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Abstract. In this study, the effect of sea surface temperature (SST) on the distribution of vertical wind speed in the
atmospheric boundary layer of coastal areas was analyzed. In general, coastal areas are known to be more susceptible to various
meteorological factors than inland areas due to interannual changes in sea surface temperature. Therefore, the purpose of this
study is to analyze the relationship between sea surface temperature (ERAS) and wind resource data based on the meteorological
mast of Hovsere, the test bed area of the onshore wind farm in the coastal area of Denmark. In addition, the possibility of coastal
disasters caused by abnormal vertical wind shear due to changes in sea surface temperature was also analyzed.

According to the analysis of the correlation between the wind resource data at met mast and the sea surface temperature by
ERAS, the wind speed from the sea and the vertical wind shear are stronger than from the inland, and are vulnerable to seasonal
sea surface temperature fluctuations. In particular, the abnormal vertical wind shear, in which only the lower wind speed was
strengthened and appeared in the form of a nose, mainly appeared in winter when the atmosphere was near-neutral or stable, and
all occurred when the wind blows from the sea. This phenomenon usually occurred when there was a sudden change in sea
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surface temperature within a short period of time.
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1. Introduction

The inter-relationship between the atmosphere and the
ocean causes changes in their characteristics and influences
both local meteorological events in the short term and long-
term climate change. Among them, changes in sea surface
temperature (SST) affect the heat flux exchange of water
vapor, causing changes in the atmospheric boundary layer
(ABL) in the ocean and coastal areas (Liu et al. 2007). In
particular, an increase in the SST in summer causes the
convergence of water vapor in the lower atmospheric
boundary layer, causing the atmospheric stability to be
unstable, potentially changing meteorological phenomenon
and local climate in coastal areas. In this regard, Fan et al.
(2016) reported that sea surface temperature anomalies in
tropical seas can influence the Asian monsoon in summer
and determine the shape of precipitation. Qu et al. (2012)
found that the North Atlantic Oscillation (NAO) has a
significant correlation with sea surface temperature, wind,
and sea ice area surrounding Greenland.

Depending on the climatic characteristics, the
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interaction between the atmosphere and the ocean can be
more active in coastal areas than inland, resulting in rapid
changes in the fluidity of the atmosphere in the atmospheric
boundary layer in coastal areas in a short period of time
(Cui et al. 2021, Andrea et al. 2021). In particular,
compared to inland areas where the amount of water vapor
in the atmosphere is relatively small, frequent fogging due
to a large inflow of water vapor, typhoon damage due to a
continuous supply of latent heat, or large amounts of
precipitation all year due to wind and flood damages will
limit daily human life in coastal and offshore areas. Above
all, the active interaction of the ocean with the atmosphere
implies that it is susceptible to direct and indirect wind
damage, which is directly related to the flow characteristics
of the atmosphere (Ryu ef al. 2021).

In the case of complex mountainous terrain, hilly or
coastal areas, strong low-level vertical wind shear may
occur in the vertical direction due to the large wind speed
difference between the upper and lower layers under the
atmospheric boundary layer (Chae et al. 2020). In general,
wind shear occurs near the upper jet stream or near the
tropospheric interface altitude, but it often occurs when a
strong downdraft is accompanied by a strong wind speed in
the upper layer or the front where air masses meet in the
lower atmosphere.

Wind shear can quickly diffuse floating air pollutants
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Fig. 1 Introduction to research procedures and methodologies

and dilute their concentration in the atmosphere, but in
some cases, it can cause physical damage, such as the
appearance of strong meteorological disasters and building
collapses (Piotr et al. 2021, Huang et al. 2021).

