the formulation of future impact and 

adaptation assessments for regions that will encounter the effects of sea level rise.   

 

Impact Assessment 
 
This report highlights the impacts and inputs that may be most important to include and focus 

on in future risk assessments.  It categorizes the various methods implemented to conducting 

these analyses and examines the commonalities and differences between the method type 

implemented and the impacts and inputs included.   

 

Based on the analyzed reports that span a diversity of worldwide locations, the greatest issues of 

concern due to sea level rise that should be included in future assessments are impacts to 

infrastructure, the economy, population, land surface, wetlands, agriculture extent, and 

transportation infrastructure.  This is due to the fact that these impacts were included in at least 

50% of the analyzed reports.  These impacts are likely often included, as they are of great 

concern to a diversity of regions, irrespective of differences in economic development or 

location, and, additionally, they comprise impacts that directly affect the daily lives of residents 

or species in a region. 
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Of highest concern are the impacts to the economy and the population, as they were not only 

studied by a large majority of the assessed reports (69% and 62%, respectively), but they also 

represented the primary focus to a high extent (as opposed to a medium or low extent), i.e., they 

were studied to a high extent 78% and 81% of the time, respectively.  Based on the results of 

the analyzed studies, future assessments should likely include impacts to the economy and 

population.  These two impacts are of the highest concern not only due to the fact that they most 

directly affect the manner in which humans live their daily lives, but also given the fact that 

they encompass many other impacts.  Most impacts can be valued in terms of how they affect 

the economy and population.  This demonstrates the high focus on these two impacts and the 

probable need for their inclusion in future studies. 

 

The impacts of least concern are those to estuaries, urban extent, commercial area, energy, 

coastal lagoons, human health, food supply, security, and pollution, as they all were analyzed by 

a third or fewer of the reports.  One possible hypothesis for the low level of inclusion of these 

impacts may be due to the fact that they are not a primary focus and concern to regions when 

compared with other impacts that may be viewed as more critical to mitigate the daily lives of 

the residents in a region.  A second possible hypothesis is that some of these impacts may be 

largely captured by other impacts.  For example, the impact on a region’s food supply may be 

largely captured by the impact on a region’s agriculture extent.  A final hypothesis is that these 

impacts are not consistently a concern for a diversity of regions across the globe with different 

economic capacities, location, and terrain.  For example, some developing nations, such as 

Bangladesh or Pacific island nations, may view the impact of sea level rise on security to be 

great, whereas developed nations may not view the impact of security to be a highly important 
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concern.  While the impacts were analyzed by quantitative, semi-quantitative, and qualitative 

assessments, the majority was assessed primarily through quantitative methods.   

 

The results of the 26 reports demonstrate that storm surges and varying ranges of sea level rise 

should be included as inputs in future studies, as they were included in the largest number of the 

analyzed reports, 61% and 83%, respectively.  These inputs, which deal with the quantified 

degree the sea level will rise and the amount of area that is impacted, appear to be of greater 

concern than the inputs that focus on socioeconomic or protection factors: natural coastal 

protection, population change, economic change, man-made protection.  The larger focus placed 

on these two inputs may be due to the fact that, as they directly determine the quantity of land 

area impacted, they thus largely influence the scale and size of the various impacts.  All the 

inputs are implemented in studies that are primarily quantitative, indicating the importance of 

including quantitative components to future assessments. 

 

There is no correlation between GDP and the depth of analysis conducted on the impacts of sea 

level rise.  This may be due to multiple possible hypotheses.  First, the studies that focus on a 

greater number of impacts or that conduct their impact analyses with greater depth may 

comprise more highly funded projects.  If this is the case, then a region conducting a risk 

assessment of sea level rise impacts may want to aim to collect a large amount of funding and 

resources for the study – whether through funders within the region or international funders 

outside the study area – in order to achieve a more in-depth analysis.  Second, it is possible that 

the studies that encompassed a higher depth of analysis were the result of a stronger research 

interest in those particular study regions and in determining their impacts.  A final hypothesis is 
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that certain authors may be highly prolific, which may result in the regions they assess being 

most prevalent among the literature and their assessments being conducted and presented in 

great depth. 

