

Coastal Resources 


5. Coastal Resources

5.1 Overview 

Sea level rise as a result of climate change will have a number of different physical and ecological effects on coastal systems:  inundation, flood and storm damage, loss of wetlands, erosion, saltwater intrusion, and rising water tables.  Other effects of climate change, such as higher sea water temperatures, changes in precipitation patterns, and changes in storm tracks, frequency, and intensity, will also affect coastal systems, both directly and through interactions with sea level rise.  Rising surface water temperatures, for example, are likely to cause increased coral bleaching and the migration of coastal species toward higher latitudes.  Changes in precipitation and storm patterns will alter the risks of flooding and storm damage.  Tables 5.1 and 5.2 summarize some of the bio-geophysical effects of climate change and sea level rise, and their interactions.

These bio-geophysical effects in turn will have direct and indirect socio-economic impacts on tourism, human settlements, agriculture, freshwater supply and quality, fisheries, financial services, and human health in the coastal zone (McLean et al., 2001; Nicholls, 2002).  The resident population of the coastal zone (present or projected levels) could be affected by increased flooding or, ultimately, the need to move because of frequent flooding, inundation or land loss from erosion.  There would also be changes in marketed goods and services, such as land, infrastructure, and agricultural and industrial productivity.  
Assessments of the vulnerability of coastal resources to the impacts of climate change should distinguish between natural system vulnerability and socio-economic system vulnerability, even though they are clearly related and interdependent.  Both are dependent on sensitivity, exposure and adaptive capacity (see Smit et al., 2001).  A proper analysis of socio-economic vulnerability to sea level rise, however, requires a prior understanding of how the natural system will be affected.  Hence, analysis of coastal vulnerability starts with the natural system response.  In addition, other climatic and non-climatic stresses should be acknowledged in a vulnerability analysis, because sea level rise cannot easily be isolated from other coastal processes and coastal systems evolve because of factors other than sea level rise.  
Global sea level is controlled by climate, movements on the earth’s surface, and rotation of the earth and the effect on gravity (Figure 5.1).  Global mean sea level rise is likely to accelerate significantly in the coming decades because of anthropogenic global warming, and human-induced global climate change and associated sea level rise could have major adverse consequences for coastal ecosystems and societies.  The IPCC (Houghton et al., 2001) projected an increase in globally averaged surface temperature of 1.4 to 5.8°C from 1990 to 2100.  The 

	Table 5.1.  Some climate change and related factors (relevant to coasts) and their bio-geophysical effects 

	Climate factor
	Direction of change
	Bio-geophysical effects

	Sea water temperature (of surface waters)
	Increase
	Increased coral bleaching; migration of coastal species toward higher latitudes; decreased incidence of sea ice at higher latitudes

	Precipitation intensity/runoff
	Intensified hydrological cycle, with wide regional variations
	Changed fluvial sediment supply; changed flood risk in coastal lowlands; but also consider catchment management

	Wave climate
	Poorly known, but significant temporal and spatial variability expected
	Changed patterns of erosion and accretion; changed storm impacts

	Storm track, frequency, and intensity 
	Poorly known, but significant temporal and spatial variability expected
	Changed occurrence of storm flooding and storm damage

	Atmospheric CO2
	Increase
	Increased productivity in coastal ecosystems; decreased CaCO3 saturation impacts on coral reefs

	Source:  Nicholls, 2002.


	Table 5.2.  The main biophysical effects of relative sea level rise, including relevant interacting factors

	Bio-geophysical effect
	Other relevant factors

	
	Climate
	Non-climate

	Inundation, flood, and storm damage
	Surge
	Wave and storm climate, morphological changes, sediment supply
	Sediment supply, flood management, morphological changes, land claim

	
	Backwater effect (river)
	Run-off
	Catchment management and land use

	Wetland loss (and change)
	CO2 fertilization,
sediment supply
	Sediment supply, migration space, direct destruction

	Erosion
	Sediment supply, wave and storm climate
	Sediment supply

	Saltwater intrusion
	Surface  waters
	Run-off
	Catchment management and land use

	
	Groundwater
	Rainfall
	Land use, aquifer use

	Rising water tables/impeded drainage
	Rainfall
	Land use, aquifer use

	Note:  Some factors (e.g., sediment supply) appear twice because they may be influenced by both climate and non-climate factors.

Source:  Adapted from Nicholls, 2002.