Ashok (2002) reported that the concentration of
pollutants in the atmosphere can be rapidly diluted when
vertical wind shear is active in coastal areas. However,
Klotz and Jiang (2017) mentioned that the movement and
strength of tropical cyclones can be determined by the
direction and magnitude of wind shear. Wen et al. (2017)
also revealed that the power output by the wind turbines
decreased as the vertical wind shear became stronger, and
the load was transmitted strongly to the blades, which could
shorten the life of the turbine. Hunter ef al. (2001) also
reported that the amount of wind power generation was
decreased by more than 40% when a strong vertical wind
shear occurred.

Golding (2005) stated that the vertical wind shear at a
low level near the surface greatly impedes the take-off and
landing of aircraft, and is regarded as one of the major
causes of aviation accidents worldwide every year.
According to Dennis and Kumyjian (2017), as the wind shear
magnitude increased, the updraft of the storm became
stronger, the amount and mass of hail increased, and the
residence time in the atmosphere became longer. Shen et al.
(2013) reported that vertical wind shear develops a thick
atmospheric mixing layer, which disturbs the rainfall
system in southern China in early summer and contributes
to large-scale heavy rainfall.

Similarly, vertical wind shear, which can readily occur
near coastal areas, can produce significant disasters and
large-scale damage depending on the exact environmental
situation (Ryu et al. 2022a, 2022b). It is well documented
that the creation and dispersion of turbulence is influenced

by the sea surface temperature, which dictates the amount
of vertical wind shear, that can last for a few hours or
several months (Yoo et al. 2014). 1t is reported that the cold
water zone generated in coastal areas is closely related to
land-sea breeze circulation and wind speed change (Ji et al.
2014). The magnitude of this vertical wind shear can be
influenced by local atmospheric stability changes. When
constructing an offshore wind farm, it is recommended to
construct wind turbines in an area with relatively little
change in atmospheric stability by analyzing the
atmospheric stability of various sites in advance. In
addition, more efficient wind farm operation may be
possible if the wind turbine design load is higher than that
of other regions in areas with strong vertical wind shear
(Kim et al. 2021b).

In particular, prior to the development of offshore wind
farms, which are rapidly progressing along with the carbon
neutrality issue, it is necessary to conduct prior research on
the regional climate or micro-meteorological characteristics
of wind resources in coastal areas.

Therefore, in this study, the purpose of this study was to
investigate the effect of coastal sea surface temperature
changes on atmospheric stability and vertical wind shear
using a meteorological mast operated in a test bed for a
wind farm in Hevsere, a coastal area in Denmark. The
analysis procedure is shown in Fig. 1, and the process is as
follows.

+ After conducting a basic wind resource characteristic
analysis using the meteorological mast observation data,
low-level wind shear reinforcement cases that correspond
the ICAO wind shear warning standards are extracted.

* Through atmospheric stability analysis, classify when
the atmospheric conditions are the main occurrence of such
abnormal phenomena.
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Fig. 2 Satellite view of DTU Hevsere testbed and meteorological mast in Denmark coastal site

Table 1 Meteorological mast observation data and reanalysis data information

Site

Hevsere DTU test site (56.44°N, 8.14°E)

Data period

2014.01.01. ~ 2014.12.31. (1hr averaged)

Mast height[m]

Data

Met.
mast

120
Wind speed(WS),
Wind direction(WD),
Air temperature(T),
Air pressure(P)

WS
WD

10, 40, 60, 80, 100, 116.5
10, 60, 100

Measurement height [m]

Analysis
Data
Name

Producer

Resolution

Reanalysis data

Data

T 2, 100
P 2, 100
Era-interim
ECMWF

0.75°%0.75°

Sea surface temperature (SST)
Surface Sensible heat flux
(SSHF)

Vertical Velocity
VV)

* Analyze whether the case of low-level wind shear

reinforcement in the coast is closely related to the
change in sea surface temperature within a short time.

This is to promote structural stability of offshore wind
turbines and to wunderstand changes in coastal
meteorological characteristics due to local climate change.

