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�e short-term forecasting ofwave energy is important to provide guidance for the electric power operation and power transmission
system and to enhance the e	ciency of energy capture and conversion. �is study produced a numerical forecasting experiment
of the China Sea wave energy using WAVEWATCH-III (WW3, the latest version 4.18) wave model driven by T213 (WW3-T213)
and T639 (WW3-T639) wind data separately. �en the WW3-T213 and WW3-T639 were veri�ed and compared to build a short-
termwave energy forecasting structure suited for the China Sea. Considering the value of wave power density (WPD), “wave energy
rose,” daily and weekly total storage and eective storage of wave energy, this study also designed a series of short-termwave energy
forecasting productions. Results show that both the WW3-T213 and WW3-T639 exhibit a good skill on the numerical forecasting
of the China Sea WPD, while the result of WW3-T639 is much better. Judging from WPD and daily and weekly total storage and
eective storage of wave energy, great wave energy caused by cold airs was found. As there are relatively frequent cold airs in winter,
early spring, and later autumn in the China Sea and the surrounding waters, abundant wave energy ensues.

1. Introduction

In the current world where human beings are severely
plagued by the problems of environment and resources, full
exploitation and utilization of new energy resources will
eectively alleviate the energy crisis and contribute to global
energy-saving, emission reduction, and environmental pro-
tection, thus promoting sustainable development. Abundant
wave energy has become a particular area of interest for all
developed countries [1–4]. Previous studies have made great
contributions to the development of wave energy resources
[5–9]. �e use of observational data and numerical simula-
tion to assess and divide the class of the wave energy resource
has provided better references for site selection of wave
energy development, for example, wave power plant location.
Akpinar and Kömürcü [10] have analyzed the Black Sea wave
energy resource based on 15-year hindcast data by using the

SWAN (Simulated WAves Nearshore) wave model. Applying
the SWAN wave model, Neill and Hashemi [11] made an
assessment of the oshore wave energy in Northwestern
Europe. �e results suggest that wave energy resources in
the area have a relatively close relationship with the North
Atlantic Oscillation (NAO). In 2009, Roger [12] carried out
oshore wave energy forecasting in the East Paci�c using
the WW3 wave mode. Comprehensively considering the
value and stability of the WPD, energy level frequency, and
resource reserve, Zheng et al. [13, 14] have analyzed the overall
characteristics of the China Seawave energy resource. Results
show that while the China Sea is not located in areas with
the most abundant wave energy, they do contain suitable
wave energy resources for exploitation, especially in the East
China Sea and the northern South China Sea. Zheng and Li
[15] have revealed the climatic long-term trends of the China
Sea wave power and signi�cant wave height (SWH) for the
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period 1988–2011 based on 24-year hindcast wave data, which
can provide reference for the long-term plan of wave energy
resource development.

Most of the previous researches focus on the evalua-
tion of the wave energy climatic characteristics rather than
numerical forecasting. Assessment of wave energy resource
can provide a reference for site selection of wave energy
development (such as wave power plant location). But until
now, there is little research on the forecasting of the China
Sea wave energy resource. A�er a power generating device is
installed, the wave energy forecasting is especially important
to provide routine support to enhance the e	ciency of energy
capture and conversion. As there are relatively frequent cold
airs in winter, early spring, and late autumn in the China Sea
and the surrounding waters, abundant wave energy ensues.
Accurate forecasting of wave energy will make contribution
to the development of wave energy resource.

