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Abstract 
Climate changes such as sea level rise and change in sea surface temperature have caused 
significant impacts on the Turkish coastlines and these changes have put an additional pressure 
on the coastal areas in many different aspects. This study explores and indicates the impacts of 
climate change on the design and design parameters of coastal structures and planning of 
coastal cities along the Turkish coastline with two different case scenarios. 
 
1. Introduction 
 
 Coastal areas are important economic zones where settlements, industry, tourism, agriculture 
and transportation sectors thrive.  Enriched by the existence of 'water' and the natural 
resources coastal areas are the spaces where the socio-economic developments are the most 
rapid (Timmerman and White ,1997). Therefore, when the matter of concern is the coastal areas 
and the coastal towns a multi-discipline approach must be   involved in the development 
strategies, ranging from social and physical sciences,  economy  to  cultural and political 
processes covering national, regional and the urban scales.  
 In the midst of all these approaches ‘Coastal Engineers’ take a role in planning stage and have 
the responsibility of design, implementation, monitoring of all the coastal projects (large to small 
scale) such as ports, marinas, coastal protection structures, sea outfalls, land reclamation, 
dredging and filling operations at the coastal areas.  
Recently additional pressure put on coastal areas by climate change which has gained great 
significance. Rise in sea level rise, sea surface temperatures are two climate change driven 
parameters that have most   significant   impacts on coastal areas. Recently, sea level rise is 
included in the design of coastal structures and also has to be considered in the planning of 
infrastructures of the coastal-towns together with the regional adaptation measures for impacts 
of climate changes in future. 
 
 
 
 2.Impacts of Climate Change on Coastal Areas and planning of Coastal Cities 
 
With an 8333km of coastline, Turkey is a country surrounded by Black Sea, Marmara, Aegean 
and Mediterranean Sea. Population density of coastal areas are twice as high as the inlands 
(out of 81 cities 26 is the located at the coastal areas) and these coastal locations are important 
economic zones yet threatened by continuing immigration, urbanization, degradation of 
ecosystems, erosion and flooding which are  the main pressures on the important resources 
provided by these coastal areas of Turkey.  The dynamic and complex physical characteristics of 
coastal areas, the crosscutting of many economic activities and the need for different spatial and 
time scales require a holistic approach which must utilize multi-criteria and interdisciplinary 
methodologies.  

 



Recently additional pressure put on coastal areas by climate change which has gained great 
significance. Observed as having increasing trends, sea surface temperatures and sea levels 
are two climate change driven parameters that have impacts on coastal areas. Impacts of sea 
level rise on coastal areas can be grouped into three: coastal erosion, flooding due to increased 
levels of storm surges, land loss due to inundation and saltwater intrusion to aquifers and rivers. 
While saltwater intrusion will exert more pressure on freshwater resources; flooding and 
inundation will exacerbate the already present pressure on agriculture, tourism, ecosystem and 
most notably infrastructure, and settlements.    

When compared to other climate change driven parameters such as temperature and 
precipitation, change in sea level is observed slowly and it is assumed that there is time for 
adaptation. The diversity of characteristics of Turkish coastlines also stresses the necessity of 
both regional and national assessments of coastal areas in relation to sea level rises. 
 'Impacts of Climate Change on Coastal Areas and Adaptation Measures', 'regarding the sea 
level rise' are summarized in Table (1) 
 
Table 1.  Impacts of Climate Change on Coastal Areas and Adaptation Measure 
(Ergin, A., Türkiye’de İklim Değişikliği Etkileri,Etkilenebilirlik ve Uyum .Kıyı Alanları,2011 ,‘UNDP 
2nd National Communication to the UN Framework Convention on ClimateChange; Impact, 
Vulnarability and Adaptation; Coastal Areas’,December, 2011) 
 
 

