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Low exposure and low vulnerability  

High exposure and medium vulnerability  
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High exposure and high vulnerability 

Communication of the degree of certainty in assessment findings 
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Current and future climate-related drivers of risk for small 
islands during the 21st century include sea level rise (SLR), 
tropical and extratropical cyclones, increasing air and sea 
surface temperatures, and changing rainfall patterns (high 
confidence; robust evidence, high agreement) 

Impacts are dependent on the magnitude, frequency, 
and temporal and spatial extent of the event, as well as 
on the biophysical nature of the island and its social, 
economic, and political setting. 
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SEA LEVEL VARIATIONS 
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GLOBAL MEAN 

OBSERVED 

PROJECTED 

OBSERVED REGIONAL VARIABILITY (1992-2012 mm/year) 
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PROJECTED GLOBAL MEAN SEA LEVEL RISE RELATIVE TO 1986-2005  

RSLR RCP4.5 (Slangen et al. 2014) 

PROJECTED REGIONAL MEAN SEA LEVEL RISE 
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Coastal systems and low-lying areas will increasingly experience 
adverse impacts such as submergence, coastal flooding, and 
coastal erosion due to relative sea level rise (RSLR; very high 

confidence).  
 
• Beaches, sand dunes and cliffs currently eroding will continue to do so under 

increasing sea level (high confidence). 
 

• Large spatial variations in the projected sea level rise together with local 
factors means RSLR at the local scale can vary considerably from projected 
(GMSLR) (very high confidence). 

 

Coastal systems and low-lying areas will increasingly experience 
adverse impacts such as submergence, coastal flooding, and 
coastal erosion due to relative sea level rise (RSLR; very high 

confidence).  
 
 
• The storms related impacts and associated storm surges will be 

worsened by GMSLR although uncertainty related to changes in tropical 
and mid-latitude cyclones at the regional scale will signify that there is 
low confidence in projections of storm surge change.  

 
• Both and impacts are also influenced by a variety of local processes unrelated 

to climate (e.g., subsidence, glacial isostatic adjustment, sediment transport, 
coastal development) (very high confidence). 
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Coastal flooding 

Flooding: 
 
Combined effects !!! 
 
 
• Waves 

 
• Wind 
• Atmospheric pressure 
• Astronomical tide 
• Mean Sea Level 

MA

MM

RU

CI

Nivel de referencia

MA: Marea astronómica
MM: Marea meteorológica
RU: Run-up

CI: Cota de inundación

Nivel de marea

Inundation/sumergence vs. Flooding 

(Subsidence) 
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QUANTITATIVE ASSESSMENT OF FLOODING CONSEQUENCES 

zo Zf 

zf = zo is a bathtube approach zf = f(zo , duration, roughness, DTM) 
using a 2D hydrodynamic model 

zo Zf 

 
Delta L’Orb 
LIDAR 1 m 
GOW+GOS data bases 
20- years extreme TWL 

Sensitivity analysis to event duration and inland roughness 
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D= 3 h D= 12 h D= 72 h 
n=

0.
03

 
n=

0.
06

 
n=

0.
09

 

A= 23105300 m2 

V= 2201565.18 m3 

A= 16606900 m2 

V= 1323033.47 m3 

A= 31478600 m2 

V= 1005286.49m3 

A= 56894200 m2 

V= 7510900.36 m3 

A= 42010200 m2 

V= 4344021.43 m3 

A= 13486200 m2 

V= 3145204.79 m3 

A= 128884500 m2 

V= 35660276.55 m3 

Coastal Flooding 
RFSM-EDA model  
Simulation of Gonu (marine dynamics) 
Maximum water depths 

30 m horizontal resolution 5 m horizontal resolution 

Sensitivity of Digital Terrain Model resolution 
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Muscat- GONU 

Muscat Airport - GONU 
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SLR= 0.4 m SLR= 0.8 m 

SLR= 2m 

Tropical Storm 

Acidification and warming of coastal waters will continue with significant  
negative consequences for coastal ecosystems (high confidence).  
 
The increase in acidity will be higher in areas where eutrophication or coastal  
upwellings are an issue. It will have negative impacts for many  
calcifying organisms (high confidence).  

 
Warming and acidification will lead to coral bleaching, mortality, and  
decreased constructional ability (high confidence), making coral reefs  
the most vulnerable marine ecosystem with little scope for adaptation.  