Previous researchers have made great contribution to
the numerical wave model. In the previous researches, the
reanalysis wind data is usually used to force the numerical
wave model to simulate the past wave �eld, which overall
results in a good simulation outcome attribute to the relative
high precision of the reanalysis wind data. However, in the
process of numerical forecasting of the future wave energy,
the driven �eld is forecasting wind data. �e quality of
forecasting wind data is usually not as good as the reanalysis
wind data, which may greatly increase the di	culty of wave
energy forecasting. In this study, we produced a numerical
forecasting experiment of the China Sea wave energy during
two cold air processes on 12–17 March 2013, using WW3
wave model driven by T213 (WW3-T213) and T639 (WW3-
T639) wind data separately. �en the WW3-T213 and WW3-
T639 were veri�ed and compared to build a short-term wave
energy forecasting structure suited for the China Sea. We
also designed a series of short-term wave energy forecasting
productions, including the size of WPD, “wave energy rose,”
daily total storage of wave energy, daily eective storage
of wave energy, and total storage and eective storage of
wave energy. We hope this work can provide reference for
the development of wave energy and alleviate the energy
crisis, as well as contributing to emissions reduction and
environmental protection, and so promote future sustainable
development.

2. Methodology and Data

2.1. Numerical SimulationMethod ofWave Energy. �is study
aims to build a numerical forecasting structure of wave
energy suited for the China Sea. Two strong cold air processes
for the period 8 to 16 March 2013 were selected to produce
a numerical forecasting experiment. Firstly, the WW3 (the
latest version 4.18) wave model was driven by T213 (WW3-
T213) and T639 (WW3-T639) wind data separately. �en
theWW3-T213 andWW3-T639 were veri�ed and compared.
Considering the value of wave power density (WPD), “wave
energy rose,” and daily and weekly total storage and eective
storage of wave energy, this study also designed a series of
short-term wave energy forecasting productions.
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Figure 1: Topography of the China Sea and surrounding waters.

�e related calculation data are as follows: in order to
eliminate the boundary eect to improve the precision of
simulationwave data, we set the simulating area as 10∘S∼55∘N,
95∘S∼160∘E and then extract concerned area as 0∘∼41∘N, 100∘∼
135∘E which contains the main part of the China Sea and
surrounding waters; the topography is shown in Figure 1.�e
value of 0.1∘ × 0.1∘ was taken as the spatial resolution. �e
duration of 300 s was taken as the time step of calculation.
�e results were outputted each hour. �e computing time
was from 00:00 8 March 2013 to 21:00 18 March 2013.

2.2. Wave Power Density Calculation Method. Wave power
density calculation method is as follows [16–18].

In shallow water, calculation method is as follows:

�� =
��
16�
2
�√��. (1)

In deep water, calculation method is as follows:

�� =
��2
64	�

2
�
� = 0.49�2�
�, (2)

where �� is wave power density (unit: kW/m), �� is the
signi�cant wave height (unit: m), 
� is the energy period
(unit: s), and d is the water depth.

2.3. Wind Field Data and Topographic Data. Topographic
data input of the wave model is obtained from the ETOPO1
high resolution data set of global ocean of NOAA (1� ∗ 1�),
and the coastline data was obtained from the GSHHS global
high resolution coastline database.

�e T213 and T639 forecasting wind data were used as
the driving �eld of the WW3 wave model separately. �e
T213 model was introduced from ECMWF in 1997. �e T213
model has 31 vertical resolution layers, with top of 10 hpa.�e
spatial resolution is 0.5625∘×0.5625∘. T639 is the abbreviation
of the global medium-term numerical weather prediction
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Figure 2: Observed and forecasting wave power density in March 2013 around the Korean Peninsula. (a)–(d): denoting stations 22101, 22102,
22103, and 22017.

model improved from T213. Compared to the T213 product,
the T639 data has the advantages of factor abundance and
high temporal-spatial resolution [19]. �e T639 mode has 60
vertical resolution layers. �e temporal resolution is 3 hours.
�e spatial resolution is 0.3∘ × 0.3∘. �e spatial scope covers
the entire Northern Hemisphere. �e mode was put into
operation in 2008 by the National Meteorological Center of
China. In addition, Ma et al. [20] have also found that the
T639 model can depict the tropical cyclone much better than
the T213 model.