Vulnerability Adaptation Measures 

Land loss and coastal erosion Adaptation measures against the impacts 
given in first column should not only focus on 
physical options but also include socio-
economic aspects. Integration of these 
measures with national action plans is 
mandatory, providing sufficient funding and 
encouraging rapid implementations. 
However uncertainties existing within the 
body of physical processes, gaps in data at 
national and regional level, low efficiency of 
existing coastal protection structures as well 
as complex nature of  

institutional  and legal framework of coastal 
zone management are the major problems in 
adaptation policies against the impact of 
climate change on coastal areas  

  

Changes in frequency of storms 

Salt water intrusion to rivers and increase in 
soil salinity near rivers 

Inundation of coastal agricultural areas 

Salt water intrusion to coastal aquifers 

Adverse impacts on tourism 

Impacts on coastal settlements due to 
oceanographic pressures 

 
 
 
  In summary, the numerous studies show that increased coastal erosion, land loss due to 
inundation and salt water intrusion to groundwater resources are the main impacts expected to 
be observed along Turkish coastlines and it is a highly challenging process to develop and 
implement adaptation policies for coastal areas. Continued monitoring of sea level at varying 
locations in addition to data collection along coastal areas within a national framework would 
ensure reliable and detailed assessments of impact and vulnerability in the long run. 



3. Design of Coastal Structures 
Human impact, by utilization of the coastal areas through constructing ports, marinas, coastal 
defense structures(sea walls, revetments, groins), breakwaters, artificial reefs, jetties, extraction 
of natural resources, land reclamation, dredging, sea outfalls, flood gates, river mouth 
management facilities can be manipulative of coastal processes causing problems of land loss 
due to severe erosion. In coastal engineering, since coastal structures are generally 
characterized by large failure consequences and substantial capital expenditures therefore there 
is a need for improved safety by including all the possible risk factors in planning stage 
depending on the highly variable random design parameters such as wind and wave climate 
extreme storms, storm surge and level rise due to global warming. The consequences of failure 
of coastal structures range from low to very significant economic losses. 

 In planning of infrastructure of coastal cities there is a need to include the river basin 
characteristics affecting the settlement area (from the land side) together with the design 
parameters of the coastal structures (from the sea side), since a coastal city is at the interface of 
land and sea.  Planning the land use patterns, housing and design of all the infrastructure such 
as sewage disposal systems, rainfall catchment collectors and sea outfalls, fresh water systems, 
river reclamation, land reclamation, dredging, coastal highways has to be considered in a holistic 
approach at the planning stages. Otherwise, frequent structural failures, random flooding, loss of 
lives and property will be unavoidable.  

To put special emphases on impact of climate change, after a brief review of the steps in the 
design of coastal structures the discussions will be confined to sea level rise components with 
an example case and related discussions.  

Number of studies prior to the design of a coastal project is mainly; geomorphology and 
topography, bathymetry, foundation soil conditions, nearby rivers, seismic activity, wind and 
wave climate, tsunami, local currents, accretion and sedimentation patterns together with the 
assessment of  environmental impact and socio-economic factors. In the design of coastal 
structures, wind and wave climate studies are the basic studies where the selection of design 
parameters (design wave characteristics at the depth of construction) depends on accurate 
knowledge of the frequency distribution of strong surface wind and generated wind waves. 

Wind waves are the most important phenomenon to be considered among the environmental 
conditions affecting the coastal structures.  Randomness of the wind waves is the fundamental 
property and incorporates in the design process. Design wave is selected using short-term, long 
term wave statistics and extreme value wave statistics which are the major studies for the 
description of wind waves. For these studies, as more accurate and longer the datasets 
uncertainty in the statistical description of the wind waves and the return period calculations will 
be minimized. Danger of underestimating the intensity and the frequency of design waves 
results in underestimating the wave forces during the economic life-time of the coastal structures 
leading to a partial or full damage of the structures which causes a major economic loss not only 
for the coastal town but also for the country. Therefore, accurate assessment of the magnitude 
and frequency of extreme wind speeds and the generated wind waves are the major relevance 
of insurance of the related damage risks of the coastal structures. 

