Acta Oceanol. Sin., 2015, Vol. 34, No. 9, P. 126–135
DOI: 10.1007/s13131-015-0644-5
http://www.hyxb.org.cn
E-mail: hyxbe@263.net

A geomorphological response of beaches to Typhoon Meari in
the eastern Shandong Peninsula in China
DING Dong1, YANG Jichao1, 2*, LI Guangxue1, DADA Olusegun A1, 3, GONG Lixin1, WANG Nan1,
WANG Xiangdong1, ZHANG Bin1
1 College of Marine Geosciences, Ocean University of China, Qingdao 266100, China
2 National Deep Sea Center, State Oceanic Administration, Qingdao 266061, China
3 Department of Marine Science and Technology, Federal University of Technology, Akure 340252, Nigeria

Received 23 November 2014; accepted 16 March 2015
©The Chinese Society of Oceanography and Springer-Verlag Berlin Heidelberg 2015

Abstract

Eight representative beach profiles on the eastern coast of the Shandong Peninsula are observed and measured in
2011 and 2012 to determine the coastal processes under the lower tropical wind speed condition and the beach
response to and recovery from the tropical storm Meari in a rare typhoon region. The results show that it is the
enhancement and directional change of cross-shore and longshore sediment transports caused by Meari that
leads to the beach morphological changes, and most of the sediment transports occur during the pre-Meari
landing phase. The erosional scarp formation and the berm or beach face erosion are the main geomorphological
responses of the beaches to the storm. The storm characteristics are more important than the beach shapes in the
storm response process of the beaches on Shandong Peninsula. The typhoon is a fortuitous strong dynamic event,
and the effect on the dissipative beach is more obvious than it is on the reflective beach in the study region.
Furthermore, the beach trend is the main factor that controlls the storm effect intensity, and it is also closely
related to the recovery of the beach profiles.
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1 Introduction
A typhoon has the potential to modify the beach morphology
within a short period of time (Jiménez et al., 2012; Sherman et al.,
2013). This short-term change is the resultant of the wind-induced wave and water accretion caused by the typhoon, which
alters the material balance (Switzer and Jones, 2008) and causes
sediment redistribution between on shore and offshore areas
(Coco et al., 2014). The beach response to storm forces is highly
variable and includes the presence or absence of a dune system
(Sallenger et al., 2006; Kennedy et al., 2010), construction or destruction of a barrier system (Fritz et al., 2007; Morton, 2008;
Miner et al., 2009), overwash fan development (Wang and Horwitz, 2007; Feagin and Williams, 2008; Otvos, 2011), and
nearshore bar modification (Wang and Horwitz, 2007; Feagin
and Williams, 2008; Otvos, 2011). Some beaches respond quickly
with attending strong morphological changes (Lee et al., 1998;
Otvos, 2004), while others respond slowly with little or no change
(Qi et al., 2010). All of these responses are mainly controlled by
the combination of storm characteristics and coastal geomorphology (Morton, 2002; Claudino-Sales et al., 2008; Pardo-Pascual et al., 2014), which include a storm intensity, speed, duration,
and frequency of the typhoon; a relative position between storm
and beach; the width and height of the dune; the scale and continuity of the nearshore bar; a vegetation type; and the trend of
the beach.