2.4. ObservedWaveData. Currently, theworldwide observed
wave data is relatively scarce, especially inChina.�ere are no
NDBC buoys in the China Sea. Although the accuracy of the
signi�cant wave height from the satellite is widely recognized,
the number of satellite orbits over the China Sea is small and

the repetition period is long (e.g., the T/P altimeter cycle is
10 d).�is results in many drawbacks that the wave data from
satellite is short in spatial resolution and temporal resolution
[13, 14]. In light of the shortage of observed wave data, we
extensively collected buoy data from the South Korea, Japan,
and Chinese Taiwan Region to verify the eectiveness of the
forecasting data.

3. Validation of the Forecasting
Wave Power Density

Comparing the curves of the forecasting WPD and the
observed WPD, it is possible to visually make out the
accuracy of the forecasting data, as shown in Figures 2–
4. During the two processes of cold air invasion, in the
waters surrounding the Korean Peninsula, Japan, and Taiwan
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Figure 3: Observed and forecasting wave power density in March 2013 around Japan. (a)–(d): denoting stations Kyogamisaki, Irozaki,
Karakuwa, and Kaminokuni.

Island, the forecasting and observed WPD exhibit a good
consistency. And the observed value is slightly larger than the
forecasting value. �e observed WPD curve shows notice-
able jumpy phenomenon while the forecasting WPD curve
appears slightly smooth.

In the waters surrounding the Korean Peninsula (Fig-
ure 2), judging from the trend of the curves of the forecasting
and observed values, they are in better agreement with each
other.�eWPDofWW3-T639 is closer to the observedWPD
at each station, while the WPD of WW3-T213 is smaller than
the WPD of WW3-T639, especially at station 22103 during
the second cold air process. �e forecasting values are able
to eectively demonstrate the course of the increase in the
WPD caused by two processes of cold air invasion, especially
that for the �rst process of cold air invasion (10 March 2013).
During the cold air invasion period, the forecasting WPD is

slightly smaller than the observed data, suggesting that the
measuredWPD is richer than the forecasting data. Obviously,
the cold air process can bring very rich wave energy to
the waters of stations 22102 and 22107, of up to 120 kW/m,
while the wave energy caused by the cold air at stations
22101 and 22103 is smaller, which can be attributed to the
eect of geography characteristic. In the development of wave
energy, WPD greater than 2 kW/m is regarded as available
and greater than 20 kW/m is regarded as rich. It is clear that
the growth of wave energy caused by the cold air process is
promising.

In the waters surrounding Japan (Figure 3), the trend
of the curves of the forecasting values and observed val-
ues also retained relatively good consistency. �ere is a
good agreement between the observed WPD and WPD of
WW3-T639. �e WPD of WW3-T213 has obvious jumping
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Figure 4: Observed and forecasting wave power density in March 2013 around the Taiwan Island. (a)–(f): denoting stations Longdong,
Hualian, Dongsha, Qigu, Jinmen, and Mazu.
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phenomenon, which results in a larger error. �e WPD
increased to 80 kW/m at station Kyogamisaki, to 40 kW/m
at stations Irozaki, and even up to about 250 kW/m at
station Kaminokuni. �e cold airs do not aect station
Karakuwa signi�cantly, especially the period of the �rst cold
air invasion. �is should be due to the eect of topography.

�ere is an excellent agreement between the forecasting
and observed WPD at all stations in the waters surrounding
Taiwan Island, except Qigu station, as shown in Figure 4.
Obviously, the relationship between observed WPD and
WPD of WW3-T639 is much better than that between
observedWPDandWPDofWW3-T213.�enoticeable error
of forecasting value may be due to the block on the wave
�eld of Taiwan Island. In the waters surrounding the islands
like stations Longdong, Dongsha, and Mazu, theWPD could
increase to 60–80 kW/m under the in�uence of cold air;
particularly in stationMazu, theWPDcan be up to 100 kW/m
during the period of the second cold air invasion. In the
regions surrounding stations Hualian and Jinmen, the WPD
could increase to 30–40 kW/m during the cold air invasion
period.

In order to analyze the accuracy of the forecasting WPD
quantitatively, we also calculated the correlation coe	cient
(CC), Bias error, root mean square error (RMSE), and mean
absolute error (MAE), as shown in Table 1.