  

This situation may be particularly true for small island nations, such as Tuvalu.  These nations 

have been among the first to feel the harsh impacts of the rising sea.  Given that the majority of 

their inhabited land lies approximately 0.9 m above sea level, Tuvalu decision makers need to 

respond soon and quickly.  (Pilkey, 2009)  However, their frequently low GDP may be 

considered too small to conduct a thorough impact assessment.  Therefore, it may be necessary 

for the international community to aid these countries and other coastal areas of low GDP to run 

a risk assessment of their impacts to sea level rise, in order to allow them to respond and 

prepare accordingly. 

 

While the majority of the reports assessed in this project implemented quantitative assessments, 

some of the methods and data available need to be further developed.  While many of the 

studies included various sea level rise scenarios and storm surge in their models, information 

and calculation conducted with these inputs are not completely developed and understood.  The 

science and instruments for studying sea level rise and storm surge are frequently debated and 

are frequently updated and refined.  Further confidence in the measurements will aid in the 

accuracy of the impact assessments. 
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Additionally, while many reports utilized a geospatial information system (GIS) in their 

analyses, the data available for GIS is not precise.  One study conducted on the Mid-Atlantic 

region in the United States commented,  

 
Existing studies of sea-level rise vulnerability based on currently 
available elevation data do not provide the degree of confidence 
that is optimal for local decision making...Although previous 
studies have raised awareness of the problem of mapping and 
quantifying sea-level rise impacts, the usefulness and 
applicability of many results are hindered by the coarse 
resolution of available input data.  In addition, the uncertainty of 
elevation data is often neglected.  (Gesch, Gutierrez, & Gill, 
2009) 

 

This indicates that further developments of the data will enhance the risk assessments utilizing 

GIS and thus result in more accurate impact reports.  As impact studies are conducted with 

more accurate analyses, the ability of countries and communities to prepare for the impacts will 

be enhanced. 

 

Lastly, there remain three omissions in the analyzed studies that should be noted and possibly 

included in future assessments.  First, the studies did not typically factor-in location-specific sea 

level rise trends.  Those that included subsidence and geological uplift rates attempted to 

include the variable location-specific trends.  However, as seen in Figure 1, regional variations 

in sea level exist throughout the world.  Therefore, the analytical reliability would be improved 

if all analyses were to base their impact assessments on regional-based sea level rise 

predictions, rather than on the average global rise, as this may result in different impacts and 

different severity levels of the impacts. 
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Secondly, the assessed reports did not incorporate the speed of the sea level rise in a dynamic 

analysis of the impacts.  While many of the studies included a range of sea level rise by a 

particular date (typically the year 2100), they did not assess the difference between a gradual 

and constant rate of rise and that of a rise which may start at a slower rate and increase to a 

rapid rate – which may occur if there is a sudden collapse of the GIS or WAIS.  A gradual rise 

in sea level may result in a different set and degree of impacts, and thus different response and 

adaptation strategies, than a rise that is rapid and sudden.  

 

Finally, the studies generally failed to include their treatment of uncertainty.  They did not 

measure or quantify the degree of their uncertainty in their input variables (e.g., the level of 

uncertainty in the projected level of sea level rise they utilized or subsidence rate).  

Consequently, it was not possible to categorize the studies in terms of the quality of their 

treatment of uncertainty.  If the studies had included the level of their uncertainty, it may have 

been possible to identify and categorize the papers according to the confidence and significance 

of the results.  As a result, this may have allowed the assessment of the impacts and 

recommendations for future studies to carry greater weight. 