[image: image1.wmf] 

C

A

C

B

PEOPLE AT RISK

(millions per region)

> 50 million

10 - 50 million

< 10 million

region boundary

vulnerable island region

Pacific

Ocean

SMALL

ISLANDS

Caribbean

Indian

Ocean

SMALL 

ISLANDS

C

B

A


chapter on changes in sea level of the IPCC TAR (Church et al., 2001) used these projections and estimated that global mean sea level will rise by 9 to 88 cm in the same period, with a central value of 48 cm, which is 2.2 to 4.4 times the observed rate over the 20th century.  Even with drastic reductions in GHG emissions, sea level will continue to rise for centuries beyond 2100 because of the long thermal response time of the global ocean system – this is generally termed “the commitment to sea level rise”.  
5.1.1 Effects of sea level rise

Relative sea level rise has a wide range of effects on coastal processes.  In addition to raising the ocean level, rising sea level also affects the coastal processes that operate around mean sea level (tides, waves, etc.).  The immediate effects of a rise in sea level therefore include inundation and increased frequency and depth of flooding of coastal land.  Longer-term effects include morphological change, particularly beach erosion and salt marsh decline, as the coast adjusts to the new environmental conditions.  The amount of relative sea level rise expected during the 21st century (≤ 1 m), is affected by two drivers:

} Changes in waves, tides, and surges

} Changes in coastal morphology.

A rise in relative sea level allows waves to break closer to the shore and hence increases the load and stresses on coastal defence structures.  Increasing water depths can also affect the progress of tides and surges.  Most directly it will raise all the associated water levels, including extreme surge heights.  Therefore, even if the track, frequency, and intensity of storms remain constant, relative sea level rise could reduce the return period of extreme water levels.  The IPCC concluded that the intensity of tropical cyclones could increase:  if this does occur, it would make the combined power of sea level rise and cyclones even potentially more destructive than today’s cyclones.

In the tidal reaches of rivers, relative sea level rise will raise the base level for river floods.  Under climate change, there could also be increased river flow, and these two interacting factors would reinforce an increase in flood risk.

The six most important biophysical effects from a societal perspective are:

} Increased flood-frequency probabilities

} Erosion

} Inundation

} Rising water tables

} Saltwater intrusion

} Biological effects.

The potential socio-economic effects of sea level rise are:

} Direct loss of economic, ecological, cultural and subsistence values through loss of land, infrastructure and coastal habitats

} Increased flood risk to people, land and infrastructure and the values stated above

} Other effects relating to changes in water management, salinity and biological activity, such as loss of tourism, loss of coastal habitats and effects on agriculture and aquaculture.

Figure 5.2 displays the regional implications of sea level rise, illustrating the regions most affected by flood impacts given the HadCM2 (mean) scenario for the 2080s (Nicholls et al., 1999).  
Globally about 200 million people lived in the coastal floodplain (below the 1 in 1,000 year surge-flood elevation) in 1990, equivalent to about 4% of the world’s population.  It is estimated that on average 10 million people a year experience flooding.  Even without sea level rise this number will increase significantly because of increasing coastal populations.  
The most vulnerable regions in relative terms are the island regions of the Caribbean and the small islands of the Indian Ocean and Pacific Ocean.  The absolute increases are largest in southern Asia, south-east Asia, and the coast of Africa.  
The figure shows that for a mid-level estimate of sea level rise (45 cm) by the 2080s on the coast of Africa, up to 10 million people per region (West Africa, East Africa, and the southern Mediterranean) will be at risk from flooding each year.  The worst case predicted is for 
southern Asia, where more than 50 million people could be at risk from flooding each year by the 2080s.  [image: image2.jpg]



5.1.2 Sea level scenarios

Global scenarios are derived directly from the IPCC TAR (Houghton et al., 2001) and therefore include both scientific and emission uncertainties.  For each SRES scenario (see Chapter 3) there is a substantial range of uncertainty, which primarily reflects uncertainties in the climate sensitivity, hence scenarios show significant overlap.  For impact assessments, these global-mean scenarios need to be downscaled to local (or relative) sea level rise scenarios.  In the absence of relevant information on land uplift/subsidence, or other regional sea-level rise components, the global-mean sea level rise scenarios can be applied directly.  Given the uncertainty about future sea level rise, a range of scenarios should be considered, e.g., 0.5 m and 1.0 m rise by 2100, because this should embrace the likely change.

