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ABSTRACT Wave energy development will help ease resource crises. The projection of wave energy has
practical value for the long-term planning of energy development (implementation of power generation,
trading strategies, and so on). This paper proposed a wave energy projection program. South China
Sea (SCS) and the East China Sea (ECS) in 2019 were carried out as case studies using the Coupled Model
Intercomparison Project Phase 5 (CMIP5) dataset to drive the WAVEWATCH-III (WW3) wave model. The
multiyear average wave energy of the SCS and ECS was presented. A comparison of the projected values
with multiyear averages of the wave energy could positively contribute to the planning of the wave energy
development. The results show that the SCS possessed relatively rich energy for both the past and future and
that January and October possessed the highest wave power density (WPD). The projected annual average
WPD in 2019 was similar to the multiyear average WPD in the north and middle of the ECS, slightly
higher than the multiyear average in the south of the ECS, and considerably greater than that in the SCS.
The projected WPDs in January, April, and October 2019 were higher than the multiyear averages in the
corresponding months. In July, the projected WPD in the SCS was smaller than the multiyear average, while
the opposite was observed in the south of the ECS. The projected effective wave height occurrence (EWHO)
and the occurrence of WPD >2 kW/m in 2019 were also superior to the multiyear average values.

INDEX TERMS East China Sea, South China Sea, WAVEWATCH-III, wave energy resource, projection
program, multiyear average status.

I. INTRODUCTION
Clean, unpolluted, and renewable wave energy is a good
solution to environmental and resource crises [1]–[4]. For
the optimal development of energy, its characteristics must
be evaluated [5]–[10]. Wave energy evaluation includes the
following stages with respect to the data: the observation
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stage, the hindcast stage, and the reanalysis stage. By using
limited data from marine ships and wave buoys, Hulls [11]
and Denis [12] provided an overview of the global coastal
WPD distribution. They reported that the concentrated wave
energy zones in the world are in the northeastern part of the
North Atlantic and along the Pacific coast of North Amer-
ica, the southern coast of Australia, the Chilean coast in
South America, and the southwestern coast of South Africa.
Along with the rapid development of marine remote-sensing
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and numerical simulation technology, increasing amounts of
satellite altimeter wave data and hindcast wave data have been
used to analyze wave energy resources. Cornett [13] simu-
lated the global wave field for the period from 1997–2006
by using the WW3 wave model and then calculated the
distribution and variation in the global WPD. He stated that
the amount of available wave power, the steadiness of this
supply, and the frequency and intensity of extreme wave
conditions are critical factors influencing the site selection
of wave energy projects. Aydogan et al. [14] evaluated the
wave energy of the Black Sea by using 13-year hindcast wave
data forced with wind data from the European Centre for
Medium-Range Weather Forecasts (ECMWF). Their results
revealed that the wave energy decreases along the coast
from west to east. The most energetic region in terms of the
WPD is the southwestern part of the Black Sea, whereas the
eastern part of the Black Sea is the least energetic. Zheng
and Li [15] proposed a wave energy classification scheme
that comprehensively incorporates energy factors, environ-
mental risk factors and cost factors. The results can pro-
vide a scientific reference for wave power plant locations.
Sierra et al. [16] analyzed the impact of climate change on
wave energy resources, and Menorca was selected as a case
study. The result showed slight general decreases in the
annual and seasonal wave powers (except for in the summer).

Previous studies made notable contributions to wave
energy assessments, including presenting the recent progress
in determining the temporal-spatial distribution of wave
energy parameters and the energy classification. However,
few studies have considered the projection of wave energy,
which has practical value for the long-term planning of wave
energy development. A comparison between the projected
values and multiyear average values of the wave energy
could positively contribute to the long-term planning of wave
energy development (implementation of power generation,
trading strategies, etc.). Just as comparing the temperature
of a winter with the Multiyear average winter temperature
can determine whether it is a warm winter or a cold winter,
a comparison of the energy of a year with the Multiyear aver-
age energy can determine whether it is an energy-rich year
or an energy-poor year. The projection results can be used to
determine whether the output of wave energy resources meets
the demand or whether there is an energy gap and the required
supplementation from other energy sources can be accurately
calculated. In this study, a wave energy projection program
was proposed, and the ECS and SCS were selected as case
studies.