 

Policy Option Assessment 
 
Based on the studies included in this report, it is important to include an area’s current 

protection activities and policies in future assessments that analyze various policy options for 

mitigating the impacts of sea level rise.  It should be noted that current actions were included in 

62% of the reports.  Of the policy measures, hard structures (e.g., dikes, sea walls, breakwaters) 

are most important to include in future analyses.  However, while 100% of the 13 reports 
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included at least one hard structure in its assessment, 62% of the reports assessed hard structures 

to a low extent – i.e., only one type of hard structure was included.  Hard structures were 

analyzed to a high extent (i.e. 4 to 6 types of structures) by only 15% of the studies.  The 

majority of the studies that analyzed hard structures were conducted with a quantitative method. 

 

It therefore appears to be important to include hard structures in future evaluations.  However, 

many of the reports may have assumed the use of only one particular type of hard structure, and 

therefore have assessed only that one hard structure.  Various types of hard structures are 

available, from mobile barriers to breakwaters to dams, and they have the potential to vary 

greatly in their cost or capability in protecting an area from the rising sea.  Therefore, the 

inclusion of several different types of hard structures is recommended. 

 

The hard measure, natural barriers, and the soft measure, resettle, were included in 46% of the 

reports.  These options also should be included in future assessments.  Similar to hard 

structures, there is a wide range of natural barriers available (e.g., mangroves, sandbagging) and 

it is recommended that at least a couple of these options be explored.   

 

Overall, hard structures were assessed by significantly more of the analyzed reports than any 

other policy option.  This high focus on hard structures and lower focus on soft measures and 

other hard measures raises two primary concerns that should be noted for future studies.   

 

First, hard structures can be highly expensive.  For example, a 0.15 m height increase for the 

California Central Valley levees will cost over $1 billion. (Mount & Twiss, 2005)  Many areas 
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likely will not be able to afford the high cost of some hard structures.  Male, the capital city of 

the Maldives, is completely surrounded by a massive seawall funded in part by Japan. 

(Hamilton, 2008)  While the Maldvies were able to aid in the funding of this seawall, due to 

funds generated by tourism, many other island nations do not have adequate resources.   

 

The island nation of Tuvalu, considered one of the first countries that may be forced to 

completely evacuate its land due to sea level rise, does not have the financial resources to build 

a sea wall.  As an alternative measure, Tuvalu has built a barrier for protection from the sea 

using old military equipment left by the U.S. during WWII.  Therefore, while hard structures 

should be considered in future sudies, this option may not be economically feasible for many 

areas.  For this reason, it is important to include other, non-hard structural types of policy 

options in future sea level rise adaptation assessments. 

 

 

Secondly, a moral hazard may result when pursuing the construction of hard structures to 

protect against the rising sea.  If a coastal area constructs a sea wall to protect itself from the 

sea, residents may move to that area, as it may be viewed safer than other coastal areas without 

hard protection.  This could result in a greater number of people living in a particular area than 

was initially accounted for in an impact or adaptation assessment and thereby could increase the 

overall risk to an area, if the hard structure experiences damage or failure. 

 

This leads to the criteria that are of most value to include in future assessments.  Based on the 

analyzed reports, the protection cost and environmental impacts of the considered policy 
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options are most commonly included in studies.  However, the protection cost is included 

significantly more frequently than any of the other criteria.  The protection cost criterion was 

implemented in 85% of the studies, and the environmental impact criterion was implemented in 

46% of the studies.  This may demonstrate that the cost for providing protection from the rising 

sea is the most or one of the most important factors in determining which specific policy option 

to pursue.  However, it may also demonstrate that the protection cost remains the easiest 

criterion to measure and thus to include in an analysis – which would bear no weight on its level 

of importance or value in the analysis as compared to other criteria.  These results demonstrate 

that while the protection cost is valuable to include in future studies, its actual level of 

importance is not necessarily known.  Although hard structures are important to pursue, given 

the importance of cost, they may not be the most practical adaptation measure to implement.   