5.1.3 Co-evolving coastline

In coastal areas, the natural and socio-economic systems are closely coupled and are arguably co-evolving, which means that they are constraining each other’s evolution.  This should be considered when considering the possible impacts of sea level rise and associated responses.  
5.1.4 Adaptation

Given the commitment to sea level rise, the need for adaptation in coastal areas will continue for centuries.  Against this backdrop, a “commitment to coastal adaptation” needs to be built into long-term coastal management policy.  Natural systems have a capacity to respond autonomously to external pressures such as climate change, and this can be described as the natural ability of the system (here the coast) to respond.  A healthy, unobstructed wetland would respond by depositing more sediment and growing vertically, keeping pace with sea level rise, and this would be an example of autonomous adaptation.  In many places, however, human activities, such as development or pollution in the coastal zone, have reduced the natural system’s ability to adapt.  Planned adaptation to sea level rise should therefore include consideration of options to reverse these trends of “maladaptation” so as to increase the natural resilience of the coast and increase the capacity for autonomous adaptation.

Socio-economic systems in coastal zones also have the capacity to respond autonomously to climate change.  Farmers may switch to more salt-tolerant crops, and people may move out of areas increasingly susceptible to flooding.  This is likely to become more important as sea level rise increases.  
Because impacts are likely to be great, even taking into account autonomous adaptation, there is a further need for planned adaptation.  Examples of initiatives that embrace planned adaptation for climate change are the adoption of strengthened and improved physical planning and development control regulations, and include those relating to Integrated Coastal Zone Management (ICZM) and Shoreline Management Planning (see Box 5.1).  They could also include implementation of an environmental impact assessment process and coastal disaster management.  
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Planned and therefore proactive adaptation is aimed at reducing a system’s vulnerability by either minimizing risk or maximizing adaptive capacity.  Five generic objectives of proactive adaptation relevant to coastal zones can be identified:

1. Increasing robustness of infrastructural designs and long-term investments.  Infrastructure would be designed to withstand more intense and frequent extreme events.

2. Increasing flexibility of vulnerable managed systems.  Systems would be designed and operated to cope with a wide variety of climate conditions.  Flexibility can include improving a system’s resilience, i.e., its capacity to recover from extreme events.

3. Enhancing adaptability of vulnerable natural systems.  Natural systems can be made more adaptable by reducing stresses they currently face, such as degradation of habitat, and enabling them to adapt through such means as removing barriers to migration (e.g., removing hard coastal structures that can block inland migration of wetlands).

4. Reversing maladaptive trends.  Many current trends increase vulnerability to climate change.  For example, subsidizing development in flood plains can increase the number of people and amount of property in low-lying coastal areas vulnerable to sea level rise and increased coastal storms.

5. Improving societal awareness, preparedness and warnings.  Education about risks from climate change and how to reduce or respond to them can help reduce vulnerability.

For coastal zones, another classification of three basic adaptation strategies is often used (e.g., IPCC, 1992):

1. Protect – to reduce the risk of an event by decreasing the probability of its occurrence

2. Accommodate – to increase society’s ability to cope with the effects of the event

3. Retreat – to reduce the risk of the event by limiting its potential effects.

Each of these strategies is designed to protect human use of the coastal zone, and, if applied appropriately, each has different consequences for coastal ecosystems.  Retreat involves giving up land by strategic retreat from or prevention of future major developments in coastal areas that may be affected by future sea level rise.  Accommodation involves altered use of the land, including adaptive responses, such as elevating buildings above flood levels and modifying drainage systems.  Retreat and accommodation help to maintain the dynamic nature of the coastline and allow coastal ecosystems to migrate inland unhindered, and therefore to adapt naturally.  In contrast, protection leads to coastal squeeze and loss of habitats, although this can be minimized using soft approaches to defence, such as beach nourishment.  This strategy involves defending areas of the coast, by building or maintaining defensive structures or by artificially maintaining beaches and dunes.  It is generally used to protect settlements and productive agricultural land, but often involves the loss of the natural functions of the coast.  Retreat and accommodation are best implemented proactively, whereas protection can be either reactive or proactive.  
Options for adaptation to saltwater intrusion in groundwater are not explicitly covered by the three generic options of retreat, accommodation and protection.  There are, however, a number of options:

} Reclaiming land in front of the coast to allow new freshwater lenses to develop