II. DATA AND METHODOLOGY
A. DATA
In this study, two wind datasets, namely, the cross-calibrated
multi-platform (CCMP) and the CMIP5 were employed as
the driving fields of the WW3 wave model. The CCMP
wind data on 0.25◦ × 0.25◦ grids at 6-hour intervals were
provided by the Physical Oceanography Distributed Active

Archive Center (PO.DAAC) [17]. The time range is from
July 1987 to December 2011, and the spatial range is from
78.375◦S–78.375◦N to 0.125◦–359.875◦E. The CMIP5 wind
data used in this study are the representative concentration
pathway (RCP) 4.5 scenario data from the National Oceanic
and Atmospheric Administration (NOAA)Geophysical Fluid
Dynamics Laboratory (GFDL), which are widely used in
climate change analysis, wind energy evaluation, etc. [18].
The RCP4.5 was chosen because it is an intermediate ‘‘stable
without overshoot’’ pathway [19]–[21]. RCP4.5 is a scenario
that stabilizes the radiative forcing at 4.5 W/m2 in the year
2100 without ever exceeding that value. RCP4.5 includes
long-term global emissions of greenhouse gases, short-lived
species, and land-use-land-cover data in a global economic
framework. The time resolution of the CMIP5 is 3 hours,
the spatial resolution is 2.5◦ × 2.0◦, the time range is from
January 2006 to December 2099, and the spatial range is
from 89◦S–89◦N to 1.25◦–358.75◦E. The CMIP5 data is
widely used in the analysis of global climate change, includ-
ing research on future wave fields, extreme wave heights,
etc. [18], [21], [22].

B. METHODOLOGY
This study proposed a projection system for wave energy
resources. The wave energy projection of the China seas
(including the ECS and the SCS) for 2019 was selected as
a case study. The program includes three main parts. First,
the WW3 wave model was employed to simulate the future
wave data driven by the CMIP5 wind dataset. Second, using
the WW3 wave model with the CCMP wind data as a driving
field, a long-term series of climatic wave data was obtained.
Third, based on the collected and projected climatic wave
data, the future and past wave energy were compared to
provide a reference for the long-term planning of wave energy
development. Referring to this method, the wave energy
under different scenarios (RCP2.6, RCP6.0, and RCP8.5)
for longer time series and over a wider range can also be
projected in future work.

Previous studies have made great contributions to the
simulation analysis of the wave climate of the China
seas [23]–[26]. Their results demonstrated the good simu-
lation ability of the third-generation wave models of the
WW3 and Simulated Waves Nearshore (SWAN) for the
wave fields of the China seas. Thus, the WW3 wave model
is suitable and has high credibility for China seas. Pre-
vious studies have also shown that it is feasible to use
the CMIP5 data-driven wave model to obtain and analyze
future wave data [27]–[29]. Thus, the WW3 wave model was
employed to simulate the wave field of the China seas.

The detailed method of wave energy projection is as fol-
lows.

First, the 3-hourly wave field of the China seas for the
period from 00:00 January 1, 2019, to 18:00 December 31,
2019, was simulated using the WW3 wave model driven
by the CMIP5 wind data (shortened as wave data-CMIP5).
To improve the simulation precision, the region of interest

82754 VOLUME 7, 2019



C.-W. Zheng et al.: CMIP5-Based Wave Energy Projection: Case Studies of the SCS and the ECS

was extended and nested (as shown in Figure 1). The expan-
sion region is 5◦S∼ 45◦N, 90◦E∼ 180◦E, and the calculation
spatial resolution for the extended region is 0.5◦ × 0.5◦. The
focus area is 0◦ ∼ 40◦N, 100◦E∼ 135◦E, and the calculation
spatial resolution of the focus area is 0.25◦ × 0.25◦. The
calculation time step is 900 seconds, and the simulated wave
field data are recorded every 3 hours. The simulated wave
data from the extended area provide the boundary conditions
for the wave simulation of the focus area.

Second, a 3-hourly hindcast of the China seas wave data
for the period from January 1, 1988, to December 31,
2011, (denoted wave data-CCMP) was obtained using the
WW3 wave model driven by the CCMP wind data. A com-
parison of the wave data-CCMP with the observed buoy data
from Japan’s ‘‘SATACape’’ and ‘‘Fukue Island’’ and Korea’s
‘‘Cheju Island’’ and Korea station 22001 indicated that the
hindcasted wave data were reliable [30].

Third, theMultiyear average wave energy in the China seas
was retrieved from the wave data-CCMP, where the wave
energy in 2019 was projected using the wave data-CMIP5.
Then, the projected values and multiyear average values of
the wave energy parameters (including theWPD, EWHO and
WPD levels) were compared to provide a reference for the
long-term planning of wave energy development.

III. RESULTS AND DISCUSSION
A. WPD CALCULATION METHOD
This study utilized the WPD calculation method given
by Iglesias and Carballo [31], Vosough [32] and Wan
et al. [33], [34] to collect the 3-hourly WPD in the ECS and
SCS for the period from January 1988 to December 2011
(shortened as WPD-CCMP) from the 3-hourly wave data-
CCMP. Using the same method, the 3-hourly WPD for
the period from January to December 2019 (shortened as
WPD-CMIP5) was also obtained from the 3-hourly wave
data-CMIP5.