2. Data and methods
2.1 Site and meteorological data

The target area includes the wind farm test bed operated

by the wind energy research institute of DTU (Denmark
Technical University) in Denmark. The provided wind
speed data were 10, 40, 60, 80, 100, and 116.5 m, and the
atmospheric parameters (air pressure, air temperature) were
analyzed in units of one hour from January 1 to December
31, 2014 (Pedersen et al., 2019). There were total of 7
megawatt-scale onshore/offshore wind turbine test areas in
the test bed site, and the purpose was to acquire certification
for turbine safety, power performance, and noise emission.
As shown in Fig. 2, the target site was located about 1.7
km from the west coast of Denmark. The surrounding
terrain was flat with an elevation of 3 m above sea level and
consisted of wide grassland. A total of five wind turbines
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Table 2 Atmospheric stability indices criteria and atmospheric boundary layer properties.

Wind shear exponent

Richardson number

ABL" properties

Strongly Unstable a <00
Unstable 00< a<01
Near-Neutral 01<a<02
Stable 02<a<03

Strongly Stable a>03

R<-0.86 Lowest wind speed and shear, Highly TI*
-0.86<R<-0.1 Lower wind speed and shear, High TI
0.1 <R<0053 &?fggfggiz

0.053<R<0.134 High wind speed and shear, Low TI

Ri>0.134 Highest wind speed and shear, Lowest TI

*ABL: Atmospheric boundary layer
*TI: Turbulence intensity
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Fig. 3 Time series graphs using meteorological observation data. (a) Diurnal change of wind speed and wind direction; (b)
diurnal change of vertical wind shear and air temperature; (c) scatter plot between vertical wind shear and Richardson
number (Red circles-wind shear at 10-60 m, yellow squares-wind shear at 60-116.5 m)

were located in the north-south direction, and a 120 m high
meteorological mast (56.44°N, 8.14°E). Since March 1,
2004, the DTU wind research institute has been measuring
wind speed, wind direction, air temperature and pressure,
and relative humidity. This testbed is located on the coast,
but is actually a site to test offshore wind turbines. This is
because during testing, technicians always have direct
access to the wind turbine when they need to change
components and maintain the turbine. Offshore, it is
impractical to test a prototype wind turbine because of the
many restrictions on turbine operation.

Sea surface temperature was extracted from the
reanalysis data of Era-interim (ECMWF ReAnalysis

Interim) (Dee et al. 2011) provided by the European Center
for Medium-Range Weather Forecasts (ECMWF). The data
period was same as the observation data, i.e., from January
1 to December 31, 2014, and the resolution was 0.75° x
0.75°, which corresponded to about 80 km in mid-latitude.

2.2 Atmospheric stability

Atmospheric stability is an important factor used to
define atmospheric turbulence or to describe the magnitude
of atmospheric diffusion (Kim et al. 2021a). It refers to the
degree to which the atmosphere in a state of mechanical
equilibrium is slightly disturbed to return to its original state
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or the state of the atmosphere is likely to change
significantly. Atmospheric stability can be classified into
three stages: unstable, neutral, and stable. Atmospheric
stability can be broadly classified as mechanical stability
and thermal stability. Atmospheric stability based on
Richardson number including changes in temperature or
heat flux is called “thermal atmospheric stability”, and
atmospheric stability based on wind shear and turbulence
intensity without thermal factors can be called “mechanical
atmospheric stability”.

Table 2 shows the stability criteria of wind shear, which
is a representative mechanical atmospheric stability index,
Richardson number, which means thermal atmospheric
stability, and atmospheric boundary layer characteristics
(Wharton and Lundquist 2012).

2.2.1 Wind shear exponent

The wind shear exponent in power law represents a
mechanical atmospheric stability. When the atmospheric
stability is near-neutral state, the vertical wind speed
distribution in which the wind speed constantly increases
according to the height (Ryu ef al. 2016). The wind shear
exponent (a) is a correction factor that follows the ground
state around the observation point as shown in Egs. (1)-(2).
The power law exponent is therefore the gradient of a line
fit by the least squares method to the log of the wind speed,
and the log of the height. The exponent is not constrained as
a wide range of wind shear can occur under non-neutral
conditions (Wagner ef al. 2009).