From the correlation coe	cient (CC), the forecasting and
observed WPD have good correlation (signi�cant at the 99%
level) regardless of the sea areas surrounding the Korean
Peninsula, Japan, or Chinese TaiwanRegion.�eCCbetween
observedWPD andWPDofWW3-T639 is above 0.90 at each
station, while the CC between observed WPD and WPD of
WW3-T213 is obviously smaller. It is also worth noting that
the forecasting results of the WW3 mode in the sea areas
surrounding the Korean Peninsula and Japan are relatively
better than that in the sea area surrounding Taiwan Island.
About the Bias, RMSE, and MAE, the errors are relatively
small at most stations. Only the errors in the sea area at
stations 22102, 22107, Kyogamisaki, Kaminokuni, and Mazu
are relatively large but within the acceptable range, because
the wave power densities at these 5 stations are remarkably
larger than that at other stations (as shown in Figures 2–
4). From the Bias, the forecasting WPD is overall smaller
than the observed values, meaning that the actual wave
energy is more optimistic than the forecasting condition. As
a whole, the forecasting WPD is more accurate, suggesting
that the WW3 model can appropriately simulate the China
Sea WPD under the in�uence of two processes of cold
air invasion. Previous researches also proved a good skill
of WW3 wave model on the numerical simulation of the
China Sea wave �eld [13, 14, 21–23]. �e results of this paper
provide con�rmatory evidence that the WW3 wave model
can accurately forecast the China Sea WPD very well.

4. Forecasting of Wave Energy

4.1. Spatial-Temporal Distribution of the Forecasting Wave
Power Density. Based on the simulation wave data and
calculation method of WPD, the hourly China Sea WPD

from 00:00 on 8 March 2013 to 21:00 on 18 March 2013 is
obtained.�e spatial-temporal distribution characteristics of
the forecasting WPD �eld in the period of cold air invasion
are presented in Figure 5. At 12:00 on 12 March, the cold air
moved into the Bohai Sea, bringing about a WPD of over
40 kW/m in most of the Bohai Sea. In the center with high
values, the density can even be up to 80 kW/m. At 12:00 on
13 March, the cold air moved into the mid-south area of the
Yellow Sea, and theWPD induced is from 50 to 120 kW/m. At
12:00 on 14 March, when the cold air moved into the Ryukyu
Islands waters, the waters became opener; a wide range of
signi�cant waves grew fully, resulting in the enlargement of
the range of WPD greater than 40 kW/m. At 12:00 on 15
March, cold air moved into the Taiwan Island waters. �e
scale of WPD greater than 40 continues to broaden. At 12:00
on 16 March, cold air moved into the north area of the South
China Sea, bringing about a cold surge. However, because
the latitude of the South China Sea is lower, the strength
of the cold air was greatly weakened a�er the air entered
therein so that the scope with the WPD above 40 kW/m
was apparently shrunken. At 12:00 on 17 March, the cold
air moving into the mid-south area of the South China Sea
generated apparent cold surge and increasing process of the
WPD, but the intensity is not as strong as that in the East
China Sea and the northern South China Sea.

It is usually assumed that areas with WPD greater than
20 kW/m can be classi�ed as energy-rich regions, such as
the North Sea in Europe. From Figure 5, it is very clear that
the cold air can result in a WPD of >20 kW/m in large scale
area. Even more, as there are relatively frequent cold airs in
winter, early spring, and late autumn in the China Sea and
the surrounding waters, abundant wave energy ensues.

4.2. Forecasting of Wave Energy Storage. Calculating the
storage of energy can provide decision-making for the elec-
tric power operation and power transmission system. In
this present study, the per-unit-area total storage, eective
storage, and technological storage of the China Sea wave
energy at each 0.1∘ × 0.1∘ bin were obtained. We mainly
calculated the daily total storage of wave energy (Figure 6),
daily eective storage of wave energy (Figure 7), and daily
exploitable storage of wave energy (�gure omitted) from 12
to 17 March 2013. �e total storage and eective storage of
wave energy in the next week start from 12 March 2013 were
also exhibited, as shown in Figure 8.