Beaches are commonly located within densely-populated
and fast-developing regions, where typhoons can cause significant beach erosion, serious coastal infrastructure destruction, and
huge economic loss within a short period (Schwab et al., 2000;
Stive et al., 2002; Yu et al., 2013). In the Shandong Peninsula,
typhoonsoccur one point one times every year, far less than that
12 times a year in South China (Qi et al., 2010). Because of the
special coastline trend of the Shandong Peninsula, whether
typhoons land on the region or not, the effect always caused serious destruction in the coastal region. However, at present, the research on the beach response to typhoon impacts has not been
carried out in the study region. In view of this, this study aimed at
investigating the coastal processes under the lower tropical wind
speed condition and the beach response to the tropical storm in
the rare typhoon region the Shandong Peninsula. The beach
morphological characteristics before and after the Typhoon
Meari event were observed and measured in 2011 and were repeated in 2012 to determine the recovery of these beaches.
2 Regional setting
2.1 Study area
The study area, which is surrounded by the Yellow Sea to the
north, east and south, is located in the eastern part of the Shandong Peninsula. The coastline is approximately 1 000 km long
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and mainly classified into two types: cape-bay coast and
straightened coast (Fig. 1). According to Yang et al. (2012), there
are 59 beaches in the study area with four profile forms: reflective beach, longshore bar-trough beach, low-tide terrace beach,
and dissipative beach. The area is a typical temperate continental monsoon climate controlled by the East Asian monsoon, and
dominated by the south wind in summer and north-north-west
wind in winter (CCRBC, 1991, 1993). The waves operating in the
area are the mixed type, dominated by the wind-induced waves,
and the dominant tides are irregular and regular semidiurnal
tides (CCRBC, 1991, 1993). On average, beaches in the study area
have been impacted approximately one point four times a year
since 1949 by typhoons from the Pacific northwest during the
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summer season. Based on the data from the six weather stations
in the study area, the dominant wind direction is usually SSW
and SSE in June and July without typhoon impacts (Fig. 2).
2.2 Typhoon Meari
The No. 1105 tropical storm “Meari” was formed in the northwest Pacific off the eastern coast of Luzon Island, at 06:00 PM on
June 21, 2011. The storm center, which was located at 12.6°N and
130.1°E, moved NNW quickly at a maximum wind speed of 25
m/s. Meari landed on the southeastern coast of Chengshan Town
(37.3°N, 122.6°E), the eastern Shandong Peninsula at 09:10 PM
on June 26, then moved NW at a maximum wind speed of 23 m/s.
Once it reached the north coast of Rongcheng City, Meari

Fig. 1. Track of Typhoon Meari and location of Yintan (YT), Jinghaiwei (JHW), Chudao (CD), Coastal Park (CP), Tianehu (TEH),
Wenshibaotan (WST), Banyuewan (BYW), and International Bathing Beach (IBB). BS: Bohai Sea; NYS: North Yellow Sea; SYS: South
Yellow Sea; ECS: East China Sea; SCS: South China Sea; NW Pacific Ocean: Northwest Pacific Ocean.

Fig. 2. The wind rose during June and July without typhoon impacts, according to six weather stations.
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migrated northward to the North Yellow Sea at 11:00 PM on June
26. Meari landed again on the western coast of the Korean Peninsula at 07:10 AM on June 27, with a maximum wind speed of 16
m/s. This continued until it retired at 08:00 AM on June 27. The
moving path of Meari is shown in Fig. 1. The wind parameters recorded at six weather stations in the study area during Meari
showed that the dominant direction of the wind was contrary to
the normal June and July weather conditions (Table 1). In addition, Meari was the first typhoon in June, and it was one of the 12
typhoons that have landed on the Shandong Peninsula since
1949.
3 Materials and methods
Eight representative beach profiles were chosen on the coast
of the eastern Shandong Peninsula based on the coast types and
beach profile shapes (Figs 1 and 3): Yintan (YT), Jinghaiwei
(JHW), Chudao (CD), Coastal Park (CP), Tianehu (TEH), Wenshibaotan (WST), Banyuewan (BYW), and International Bathing
Beach (IBB). Eight fixed piles were set upon the backshore of
every beachas the relative benchmark. The relative elevations of
the cross-shore beach profiles were measured from the pile to the
edge of the swash by using Leica TC805 Total Station on May 29
to June 1, 2011 (pre-Meari), June 28 to 29, 2011 (post-Meari), and
October, 2012. Sediment samples taken from the surface of the
beaches were tested using a sieving method in the laboratory. In
addition to this, the historical wind, wave and tide data, and the
wind data recorded by the six meteorological stations during
Typhoon Meari (Table 1) were also collected to analyze the response of the beach profiles to Meari. Because of the lack of tidal
data during Meari, this factor was not considered in this study.
It was difficult to obtain the wave data in the study area;
therefore, the wave parameters were calculated from the wind
parameters. The wave height and the wave length in deep water
were calculated using the empirical Eqs (1) and (2) (MCC, 1998;
USACE, 2002):