U%= (Zi) (1)

_ In(U) - In(U,)

T Mm@ - (2) @)

*r: reference height

2.2.2 Richardson number

The Richardson number is both an indicator of
turbulence and stability. A very negative Richardson
number indicates that convection prevails and winds are
weak with a strong vertical motion characteristic of an
unstable atmosphere. As the mechanical turbulence
increases, the Richardson number approaches zero with a
neutral stability (06/0z = 0). Finally, as the Richardson
number increases, vertical mixing stops and the atmosphere
begins to stratify, resulting in mechanical turbulence (Lu et
al. 2020).
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Fig. 4 Wind speed scatter plots and heatmaps according to
the wind direction. (a)-(b) 10 m; (c)-(d) 100 m. Blue dots
and red dots represent wind speed from the sea and land,
respectively.

3. Result analysis
3.1 Meteorological mast observation data

When the diurnal change of wind speed was examined
at 6 heights of the meteorological observation tower, the
wind speed at 10 m, which was the lowest layer, showed the
highest wind speed at 1300 LST (Local Standard Time)
(Fig. 3(a)).

However, the diurnal change pattern of the upper layer
was different from that of the surface layer. This was
because the surface heat flux that increased during the day
formed a strong turbulence and increased the wind speed at
near the surface. However, as the height was increasing, the
heat flux emitted from the surface did not reach the upper
layer, therefore the increase in wind speed remained
unaffected.

As a result, the difference in wind speed between the
upper and lower layers became smaller during daytime and
larger at nighttime. In other words, the generation and
strength of turbulence in the vertical direction are affected
by the temperature gradient between the upper and lower
layers, which has an impact on vertical wind shear
production and disappearance. As shown in Fig. 3(b),
during the day when the temperature of the upper layer (100
m) was lower than that of the lower layer (2 m), the vertical
convection became active and the difference in wind speed
by height became smaller.

The Richardson number was calculated using the wind
speed, air temperature, and potential temperature data at the
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Fig. 5 Monthly diurnal wind shear and Richardson number change. Red dashed line: Richardson number; Green solid line:
wind shear at 10 m and 60 m; Light green solid line: wind shear at 60 m and 116.5 m; Blue dotted line: wind shear at 10 m

and 116.5 m

heights of 10 m and 100 m. From now on, the wind shear
between 10 m and 60 m is referred as the low-level wind
shear (LLWS) and the wind shear between 60 m and 116.5
m is referred as the upper level wind shear (ULWS). As
shown in Fig. 3(c), the LLWS showed a relatively positive
value, however, since it was directly affected by the heat
flux of the land surface, it was more unstable than the
ULWS in terms of thermal atmospheric stability.

In order to investigate the wind speed variation
characteristics of wind resources blowing from the sea and
land, the observed wind speed of each direction is shown in
Fig. 3. In the case of the north (0°£45°) and south
(180°+45°) sector, where the wind turbines and
meteorological towers were installed, the wind data may be

distorted by the wake effect of the turbine. For that reason,
only the direction from the sea (225° to 315°) and the
direction from the land (45° to 135°) were analyzed. As a
result of the analysis of the 10 m wind, the average wind
speed from the sea was 6.86 m/s, while that from the land
was 5.12 m/s (Figs. 4(a) and 4(b)). The wind showed the
same pattern at a height of 100 m. The average wind speed
from the sea reached 9.88 m/s and the average wind speed
from the land was 8.12 m/s (Figs. 4(c) and 4(d)). Regardless
of the height, the wind speed from land showed a lower
value than that of the sea because the highly friction caused
by the large surface roughness of the land affected the wind.

