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MODELING WAVE IMPACT ON COASTAL HABITATS 

ALONG THE LATVIAN BALTIC PROPER COAST 

Balance project report 

Motivation 

Waves impact coastal habitats by their direct effect on benthic vegetation, as well as indirectly 

by shaping the bottom sediment characteristics in coastal areas. Together with depth, bottom 

substrate, proximity to river mouths, coastal current velocity, and ice cover duration, waves 

therefore form the physical characteristics of Baltic coastal habitats (see e.g. Schernewski and 

Wielgat, 2004).  

Wave exposure shapes the seafloor characteristics, as waves generate turbulence in coastal 

waters, which erodes finer sediments and exposes stones, rocks and boulders, creating eroding 

habitats, whereas in more sheltered sites sand particles are deposited (Mann, 2000). Typically, 

wave exposure in the coastal zone is most severe at exposed headlands and weakest in sheltered 

bays (Menge and Branch, 2001). The importance of wave impact on bottom types has been 

demonstrated on a basin wide scale in the Baltic Proper, where wave impact largely determines 

whether erosion, transport or accumulation prevails (Jönsson et al., 2005).  

Modeling studies showed that along the Latvian Baltic Proper coast sediment resuspension 

decreases with water depth offshore, whereas wind speed increases. Bottom friction is sufficient 

to prevent the accumulation of fine grained sediments in the area. Among Baltic Proper coastal 

types, the Latvian Baltic Proper coast belonged to the most exposed areas with highest sediment 

resuspension frequencies based on analysis of sediment type, wave impact and wind field 

pattern (Danielsson et al., 2006). High sediment transport, which leads to frequent siltation of 

harbor entrance areas, has been well known for the region. Net sediment transport is directed 

northwards and reaches up to 1 000 000 m3/year, but within the study area, bathymetry and 

coastal geometry modify sediment transport, with stretches of active coastal erosion, especially 

along parts of the coastline south of Ventspils, and coastal accumulation in the Irbe Strait 

(Eberhard, 2003).  

The direct effects of waves on benthic vegetations are complex and highly non-linear. Waves 

impact benthic vegetation by physical damage at high exposure, caused by e.g. hydraulic pulling 

forces (Schutten et al., 2004). On the other hand, turbulence caused by wave exposure reduces 

the thickness of benthic boundary layers and improves the nutrient supply of macrophyte 

communities (Strand and Weisner, 2001). Wave exposure also restricts overgrowth by 

epiphytic algae, so that in a study of Swedish lakes the highest macrophyte biomass has been 

found at sites with intermediate wave exposure (Strand and Weisner, 1996, Strand and 

Weisner, 2001). As a net effect, net production in macrophytes can be almost unaffected by 

wave exposure, but biomass accumulation at exposed sites might be lower with more sparse 

cover due to the continuous removal of macrophyte parts (Doyle, 2001). Dense macrophyte 

growth also stabilizes fine-grained sediments and prevents their resuspension (James et al., 

2004). 
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Up to now, along the Latvian Baltic Proper coast, field data on wave exposure are not available 

on a finer spatial scale. Therefore wave impact in the coastal zone was modeled to generate 

input data for coastal habitat modeling. 

Model area 

The wave model area comprises a large portion of the westerly exposed coastal areas in the 

Southern Baltic, covering the entire Latvian Baltic Proper coast from the Lithuanian border to 

the entrance of Irbe Strait. Seawards the 20 m isobath delineates the model area. The model 

area spans about 200 km in north-south direction and its width is about 7 to 30 km (Fig. 1).  

 

FIGURE 1: STUDY AREA LOCATION WITH WAVE MODEL AREA OUTLINED, NUMBERS 

DENOTE WAVE MODEL TECHNICAL SUBREGIONS 
 

Within the study area, the seafloor gently slopes eastward towards the trough of the Eastern 

Gotland basin (Fig. 2). Wide shallow regions are located in the vicinity and south of Liepaja. 