H 0 = 2:359H rms
1
H rms =
H 1=10
1:80
H 1=10 = 0:004 7g ¡0:59 F 0:41 u1:18

9
>
>
=
>
>
;

;

(1)

where H0 is the wave height (m) in deep water; Hrms is the rootmean-square wave height (m) in deep water; H1/10 is the average
height (m) of the a tenth part of all waves in a record; g is the acceleration (9.8 m/s2) due to gravity; F is the length (m) of wind
fetch; and u is the wind velocity (m/s).
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(2)

where L0 is the wave length (m) in deep water; T is the mean
wave period (s); and T1/10 is the average period (s) of a tenth part
of all waves in a record.
The longshore sediment transport rate was calculated from
the wind parameters using Eq. (3) (Cai and Su, 2001):
Q I = 1:906 £ 10¡8 g ¡0:97 F 1:03 u2:94 cos1:2 ®0 sin ®0;

(3)

where QI is the longshore sediment transport rate (m3/s) calculated by the volume; and α0 is the complementary angle between
the wind and coastline directions. The derivation process of Eq.
(3) was divided into two steps. The first step was the calculation
of the wave factors in deep waters using wind factors, and the
second step was the derivation of the QI using the wave factors in
deep waters. The first step was based on the measured wind data
in the Bohai Sea and the Yellow Sea. The range of the wind speed
was from 8 to 21 m/s, and the depth was from 19.5 to 23.4 m. The
second step used common empirical parameters. Therefore, Eq.
(3) was also applicable to our study.
The cross-shore transport of the sediment is complicated under wave action. For there is no well-defined mathematical

Table 1. Basic condition of the target beaches
Parameters
Wind between
frequent WD/(°)
June and July
frequency

YT
JHW
CD
CP
TEH
WST
BYW
IBB
180.0
202.5
202.5
247.5
202.5
202.5
180.0
180.0
37.8
19.2
29.4
12.1
36.2
36.2
24.0
24.0
3.8
5.1
4.5
4.0
6.0
6.0
5.2
5.2
mean WS/m·s–1
9.4
11.8
9.6
9.0
11.9
11.9
11.2
11.2
max WS/m·s–1
Wind during
frequent WD/(°)
6.9
22.5
46.1
68.6
77.4
77.4
5.0
5.0
Meari
–1
7.2
8.4
8.6
11.8
14.7
14.7
8.1
8.1
mean WS/m·s
9.7
10.6
10.2
15.3
18.5
18.5
10.5
10.5
max WS/ m·s–1
Marine dynamic H /cm
84.5
46.5
30.0
13.2
47.5
70.0
39.8
39.8
conditions
4.2
2.7
2.2
3.4
2.5
3.8
5.06
5.1
T /s
244
253
170
110
91
75
135
159
R /cm
Beach
coast trend/(°)
252
256
240
215
225
260
175
75
parameters
tanβ
0.069
0.138
0.033
0.131
0.113
0.104
0.130
0.073
D/mm
0.158
0.427
0.306
0.447
0.399
0.961
1.190
0.454
ε
8.6
2.7
46.2
3.4
4.7
3.8
1.0
3.1
Notes: Wind during Meari refers to the wind between 2011-06-25-00:00 and 2011-06-28-00:00 in particular; IBB–International Bathing
Beach; BYW–Banyuewan; WST–Wenshibaotan; TEH–Tianehu; CP–Coastal Park; CD–Chudao; JHW–Jinghaiwei; YT–Yintan; WD: wind
direction; WS–wind speed; H –mean wave height; T –mean wave period; R –mean tidal range; tanβ–foreshore gradient; D–median grain size;
ε–surf scaling parameter (Yang et al., 2012); the 90° coast trend is defined as that rotates the N-S trend coast line 90° clockwise, and then the sea
is on the north.
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Fig. 3. Remote sensing images of YT, JHW, CD, CP, TEH, WST, BYW and IBB.