 

Climate change has promoted a wide study of the sea level rise and potential impacts of 
enhanced effect on the frequency, duration and the intensity of wind storms in future compared 
to today. Recent studies which focus on the relationship between the frequency and the intensity 
of extreme winds, cyclones expect an increase in both the intensity and the frequency of high 
wind causing storms over Europe in future yet; there is still no systematic long-term trend in the 
statistics of wind Della- Marta at all.2007.  



Waves arriving from deep water to the project site will undergo transformations of refraction, 
diffraction, shoaling, breaking etc.If the water depth (d) is less than half of the deep water wave 
length (L0), this depth is defined as intermediate depth (d/L0<0.5). The refraction and shoaling of 
waves start when they reach this intermediate depth. In the wave transformation studies, the 
shoaling coefficients (Ks) are obtained from GWT (Gravity Wave Table) (Skovgaard et al., 
1974). In order to calculate the refraction coefficients (Kr) values, Ocean Engineering Research 
Center Middle East Technical University, Department of Civil Engineering, has developed a 
numerical model (REFRA) The basic inputs of the model are bathymetry of the near shore area, 
wave direction and the deep water wave characteristics obtained from long term and extreme 
wave statistics.  During wave transformation studies, the sea level rise (storm surge) resulting 
from the storm conditions are assumed to occur at respective increased sea levels (high water 
level; HWL). Physical events that are used to determine high water levels in addition to wind set-
up and the respective wave-set-up, are tidal and seasonal variations, sea level rise due to global 
warming, barometric changes and changes in the sea level due to Coriolis effects.  

 

In any coastal project, the first step in the computations is the  determination of possible extreme 
water levels (High Water Level) at selected locations within the   project area,  by running  
scenarios of extreme storm events with different return periods (such as 100, 1000 and 10000 
years) and long term storm events from the effective fetch directions.   

 

4.Deep Water Wave Characteristics and High Water Level Computations for the Selected 
Scenarios  of Storm Events for the Project Area 
  

All design storm events has to be  taken as to occur in the respective high water levels (HWL; 
defined as the storm surge) which is sum of wind set-up and the respective  wave set-up, 
astronomical tidal and seasonal variation amplitudes,  sea level rise due to climate change 
(global warming)  and possible Coriolis effects.  At nearshore, wave and wind set-up in general 
constitutes (80-90)% of the storm surge as stated by Walton & Dean (2009). Effects of 
Barometric changes and Coriolis forces on the sea level can be taken as 10 % of the total of 
wind set-up, seasonal and tidal variations and sea level rise due to global warming. Seasonal 
variations and tidal ranges are site specific and must be determined based on existing site 
measurements. The sea level rise(due to global warming) which ranges between 3mm/year to 
10mm/year,  however in practice it  is taken as 10mm/year if no data is available for the project 
region. (Rock Manual 2007) 

 

4.1 Wave set-up: 
The total rise in the mean water level at the shoreline due to random wave breaking (total wave 
set-up) is the sum of static (mean wave set-), and dynamic (surf beat, rmsζ ) components of 
wave set-up. The static component of wave set-up values (η ) at relative water depths (h/H0’) for 
different sea bottom slopes (tanθ) are obtained from  Figure 1 a-b. (OCDI, 2002). 



 

       (a)              (b) 

In wave transformation studies, the sea level rise possible to occur in the coming century due to 
global warming as 1.0 m.  