 

The two criteria, agriculture protection and robustness/flexibility, were included the least in the 

analyzed reports.  This may demonstrate that they likely are not as valuable to include in future 

studies as are other criteria.  However, similar to the possible reasoning underlying the 

protection cost criterion, these two criteria may be included in fewer studies due to the fact that 

they may be more difficult to measure, rather than due to their validity as explanatory criteria.  

However, given that two related criteria—area of wetland preservation and property 

protection—are included in more of the studies, and that they are measured in a similar manner 

as agriculture protection, it is likely the reason for the lack of inclusion of agriculture protection 

is not due solely to a difficulty in measurement.   
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A possibly important criterion that was omitted from the reports and that perhaps should be 

included in future studies is that of human behavior.  It is valuable to know how people will 

respond to the rising sea and to the pursuit of various policy options.  “It is intuitive that people 

will not just sit back and watch their land and property being eroded by the sea – as the historic 

response to coastal hazards demonstrates.” (Tol, Klein, & Nicholls, 2008 ; Van Koningsveld, 

Mulder, Stive, Van-DerValk, & VanDerWeck, 2008 ; Sterr, 2008)  If people recognize the sea 

is rising and negatively impacting their property to the extent that rehabilitation is not 

financially viable, they may relocate to land farther from the sea.  The resulting decrease in 

population along the coast may change the outcome of the policy option to pursue.  

Alternatively, as noted previously, a risk-risk tradeoff may occur if a larger number of people 

move to a coastal area when they perceive the region as being protected by the sea due to newly 

constructed hard measures.  However, while this element of human behavior is important to 

include in future studies, it may also be challenging to include.  A methodology to appropriately 

include it needs to be examined and tested.  

 

Similar to the reports that analyzed the impacts of sea level rise, the reports that analyzed the 

policy options demonstrated no correlation between GDP and the depth of a study.  Rather, the 

funders of the study likely dictate the resources and depth in which the study is conducted.  

Reports with greater funding will likely have the ability to conduct a more detailed and 

thorough assessment of various adaptation options.  However, this hypothesis requires further 

study. 
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The reports were implemented through quantitative, semi-quantitative, and qualitative methods.  

No specific method type was consistently utilized significantly more than any other type.  This 

demonstrates the importance of pursuing both quantitative and qualitative methods to analyze 

policy options in future risk assessments.  While quantitative modeling may provide the benefit 

of adding numerical values to an assessment, some variables and elements important to include 

in a study may not be easily quantifiable – such as the human behavior variable.  It may be 

favorable to conduct interviews of local residents to understand what they view as the biggest 

impacts in their regions due to sea level rise, and which structures or areas would be most 

important to them to protect.  The new COAST (Coastal Adaptation to Sea Level Rise Tool) 

approach is currently implementing this type of integrated quantitative assessment involving 

qualitative interviews by residents for adaptation strategies. (Merrill, Yakovleff, Holman, 

Cooper, & Kirshen, 2010)  Involving this qualitative human opinion in a study may influence 

the policy option that is best to pursue for an area. 

 

The 13 reports recommended a wide array of measures for protecting against, and adapting to, 

sea level rise.  Interestingly, while many of the studies analyzed a variety of policy options and 

recommended that it is best to “take action” in some regard, they mostly did not specifically 

recommend a particular measure or set of measures.  Although all the papers assessed hard 

structures, only four of the papers proposed specific recommendations for particular structures 

to be built.  The majority of the recommendations comprised measures that did not receive a 

large amount of initial focus in the analysis portion of the reports.  Future studies should attempt 

to recommend more precise measures, in order to provide better guidance to governments and 

communities in their selection of a method through which to respond to the impacts. 
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Public education and awareness of the impacts of sea level rise was recommended by a few 

papers but was not analyzed as a policy option.  This is a strategic measure that should be 

included in future studies.  Public educational programs may be valuable, as a greater public 

understanding of the issues and impacts of sea level rise may influence behavior and aid in 

determining the appropriate adaptation and policy options. 