 
Temperate seagrass and kelp ecosystems will decline with the increased  
frequency of heat waves and sea temperature extremes as well as through the  
impact of invasive subtropical species (high confidence). 
  
 



26/11/2014 

17 



26/11/2014 

18 

Saunders et al. (2014) 

a, Seagrass meadows and coral reefs form distinct ecosystems, yet often live in close 
proximity in linked tropical marine ecosystems. b, Coral reefs block and dissipate wave energy 
and permit seagrass, which is less wave tolerant, to exist in protected lagoons. c, Deepening 
water from sea-level rise will allow larger, more energetic waves to traverse the reef into the 
lagoon, reducing habitat suitability for seagrass 

Why is this important? 

Processes that affect the capacity for climate 
change mitigation (CO2 sinks) and adaptation 
(shore line protection from rising sea level) are 
shown for seagrass meadows (upper panel), 
salt marshes (middle panel) and mangrove 
forests (lower panel). Blue arrows indicate 
transport of atmospheric or dissolved material, 
red arrows show transport of particulates and 
purple arrows indicate vegetative growth 
Duarte et al. (2013) 

SYNERGIES BETWEEN ADAPTATION AND MITIGATION 
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The population and assets exposed to coastal risks as well as 
human pressures on coastal ecosystems will increase significantly 
in the coming decades due to population growth, economic 
development, and urbanization (high confidence).  
 
• The exposure of people and assets to coastal risks has been rapidly 

growing and this trend is expected to continue.  
 
• Humans have been the primary drivers of changes in coastal aquifers, 

lagoons, estuaries, deltas, and wetlands (very high confidence) and 
are expected to further exacerbate human pressures on coastal 
ecosystems resulting from excess nutrient input, changes in runoff, 
and reduced sediment delivery (high confidence).  

SEA LEVEL RISE-CONSEQUENCES 
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EXPOSURE TO STORMS BETWEEN 1998-2009 

 
Conceptual Framework 
 
Climate-related drivers and associated impacts 
 
Human-related drivers and associated impacts 
 
Attribution to climate change 
 
Adaptation  
 
Conclusions 
  

OUTLINE 



26/11/2014 

22 

 
Coral bleaching and species ranges can be attributed  
to ocean temperature change and ocean acidity.  
 
For many other coastal changes, the impacts of climate  
change are difficult to tease apart from human-related  
drivers  
(e.g. land use change, coastal development, pollution)  
(high agreement, robust evidence)  

Small Islands 
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ALREADY OCCURING 

ADAPTATION IS 

Adaptation is 
already occurring 
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For the 21st century, the benefits of protecting against increased 
coastal flooding and land loss due to submergence and erosion at the 
global scale are larger than the social and economic costs of inaction 
(high agreement, limited evidence).  

 
• Without adaptation, hundreds of millions of people will be affected 

by coastal flooding and will be displaced due to land loss by year 
2100; the majority of those affected are from East, Southeast, and 
South Asia (high confidence).  
 

• At the same time, protecting against flooding and erosion is 
considered economically rational for most developed coastlines in 
many countries under all socioeconomic and sea level rise scenarios 
analyzed, including for the 21st century GSMLR of above 1 m (high 
agreement, low evidence). 

 
The relative costs of adaptation vary strongly between and within 
regions and countries for the 21st century (high confidence).  
 
• Some low-lying developing countries (e.g., Bangladesh, Vietnam) and 

small island states  are expected to face very high impacts and 
associated annual damage and adaptation costs of several 
percentage points of gross domestic product (GDP).  

 
• Developing countries and small island states  within the tropics 

dependent on coastal tourism will be impacted directly not only by 
future sea level rise and associated extremes but also by coral 
bleaching and ocean acidification and associated reductions in tourist 
arrivals (high confidence).  

  



26/11/2014 

25 

  

The analysis and implementation of coastal adaptation has progressed 
more significantly in developed countries than in developing countries 
towards climate resilient and sustainable coasts (high confidence).  

 

• Given ample adaptation options, more proactive responses can be made 
and based on technological, policy related, financial, and institutional 
support. Observed successful adaptations include major projects (e.g., 
Thames Estuary, Venice Lagoon, Delta Works) and specific practices in 
both developed countries (e.g., Netherlands, Australia) and developing 
countries (e.g., Bangladesh).   