Figure 1:  Change in Mean Water Level (a: Bottom Slope 1/100, b: Bottom Slope 1/10; OCDI, 
2002) 

The dynamic (oscillating) component of wave set-up, surf beat amplitudes ( rmsζ ) at shorelines 
are computed from Equation (1) (OCDI, 2002) where h is the intermediate water depth, Kr is the 
refraction coefficient at respective depth and L0 is the deep water wave length. In the 
computation of static and dynamic components of the wave set-up at shoreline at selected 
locations, the nearshore wave heights and average bottom slopes at 10 m water depth are used 
and the slope is assumed to be constant up to shoreline. Therefore, the computed wave set-up 
values are approximate and should be re-evaluated in detail considering land topography and 
the structural features at the nearshore project area. 
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4.2 Wind set-up 
The wind set-up η0 (cm) along an effective fetch distance F (km) from a specific direction formed 
by the average wind speed Uave,10 (m/sec) and the average water depth hmean (m) in the same 
direction was calculated using the Equation 2 (OCDI, 2002):  
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The above given equation is an approximate solution of the wind set-up (Rock Manual, 2007).  



In the following part preliminary design computations  carried out for a hypothetical coastal 
project is given..  

5.Example Case Study: 
 
Design computations are given in steps. 

5.1. Bottom topography: 
A hypothetical coastal project area is selected at a region where the coastline is aligned  from 
East to West with a uniform sea bed slope taken as 1/33. Within this project area a  rubble 
mound breakwater is planned to be constructed at a depth of 10 m,   as shown in Figure 2. 
Depth of construction 10m is the reference  mean Mean Water Level (MWL) taken from sea bed 
topography. In practice for any coastal project, near shore seabed topography (bathymetry) of 
the project area can be obtained from the navigation maps of (SHODB) Navigation, 
Hydrography, and Oceanography Department of Turkish Naval Forces and the nearshore 
bathymetric measurements held around project area.  

 

 
Figure 2. Project area and the layout of the main breakwater 

 

 

5.2. Wind Statistics 
For this example, European Centre for Medium-Range Weather Forecasts (ECMWF) wind data 
(18 years) is used for the long term wind statistics analysis as a data source.   Plotting the 
cumulative number of occurrences of each wind class for each direction on to a semi-log 
graphical paper gives the cumulative exceedance probability of wind speeds, Uave,10, is given as; 

Q(>Uave,10) = exp[(Uave,10-B)/A]                     …………… ………………(3) 

where Q(>Uave,10) is the cumulative exceedance probability of a hourly average wind speed at 10 
meter above still water level (Uave,10) 
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5.3. Wave Statistics and Hindcasting 

5.3.1. Effective Fetch Study 

The effective fetch lengths for the wave hindcasting are normally determined from the navigation 
maps of SHODB (Navigation, Hydrography, and Oceanography Department of Turkish Navy).  
In the computation of effective fetch lengths, for each direction, the effective area is considered 
as a sector from -22.5⁰ to +22.5⁰ totally covering an area of 45⁰ with 7.5⁰ intervals.  

For the example the computations are carried out for dominant wave direction selected as North 
where the effective fetch is computed as 400km. Along the effective fetch direction the average 
water depth taken as 1500 m. 

5.3.2. Wave Steepness 
Using effective fetch lengths and the wind data of ECMWF (18  years), deep water wave 
parameters  

(Hs0: deep water significant wave height, Ts: significant wave period) are obtained from  the 
storms by using the numerical Model W61 developed by Middle East Technical University, 
Department of Civil Engineering, Ocean Engineering Research Center. Using these deep water 
wave characteristics, wave steepness (Hs0: / L0 ) of the region is determined as the first step for 
the long term and extreme wave studies. 

For the example study wave steepness (Hs0: / L0 ) is obtained as 0.0395 

 

5.3.3 Long Term Wave Statistics 

 Long term wave statistics studies are carried out in two stages: 

5.3.3.1 Extreme wave height probability distribution: 

This statistical study is carried out valuable for the decision on the design wave height to be 
used for a coastal structure which is susceptible for destruction during one storm event. In order 
to obtain the extreme wave statistics of the region, extreme wave data for the project area (Table 
2) is analyzed using different extreme wave height probability distributions (FT-1, FT-2, Weibull, 
Log Normal) with different distribution coefficients. Gumbel distribution (FT-1, Equation 4) which 
gave the best fitting results is used to show the relation between the extreme wave heights and 
the cumulative non-exceedance probability of these extreme wave heights.  
 

