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Summary 

damages in the order of tens of billions of euros per year. Coastal flooding is caused by 
extreme sea levels, which are composed of mean sea levels, astronomical tides, and 
storm surges. The last three decades have seen a substantial increase in the global flood 
losses resulting from coastal floods. This increase is largely driven by growth in the 
number of people and economic assets located in the low-lying coastal zone, and this 
trend is projected to increase. Moreover, climate change may aggravate this increasing 
trend, through sea-level rise and changes in storminess. 

As a result, recent years have seen increased attention for large-scale flood risk 
assessments, which particularly focus on coastal impacts under future projections of 
socio-economic development and climate change. These assessments have been 
instrumental in identifying hotspots of risk and to prioritising climate change adaptation 
and disaster risk management. However, as these large-scale studies have mainly 
focused on future flood risk, they have to a large extent ignored the low accuracy and 
large uncertainties in estimates of extreme sea levels in the current climate. To improve 
flood risk management at the global scale therefore requires an improvement in the 
estimation of these current extreme sea levels  

Using Indonesia as a case study, we demonstrate that global data can be used 
successfully for projecting future flood risk at a national scale. There are, however, a 
number of limitations in the available global datasets, particularly related to the limited 
accuracy of global estimates of extreme sea levels. Furthermore, it is shown that urban 
expansion will result in a more than six-fold increase in river flood risk, and in a more 
than two-fold increase in coastal flood risk. This shows the urgency for flood adaptation 
in coastal zones and emphasises the need to improve global estimates of extreme sea 
levels, especially in regions for which no data are available. 

A major contribution of this thesis is the development of the Global Tide and Surge 
Reanalysis (GTSR) dataset, the first global reanalysis of extreme sea levels along the 
entire global coastline. GTSR is based on a state-of-the-art hydrodynamic model with a 
5km resolution near the coast (Global Tide and Surge Model; GTSM). By forcing 
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GTSM with atmospheric pressure and wind speed from the ERA-Interim climate 
reanalysis, surge levels from 1979 to 2014 were simulated. Subsequently, return levels 
of total sea levels were computed. Validation against a global set of observations shows 
that the performance of GTSM is similar to that of many regional hydrodynamic 
models. The average correlation coefficient between observed and modelled daily 
maxima is 0.83 and there is an average underestimation of the 1 in 100-year return levels 
of 0.2 m. This underestimation is primarily caused by the relatively coarse resolution of 
the climate reanalysis datasets used as input, which do not fully resolve the dynamics of 
tropical cyclones. 

As an application of the GTSR dataset, the number of people exposed to 1 in 100-year 
flood levels is estimated. This results in 2.7% of the global population being exposed 
(i.e. 158 million people). This is 28% lower than an estimate of the global population 
exposed when using 1 in 100-year flood levels from the older DINAS-COAST Extreme 
Sea Level (DCESL) dataset, which was used in the DIVA model. The difference in 
global population exposed when using sea levels from GTSR and DCESL occurs 
because the static approach used for DCESL generally overestimates extreme sea levels, 
whereas the hydrodynamic approach of GTSR underestimates the extreme sea level, 
although with smaller errors. GTSR thus allows for an improved global assessment of 
the impacts of coastal floods. The global methodology of assessing coastal flood risk is 
further improved by correcting for the conflicting vertical datum of sea level extremes 
and land elevation, which has not been accounted for in previous global assessments. 
This is shown to be a critical step, resulting in a 59% higher estimate of global exposed 
population for GTSR. 

The GTSR dataset was further improved to better represent seasonal and interannual 
variability by including steric sea levels, which account for density variations caused by 
changes in temperature and salinity. The improved sea level time-series were used to 
assess the influence of the El Nino Southern Oscillation (ENSO) on global coastal 
flooding, and the number of people exposed to flooding. Across the Pacific there are 
significant correlations between ENSO and extreme sea levels. Average anomalies in 
the annual percentiles over El Niño years compared to neutral years show similar 
patterns, while for La Niña years there is no coherent pattern. Furthermore, when 
examining total sea levels results are largely statistically insignificant. This is because in 
many parts regions large tidal variability dominates over the other components. 
Combining the sea levels with an inundation and impact model shows that during El 
Niño years there is a significant but small increase in the global number of people 
potentially exposed to flooding compared to La Niña and neutral years (increase of 0.8 
million people, a 1% increase).  
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As a first step for including tropical cyclones in GTSR, storm surges induced by tropical 
cyclones are simulated by forcing the global hydrodynamic model with high-resolution 
wind- and pressure fields. These were derived by fitting a parametric model to observed 
tropical cyclone tracks. In an application for the North-Atlantic coasts from 1988 to 
2015 it is shown that the global model framework is capable of capturing large-scale 
variability in extreme sea levels. In contrast to the GTSR dataset, maximum surge 
heights are much higher. In case of Hurricane Katrina the modelled maximum surge 
height increases from 2.2 m for the improved approach to 5.5m for the approach used 
in GTSR. A validation of modelled total sea levels with observations indicates a good 
performance with a mean bias of 0.22m and a correlation of 0.89. In shallow and 
topographically more complex areas (e.g. estuaries, lagoons) the performance is quite 
poor and accurate modelling of sea levels would require a higher resolution. This 
chapter shows that GTSR could be improved significantly by combining the simulations 
based on ERA-Interim with simulations based tropical cyclone track data.  

For future studies, the model framework could be coupled with synthetic tropical 
cyclone tracks to allow a full assessment of global risk to coastal flooding, including 
regions prone to tropical cyclones. Other directions include an extension of the 
modelling framework to include wave dynamics, use of higher accuracy elevation 
datasets and improved inundation routines. Finally, global modelling approaches 
typically address one hazard. However, coastal cities are generally located in low-lying 
deltaic regions and are prone to both river and coastal flooding. There is increasing 
empirical evidence that it is important to consider interaction and compounding effects. 

In order to use the data from this study for actual flood risk reduction decision-making, 
it is important that the large amount of data generated by global models is transformed 
into actionable information for end-users. For this, the GTSR dataset is freely available 
for other scientists. Furthermore, GTSR is used as the basis the inundation maps in 
several web-based tools that are used in decision making. This includes the Surging Seas 
tool by Climate Central, the Think Hazard! tool by Global Facility for Disaster 
Reduction and Recovery (GFDRR) of the World Bank and the Aqueduct Global Flood 
Analyzer by the World Resource Institute. These tools may increase the awareness of 
coastal risk and may enable decision-makers to reduce the risks from coastal flooding. 