} Extracting saline groundwater to reduce inflow and seepage

} Infiltrating fresh surface water

} Inundating low-lying areas

} Widening existing dune areas where natural groundwater recharge occurs

} Creating physical barriers.  
5.2 Methods to Assess Effects of Sea Level Rise

Uncertainties in sea level rise prediction create a need to assess a range of scenarios within vulnerability assessment.  These scenarios need to embrace the range of likely change.  
The details of any vulnerability assessment will depend on its goal, the level of understanding, and the resources available.  Hence, three levels of increasingly sophisticated assessment are suggested:  screening, vulnerability and planning.  It is important to emphasize that the different levels of assessment require different types of data and levels of effort.  Table 5.3 describes the three levels of assessment.

	Table 5.3.  Levels of assessment for sea level rise 

	Level of assessment
	Timescale required
	Precision
	Prior knowledge
	Other scenarios considered 
(in addition to sea level rise)

	Screening assessment
	2-3 months
	Lowest
	Low
	None

	Vulnerability assessment
	1-2 years
	Medium
	Medium
	Likely socio-economic scenarios and other climate change where possible

	Planning assessment
	Ongoing
	Highest
	High
	All realistic changes

	Sources:  Hoozemans and Pennekamp, 1993; WCC’93, 1994.


The aim of screening assessments and vulnerability assessments is to focus attention on critical issues concerning the coastal zone rather than to supply precise predictions.  Planning assessments of different responses to sea level rise within ICZM are part of the continuous management process, which ideally aims to integrate responses to all existing and potential problems of the coastal zone, including minimizing vulnerability to long-term effects of climate change.  
5.2.1 Screening assessment

A screening assessment can initially be qualitative, and should be followed up by semi-quantitative assessment.  Analysis is of the four major impacts of sea level rise on the coastal zone:  inundation, erosion, flooding and salinization.  Impacts on the socio-economics of the area can be assessed using the matrix shown in Table 5.4, and it should be possible to factor in any major contemporary problems, such as beach mining and development on the coast such as harbours.

	Table 5.4.  Screening assessment impact matrix

	Biophysical impacts 
	Socio-economic impacts

	
	Tourism
	Human settlements
	Agriculture
	Water supply
	Fisheries
	Financial services
	Human health
	Others?

	Inundation
	
	
	
	
	
	
	
	

	Erosion
	
	
	
	
	
	
	
	

	Flooding
	
	
	
	
	
	
	
	

	Salinization
	
	
	
	
	
	
	
	

	Others?
	
	
	
	
	
	
	
	


5.2.2 Vulnerability assessment

Vulnerability assessment allows the analyst to carry out a more in-depth assessment of one particular area.  The ultimate goal of vulnerability assessment is to produce recommendations on actions to reduce vulnerability and includes the assessment of both anticipated impacts and available adaptation options (as defined here, this is leading toward planning analysis).  A simple impact assessment might not consider adaptation options to facilitate rapid analysis, but any comprehensive impact assessment must consider adaptation options, because adaptation potential will influence the magnitude of the actual impacts.

First, vulnerability assessment distinguishes between the natural system vulnerability and the socio-economic system vulnerability to climate change, even though they are clearly related and interdependent.  Second, analysis of socio-economic vulnerability to sea level rise requires a prior understanding of how the natural system will be affected.  Hence, analysis of coastal vulnerability always starts with the natural system response.  Last, other climatic and non-climatic stresses are acknowledged, indicating that sea level rise is not occurring independent from other processes and that the coastal system will evolve due to factors other than sea level rise.

Both the natural system and the socio-economic system are dynamic and adapt to change.  Autonomous adaptation represents the spontaneous adaptive response to sea level rise (for example, increased vertical accretion of coastal wetlands within the natural system or market price adjustments within the socio-economic system).  Planned adaptation, which can emerge only from the socio-economic system, can reduce vulnerability by a range of measures.  
In general, a number of assessment tools are available for each step/question produced by any assessment framework, although a framework may recommend a specific tool or approach.  Table 5.5 summarizes the advantages and disadvantages of five different methods of vulnerability assessment for coastal areas (see also UNFCCC Secretariat, 2004):

} The IPCC Common Methodology

} The U.S.  Country Studies Methodology

} The UNEP Handbook Methodology

} The South Pacific Islands Methodology

} The RIKS Decision Support Methodology.