model to calculate the cross-shore transport rate (Qi et al., 2009).
Despite this limitation, an equation derived parameter was used
to identify the mode of the cross-shore sediment transport. In
this study, the following equation was used to ascertain the direction of the cross-shore transport (Dalrymple, 1992):
P=

gH 02
;
W f3 T

(4)

which implies that the sediment is transported to the land when
P is less than 10 000, whereas the sediment is transported to the
sea when P is greater than 10 000.
For sand, the fall velocity was in a transition region between
the dependence of D2 and D1/2. Therefore, the sediment fall velocity was calculated using the following equation, as stated in the
Coastal Engineering Manual (USACE, 2002):
Wf = ¡

6º
+
D=1 000

sµ

6º
D=1 000

¶2

+

2 ½s ¡ ½
D
g(
);
3 ½
1 000

(5)

where Wf is the sediment fall velocity; D is the sediment grain
diameter (mm); ρs is the mass density (kg/m3) of sediment; ρ is
the mass density (kg/m3) of sea water; and ν is the kinematic viscosity (m2/s) in sea waters and can be calculated by the following
equation:
º = 1:899 £ 10¡6 exp(¡0:042t 0:87 );

(6)

where t is the temperature (°C) of sea water.
The mean profile-change (CMP; Qi et al., 2010) is the absolute
value of the average variation of the profile before and after the
typhoon, and is expressed by the following equation:

C MP =

Rx 2
x1

jzb ¡ zaj dx
x2 ¡ x1

;

(7)

where za and zb are the elevation at x before and after the storm,
respectively.

4 Results
4.1 Changes of profile morphology
The NEE-trending (“trending” is omitted subsequently) IBB
(2 km long, 70 m wide) is a low-tide terrace beach (Yang et al.,
2012). It is located on a cape-bay coast with a low dune on the
backshore, a 15 m wide berm in the high tide zone, and a comparatively large slope beach face (Fig. 3) (Yang et al., 2012). The
closed distance between the profile and the path of Meari was
approximately 34 km. The beach was successively impacted by
NNE and NWW landward winds. The NNE wind, which had a
higher average speed (7.96 m/s) and longer duration (20 h), had
a greater effect on the beach than the NWW wind. After Meari,
erosion occurred in the middle- and low-tide zones, where as accretion was recorded in the high-tide zone (Fig. 4a). On the contrary, the berm and dune retreated by 7.6 and 8.4 m, respectively.
The CMP was 0.18 m.
The NNW BYW, which is 0.7 km long and 55 m wide, is located on a cape-bay coast (Fig. 3) with a coast park on the backshore, high berm in the high tide zone, and a large sloped beachface. It is a typical reflective beach (Yang et al., 2012). The beach
was 25 km away from the path of Meari and was successively impacted by the NNE landward wind (the average speed is 8.0 m/s,
duration is 20 h) and the NWW offshore wind (the average speed
is 7.5 m/s, duration is 14 h). The landward wind had a higher average speed and longer duration than the offshore wind. The
shape of the profile did not change much, but the berm retreated
by 4.8 m (Fig. 4b). The CMP was 0.19 m.
The E-W WST, which is 5.6 km long and 60 m wide, is located
on a barrier-lagoon coast (Fig. 3). The beach is closed to a coastal
road with a narrow berm in the high tide zone and a 4 m wide
pebble zone in the low tide zone. It is a typical reflective beach
(Yang et al., 2012). The profile was only 1.7 km away from the
place where Meari migrated in the North Yellow Sea. The NNE
landward wind (the average speed is 14.7 m/s, the duration is 25
h) and the NW offshore wind (the average speed is 10.1 m/s, duration is 12 h) affected the beach successively, and the landward
wind had the most effect on the beach. When compared with the
profile shape before Typhoon Meari, the high-tide zone accreted
upward by 0.67 m, and the middle- and low-tide zones eroded
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Fig. 4. A comparison of the beach profiles in Weihai City before and after Meari’s landing. The short dotted line denotes the preMeari profile. The black line denotes the profile after Meari. The long dotted line denotes the mean sea-level. The brown line with
filling denotes the artificial structures. a. IBB, b. BYW, c. WST, d. THE, e. CP, f. CD, g. JHW and h. YT.