 

In conclusion, while this report aims to provide recommendations of appropriate policies, 

variables and method types to pursue in future risk assessments, additional studies are needed in 

this topic area.  The impacts of the rising sea may be immense and devastating to a variety of 

regions around the world.  If we are to more accurately predict its magnitude and thus the type 

and quantity of the impacts of sea level rise, it is important and valuable to further develop our 

understanding of the science.  Our analysis and decision tools should continue to be further 

explored and advanced, to allow us to take the appropriate steps in dealing with the results.  
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APPENDIX A 
 
Below is the key for all tables in Appendix A: 
 

 
 

Impact Assessment 
 
Table A1 specifies the details of the papers included in the impact assessment.  The table shows 
the study region, author(s), year of publication, methodology by type, and impacts assessed, 
together with the relative weights of each assessment.  The papers are listed according to GDP, 
with the countries of lowest GDP at the top and three broader-area papers listed at the bottom. 
 
Table A2 details the variable inputs included in the impact assessment.  It displays the study 
region, author(s), year of publication, methodology by classification type, and the inputs 
assessed by each study.  The papers are listed according to GDP, with the countries of lowest 
GDP at the top and three broader-area papers listed at the bottom. 
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Table A2 
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Policy Option Assessment 
 
Table A3 specifies the details of the studies and policy included in the policy assessment.  The 
table displays the study region, author(s), year of publication, methodology by type, and 18 
policy options.  The papers are listed according to GDP, with the countries of highest GDP at 
the top. 
 
Table A4 specifies the condensed details of the studies included in the policy assessment.  The 
table displays the study region, author(s), year of publication, methodology by type, and 
subcategorized policy options.  The papers are listed according to GDP, with the countries of 
highest GDP at the top. 
 
Table A5 shows the evaluation criteria included in the policy assessment.  It details the study 
region, author(s), year of publication, methodology by classification type, and evaluation 
criteria included in each study.  The papers are listed according to GDP, with the countries of 
highest GDP at the top. 
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APPENDIX B 
 

Impact Assessment 
 

Table B1 displays the 23 impacts according to the frequency of their inclusion in the reports, 
their percent study depth (high, medium, and low) and their percent study method (quantitative, 
semi-quantitative, qualitative) in the 26 reports. 
 
Table B2 presents eight variable inputs according to their percent frequency included and study 
method type (quantitative, semi-quantitative, qualitative) in the 26 reports. 
 
Table B3 specifies the percent frequency in which the 23 impacts are included in the 26 reports.  
It details the percent study depth (high, medium, low) implemented for each of the 26 reports.  
The papers are listed according to GDP, with the countries of lowest GDP at the top and two 
broad-area papers listed at the bottom. 
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Table B1 
 

Impact % 
Total 

% 
High 

% 
Medium 

% 
Low 

% 
Quantitative 

%  
Semi-quantitative 

% 
Qualitative 

Infrastructure 73 16 53 32 53 16 32 

Economy 69 78 11 11 67 17 17 

Population 62 81 13 6 56 25 19 

Land surface 62 69 25 6 69 19 13 

Wetlands 58 67 27 7 53 20 27 
Agriculture 

extent 58 40 33 27 60 27 13 

Transportation 
Infrastructure 54 57 21 21 50 21 29 

Species 42 36 27 36 45 18 36 

Beaches 42 64 18 18 55 18 27 
Residential 

Area 42 64 9 27 64 9 27 

Water 
resources 42 45 27 27 45 27 27 

Industrial 
Area 38 60 30 10 80 0 20 

Employment 38 60 10 30 60 0 40 

Tourism 35 22 0 78 22 33 44 

Estuaries 27 57 14 29 29 43 29 

Urban extent 27 86 14 0 71 14 14 

Commercial 
Area 23 33 50 17 100 0 0 

Energy 23 33 67 0 67 0 33 

Coastal 
Lagoons 19 80 20 0 20 20 60 

Human health 15 25 0 75 50 0 50 

Food supply 12 33 33 33 33 33 33 

Security 8 100 0 0 0 50 50 

Pollution 4 0 0 100 0 0 100 
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Table B2 
 