 

• More countries and communities carry out coastal adaptation measures 
including those based on integrated coastal zone management, local 
communities, ecosystems, and disaster reduction, and these measures are 
mainstreamed into relevant strategies and management plans (high 
confidence).  
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Functional and healthy ecosystems 

A1 Wetland protection and restoration 

A2 Marine areas protection and conservation agreements 

A3 Payment for ecosystem and environmental services 

Highly efficient 
Takes advantage of natural adaptive capacity 
Marshes and mangroves restoration is the most extended 
practice 

Wetland restoration and protection 

Reduce flooding and erosion by creating new habitats and 
providing environmental benefits holding the coastline 

Goal: 

Characteristics: 
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Reduce exposure of the coastal system 

B1 Beach nourishment 

B2 Artificial and restoration of dunes 

B3 Shoreline stabilization using natural techniques 

B4 Seawalls 

B5 Jetties and groynes 

B6 Retreat 

B7 Adaptation to flooding. Flood proofing. 

Engineering soft measure 
Usually combined with dune restoration or artificial dunes 
Effective under mean conditions. Extreme events may require additional nourishing 

Characteristic: 

Reduce coastal erosion and protect against flooding 

Goal 

Beach nourishment 
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M.D. Spalding et al. (2014) 

Hybrid 
solutions 

M.D. Spalding et al. (2014) 

Hybrid 
solutions 
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Ports and coastal infrastructures 

Breakwaters 

Berthing-Dock: Operations 

Paradas de operaciones portuarias

0 50 100 150 200 250

1
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na

s

Horas * 

Operations: Current based on historical observations % of operations downtime Hours 

Zone 1 0.536 47 

Zone 2 1.004 88 

Zone 3 0.898 79 

Zone 4 0.959 84 

Zone 5 0.776 68 

Zone 6 0.950 83 

Zone 7 2.387 209 

Zone 8 2.251 197 

* Spanish Recommendations (ROM), Minimum operation stops threshold 200 hours/year 
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Sea level rise (+1m) 

Climatic drivers 

Paradas totales
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Wave direction change (5ºccw) 

Paradas totales

0 50 100 150 200 250 300 350 400 450

1

2

3

4

5

6

7

8

Zo
na

s

Horas* 
SLR=1m + 10%Hs 

Paradas de operaciones portuarias

0 50 100 150 200 250

1

2

3

4

5

6

7

8

Zo
na

s

Horas

Current 

Operations: projections under different 
scenarios 

* Spanish Recommendations (ROM), Minimum operation stops threshold 200 hours/year 

Operation downtime 

hours 
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Present  

+1 m 

Breakwater stability and functionality  analysis 

Present 
+1m NMM 

+1m NMM y Hs+10% 

Changes in wave overtopping 
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Changes in stability: Forces and moments 

Parameter Present +1m NMM Change 

Force 188 kN/m 197 kN/m +5% 

Stab. coef. sliding 5.53 5.37 -3% 
Stab. Coef. Overtur. 5.04 5.02 -0.4% 

Overtopping rate 22 l/m/s 48 L/m/s +118% 

Parameter Present +1m NMM and 
Hs+10% 

Change 

Forces 188 kN/m 210.5 kN/m +12% 

Stab. Coef. sliding 5.53 5.20 -6% 
Stab. Coef. Overtur. 5.04 4.99 -1% 

Overtopping rate 22 l/m/s 64 L/m/s +190% 

Adaptation 
options 

Burcharth, Lykke and Lara (2014) 
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Adaptation: overtopping 

Present geometry: 48 l/m/s 
 

Adapted geometry: 
 

+0.5m: 30 l/m/s (-37.5%) 
+1m: 22 l/m/s     (-54.2%) 
+1.5m: 17 l/m/s (-64.6%) 

Present geometry with SLR + 1m 

+1m 
+0.5m 
+1.5m 

Adaptation: 
overtoppingRebase 
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CONCLUSIONS 

Adaptation to climate change generates larger benefit to small islands when 
delivered in conjunction with other development activities, such as disaster 
risk reduction and community-based approaches to development (medium 
confidence). 

The ability of small islands to undertake adaptation and mitigation programs, 
and their effectiveness, can be substantially strengthened through 
appropriate assistance from the international community (medium 
confidence). 

Adaptation in SIDS starts with promoting quantitative and integrated 
assessments of climate change and climate variability risks together with 
long-term observations 

Adaptation can be undertaken by reducing socioeconomic vulnerabilities, 
building adaptive capacity, enhancing disaster risk reduction or building 
longer term climate resilience 
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