�e energy storage calculation method is as follows:

��� = � ∗ �, (3)

��	 = � ∗ �	, (4)

��
 = ��	 ∗ �, (5)

where ��� is the daily total storage of wave energy, � is
the daily average WPD, and H = 24 h in one day. In (4),
��	 is the daily eective storage of wave energy and �	 is
the hours of eective signi�cant wave height in one day. In
(5), ��	 is the daily technological development volume of
wind energy resources, showing some discrepancy alongwith



Advances in Meteorology 7

T
a
b
le

1:
P
re
ci
si
o
n
o
f
th
e
fo
re
ca
st
in
g
w
av
e
p
o
w
er

d
en
si
ty
.

Si
te
n
u
m
b
er

L
o
n
gi
tu
d
e/
∘ E

L
at
it
u
d
e/
∘ N

C
C

B
ia
s

R
M
SE

M
A
E

W
W
3-
T
6
39

W
W
3-
T
21
3
W
W
3-
T
6
39

W
W
3-
T
21
3
W
W
3-
T
6
39

W
W
3-
T
21
3
W
W
3-
T
6
39

W
W
3-
T
21
3

W
at
er
s
su
rr
o
u
n
d
in
g
th
e
K
o
re
an

P
en
in
su
la

22
10
1

12
6
.0

37
.3

0
.9
7

0
.9
4

−0
.1
4

−0
.2
6

1.
91

1.
27

0
.9
8

0
.7
4

22
10
2

12
5.
8

34
.7

0
.9
7

0
.9
1

−3
.1
3

−6
.4
8

8.
21

12
.4
9

5.
15

7.
33

22
10
3

12
7.
0

34
.2

0
.9
2

0
.8
8

−0
.7
3

−3
.2
3

1.
6
5

4
.4
0

1.
17

3.
23

22
10
7

12
6
.0

33
.1

0
.9
8

0
.9
6

−0
.8
7

−3
.1
6

4
.4
4

6
.9
4

2.
53

3.
74

W
at
er
s
su
rr
o
u
n
d
in
g
Ja
p
an

K
yo
ga
m
is
ak
i

13
5.
3

25
.7

0
.9
4

0
.6
5

−0
.3
9

−2
.1
0

6
.7
6

15
.5
9

4
.6
0

8.
29

Ir
o
za
k
i

13
8.
9

34
.6

0
.9
6

0
.8
7

−0
.2
0

0
.3
6

2.
74

4
.8
7

2.
16

2.
89

K
ar
ak
u
w
a

14
1.
6

38
.4

0
.9
4

0
.9
3

−0
.4
5

−0
.8
5

1.
29

1.
4
5

0
.7
6

0
.8
3

K
am

in
o
ku

n
i

14
0
.1

4
1.
8

0
.9
7

0
.9
5

−1
.4
7

−2
.2
4

11
.0
0

17
.4
5

6
.6
4

11
.3
7

W
at
er
s
su
rr
o
u
n
d
in
g
T
ai
w
an

Is
la
n
d

L
o
n
gd
o
n
g

12
1.
9

25
.1

0
.9
2

0
.8
9

−0
.1
0

6
.8
0

2.
83

8.
6
8

1.
88

6
.8
7

H
u
al
ia
n

12
1.
6

24
.0

0
.9
0

0
.9
2

−0
.0
8

4
.9
1

2.
13

5.
84

1.
31

4
.9
6

D
o
n
gs
h
a

11
8.
8

21
.0

0
.9
3

0
.9
1

−0
.1
9

−3
.4
4

3.
93

9.
4
0

2.
57

5.
6
4

Q
ig
u

12
0
.0

23
.1

0
.9
1

0
.7
4

−0
.1
5

−0
.2
9

2.
11

2.
11

1.
20

1.
4
7

Ji
n
m
en

11
8.
4

24
.4

0
.9
3

0
.8
9

−0
.2
5

−0
.4
2

1.
80

2.
71

0
.9
7

1.
6
7

M
az
u

12
0
.5

26
.4

0
.9
4

0
.8
3

−1
.0
3

1.
0
7

4
.7
2

9.
9
4

2.
9
6

5.
51



8 Advances in Meteorology

40
∘

N

35
∘

30
∘

25
∘

20
∘

15
∘

10
∘

5
∘

0
∘

100
∘
105

∘
110

∘
115

∘
120

∘
125

∘
130

∘
135

∘E

40
∘

N

35
∘

30
∘

25
∘

20
∘

15
∘

10
∘

5
∘

0
∘

100
∘
105

∘
110

∘
115

∘
120

∘
125

∘
130

∘
135

∘E

40
∘

N

35
∘

30
∘

25
∘

20
∘

15
∘

10
∘

5
∘

0
∘

100
∘
105

∘
110

∘
115

∘
120

∘
125

∘
130

∘
135

∘E

40
∘

N
35

∘

30
∘

25
∘

20
∘

15
∘

10
∘

5
∘

0
∘

100
∘
105

∘
110