downward by 0.44 m, and the slope of the beach-face changed
from 4.7° to 5.2° (Fig. 4c). The CMP value was 0.16 m.
The NE TEH, which is 4.8 km long and 40 m wide, is located
on a sand spit coast (Fig. 3). It is a longshore bar-trough beach
with a windbreak forest belt on the backshore (Yang et al., 2012),
a 1 m high erosional scarp on the coastline, and a rhythmic topography in the middle-tide zone (Yang et al., 2012). The profile
was only 3 km away from the landing place of Typhoon Meari.
The NEE landward wind (the average speed is 14.7 m/s, duration
is 25 h) affected the beach more than NW offshore wind (average
speed=10.1 m/s, the duration is 12 h). After Typhoon Meari, the
middle- and low-tide zones eroded downward by 1.46 m (Fig.
4d), the scarp grew from 0.75 to 1.84 m (Figs 5a and b) without
any trace of retreat, and the slope of the beach-face changed
from 5.7° to 10.2°. The whole beach profile eroded with a high
CMP value of 0.96 m.
The NEE CP, which is 5.5 km long and 90 m wide, is located
on a barrier-lagoon coast (Fig. 3). It is a typical low-tide beach

terrace characterized by a high berm (Yang et al., 2012), steep
beach-face, and a gentle low-tide terrace (Yang et al., 2012). The
profile was 20 km southward from the landing place of Typhoon
Meari and was impacted successively by the NEE landward wind
(the average speed is 11.3 m/s, the duration is 23 h) and the
NWW offshore wind (the average speed is 8.3 m/s, the duration is
19 h). The landward wind had more impact on the beach. There
was no obvious change in the high-tide zone when compared
with the pre-Meari profile (Fig. 4e). In addition to this, the beach
face eroded downward by 0.39 m, the slope of the beach face increased from 5.7° to 7.4°, and the CMP value was 0.14 m.
The NE CD, which is 3 km long and 100 m wide, is located on
a tombolo coast. It is a typical dissipative beach without a berm
or beach cusp on the gentle beach profile (Yang et al., 2012), but
an artificial dune on the backshore. The beach was 23 km away
from the path of Meari and was impacted successively by the NE
offshore wind (the average speed is 8.6 m/s, the duration is 21 h)
and the W landward wind (the average speed is 8.0 m/s, the dur-
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ation is 14 h). The offshore wind had a higher average speed and
a longer duration than the landward wind. When compared with
the profile shape before Typhoon Meari, the whole beach
erodeda low CMP value of 0.10 m, and the slope changed from
2.2° to 3.5° (Fig. 4f).
The NEE JHW, which is 2 km long and 85 m wide, is located
on a cape-bay coast. It is a low tide terrace beach (Yang et al.,
2012) with a 0.5 m high erosional scarp on the backshore, a narrow and inclined berm, and a low-tide terrace. The nearest distance between the beach and the path of Meari was approximately 60 km. The N offshore wind (the average speed is 8.7 m/s,
the duration is 14 h) affected the beach more than the NWW
landward wind (the average speed is 7.3 m/s, the duration is 11
h). After Typhoon Meari, the high tide-zone accreted upward by
0.40 m, the middle and low-tide zones eroded downward by 0.35
m, and the slope of the beach-face changed from 6.6° to 8.8° (Fig.