Inputs % Total % Quantitative % Semi-Quantitative % Qualitative 

Range of SLR 83 58 16 26 

Storm surges 61 50 21 29 

Subsidence 35 88 0 13 

Man-made protection 35 50 38 13 

Economic Change 26 100 0 0 

Population change 22 100 0 0 

Natural coastal 
protection 13 33 67 0 

Geological uplift 9 100 0 0 
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Table B3 
 

Location % Total % High % Medium % Low 

Samoa 
Economics of Climate 

Adaptation Working Group, 
2009 

30 29 14 57 

Tonga, Fiji, Samoa, 
Tuvalu 

South Pacific Islands, 
Mimura, 

1999 
39 11 44 44 

Estonia Kont et al., 
2008 39 89 11 0 

Kenya 
Mombasa, 

Kebede et al., 
2009 

22 40 20 40 

Carew-Reid, 
2008 52 92 0 8 

Vietnam 
Ngoc Huan, 

1996 17 0 100 0 

Sarwar, 
2005 65 60 27 13 

Bangladesh 
Ortiz, 
1994 35 25 50 25 

Port Said, 
El Raey, Frihy, Nasr, 

Dewidar, 
1999 

39 78 0 22 

Rosetta Area,  
El Raey, Fouda, Nasr, 

1997 
61 43 57 0 Egypt 

Alexandria, Rosetta, Port 
Said, 

El Raey,  
1997 

70 75 25 0 

Singapore Ng & Mendelsohn, 
2006 22 80 0 20 

  Ng & Mendelsohn, 
2005 26 83 17 0 

Portugal Ferreira, Dias, Taborda, 
2008 35 50 0 50 

Finland 
Ita-Uusimaa Region - Porvoo 

& Loviisa, 
Virkki, Kallio, Orenius, 

2006 

48 45 36 18 

Denmark 
Copenhagen, 

Hallegatte et al., 
2008 

52 25 75 0 

Turkey Karaca, Nicholls, 
2008 30 29 0 71 

Wadden Sea: 
Germany, Denmark, 

Netherlands 

Trilateral Working Group on 
Coastal Protection and Sea 

Level Rise (CPSL), 
2001 

30 43 0 57 
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Location % Total % High % Medium % Low 

Italy Ramieri, 
2010 26 17 33 50 

New York, 
New York State Sea Leve Rise 

Task Force, 
2010 

70 50 6 44 

Mid-Atlantic, 
Titus et al, 

2009 
61 50 29 21 

Boston, 
Kirshen, Knee, Ruth, 

2008 
35 63 13 25 

United States 

Metropolitan East Coast 
Jacob, Edelblum, Arnold, 

2000 
17 50 25 25 

84 Coastal Developing 
Countries in 5 regions 

Dasgupta, Laplante, Murray, 
Wheeler, 

2009 
26 100 0 0 

Bosello, Roson, Tol, 
2007 26 100 0 0 

Global Nichools and Tol, 
2006 13 100 0 0 
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Policy Option Assessment 
 
Table B4 displays the details of the policy options according to their subcategories.  It presents 
the percent frequency for which each option was included, the percent each option was analyzed 
according to its study depth (high, medium, low), and the percent each option was studied with 
the three method types (quantitative, semi-quantitative, qualitative) in the 13 reports. 
 
Table B5 specifies the details of the 11 evaluation criteria that were implemented in the 13 
studies.  It shows the percent frequency with which each criterion is included in the studies and 
the percent of each method type (quantitative, semi-quantitative, qualitative) implemented for 
each criterion. 
 