∘
115

∘
120

∘
125

∘
130

∘
135

∘E

40
∘

N

35
∘

30
∘

25
∘

20
∘

15
∘

10
∘

5
∘

0
∘

100
∘
105

∘
110

∘
115

∘
120

∘
125

∘
130

∘
135

∘E

40
∘

N

35
∘

30
∘

25
∘

20
∘

15
∘

10
∘

5
∘

0
∘

100
∘
105

∘
110

∘
115

∘
120

∘
125

∘
130

∘
135

∘E

(12Z 12 Mar) (12Z 13 Mar) (12Z 14 Mar)

(12Z 15 Mar) (12Z 16 Mar) (12Z 17 Mar)

10

20

30

40

50

60

70

80

0

10

20

30

40

50

60

70

80

90

100

110

120

10

20

30

40

50

60

70

80

5

10

15

20

25

30

35

40

45

50

55

60

5

10

15

20

25

30

35

40

45

10

20

30

40

50

60

70

80

Figure 5: Wave power density in the China Sea during the cold air process in March 2013, unit: kW/m.

the dierence of installation. � is the absorption ability of
installation.

As shown in Figure 6, the cold air brings wave energy
storage of 400–800 kWh/m on 12March in the Bohai Sea. On
13 March, the cold air moved into the Yellow Sea, resulting in
a rapid increase in the wave energy storage, of >800 kWh/m
in most areas of the Yellow Sea and even greater than
1800 kWh/m in the large center. On 14 March, when the
cold air moves into the East Sea, with the broader of waters,
a wide range of signi�cant waves grew fully. �e scales of
wave energy storage >800 kWh/m and >1800 kWh/m enlarge
signi�cantly. On 15 March, with the cold air moving into
the Taiwan Island waters, the scale of wave energy storage
>800 kWh/m continues to broaden.On 16March, the cold air
moved into the north area of the South China Sea, where the
wave energy storage is 600–1200 kWh/m. On 17 March, the
cold air moving into the mid-south area of the South China
Sea generated wave energy storage of 400–600 kWh/m, for
the intensity is not as strong as that in the East China Sea and
the northern South China Sea.

From Figure 7, we �nd that there is a good agreement
between the daily eective storage of wave energy and daily
total storage of wave energy daily (Figure 6). �is should be
due to the high occurrence of the signi�cant wave height
>1.0m.

�e total storage and eective storage of wave energy in
the next week start from 12 March 2013 were presented in

Figure 8.�e total storage of wave energy is promising during
this cold air process, of >2000 in large scale of the China Sea.
�e large areas are mainly distributed in the middle of the
Yellow Sea, Ryukyu Islands waters, north of the South China
Sea, and east nearshore of Philippine, of above 4000 kWh/m
and even greater than 6000 kWh/m in the large center. �e
distribution characteristic of eective storage is similar to that
of total storage, due to the high occurrence of the signi�cant
wave height >1.0m during the cold air process.