P(<Hs0) = exp[-exp(-(Hs0-B)/A)]                     ………. …………………………(4) 

 

where Hs0 is the extreme significant wave height (deep water) within the reference time length, 
P(<Hs0) is the cumulative probability that Hs0 value is not exceeded within the reference 
duration.A and B are the distribution parameters.  

 
 
 
 
 



 
 
 

             Table 2. Highest Annual Deep Water Significant Wave Heights and Significant Wave Periods 
 

Year Hs0 (m) Ts (s) Fech 
Direc. 

1991 4.87 8.68 NNW 
1992 4.89 8.52 NW 
1993 6.19 9.82    N 
1994 5.51 9.30 NW 
1995 5.85 9.17 NNW 
1996 5.12 8.93 N 
1997 4.00 7.78 N 
1998 6.46 9.62 N 
1999 4.32 8.12 NNE 
2000 4.68 8.37 NNW 
2001 5.67 9.05 N 
2002 4.56 7.98 NE 
2003 5.42 9.16 NNW 
2004 5.57 9.03 N 
2005 5.22 9.09 NNE 
2006 5.95 9.18 N 
2007 6.21 9.42 N 
2008 5.98 9.24 N 

 

The return period RP, (defined as the average period of occurrence of a certain event), which is 
related to non-exceedance probability value by the following relationship: 

Rp = 1/(1-P(<Hs0)).                         …………………………   (5) 

 The results of extreme wave statistics for eight different return periods within 90% confidence 
interval limits and for different wave steepness values are given in Table 3 

  

Table 3. Results of Extreme Wave Statistics (Deep Water) 

Return Period 
(Years) 

Deep Water 
Significant Wave 
Height, Hs0 (m) 

5 6.00 ± 0.45 
10 6.48 ± 0.61 
20 6.95 ± 0.77 
50 7.55 ± 0.98 
100 8.01 ± 1.14 

 

 

 

 



5.3.3.2 Normal-Log distribution:  

Using deep water wave parameters Hs0: (deep water significant wave height), plotted the 
cumulative number of occurrences are plotted on to a semi-log graphical paper. The cumulative 
exceedance probability of deep wave height, Hs0, is given as; 

Q(>Uave,10) = exp[(Hs0-B)/A] …………………………………….(6) 

where Q(>Hs0) is the cumulative exceedence probability of deep water wave height (Hs0). From 
this statistical distribution annual exceedence probability of the selected design wave height can 
be obtained. 

 

6. Deep Water Wave Characteristics and High Water Level Computations for the Selected 
Design Storm  
 Within the scope of wave transformation, refraction and shoaling analyses are carried out by 
considering the high water level occurrences within the project site. In the computations   sea 
level rise possible to occur in the coming century due to global warming is taken as 0.6 m. The 
tidal variation and the seasonal variation are both assumed as 0.30 m Water level variations due 
to atmospheric pressure changes and Coriolis effects were taken as 1/10 of the total sea level 
rise resulting from the wind setup, tidal and seasonal variations and sea level rise due to global 
warming (Walton and Dean, 2009). 

6.1.Scenario 1 
As an example scenario storm event with hundred year return period from North direction is 
selected.  

In the wave transformation computations, a simple approach given by Van Deer Meer (1990) for 
uniform sea slopes Figure 3 with zero degree approach angle is used. Deep water wave 
characteristics and computed high water levels (HWL) are at 10 m construction depth (MWL)is 
given in  Table 4 ,together with the significant wave heights at  (MWL) and (HWL)  

Table 4. Deep Water Wave Characteristics and High Water Level Computations for the Selected 
Scenario of Storm Event for the Project Area 

