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Introduction + Sea level rise 

The impacts of climate change in the coastal 

regions depend on both the magnitude of 

changes and spatial distributions of hazards 

(i.e., sea-level-rise (SLR), waves and storm 

surges). On the other hand, adaptation to 

changing climate in coastal regions also differ 

depending on changing hazards. It is therefore 

important to consider the regional characteris-

tics of changing hazards over time and the 

preferred protection strategy. 

 

SROCC [1] states that climate change exacer-

bates global mean sea level up to 0.59 m and 

1.10 m for the RCP2.6 and RCP8.5 scenarios 

at the end of this century, respectively. The re-

gional differences of SLR are up to about 30 

%, i.e. up to 33 cm relative to the global aver-

age. Climate change due to global warming is 

expected to have major impacts on tropical cy-

clones (TCs), monsoons and seasonal storms. 

Understanding future changes of ocean waves 

and storm surges is also important for assess-

ing and adapting to the impact of climate on 

coastal, marine and ocean environments, and 

on engineering problems [2]. 

 

Sandy beaches and coastal dunes are major 

nature-based coastal protection features and 

need to be maintained as defenses against 

SLR and wave run-up. On the other hand, 

coastal urban areas are protected by hard en-

gineered systems such as breakwaters, sea 

walls or storm surge barriers. Figure 1 illus-

trates the impact of climate change on key lev-

els considered in the design of a typical 

coastal protection system. A coastal breakwa-

ter is designed accounting for the combination 

of maximum astronomical tidal level, maximum 

storm surge level and the pressure from the 

maximum wave condition, the so-called design 

wave, during the predetermined design life-

time. Coastal urban areas expected to be 

heavily affected by increases in storm surge in-

clude the heavily populated mega-delta re-

gions of East Asia, South-East Asia, South 

Asia, Northern Europe and the Gulf of Mexico. 

Extreme waves are the main threat for loca-

tions which are open to ocean. Going beyond 

the current coastal protection level, it is impor-

tant to project future SLR, extreme storm surge 

and wave heights (or wave run-up) considering 

regional characteristics. Future changes in 

SLR, H and  in Figure 1 are different by 

country and by region. Although areas of natu-

ral beaches may be affected by climate 

change gradually, sea wall protected areas are 

likely to be suddenly in danger when the total 

sea level becomes higher than the protection 

level in Figure 1. Combined projections of SLR, 
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Figure 1. Illustration of climate change impact on coastal protection system. 

Figure 2. Future changes in 10-year return wave heights of TC-induced waves (unit: m). [8] 
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wave heights and storm surge heights are im-

portant for understanding and preparing 

coastal protection. 

 

Waves 

Long term characteristics of ocean waves, 

called the wave climate, can be modulated by 

the changes in tropical cyclones (TC) and 

extra-tropical cyclone characteristics (fre-

quency, duration, intensity and storm track). 

The wave climate can be represented by the 

long-term mean and extreme values of wave 

height, and the wave period and direction. Ex-

treme wave conditions are important for 

coastal protection as indicated in Figure 1. The 

importance of the wave contributions, in addi-

tion to storm surge and tide, to extreme sea 

level change has been emphasized in recent 

studies. For example, Melet et al. [3] concluded 

that wave contributions can strongly affect 

long-term water-level change and variability. 

The mean wave climate is one of the main driv-

ers of beach morphology and coastal ecosys-

tem. Historical wave climate changes have 

been observed globally by satellites over the 

past three decades, showing that extreme 

wave heights have increased in the Southern 

and North Atlantic Oceans by around 1.0 cm 

yr-1 and 0.8 cm yr-1 over the period 1985– 2018 

(IPCC, 2019)[1].  

 

Future projections of the global wave climate 

have been conducted by several research 

groups since IPCC-AR4[4]. Based on the aver-

age of projections by different research 

groups, first community-derived ensemble 

global wave climate projection has been sum-

marized in the Coordinated Ocean Wave Cli-

mate Project (COWCLIP) [5] and reported in 

IPCC-AR5 [6]. At that time, future expected in-

creases in wave height in the Southern Ocean 

were described as “likely”. A second commu-

nity-derived ensemble global wave climate pro-

jection has been conducted more recently [7]. 