4.3. Station Forecasting. In the development of wave energy
resource, we usually pay more attention to the energy
condition at some certain sites. For the sake of providing
reference for the electric power operation, we produced
station forecasting of wave energy. Here, we select two
stations at will as the study object: station A (30∘N, 130∘E,
at the Tsushima Strait) and station B (18∘N, 115∘E, near the
Dongsha Islands).

We present the 3-hourly WPD at the two stations, as
shown in Figure 9.During this cold air process, the peak value
of WPD at station A is higher than that at station B. But the
stability at station B is better.

�e wave direction and grade of wave energy are the key
factors in the exploitation of wave energy. We perform the
�rst attempt to exhibit the “wave energy rose” during this cold
air process on 12–17 March 2013, from which we can easily
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Figure 6: Daily total wave energy storage on 12–17 March 2013, unit: kWh/m.

�nd the main contribution of wave direction and WPD to
the wave energy, as shown in Figure 10. It is very clear that
the wave energy at station A is mainly contributed by the
NWdirectionwave; particularly the occurrences ofWPD40–
50 kW/m and 50–60 kW/m are high. At station B, the wave
energy is mainly contributed by NE and ENE direction wave.
It should be noticed that, during the cold air process, the wave
direction exhibits an arc shape along the coastal line.

5. Conclusions

�is study produced a numerical forecasting experiment of
the China Sea wave energy during two cold air processes on
12–17 March 2013, using WW3 wave model driven by T213
(WW3-T213) and T639 (WW3-T639) wind data separately.
�en theWW3-T213 andWW3-T639 were veri�ed and com-
pared to build a short-termwave energy forecasting structure
suited for the China Sea. Comprehensively considering the
WPD, “wave energy rose,” daily total storage of wave energy,
daily eective storage of wave energy, and total storage and
eective storage of wave energy in the next week, we also
designed a series of short-term wave energy forecasting
productions. �e results show the following:

(1) Forced by the T213 and T639 forecasting wind �elds,
the WW3 wave model exhibits a good skill on the

numerical forecasting of the China Sea WPD, while
the result of WW3-T639 is much better. During the
cold air process, the forecasting WPD has a good
agreement with the observed WPD, except stations
aected by the topography signi�cantly, such as Qigu
station in the southwest of Taiwan Island. �e sim-
ulation ability of WW3 mode in the sea areas sur-
rounding the Korean Peninsula and Japan is relatively
better than that in the sea area surrounding Taiwan
Island.�e forecastingWPD is overall slightly smaller
than the observed values, meaning that the actual
wave energy is more promising than the forecasting
condition.

(2) �e cold air can bring a WPD of >20 kW/m (which
is regarded as rich energy) in large scale area of the
China Sea. Even more, as there are relatively frequent
cold airs in winter, early spring, and late autumn in
the China Sea and the surrounding waters, abundant
wave energy ensues, meaning abundant wave energy
resources in the China Sea.

(3) Judging from the daily total storage of wave energy,
daily eective storage of wave energy, and the total
storage and eective storage of wave energy in the
next week start from one cold air process, abundant
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Figure 7: Daily eective storage of wave energy on 12–17 March 2013, unit: kWh/m.
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Figure 8: Total storage and eective storage of wave energy in the next week start from 12 March 2013, unit: kWh/m.

wave energy was found in the China Sea during the
cold air process.

(4) From the “wave energy rose,” it is clear that the
wave energy at station A (at the Tsushima Strait) is

mainly contributed by the NW direction wave; par-
ticularly the occurrences of WPD 40–50 kW/m and
50–60 kW/m are high. At station B (near theDongsha
Islands), the wave energy is mainly contributed byNE
and ENE direction wave.
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Figure 9: Wave power density at station A and station B on 12–17 March 2013.
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Nomenclature

CC: Correlation coe	cient
CCMP: Cross-Calibrated Multiplatform
MAE: Mean absolute error
NAO: North Atlantic Oscillation
RMSE: Root mean square error
SWAN: Simulated WAves Nearshore
T/P: TOPEX/Poseidon
WW3: WAVEWATCH-III.
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