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Introduction 
 
An inevitable consequence of an increase in global temperatures is sea-level change. 
The effect of this change for most low-lying coastal areas will be an increase in 
susceptibility to flooding events and land loss due to submergence or erosion 
(Hoozemans et al. 1993; Nicholls 1995). As these areas are often occupied by areas of 
high population density, important infrastructure, and land with high value for 
agriculture and biodiversity, significant impacts should be expected. Projected 
increases in population and wealth, and therefore development, can only increase 
these impacts.  
 
Increases in temperatures drive sea-level rise, and by investigating a range of 
temperature and sea-level scenarios, the magnitude of potential impacts can be 
investigated and adaptation options assessed. The QUEST-Global Scale Impacts 
project (QUEST 2009; QUEST-GSI 2009) has undertaken work constructing 
prescribed sea-level scenarios with a temperature rise of 1°C to 7°C by 2100. Using 
the DIVA (Dynamic Interactive Vulnerability Assessment), an integrated modelling 
tool, this research examines the number of additional people flooded per year due to 
sea-level rise and storm surges (McFadden et al. 2007; Vafeidis et al. 2008). 
 
 
Methods 
 
An A1B sea-level rise scenario from the IPCC AR4 MAGICC 4.2 dataset (Raper and 
Cubasch 1996; Cubasch et al. 2001; Meehl et al. 2007; Raper et al. 2001; Randall et 
al. 2007) was created using the ensemble mean values of thermal expansion and 
temperature. This projects a 3°C rise in temperature by 2100, creating a 0.40m rise in 
sea-level, with respect to the 1961-1990 baseline. Prescribed scenarios, where a 
certain temperature is expected at a set time, were derived by scaling the sea-level 
components (thermal expansion, ice sheets and ice caps). Temperatures were 
prescribed between 0.5°C and 4.0°C in increments of 0.5°C in 2050, producing eight 
new sea-level scenarios. Global temperature rise ranged between 1°C and 7°C by 
2100, equivalent to 0.13m to 1.09m of global sea-level rise at this time (Figure 1). 
These results represent central values for sea-level rise and population, so do not 
indicate uncertainties. Prescribed scenarios are beneficial as they allow for a range of 
temperature inputs, and thus sea-level rise impacts. However, the rate of sea-level rise 
lags a rise in temperature, so the worst impacts will probably occur beyond 2100.  
 



 
 
Figure 1. Sea-level rise scenarios based on the ensemble MAGICC mean, for 
prescribed temperature changes between 0.5ºC and 4ºC (at 0.5ºC intervals) at 2050. 
Prescribed sea-level rise ranges from 0.13m to 1.09m in 2100.  
 
The DIVA model assesses biophysical and socio-economic impacts of sea-level rise 
and socio-economic development. DIVA downscales global sea level rise projections, 
and combines it with local uplift and subsidence, to produce a rate of relative sea-level 
rise. Combing the A1B social-economic scenario including land-use, coastal 
population and GDP growth from IMAGE 2.2 (IMAGE Team 2002), with relative 
sea-level rise, the number of people subject to flooding for return periods of a 1-in-1 
to a 1-in-1000 year storm event have been calculated. Impacts also depend on 
adaptation strategies and two strategies were assessed here: (1) with adaptation 
(including a cost-benefit analysis where costs and avoided damage is balanced with 
dike building and beach nourishment), and (2) without adaptation (where dike heights 
are maintained at 1995 levels and no beach nourishment is undertaken). 
 
 
Results 
 
Figures 2 and 3 illustrate the number of people flooded from 1990 to 2100 under the 
MAGICC ensemble mean and eight prescribed scenarios against year and temperature 
respectively. The MAGICC mean ensemble scenario has a similar rate of sea-level 
rise to the prescribed scenario of 1.5ºC rise in temperature in 2050.  Broadly, as time 
progresses and temperatures rise, so do the additional number of people flooded 
(populations decrease after 2050, explaining the decrease in number flooded at high 
temperatures). The MAGICC ensemble mean scenario predicts that for a 3ºC increase 
in 2100, a 0.40m sea-level rise will result in 89 million people flooded per year if 
defences are not adapted and upgraded to cope with the changing conditions. If 
temperature predictions are lower, and sea levels rise only by 0.13m by 2100, only 18 
million people will be flooded per year. However, if temperatures rise at a faster rate, 
producing a 4.0ºC rise by 2050, leading to a 7ºC rise by 2100, this figure would 
increase to 204 million people per year. Hence impacts increase with temperature rise, 
and growing numbers of people are threatened without adaptation. It is important to 
anticipate the magnitude of future sea-level rise and plan appropriate adaptation 
measures, such as the raising of sea dikes or land use planning to encourage retreat. 