Fig. 5 shows the monthly diurnal change of the wind
shear coefficient and Richardson number using
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Fig. 6 Vertical wind shear coefficients (10 m-116.5 m)
scatter plots according to the wind direction. Blue dots:
from sea, Red dots: from land

meteorological mast observed data by height. In general, the
wind shear coefficient was used as an indicator of
atmospheric stability excluding thermal factors, and
represented the rate of increasing/decreasing vertical wind
speed gradient. The vertical distribution of wind speed
through the power law can be applied only in the lower part
of the atmospheric boundary layer where the change of
wind speed according to height was uniform (Wagner et al.
2009).

Wind speeds of 10 m and 60 m, 60 m and 116.5 m, and
10 m and 116.5 m, respectively, were used to confirm the
monthly averaged change of vertical wind shear coefficient.
Overall, the wind shear coefficient showed continuous high
value and small change trend in winter, forming a neutral
and stable atmospheric condition. In contrast, in summer
season, the wind shear coefficient was below 0.1 in
daytime, indicating that the atmosphere was unstable. This
was because there was no significant difference in wind
speed by height due to active atmospheric vertical mixing
from the heated surface layer.

The same result was derived from the change pattern of
the Richardson number, which indicated thermal
atmospheric stability. In winter, except for noon, most of
the near-neutral or stable state was dominant, while in the
summer, it showed a strong negative indicator and
extremely unstable atmospheric conditions continued
throughout the day.

Fig. 6 shows the vertical wind shear coefficients using
wind speed at 10 m and 116.5 m blowing from the sea and
land, respectively. As confirmed in Fig. 3, in the case of the
wind blowing from the sea, the wind speed of the upper
layer is strong, so the averaged wind shear coefficient was
0.283, showing a relatively large difference compared to the
opposite case (from land), which showed 0.166.

3.2 Era-Interim reanalysis data

Because the wind shear coefficient of wind blowing
from the sea was higher than that of wind blowing from the
land, it was found that not only the roughness of the ground,
but also the air pressure and air temperature arrangement of
the sea and land were important. The monthly averaged
changes in sea surface temperature and offshore wind speed
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Fig. 7 Daily mean sea surface temperature and offshore
wind speed (10 m) near H@vsgre observation site using
Era-Interim reanalysis data

Table 3 Wind shear warning standard manual

Variation of wind
Light 0-4 knots per 100 feet

Intensity

Moderate 5-8 knots per 100 feet
Strong 9-12 knots per 100feet
Severe Above 12 knots per 100 feet

near the Hovsere meteorological mast using Era-Interim
data are shown in Fig. 7. In the case of sea surface
temperature, it exceeded 20°C between July and August,
and the lowest value was recorded between February and
March. In the case of offshore wind speed (10 m height),
the overall wind speed value was higher than that of land,
and the pattern showing the lowest wind speed in summer
and the highest wind speed in winter was the same. It is
noteworthy that the pattern of change in sea surface
temperature and offshore wind speed was reversed, as
evidenced by the fact that the sea surface temperature was
highest in summer and the offshore wind speed was lowest
in winter.

It is analyzed the vertical velocity and sensible heat flux
(Era-interim) data at sea 11 km northwest of the
meteorological mast (Fig. 8). The sensible heat flux showed
a general pattern of increasing from 0900 LST throughout
the year, and decreased again at 1700 or 1800 LST. A high
sensible heat flux indicates that solar radiation is dominant,
and in this case, the vertical velocity increases according to
the vertical convection because the surface is heated. In
some graphs, it may seem that the vertical velocity and the
sensible heat flux are inversely proportional. It is because
the time when the vertical velocity starts to increase and the
time when the sensible heat flux increases due to the
specific heat of the sea are shifted by several hours.