Scenario  Return Period (year)      100 
Direction N 
Deep Water Significant Wave Height, Hs0 (m) 8.0 
Deep Water Significant Wave Period, Ts (s) 11.4 
Deep Water Peak Wave Period, Tp (s) 12.3 
Deep Water Significant Wave Steepness, sos 0.0395 
Deep Water Peak Wave Steepness, sop 0.034 
High Water Level (HWL) Calculations  Wind Speed, Uave,10 (m/s) 27.0 
Fetch Length, F (km) 400 
Average Depth hmean (m) 
Surf beat, ζrms (m) 

1500 
0.29 

Wind Setup, η0 (m) (Eqn.2) 0.09 
Seasonal Variations sv (+m from MWL) 0.15 
Tidal Variations, tv (+m from MWL) 0.15 
Sea Level Rise, slr (+m from MWL)     0.60 
Barometric and Coriolis Effects (+m from MWL) 0.10 

High Water Level, Δh (+m from MWL) 1.40 
 



Wave Transformation  Calculations, Nearshore 
Wave Characteristics   
hMWL/Lop (10/1.56/12.32) 0.042 
hHWL/Lop (11.4/1.56/12.32) 0.048 
Significant Wave Height Hs,d=10.0m,MWL (m) 6.30 
Significant Wave Height, Hs,d=11.4m,HWL  (m) 7.10 

 

 
Figure 3. Nearshore Significant Wave Height Transformation for uniform sea bed slopes (CIRIA; 
CUR; CETMEF,2007) 

 

 

Significant wave heights at (MWL) and at (HWL) are computed as 6.3m and 7.1m. Increase in 

wave height wave height will cause an increase in wave forces. In case of rubble mound 

breakwaters such an increase in design wave height will results in  stone sizes almost 1.5 times 

larger. Not only the stone size but also the height of the breakwater has to be increased with 

respect to HWL. This result clearly proves the importance of the high water level considerations 

to minimize the risk the structural damage and failure of coastal structures.  

 This example problem can be extended to include the wave set-up and run-up computations at 

shallower depths where the sea level rise plays an important role in the design  of the 

infrastructures of coastal cities such as  sewage disposal systems, rainfall catchment collectors 

and sea outfalls, fresh water systems, river basin reclamation, land reclamation, dredging, 

coastal highways and  coastal defence structures.  For the above given example storm scenario 

 For the above given scenario without considering the sea level rise due to global warming(at 

present time)  at nearshore depths  around 2 m rise of sea level will be around 70 cm. At the 



shore the same storm will cause run-up values (EurOtop(2007) around 2.00m. These results 

explain flooding of the low lying urban areas and river basin settlements.  

6.2. Scenario 2 
 
Another example problem on high water level computations is prepared for Izmir bay for a 

project site near Alsancak at the shore (figure.4) to point out the importance of the design wave 

characteristics that have to be computed considering the high water level. The computations are 

again given in the steps.  

-The effected fetch for the site is computed as 35 km over the sea areas where the mean water 

depth 20m over the fetch is taken as with sea bend slope approximately 1/100.  

As an example a probably worst scenario case with wind velocity maximum Uave,10 is selected 

from coastal metrological station (Göztepe) wind data of ECMWF over a 45 years period. 

Accordingly, Uave,10 =12.5  m/s is selected as the design wind velocity. Wave characteristic are 

generated by Uave,10 =12.5  are predicted as deep water significant wave height Hs0 1.5 m ,deep 

water significant wave period, Ts=5.2 seconds  with deep water peak wave period, Tp= 5.6 

seconds. Hasselmann (Coastal Engineering Manual 2008). 