The number of ensemble members was 148, 

which represents a great increase compared 

with the first ensemble that had only 20 mem-

bers. It is highly likely that significant wave 

heights are projected to increase across the 

Southern Ocean and the tropical Eastern Pa-

cific and decrease over the North Atlantic and 

the Mediterranean Sea under RCP8.5 by 10 % 

of the present climate value [1]. The knowledge 

of expected changes in wave period and direc-

tion is currently more limited compared with 

that of changes in wave height, 

 

In terms of extreme wave climate, TC intensity 

is projected to increase in the future climate 

and thus TC-induced extreme wave conditions 

are expected to be more severe. There is no 

quantitative assessment of projected changes 

in TC-induced extreme waves yet (see SROCC, 

Chapter 4) [1]. The reason is that realistic TC in-

tensity and the related extreme winds cannot 

be represented well in the Atmosphere-Ocean 

coupled Global Climate/Circulation Models 

(AOGCMs) which have been used generally for 

wave climate projection studies. However, 

based on high-resolution Atmospheric GCM cli-

mate simulations [8] predicted changes in the 

10-year return period wave heights of TC-in-

duced waves (Figure 2). The simulations 

Figure 3. Example of future percent change in sea surface wind speeds (upper panel) and storm surges 
(lower panel) in 100-year return periods. (unit: percentage) [9]

Nobuhito Mori is a Professor 

in Disaster Prevention 

Research Institute (DPRI) of 

Kyoto University. He has 

extensive experience in 

climate change impacts on 

coastal hazards, risk 

assessment of coastal 

disasters. He leads Japanese nationwide research 

project on climate change impact on coastal 

hazards funded by MEXT of Japan since 2012. 

 

Tomoya Shimura is an 

Assistant Professor in 

Disaster Prevention Research 

Institute (DPRI) of Kyoto 

University. He has extensive 

experiences in future 

projection of wave climate 

and storm surge, and GCM 

simulations. 

CLIMATE CHANGE ADAPTATION  

AND COUNTERMEASURES  

IN  COASTAL  ENVIRONMENTS



22 hydrolink
  
number 1/2020

continued from page 19

assess stability for pedestrian and vehicles in 

the vicinity of the sea dike, demonstrating that 

design criteria based just on average overtop-

ping discharges and maximum individual over-

topping volume are necessary but not 

sufficient conditions to be met. It is therefore 

necessary to investigate further the overtop-

ping and post-overtopping processes taking 

into account the particular dike layout and pro-

tection countermeasures (e.g. storm walls) and 

go beyond or amend the current design 

methodology for wave overtopping. This will be 

achieved by the end of DURCWAVE project, 

foreseen for April 2021. n 

showed that global TC waves would tend to 

decrease over the lower latitudes and increase 

over the higher-latitude regions. The 10-year 

return wave heights of TC-induced waves over 

the western North Pacific would either increase 

or decrease by 30 % maximally depending on 

the region. The spatial distribution of future 

changes in TC waves can be explained by an 

eastward shift of TC tracks. However, the num-

ber of extreme wave climate projection is lim-

ited. Therefore, even though a prediction of 

global mean wave heights is available, a quan-

titative assessment of expected changes in 

mean period, direction and extreme wave con-

ditions, which are important for developing 

coastal protection measures, remains a future 

challenging task.  

 

Storm surges 

The impact assessment of the impact of cli-

mate change on storm surge at regional scale 

is difficult due to the scale differences between 

global/general circulation models (GCMs) and 

storm surge scales (less than O (1–100 km)). 

The impact of climate change on storm surge 

was discussed in the SROCC (2019) [1], which 

only used empirical projections based on ob-

served data. A quantitative summary of the cli-

mate change impact at regional scale storm 

surge is expected to be included in the next 

assessment report. Assessing the impact of 

climate change on storm surge risk requires 

accounting for a number of factors besides the 

nature of the storm event itself (e.g. TC or 

extra-TC); storm surge at a particular location is 

affected by several storm characteristics such 

as the moving speed and incident angles not 

only frequency and intensity of storm. There-

fore, assessing the storm surge risk in a partic-

ular region is difficult even when considering 

the historical climate alone because landfalls 

are not very frequent (happening in many areas 

only once every few decades). 

 

Figure 3 shows an example of the future per-

cent change in storm surge heights and sea 

surface winds for 100-year return period events 
[9]. Extreme storm surges were obtained from 

over 5000-year GCM simulations [10] and a sim-

ple storm surge model.  Future 100-year return 

values of storm surge increase about 20% 

along the East Asian eastern coast and the US 

western coast, although future 100-year return 

values of wind speed increase by only 10% due 

to TCs in these areas. A moderate, future 

change in storm surge within 10% increase is 

found in the higher latitudes; which is due to a 

change in polar circulation in both hemi-

spheres. Changes in wind speed by extra-tropi-

cal cyclones will be stronger in the higher 

Western North Pacific, but they will not be sig-

nificant in the higher Northern Atlantic. As such, 

it is necessary to analyze how extra-tropical cy-

clones and related storm surges will change in 

the near future. These changes in extreme 

storm surges depend on the length of return 

periods. The results in Figure 3 show one such 

example.  

 

Conclusion 

SLR and changes in wave heights and storm 

surge heights in coastal areas can have a sig-

nificant impact on the development of coastal 

protection measures. 

Combined projections of SLR, wave heights 

and storm surge heights are important for un-

derstanding and preparing coastal protection 

from the present to middle or end of this  

century. n 
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