3.3 Risk analysis by the wind shear coefficient

In general, according to the International Civil Aviation
Organization (ICAO), vertical and horizontal wind shear is
defined as a case in which the wind speed and direction
change rapidly, and warning standards according to the
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Fig. 8 Monthly diurnal wind speed, vertical velocity and sensible heat flux. Black Solid line: Wind speed at 100 m; Red
dotted line: Sensible heat flux at 2 m; Blue dashed line: Vertical velocity at 100 m

strength of the wind shear is suggested (Table 3). The level
of wind shear warning is defined according to the change in
wind speed by height for every 100 feet, and the most
serious level is when the wind speed changes exceed 12
knots (about 6.2 m/s) for ascending or descending 100 feet
(about 30 m). If a sudden strong wind shear is encountered
near the ground, the aircraft may experience a shock that
causes it to strain as it approaches the runway. The ICAO
regulations were examined to determine how large a wind
shear must be to be classified as dangerous to structures,
such as wind turbines.

Cases suitable for issuing warning standards were
classified by applying the observation wind speed change
by height of the meteorological mast in the same way as the
ICAO warning standards. Accordingly, cases in which the
difference between the wind speed at 10 m and 60 m
heights, which corresponded to the normal living height of
humans, exceeding 5 m/s, were selected. And then the
averaged wind shear coefficient at that time was also
calculated. Likewise, in the case where the wind speed

difference between 60 m and 100 m did not exceed 2.0 m/s
was selected. This was to select cases in which the wind
shear of the lower layer was strong but the wind shear of the
upper layer was relatively weak.

As shown in Table 4, the cases satisfying the warning
criteria lasted for 54 hours over the course of the year in
2014, mostly in the winter, and the typical wind shear
coefficient was around 0.2 at the time. Most of the cases in
which the wind speed near 60 m was abnormally strong
within a height of 100 m occurred in winter. At this time,
the atmospheric stability analysis result using the
Richardson number indicated that the atmosphere was in a
stable or near-neutral state.

After examining the wind direction distribution to
determine in which environment the selected cases
primarily occur, it was discovered that they all match
circumstances where the wind blows from the sea (Fig. 11).
The wind blowing from the offshore without large obstacles
showed a large wind shear scale in the vertical direction in
the lower layer, and the author tried to analyze the cause by
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Table 4 Case of wind shear warning in Hgvsgre

Item Properties
Above 5 m/s gap between

Criteria 10 m and 60 m, and then below 2.0 m/s gap between 60 m and 100 m
Number of cases 54 hours (out of 8741 hr)
spring 1.85% summer 3.70%
Season
autumn 0% Winter 94.45%
10 m-60 m 60 m-100 m
Averaged wind shear coefficient
0.223 0.206
Strongly unstable 0%
Unstable 5.56%
Atmospheric stability g o
(Richardson number) Near-neutral 64.81%
Stable 25.93%

Strongly stable 3.70%
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judging that this phenomenon is related to the local
characteristics of the offshore area.

3.4 Case study of changes in wind shear coefficient
due to sea surface temperature

Since the cases that cause strong wind shear were limited to
wind direction blowing from the sea, cases were selected
where the wind speed difference by height increased
unexpectedly and analysed the sea level air pressure
arrangement and sea surface temperature change at the time.
On December 3, 2014, the wind speed difference between 10
m and 60 m was only 1.2 m/s, but 12 hours later, it increased to
4.5 m/s in 18 UTC and 5.3 m/s in 24 UTC, showing a
significant change over a short period of time. When
comparing the air pressure arrangement in the sea near the
observation point to before the occurrence of strong wind shear
(Fig. 12(b)), there was a tendency for the air pressure to
decrease slightly (Fig. 12(a)). However, there was no
significant change in the overall air pressure arrangement. The
change in the sea surface temperature distribution was
analysed to evaluate the contribution of the sea surface
temperature change to the formation of strong wind shear, as it
was judged that the effect of the change in atmospheric
pressure was insignificant (Fig. 13). The sea level temperature
in the area indicated by the blue square had a high distribution
form above 11°C before substantial wind shear occurred, as
shown in Fig. 13(a). On the other hand, when strong wind
speed shear occurred, in the case of Fig. 13(b), the sea surface
temperature in the area around the observation point decreased
by 1.25°C on average. The general sea surface temperature
difference according to the average 6-hour interval from 06
UTC to 00 UTC the next day in December 2014 was shown as
the solid black line in Fig. 14.