 

 
Figure 4: Fetch Distance for the example case project area in Izmir Bay near Alsancak  

Fetch Distance  35 km 



Deep water wave characteristics and high water level computations for the selected scenario of 
storm event for the project Area at Izmir Bay near Alsancak are all given in table5. (at present) 

 

 
Table 5. Deep Water Wave Characteristics and High Water Level Computations for the Selected 

Scenario of Storm Event for the Project Area at Izmir Bay near Alsancak (at present) 
Scenario  Direction W 
Deep Water Significant Wave Height, Hs0 (m) 1.50 
Deep Water Significant Wave Period, Ts (s) 5.20 
Deep Water Peak Wave Period, Tp (s) 5.60 
Deep Water Significant Wave Steepness, sos 0.04 
Deep Water Peak Wave Steepness, sop 0.03 
High Water Level (HWL) Calculations 
 at depth h=0.5m near shoreline  
Wind Speed, Uave,10 (m/s)   12.50 
Fetch Length, F (km)   35.00 
Average Depth hmean (m) 
Surf beat, ζrms (m) 
Wave Setup (static) ɳ (m) 

  20.00 
0.07 
0.12 

Wind Setup, η0 (m) (Eqn.2) 0.13 
Seasonal Variations sv (+m from MWL) 0.15 
Tidal Variations, tv (+m from MWL) 0.30 
Sea Level Rise, slr (+m from MWL)     0.00 
Barometric and Coriolis Effects (+m from MWL) 0.06 
High Water Level, Δh (+m from MWL) 0.83 

. 

Design stages for the high water level computations are carried out for the selected scenario 

with Deep Water Significant Wave Height Hs0=1.5 meters,  deep water significant wave period, 

Ts (s)=5.2 , deep water peak wave period, Tp=5.6 (s) 

Wave Set-up eta ,ɳ =0.007m ….figure 1b  

Wind Setup is calculated from equation 2. (h is taken as 20 m.) 

Seasonal variations and tidal variations from mean water level (MWL) are taken as 15 and 30 

centimetres respectively are taken from Menteş Mariograph Stations. 

Barometric and Coriolis effects are taken as %10 percent of the total sea level rise resulting from 

the wind setup tidal and seasonal variations. 

As seen from table 5. (at present) not considering the sea water level rise due global warming 

the high water level (wave and wind setups, seasonal and tidal variations, barometric and 

Coriolis effects) is 0.83 m above the mean water level. Such an increase in sea level affects not 

only coastal cities by causing flooding and the damage of coastal structures as well. In case of 



Izmir bay example, for the given design scenario Therefore in planning stage for future 

developments along the coastal area high water level has to be taken into consideration with 

design storms of different return periods (different scenarios) together with the global sea level 

rise. In case of Izmir Bay example for the given design scenario if sea level rise is selected with 

a range 0.6-1.0 meter as recommended in practice. High water level will be obtained with a 

range of 1.43 - 1.83 meters that has to be considered in the design of coastal structures, coastal 

defence structures and, infrastructures outlets.  

For present case remedial measures against flooding is of primary importance for coastal cities 

which can be overcome by some innovative measures such as by designing recharge system of 

the flooding water to pump back to into the sea.  

7. Conclusions  

Rise in sea level rise, sea surface temperatures are two climate change driven parameters that 

have most   significant   impacts on coastal areas. Recently, sea level rise is included in the 

design of coastal   structures and also has to be considered in the planning of infrastructures of 

the coastal-cities together with the regional adaptation measures for impacts of climate changes 

in future.  

 In summary, the numerous studies show that increased coastal erosion, land loss due to 

inundation and salt water intrusion to groundwater resources are the main impacts expected to 

be observed along Turkish coastlines and it is a highly challenging process to develop and 

implement adaptation policies for coastal areas. Climate change has promoted a wide study of 

the sea level rise and potential impacts of enhanced effect on the frequency, duration and the 

intensity of wind storms in future compared to today. Therefore ,all design storm events has to 

be  taken as to occur in the respective high water levels (HWL; defined as the storm surge) 

which is sum of wind set-up and the respective  wave set-up, astronomical tidal and seasonal 

variation amplitudes,  sea level rise due to climate change (global warming)  and possible 

Coriolis effects. Continued monitoring of sea level at varying locations in addition to data 

collection along coastal areas within a national framework would ensure reliable and detailed 

assessments of impact and vulnerability in the long run.  
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