Of these approaches, the UNEP Handbook Methodology is a broadly applicable vulnerability and adaptation assessment method that can be adapted to the stakeholder-driven approach.  It gives quantitative outcomes but is flexible, and analysis can be conducted at the appropriate level of sophistication for the models and data available.  Relevant experience from other approaches can be used within the UNEP Handbook Methodology, if appropriate.  (Possibilities include the 
	Table 5.5.  An assessment of the different methods for vulnerability assessment

	Method
	Advantages
	Disadvantages

	Common Methodology (IPCC, 1992)
	Logical prescribed structure.
Lends itself to producing consistent results – useful for global aggregation.
Widely used.
	Inflexible, stressing exposure and sensitivity assessment, but not full vulnerability assessment.
VA tools not discussed.
Adaptation options insufficiently developed.

	U.S.  Country Studies Methodology (Leatherman and Yohe, 1996)
	Some VA tools described.
Workbook approach.
	Confuses VA framework and tools.
Addresses only land loss impacts.
Stresses exposure and sensitivity assessment, but not full vulnerability assessment.

	UNEP Handbook Methodology
(Klein and Nicholls, 1998, 1999)
	Good conceptual basis.
All impacts considered.
Guidance on possible assessment tools provided.
	Remains to be widely tested.

	South Pacific Islands Methodology
(Yamada et al., 1995)
	Useful in areas with limited data.
Conceptualizes vulnerability into measurable elements.
	Results are qualitative to semi-quantitative.

	RIKS Decision Support Methodology
(Engelen et al., 1993, 1996; White et al., 2000; de Kok et al., 2001)
	Complete coastal system considered, 
and interactions can be specified as desired.
	The approach can be become black-box.
The availability of appropriate data.
Assumes a high technical capacity.


qualitative techniques developed within the South Pacific Islands Methodology, and the workbook approach used in the U.S.  Country Studies Program.) 

Assessment methods by impact type

Methods for assessing erosion, increased flooding, and coastal wetland loss are considered in turn.

Erosion

A simple assessment of erosion involves the use of the Bruun Rule for straight areas of coastline.  The assumption is that the profile conserves its average or equilibrium shape relative to sea level.  Using appropriate boundary conditions, the profile shape defines all the information necessary to predict the response to sea level rise.  To maintain the profile shape, the upper part of the profile erodes and the lower part of the profile accretes, translating the shoreline landward.  

R = G (L/H) S
(1)

where:


H = B + h* 
(2)

R represents the shoreline recession due to a sea level rise S, H is the active profile height, h* is the depth at the offshore boundary, which is termed the depth of closure, B is the appropriate land elevation, L is the active profile width between boundaries, and G represents the grain size of eroded material, i.e., material that is too fine for the beach is lost, increasing the predicted erosion.

The inverse of the beach slope (L/H) multiplies any sea level rise, giving a large recession for a small rise in sea level.  Therefore, flatter beaches are predicted to show greater sensitivity to sea level rise than steeper beaches.  
Sea level does not change the shape of the profile, it only creates a potential for erosion that the availability of wave energy realizes.  Therefore, profile adjustment to higher sea levels is expected to take time.  The major implication of this is that the Bruun Rule is best applied over long time scales (decades or more).  Any predictions of shoreline recession need careful interpretation.

The Bruun Rule (or direct erosion effect) was developed for coastlines some distance from inlets and, given sea level rise, inlets can act as an additional sink for sediment.  This indirect effect of sea level rise can make the processes described by the Bruun Rule negligible.  The role of these sinks in the regional sediment budget and the relative sensitivity of the coast should be considered at all levels of assessment.  The high susceptibility of shorelines near inlets should be noted and its importance should be communicated to policy makers.  
For vulnerability assessment, an equilibrium response of the entire lagoon can be considered a worst-case scenario.  The sink term is the area of the inlet and associated lagoons multiplied by the sea level rise scenario, and the source of this sand is additional erosion along the coast (termed the indirect erosion effect).  The longshore extent of influence is more difficult to determine.  Values of about 10–20 km can be used as a sensible estimate.

Flooding

A range of parameters can be used to describe the exposure to, and risk of, flooding.  One approach is to consider the coastal population, which is used as an input to derive two impact parameters:

1. People in the hazard zone:  the number of people living below the 1,000-year storm surge elevation (i.e., the exposed population, ignoring sea defences).

2. Average annual people flooded:  the average number of people who experience flooding by storm surge per year, including the benefits of sea defences (also referred to as “people at risk”).