Further northwards, the shallow areas are generally narrower. In the Pavilosta region, as well as 

to the north of Ventspils, a shallow bank is located westward of the coastal slope. Extensive 
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shallow regions are again found in the entrance area of the Irbe Strait on the northern edge of 

the study area. 

 
FIGURE 2: STUDY AERA BATHYMETRY 

Wave model setup 

The impact of waves on coastal habitats was approximated by the force at which the coastal 

wave field acts on the bottom. Because energy and direction of coastal wave fields are variable 

in time, the wave field was modeled for a one-year period to generate the statistical properties 

of the wave field at each model area grid point. The percentiles of modeled squared orbital 

velocity at the bottom and significant wave height can then further be used as input parameters 

for habitat modeling. 

The wave field in the modeled coastal zone was described by its wave-period averaged 

properties. The equations for the transformation of the wave vector and the wave energy take 

into account wave refraction and wave breaking, but do not consider reflection and the 

transport of wave energy with currents. 

The wave field was modeled based on the concept of monochromatic quasistationary linear 

waves. The mathematical description considers the wave field as non-stationary for time 
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intervals that exceed the wave period. The kinematic and dynamic wave equations set up a 

system of equations for the wave vector k
C

 and wave energy E: 

 

µ

µ

C C
Ck

t
C

k

k
k C kg g+ Ð

å

ç
æ

õ

÷
ö = Ð

 

 

E
k

k
CEE

k

k
C

t

E
gg D+ö
ö

÷

õ

æ
æ

ç

å
Ð-=ö

ö

÷

õ

æ
æ

ç

å
Ð+ a

µ

µ
CC

    (1) 

k is the wave number, which is related to the wave frequency w by the dispersion relationship 

 (),tanh2 khgk=w        (2) 

where h is the water depth. The wave group velocity is calculated as  
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and wave energy is related to the root mean square wave height H by the relationship  

 
E gH=

1

8
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         (4) 

The diffusion term aDE introduced into eq. (1) approximates wave diffraction. Breaking of 

waves was parameterized empirically, assuming that waves break when 
H h² =g g, .074

. 

Significant wave height (Hs) and root mean square wave height are related by  

Hs=1.4H         (5) 

Wave height and period at the outer boundary of the modeled coastal area were taken from the 

year 2005 output of the operational Baltic Sea wave model WAM, which is run by the Danish 

Hydraulic Institute (DHI). The time period of the exceptional storm January 8 ð 9 2005 was 

excluded from the wave modeling period, because the reliability of the model and its input data 

under extreme storm conditions were not known.  

Transformation of the WAM wave field was modeled as described above when the waves 

outside the model area were directed towards the coast. Waves away from the coast were 

interpolated by the following algorithm: 
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Here Hs0 is the wave height at the open sea boundary, L ð the distance of the open sea boundary 

from the coast, l ð the distance of the modeled location from the coast, and j - the angle 

between wave direction and a line normal to the coast. 
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To handle the model calculations in the large model area and to adjust boundary conditions for 

changes in the orientation of the coastline, the model area was divided into 12 subareas (see Fig. 

1). 

Wave field statistics 

Wave impact in the coastal region was described on a 100 m x 100 m grid and model output 

was saved each hour. For each grid point in the coastal wave model region, wave impact was 

then described by the frequency distribution of orbital wave velocity at the bottom squared and 

by the frequency distribution of squared significant wave height.  

Wave orbital velocity at the bottom was calculated as 

)sinh(2

4.1/

kh

H
v s

orb =

 

Wave model depth grid 

 
FIGURE 3: FINITE ELEMENT MESH FOR WAVE MODEL SUBAREA 3 
 

The wave model was run on a triangular finite element mesh. Figure 3 shows as an example the 

finite element mesh configuration for wave model subarea 3. Distance between triangular 

nodes was typically about 200 m. Depth for each node was linearly interpolated from the 

closest pair of 7369 points with depth information in the model area (Fig. 4). 
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FIGURE 4: POINTS WITH DEPTH INFORMATION IN THE MODEL AREA 

Modeled wave impact 

Modeled wave impact is presented in detail for the subregion that will be included into benthic 

biotope modeling, i.e. subareas 2 ð 4 of the wave model area. All modeled wave orbital 

velocity and significant wave height percentiles for this area and for the entire model region are 

shown in Annex 1 and Annex 2, respectively. 