131

4g). Meanwhile, the eroded scarp on the backshore almost disappeared as a result of sand accumulation (Figs 5c and d). The CMP
was 0.25 m.
The NEE YT, which is 8.8 km long and 100 m wide, is located
on a sand spit coast. It has an artificial seawall on the backshore,
and a 15 m wide berm and series of huge beach cusps in the high
tide-zone (Yang et al., 2012). The nearest distance between the
beach and the path of Meari was approximately 93 km. The N
wind (the average speed is 6.7 m/s, the duration is 17 h) and
NWW offshore wind (the average speed is 4.9 m/s, the duration is
19 h) affected the beach successively; however, the N wind had a
higher wind speed and the NWW wind had a longer duration.
After Meari, the high tide zone accreted upward by 0.56 m, the
middle- and low-tide zones eroded downward by 0.58 m, and the
slope of the beach-face changed from 3.0° to 4.5° (Fig. 4h). The
CMP value was 0.28 m.

Fig. 5. Geomorphological changes of JHW and THE before and after Meari’s landing. a. TEH before Meari, b. THE after Meari, c.
JHW before Meari and d. JHW after Meari.

4.2 Variation of sediment transport
The longshore sediment transport caused by the wind was
calculated from Eq. (3) (Cai and Su, 2001) using wind data acquired from the six weather stations on the eastern Shandong
Peninsula (Table 1). The NEE wind direction during Meari
differed from the SWW wind direction that prevailed in June and
July. As a result, the directions of the longshore sediment transport for all of the beaches during Meari were also different in
June and July (Table 2).
The dominant wind direction during Typhoon Meari was
nearly vertical to the trend of the IBB. The longshore sediment
transport rate during Meari was almost the same as the normal
rate in June and July. Likewise, the wind direction was nearly parallel to the trend of the WST, although the average wind speed
was up to 14.71 m/s. The longshore sediment transport rate during Meari was the same as the normal rate in June and July. The
longshore sediment transport discharge of BYW in 24 h during

Meari corresponded to 13.6% of the total discharge during a normal June and July. During Meari, the offshore winds were pervasive on the CD, JHW and YT, and the transport discharge in 24 h
corresponded to 4.4%, 7.0% and 13.6%, respectively, of the total
discharge during a normal June and July. The TEH and CP
beaches were closest to the landing site of Meari, and the average wind speeds were up to 14.7 m/s and 11.8 m/s, respectively.
The longshore sediment discharge in 24 h during Meari corresponded to 31.3% (TEH) and 40.3% (CP) of the discharges in 2
months during a normal season. The result of the parameters
(Table 3) showed that sediment was transported landward to all
of the beaches, except YT, during the normal June and July
without a typhoon effect. Sediment was transported seaward
from all of the beaches during Typhoon Meari. Although the sediment of YT was always transported to the sea, the transport rate
during Meari obviously increased.
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4.3 Recovery of beach profiles
After Meari, the No.1109 typhoon named “Muifa” passed by
the Yellow Sea, 90 km off the Shandong Peninsula in 2011. In
2012, two other typhoons, the Damrey (No. 1210) and the
Bolaven (No. 1215), also passed by the Yellow Sea. The profile
shapes of the eight beaches were measured again in October
2012 to determine the effects of these four typhoons (Fig. 6). The
results show that the coastline of WST advances seaward by 6.6 m
when compared with the profile in 2011, and the surge profile recovers with a berm in the middle-tide zone (Fig. 6c). The profiles

of CD (Fig. 6f) and YT (Fig. 6h) were in contrast to the former
ones, as accretion obviously occurred in the high-tide zone, and
the formation of a new berm led to a more reflection against the
original dissipative profiles. Although the IBB previously had a
stable coastline, the beach profile moved to a new steady state
(Fig. 6a). Because of the artificial dunes, the coastline of the JHW
maintained its original position, but the whole beach eroded
downward by 0.7 m (Fig. 6g). The coastlines of BYW (Fig. 6b),
TEH (Fig. 6d), and CP (Fig. 6e) retreated by 4.6, 8.8, and 12.1 m,
respectively.