Table B6 shows the recommendations of the studies according to their recommendation type – 
Strategic/Soft Measures and Adaptation/Hard Measures.  It presents the percent frequency with 
which each type is recommended by the 13 studies and the percent study method implemented 
(quantitative, semi-quantitative, qualitative) for each type. 
 
Table B7 presents each study’s recommendation according to its recommendation type 
(adaptation/hard measures and strategic/soft measures) and study method type (quantitative, 
semi-quantitative, qualitative).  It details the study region, author(s), year of publication.  The 
papers are listed according to GDP, with the countries of highest GDP at the top.  The key for 
the table is shown below: 
 
 
 
 
 
 
Table B4 
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Table B5 

 
 
 
 
Table B6 

 
Recommendation Type % Total % Quantitative % Semi-Quantitative % Qualitative 

Strategic/Soft Measures 77 30 40 30 

Adaptation/Hard Measures 69 56 33 11 
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Table B7 

Recommendations Location 
Adaptation/Hard Measures Strategic/Soft Measures 

Global Nichools and Tol, 
2006 Widespread protection   

Mid-Atlantic Region 
Titus et al., 

2009 

  

Suggests various adaptation and policy 
options to possibly pursue. Improve 

scientific understanding and availability 
to predict sea level rise impacts. 

Develop decision support tools for 
determining adaptive actions. Effective 

public education program. 
Boston 

Kirshen, Knee, Ruth, 
2008 

Expensive structural protection in highly 
developed areas 

Less structural approaches in less 
developed or environmentally sensitive 

areas. 

United States 

Metropolitan East Coast: 
New York, New Jersey, 

Connecticut, 
Jacob, Edelblum, Arnold, 

2000 

Mix of modern engineering solutions, regulatory measures, taxation and/or financial or 
insurance discounting, and innovative land use combined with buyouts and relocations 

Germany 
Weser Estuary: 

Northern Germany, 
Schuchardt, Schirmer 

2002 

  Initiate information, awareness and need 
for coastal protection action 

United 
Kingdom 

Thames Estuary: London, 
Lonsdale et al., 

2005   

Most likely adaptation strategy: a 
combination of accommodation and retreat 

Wadden Sea: 
Netherlands, 

Germany, 
Denmark 

Trilateral Working Group 
on Coastal Protection and 

Sea Level Rise (CPSL), 
2001 

Investigation of feasibility of various 
adaptation 'Best Environmental Practices." 

Long-term interdisciplinary policies for 
coastal defense, natural protection and 

economic development. Communication 
with public of impacts and measures. 

Improve qualitative assessment. 

Denmark 
Copenhagen, 

Hallegatte et al., 
2008 

Protection with dikes and sea wall + 
improved drainage infrastructure for rain 

flood management 

Long-term planning & soft adaptation 
measures (e.g., emergency plans and 
warning systems, to prepare for the 

possibility of failure) 

Ng & Mendelsohn, 
2006 

Protect some high valued, nonmarket land 
uses (popular beaches and some 

marches/mangrove estuaries)   Singapore 
Ng & Mendelsohn, 

2005 
100% protection for the market land; Sea 

walls along an entire coast   

Egypt 
Alexandria & Port Said, 

El Raey, Dewidar,  
El Hattab, 

1999 

Beach nourishment and hard structured 
groins and breakwaters 

Integrated coastal zone management 
(ICZM) approach 

Vietnam Ngoc Huan, 
1996   "Integrated coastal zone management" 

with 7 priorities to further develop ICZM 

Samoa 
Economics of Climate 
Adaptation Working 

Group, 
2009 

(1) Restricting new buildings to at least a 
four-meter elevation ("back away"); (2) 
Protective mangrove buffer; (3), Flood-
proofing contents; (4) Mobile barriers 

Risk transfer measures to deal with 
residual risk 
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