Modeled orbital wave velocity at bottom was largely influenced by bottom topography with 

highest impact in shallow areas. This pattern was evident both for high (e.g. 99 % percentile) 

and low wave conditions (e.g. 50 % percentile, Fig. 5). Regions of relatively large wave impact 

on the bottom were consequently modeled in the shallow areas north of Pape and around the 

Bernati cape. 

In contrast, the spatial distribution of significant wave height differed pronouncedly between 

high and low wave conditions (Fig. 6). Under high wave conditions maximum wave heights 

were modeled between 10 and 5 m water depth, where bottom friction steepens large waves, 

whereas under low wave conditions maximum wave heights were observed in the deepest 

areas. Low wave conditions are generally associated with offshore wind. The associated 
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modeled waves therefore have, due to the small fetch, only small heights along the shore, which 

increase linearly towards the WAM boundary condition wave field offshore (see equation 6). 

  

FIGURE 5: MODELED ORBITAL WAVE VELOCITY AT BOTTOM SQUARED, 99 % (LEFT PANEL) 

AND 50 % PERCENTILE (RIGHT PANEL) 
 

The differing energy distribution with depth in low and high wave conditions was also obvious 

from plotting the median orbital velocity squared and significant wave height percentiles in half-

meter depth intervals (Fig. 7). The 50 % and 80 % percentiles of significant wave height 

increase linearly with depth, indicating that offshore wind conditions predominate the wave 

energy pattern. Higher percentiles of orbital velocity squared and significant wave height 

showed a steep increase away from the beach, which is most pronounced the higher the wave 

conditions, suggesting that onshore waves are steepened by bottom friction at the coastal slope. 

For the 90 % to 99 % orbital velocity squared percentiles, maximum values move further 

offshore the higher the wave energy. This indicates that the wave break zone and the maximum 

impact of waves on the seafloor moves offshore under high wave conditions. Under storm 

conditions - 95 % - 99 % percentile - of orbital velocity the maximum wave impact is located in 

2 ð 5 m depth, respectively.   
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FIGURE 6: MODELED SIGNIFICANT WAVE HEIGHT, 99 % (LEFT PANEL) AND 50 % 

PERCENTILE (RIGHT PANEL) 
 

  

FIGURE 7: DEPENDENCE OF MEDIAN ORBITAL WAVE VELOCITY AT BOTTOM SQUARED (LEFT 

PANEL) AND SIGNIFICANT WAVE HEIGHT (RIGHT PANEL) ON DEPTH IN MODEL SUB-REGION 

3 (LEGEND VALID FOR BOTH PANELS) 
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Recommendations for habitat modeling 

 

Benthic habitats are expected to be most sensitive to the impact of storms, i.e. high wave 

conditions. Orbital wave velocity at bottom squared is a direct measure of the wave energy 

impact on the bottom and should therefore be the best wave-related predictor for benthic 

habitat modeling. However, the 99 % percentile of the wave velocity distribution is 

representative of 3.65 days per year, i.e. reflects only one or two single storms. In addition, the 

99 % percentile of the wave orbital velocity distribution displays a secondary peak at 

approximately 8 m depth (Fig. 8, left panel). This peak suggests focusing of waves at 

topographic features, which might be overestimated by the monochromatic wave model 

formulation. The secondary peak is absent in the 95 % percentile of the distribution (Fig. 8, 

right panel), while the velocity distribution with depth still shows the offshore maximum 

associated with high-wave, onshore wave conditions. Therefore the 95 % percentile of the 

wave velocity at bottom squared will be tested first as input parameter for predicting the 

distribution of benthic habitats. 

 

  

FIGURE 8: WAVE ENERGY FOCUSING 
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