However, the difference in sea surface temperature
according to the time of the day when strong low-level wind
shear occurred was larger than the average. As the sea
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Fig. 12 Mean sea level pressure distribution according to

(a) cases of weak vertical wind shear and (b) strong

vertical wind shear event. Black square includes the
observation site (unit : hpa).

surface temperature increased, the upper and lower wind
speeds became similar due to the active vertical mixing of
the atmosphere near the sea surface, and a weak mechanical
wind shear was formed.

However, as the sea surface temperature decreased at night,
the mixing action in the vertical direction within the boundary
layer was weakened, and the wind speed for each height were
clearly divided, and it was believed that the strong vertical
wind shear was formed due to the strong wind speed of the
upper layer and the lower wind speed of the lower layer. Also,
as confirmed earlier, the concentration of strong wind shear
cases in winter was also presumed to be due to the weakening
of the vertical convection due to low sea surface temperature.

This indicated that the role of SST/winds on coastal
circulation and climate formation cannot be neglected, even
in a region where the coastal topography was complex and
left strong imprint of coastal winds (Boe ef al.2011, Seroka
et al. 2018).
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4. Conclusions

In this study, the observation (wind resource) data of the
meteorological mast located at the Hovsere testbed in the
coastal area of Denmark, and the sea surface temperature
distribution of the Era-Interim reanalysis data was used to
analyze the case where low-level strong wind shear
occurred. The results of the three studies are summarized
below.

1) As a result of analyzing observation data by height,
there was no significant difference in wind speed by height
during the daytime and summer when the heat flux
exchange between the land surface and the atmosphere was
active. On the other hand, as the vertical mixing action
weakened at night and in the winter, the difference in wind
speed according to height increased, resulting in the
creation of an environmental characteristics where strong
wind speed shear could easily occur.

2) Cases of strong wind shear were selected by similarly
applying the wind shear warning criteria of the International
Civil Aviation Organization (ICAQO), and a total of 54 cases
occurred throughout the year. At this time, the average wind
shear coefficient was about 0.2, and 94% of the total
selected cases were confined to winter.

A specific day was selected among the cases where very
strong wind shear occurred, and as a result of using the Era-
Interim reanalysis data to check the distribution of air
pressure and sea surface temperature that has the most
influence on the wind speed and direction in the coastal
area.

Although there was no significant change in the
atmospheric pressure distribution over time, it was
confirmed that there was a large change in the sea surface
temperature distribution.

3) Before the occurrence of strong vertical wind shear,
the sea surface temperature was relatively high, and this
caused a strong vertical mixing action along the coastal
sites, which made the difference between the upper and
lower wind speeds smaller. On the other hand, during the
time of strong wind shear, the sea surface temperature
decreased.

As a result of the separation between the upper layer's
high wind speed and the lower layer's low wind speed,
significant wind shear could occur. Due to the interaction
between the atmosphere and the sea, which occurs actively
in coastal areas, meteorological factors in the atmosphere
and marine boundary layer can change rapidly, and
accordingly, they can be easily exposed to damage for
offshore/coastal wind turbines, such as the appearance of
local severe weather phenomena, local climate change, and
storms. In order to prevent and minimize damage by
disasters such as strong wind speed shear and turbulence in
coastal areas analyzed in this study, it is believed that
evaluation such as the timing of occurrence and systematic
climate factor analysis through various natural disasters
damage cases is necessary.
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