Exposure of physical assessments can be considered in a similar manner.

An outline of the flood methodology is as follows:  estimates of the storm surge elevations are raised over time by the relative sea level rise scenario (i.e., global rise plus estimated subsidence) and converted to the corresponding land areas threatened by these different (probable) floods.  These areas are then converted to people in the hazard zone using the average population density for the coastal area.  Last, the standard of protection offered by defences (i.e., the estimated level of flood risk) is used to calculate the average annual number of people flooded.

Coastal wetland loss

Coastal wetlands are sensitive to sea level rise because their location is intimately linked to sea level.  Wetlands are not passive elements of the landscape, however, and their vertical response shows a dynamic and nonlinear response to sea level rise.  Therefore, losses will occur only above some threshold rate of rise.  The available evidence shows that wetlands experiencing a small tidal range are more vulnerable to relative sea level rise than those experiencing a large tidal range.  Direct losses of coastal wetland from sea level rise can be offset by inland wetland migration (dryland conversion to wetland).  As sea level rises, low-lying areas adjacent to wetlands may become suitable for growth of wetland plants.  In areas without low-lying coastal areas, or in areas that are protected to stop coastal flooding, wetland migration cannot occur, causing what is termed “coastal squeeze”.  
Vertical accretion is linked to the rate of relative sea level rise.  Sea level rise triggers coastal wetland loss when the rate of sea level rise exceeds a defined threshold, taking into account any system lags.  
Vertical response is predicted by a lagged threshold model.  The availability of sediment/biomass is parameterized using critical values of the RSLR* parameter, which is defined as:  

RSLR* = RSLR/TR ,
(3)

where RSLR is the rate of relative sea level rise (metres/century) and TR is the mean tidal range on spring tides in metres.  A critical value of RSLR* (RSLR*crit) distinguishes the onset of loss due to sea level rise.  Above RSLR*crit, wetland loss is modelled linearly as a function of RSLR*.  Based on available literature, RSLR*crit is assumed to range from 0.18 to 0.5.  This simple model captures the nonlinear response of wetland systems to sea level rise and the association of increasing tidal range with lower losses.  
To model horizontal response, migratory potential can be assessed based on elevation maps and related data, and taking account of flood defences and other human infrastructure that bars such migration.  A GIS approach might be followed.  In areas where wetland migration is possible, creation of compensating coastal wetlands can be estimated.  
In addition to the direct effects of sea level rise on coastal wetlands, an appropriate baseline for loss due to other causes should be considered.  Globally, 1% per year is the present rate of wetland loss.  In detailed coastal studies, present and likely future losses should be estimated to set the impacts of sea level rise into context:  indirect losses often greatly exceed the possible impacts of sea level rise.

5.2.3 Planning assessment

For an area where a more in-depth assessment is required, the next step after the vulnerability assessment is a planning assessment.  The aim is to integrate all possible responses to sea level rise in the coastal zone to minimize future vulnerability and often to aid in formulating future policy.  A planning assessment is an ongoing investigation of a specific area.  Assessing the future impacts of sea level rise on the coastal zone requires information on the major processes in the sediment budget of the area concerned.  The assessment must also consider other climate change impacts, such as changing storm frequency, intensity and direction.  
The goal of a planning assessment must be specific to the area, focusing on the issues that are pertinent to that area.  An example is an integrated flood and erosion assessment being carried out in the United Kingdom coast (Evans et al., 2004a, 2004b).  It is considering future socio-economic scenarios of population, development and legislation, as well as sea level rise and climate change scenarios, beach evolution modelling and varying coastal protection options.  The aim is to quantify the future impacts of projected cliff recession on longshore sediment supply and, therefore, beach volume and flood risk in low-lying areas of the coastal zone.  This level of assessment is data and time intensive and often ongoing; however, the results, while site-specific, should be appropriate to influence future policy and to feed into more local management plans.  
5.2.4 Coastal zone integrated assessment models