Table 2. Calculated results of the longshore sediment transport rate during the non-typhoon impacted period and Meari impacted
period
α0/(°)
QI/m3
QM:Q6 7/%
F/m
α6 7
αM
Q6 7
QM
IBB
0.18
15.0
5.0
100 000
2.1
4.90×104
1.03×103
BYW
0.19
85.0
80.0
100 000
13.6
1.05×104
1.44×103
WST
0.16
32.5
87.4
100 000
1.3
13.17×104
1.68×103
4
TEH
0.96
67.5
57.6
100 000
31.3
8.78×10
27.50×103
CP
0.14
57.5
56.4
100 000
40.3
3.65×104
14.70×103
4
CD
0.10
52.5
76.1
100 000
4.4
5.65×10
2.47×103
JHW
0.25
36.5
36.5
100 000
7.0
8.54×104
6.01×103
YT
0.28
18.0
24.9
100 000
13.6
2.28×104
3.11×103
Notes: “6 7” means the average value during June and July in the years without typhoon impacts, and “M” means the average value during
Typhoon Meari.
Beach ID

CMP/m

Table 3. Discriminant parameters of cross-shore sediment transport in the non-typhoon impacted period and Meari impacted period
H0/m
L0/m
T/s
Meari
67
Meari
67
67
IBB
0.45
0.056
0.40
1.91
22.35
5.03
5.10
BYW
1.19
0.106
0.40
1.91
22.35
5.03
5.06
WST
0.96
0.093
0.70
4.29
45.94
7.21
3.80
TEH
0.40
0.050
0.48
4.29
45.94
7.21
2.50
CP
0.45
0.055
0.13
3.30
36.43
6.42
3.40
CD
0.31
0.039
0.30
2.27
26.10
5.44
2.20
JHW
0.43
0.053
0.46
2.20
25.43
5.37
2.70
YT
0.16
0.158
0.85
1.69
20.11
4.77
4.20
Notes: “6 7” means the average value during June and July in the years without typhoon impacts.

Beach ID

D/mm

Wf/m·s–1

5 Discussion
5.1 Changes of the sediment transport mode
The direction of the cross-shore sediment transport shows
seasonality evidence, as sediments are transported to the sea in
winter to form an offshore bar profile and are transported landward in summer to form the berm profile (Wang and Yang, 1980;
Larson and Kraus, 1994; Dean et al., 2003). This is because long
and gentle waves prevail in summer, whereas relative short and
steep waves prevail in winter (Larson and Kraus, 1994). Not only
is the month of June the beginning of summer in the Shandong
Peninsula, but it is also the most important period when the
beach profile changes from storm type to surge type. Meari has
been the first typhoon to land on the Shandong Peninsula in the
month of June since 1949. Therefore, the attack on beaches in the
study area by the typhoon in June interrupted the normal summer evolution of the beach and brought more serious consequences.
According to the analysis results, the main direction of the
cross-shore sediment transport was landward in June and July.
However, during Typhoon Meari, the wind-induced waves be-

P
Meari
5.03
5.03
7.21
7.21
6.42
5.44
5.37
4.77

67
1 746
259
1 557
7 028
301
6 741
5 236
361 190

Meari
40 697
5 989
30 781
198 446
99 364
156 173
59 309
127 525

fore the landing of Meari, which transported the sediment back
to the sea, have more impact on the beaches. Under the control
of the wind-induced waves, with an opposite direction, the crossshore and longshore sediment transport directions were reversed. Meanwhile, the longshore sediment discharge was increased by the high longshore current. The changes of the sediment transport mode broke the material balance of the beaches
and altered the recovery of the surge profile.
5.2 Factors tostorm-effect intensity
The mean profile-change (CMP), which is defined to quantify
the storm-effect intensity of the beaches, can more accurately
represent the beach changes caused by a storm (Qi et al., 2010).
The surf scaling parameter (ε), proposed by Guza and Inman
(1975), is often used in the literature to describe the morphodynamic characteristics of beaches: the bigger the surf scaling parameter, the more dissipated the beach (Wright and Short, 1984).
Therefore, CMP and the surf scaling parameter were used to analyze the relationship between the storm-effect intensity and the
morphodynamic characteristics. The higher surf scaling parameter implies more dissipation and low storm-effect intensity.
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The CD in the study area is a good example of this relationship
(Tables 1 and 2). The low surf scaling parameter implies more reflection and more severe erosion and retreat. The reason for the
highest storm-effect intensity in the study area is more complex.
The highest CMP do not correspond to the lowest surf scaling
parameter value. The TEH has a middle value of the surf scaling
parameter (ε=4.7) (Table 1), and it has the maximum CMP (CMP
=0.96 m) (Table 2). This is because the TEH is closest to the landing site of Meari and is impacted by the most intense and longest
duration of landward wind. This result is very different to that in
the common storm region South China, where the beach types
play more important roles (Qi et al., 2010). In the Shandong Peninsula, a rare typhoon region, the typhoon characteristics have
more influence on the beach morphological response, especially
to the more reflective beaches. This is because in the common
storm region, beaches adapt to the cluster of storms which come
every year, but in a rare storm region, typhoon is only a fortuitous strong dynamic event. Therefore, not only the beach