 

 
 
Figure 2. Additional number of people flooded per year due to storm surges and sea-
level rise from 1990 to 2100. 
 

 
 
Figure 3. Additional number of people flooded per year plotted against the rise in 
temperature between 1990 and 2100. 
 
 
Discussion 
 
Globally it is projected that many millions of people will be affected by sea-level rise, 
but these impacts will not be evenly spread. Variations in population density and the 
ability to adapt to a changing environment mean that certain regions are more at risk 
than others. For instance, under the MAGICC ensemble mean projection of a 3ºC rise 
by 2100, 29 million people will be expected to be flooded annually (34% of the global 
total) along the East Indian Ocean coast (comprising Pakistan, India, Sri Lanka, 



Bangladesh and Myanmir), followed by the East Asia coast (comprising China, Korea 
and Japan) with 18%. With a 1.09m sea-level rise by 2100 (corresponding to a 7ºC 
rise), 50% of the annual number of people flooded will also be in these two regions.  
 
Whilst South and East Asia have the highest populations, small islands have a high 
relative level of vulnerability from sea-level rise and storm surges. Under the 
MAGICC ensemble mean sea-level scenario, up to 175 times more people per year 
may be flooded compared with present levels. However, this increase is also due to 
the expanding population base compared with the initial population. Continued 
inundation of sea-water would cause loss of land, crops and freshwater supplies 
posing risk to stability and island security. For instance, for the low-lying Pacific 
island of Tuvalu, forced migration to New Zealand is or will become a reality 
(Mortreux and Barnett 2009). As their adaptation is potentially limited, for large 
temperature rises small islands everywhere are highly threatened.  
 
Globally, despite the high risk of living in the coastal zone, it is probable the coast 
will remain a magnet for housing, industry and wealth over the 21st century, unless 
planning measures are enforced. Developing countries are particularly vulnerable as 
they have a reduced ability to respond and adapt. Climate change will exacerbate their 
problems (Leatherman and Nicholls 1995). This situation could be worsened if 
cyclones increase in intensity, thus increasing storm surge and flood height (Meehl et 
al. 2007). This has not been investigated here, but is a likely consequence of rising 
temperatures. Effective flood protection will continue to be vital to reduce risk, 
allowing the coastal zone to be perceived as a safe and attractive place. Using a cost-
benefit approach to coastal defence, the annual number of people flooded could be 
reduced for the MAGICC ensemble mean scenario from 89 million per year to 0.2 
million per year at a cost of 17 billion US dollars per year in 2100. However, perfect 
adaptation is unlikely to happen and the challenge is to promote effective adaptation 
measures.  
 
 
Conclusions 
 
This study shows that for an increase in global temperature, global sea-levels will also 
rise. From a 3ºC rise in temperature producing a 0.40m rise in sea-level by 2100 using 
the A1B scenario from the MAGICC dataset, prescribed scenarios suggest for a 7 ºC 
increase in 2100, a sea-level rise of 1.09m could result. Using the DIVA model, it is 
anticipated that 89 million and 204 million additional people would be flooded per 
year in 2100 with a 3ºC rise and 7ºC rise in temperatures respectively. The East Asia, 
East Indian Ocean coast would be particularly at risk due to high populations in low-
lying areas, and small low-lying islands would also have a relativity high risk. 
 
Vulnerability can be reduced by adapting to sea-level rise, such as through the protect, 
accommodate and retreat options. However, as competition for land in the coastal 
zone is already high and this is expected to rise with population and wealth, 
adaptation options should be appropriately engineered according to localised 
conditions. 
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