The aim of the EU-funded project DINAS-COAST (Dynamic and Interactive Assessment of National, Regional and Global Vulnerability of Coastal Zones to Climate Change and Sea-Level Rise) has been to develop a dynamic, interactive and flexible CD-ROM-based tool that enables its users to produce quantitative information on a range of coastal vulnerability indicators, for user-selected climatic and socio-economic scenarios and adaptation policies, on national, regional and global scales, covering all coastal nations.  This tool is called DIVA, which stands for Dynamic and Interactive Vulnerability Assessment (Vafeidis et al., 2004; McFadden et al., 2005).  
The DIVA methodology uses a database of features, both physical and socio-economic, based on segments of the coastline, within integrated modules to assess adaptation options under future climate change scenarios.  The modules are flooding, relative sea level rise, erosion, wetland change, wetland evaluation and river effects.  The model is based on scenarios of sea level rise that are based on climate models; the modules are run to calculate the effects of sea level rise on coastal systems, including direct coastal erosion, erosion within tidal basins, changes in wetlands and effects on rivers.  This is followed by an assessment of socio-economic impacts, either directly because of sea level rise or indirectly via the above effects.  The last module is the adaptation module, which implements adaptation measures based on preset or user-defined decision rules.  These adaptation measures then influence the calculations of the geodynamic effects and socio-economic impacts of the next time step.  The calculations are repeated over several time steps up to timescales of up to 100 years.  The user is able to choose options of climate change scenarios and adaptation strategies.  Generalized example outputs of the model are numbers of people flooded, wetlands lost, adaptation costs (including those relating to flood protection and beach protection) and the amount of land lost under the specified relative sea level rise scenario.  
More information about the project and DIVA can be found at http://www.dinas-coast.net/.

5.3 Data

Some of the data required for assessment of the effects of climate change on coastal resources can be obtained via the Internet (see Box 5.2).  
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Figure 5.2.  Vulnerable regions assuming a 45 cm sea level rise by 2080.


Source:  Nicholls et al., 1999.





Box 5.1.  Shoreline management planning for adaptation.


The most recent shoreline management guidelines used in England and Wales are applied at a national level (Defra, 2004) and can be adapted for use elsewhere.  They are a set of proactive strategies for shoreline management that will be implemented within shoreline management plans (Defra, 2004).  The coast is divided into a number of coastal cells and sub-cells, and further divided into management units, reflecting land use.  For each management unit, strategic responses are selected, such as protect (termed “hold the line”), for developed areas, or allow natural processes to occur (termed “do nothing”), where human impacts might be minor.  Although these approaches have not been applied in developing countries, strategic shoreline management plans are expected to be developed widely in the coming few decades.





Box 5.2.  Data sources.


IPCC Data Distribution Centre


Sea level data


GLOSS – Global Sea-Level Observing System � HYPERLINK "http://www.gosic.org/goos/GLOSS_data_access.htm" ��http://www.gosic.org/goos/GLOSS_data_access.htm�


Permanent Service for Mean Sea Level � HYPERLINK "http://www.nbi.ac.uk/psmsl/index.html" \t "_parent" �http://www.nbi.ac.uk/psmsl/index.html�.


Remotely Sensed topography data


Land Processes Distributed Active Archive Centre (National Aeronautics and Space Administration) � HYPERLINK "http://edcdaac.usgs.gov/main.asp/" ��http://edcdaac.usgs.gov/main.asp/�


GTOPO30 global digital elevation model � HYPERLINK "http://edcdaac.usgs.gov/gtopo30/gtopo30.asp" ��http://edcdaac.usgs.gov/gtopo30/gtopo30.asp�


Shuttle Radar Topography Mission � HYPERLINK "http://www2.jpl.nasa.gov/srtm/" ��http://www2.jpl.nasa.gov/srtm/�.


Other useful web sites


National Oceanographic Data Centre � HYPERLINK "http://www.nodc.noaa.gov/" ��http://www.nodc.noaa.gov/�


SURVAS (Synthesis and Upscaling of Sea Level Rise Vulnerability Assessment Studies) � HYPERLINK "http://www.survas.mdx.ac.uk/content.htm" ��http://www.survas.mdx.ac.uk/content.htm�.�DIVA � HYPERLINK "http://www.dinas-coast.net/" ��http://www.dinas-coast.net/�


Additional requirements of more in-depth assessment include local observational data, such as:  


Sea level measurements


Elevation/topography 


Wave recording


Aerial photography (can be used for habitat and elevation mapping)


Land cover/habitat mapping, e.g., CASI


Flood plain mapping and flood event recording


Population


Activity and resource mapping.
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Relative Sea Level Rise


Figure 5.1.  Climate, the movements within the earth and the gravitational effects of the rotation of the Earth control global sea level, but combine with local changes to produce a change in sea level relative to the local land level.  
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