133

morphodynamic characteristics, but also the relative position
between the storm and the beach, and the storm speed and duration should be considered as the main factors to the storm response of the beaches.
5.3 Diversity of recovery mode
A sandy beach is always in a dynamic balance between the
forces of erosion, and deposition and the forces of resuspension
and longshore transport (Komar, 1997). Once this balance is
altered, the beach adjusts itself to recover the relative balanced
state. Therefore, it is possible for a beach to recover from the
typhoon-induced erosion. This recovery can be extremely fast
(within a few days or weeks, or sometimes months), especially
when it just a minor change in the beach morphology (Morton et
al., 1994; Sherman et al., 2013). In such an instance, the beachface slope may recover within 90 d (Wang et al., 2006). However,
if the erosion occurred on the dunes or the barrier system, the
beach may recover in months to years (Thom and Hall, 1991;

Fig. 6. The recovery of theprofiles in the study area. The red line denotes the profile in 2012, the short dotted line denotes the preMeari profile, the black line denotes the profile after Meari, the long dotted line denotes the mean sea-level, and the brown line with
filling denotes the artificial structures. a. IBB, b. BYW, c. WST, d. THE, e. CP, f. CD, g. JHW and h. YT.
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Sherman et al., 2013), or move to a new equilibrium (Witmer and
Roelke, 2014). According to the distinction between the profiles,
the recovery or the new equilibrium occurred only on the NEE
beaches, whereas erosion and retreat occurred on the NE or NNE
beaches. In addition, although some of the beaches are able to
recover from the disturbance after 4 typhoons, the new profiles
with a huge berm and steep beach face are more of a reflection
with little anti-storm ability, which could easily be obliterated
again.
6 Conclusions
The enhancement and direction change of the cross-shore
and longshore sediment transports caused by Meari were the
main factors leading to the beach morphological changes. During the Meari impacted period, the pre-Meari landing phase had
more impact on the beaches. During this phase, the intense hydrodynamic conditions not only initiated a strong longshore and
cross-shore sediment transports but also completely reversed the
direction of the sediment redistribution. As a result, the morphology of the beach profiles was adjusted within a short interval,
and the main geomorphological response modes to Meari were
the erosional scarp formation and the berm or beach face
erosion.
The Shandong Peninsula is a typical rare typhoon region,
where the storm characteristics play more important roles than
the beach shapes in the storm response process of the beaches.
Typhoon is a fortuitous strong dynamic event in this region, and
the effects of the typhoon characteristics were magnified. The
storm duration and speed caused significantly different volume
changes in the beach morphology. The response beach shape to
the storm effect is more obvious on dissipative beach than it is on
the reflective beach in the study region. Apart from this, the
beach trend is the main factor controlling the storm effect intensity and is closely related to the recovery of the beach profiles.
When the beach trended close to E-W, the middle- and low-tide
zones eroded while the high-tide zone accreted, and the profiles
were able to easily recover or move to a new equilibrium.
However, the NE and NNE beaches eroded downward and were
unable to recover from the effect of Meari.
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