In shallow water (d/λ < 1/20), the calculation method is
as follows:

Pw =
ρg
16
H2
s

√
gd (1)

In deep water (d/λ ≥ 1/2), the calculation method is as
follows:

Pw =
ρg2

64π
H2
s Te = 0.49H2

s Te (2)

In medium water (1/20 ≤ d/λ < 1/2), the calculation
method is as follows:

Pw = Ē(
gTe
2π

tanh kd)[
1
2
(1+

2kd
sinh 2kd

)] (3)

Here, Pw is the WPD (kW/m), Hs is the significant wave
height (SWH) (m), Te is the energy period (s), ρ is the sea
water mass density (∼1 028 kg/m3), g is the gravitational
acceleration (9.8 m/s2), π is the ratio of the circumference
to the diameter (3.14), d is the water depth (m), and λ is the
wave length (m).

B. SPATIAL DISTRIBUTION OF WPD
By averaging the values of theWPD-CCMP at each grid point
from 1988 to 2011, the 24-year average WPD in the ECS
and SCS was obtained (Figure 2a). Using the same method,
the annual average WPD in 2019 in the ECS and SCS could
also be determined (Figure 2b).

1) MULTIYEAR AVERAGE WPD
The area with WPD > 18 kW/m was mainly distributed in
the north of the SCS with a large center located in the Luzon
Strait and its west adjacent waters. Indigent areas with WPD
< 3 kW/m were located in the north and mid-north of the
ECS, the coast of the middle of the ECS, the Beibu Gulf,
the Gulf of Thailand, and the equatorial waters. The south
of the ECS and most of the SCS were relatively WPD-rich
regions. The WPD was >6 kW/m in most of the south of the
ECS and 12–15 kW/m in the waters of the Ryukyu Islands.
The WPD was >9 kW/m north of 10◦N in the SCS.

2) PROJECTED WPD
In 2019, the projected WPD was similar to the multiyear
average WPD in the north and middle of the ECS and was
slightly larger than the multiyear average WPD in the south
of the ECS. In the south of the ECS, the area with WPD
>15 kW/m had values that were obviously larger than the
multiyear average. In the SCS, the WPD was notably larger
than the multiyear average. TheWPD in a large portion of the
middle of the SCS was >15 kW/m, which is clearly greater
than the multiyear average (>9 kW/m). There is also a sig-
nificant increase in the eastern waters of the Philippines, with
a large area having a WPD of>21 kW/m, which is obviously
greater than the multiyear mean (>9 kW/m).Wang et al. [21]
projected the global wave height. Mori et al. [22] pre-
sented the mean of the SWH in the present and future cli-
mates. The results of Wang et al. [21] and Mori et al. [22]
found a relatively large area of high SWHs distributed
in the belt of the Ryukyu Islands-Luzon Strait-traditional
gale center of the SCS (southeast of the Indo-China Penin-
sula). Casas-Prat et al. [29] found agreement between the cli-
matological mean SWH and an ensemble-projected SWH.
Mori et al. [35], Hemer et al. [36], and Camus et al. [37]
projected the future changes of the annual mean SWH, and
slight decreases were found in most of the China seas. The
spatial distribution exhibits overall agreement between their
results and the results of this study in the China seas.

C. SEASONAL DISTRIBUTION OF WPD
The development of thewave energy is significantly impacted
by the seasonal differences in the WPD. Figure 3 presents the
WPD-CCMP and WPD-CMIP5 in January, April, July and
October.

1) MULTIYEAR AVERAGE WPD
In January (representing the winter, as presented in the fol-
lowing), the WPD was the highest among the year-round
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FIGURE 1. Greographic features of the East China Sea and South China Sea.

FIGURE 2. Multiyear average wave power density for the period 1988-2011 (left) and the projected wave power density in 2019 (right).

values due to the influence of frequent cold air. The WPDs
in the SCS and the south of the ECS were higher than
those in the other waters. Two obvious high-value cen-
ters were the Luzon Strait and its western adjacent waters
(>27 kW/m) and the southeastern waters of the Indochina
Peninsula (the traditional gale center of the SCS;>21 kW/m).
In April (representing the spring, as presented in the fol-
lowing), the WPD was the lowest of the year-round values.
A relatively large area with WPDs of 5–7 kW/m was located
in the waters of the Ryukyu Islands. In July (representing
the summer, as presented in the following), the WPD was
slightly higher than that in April. A relatively large area
with WPDs of 9–13 kW/m was located in the waters of the
Ryukyu Islands, followed by the traditional gale center of
the SCS (7–10 kW/m). In October (representing the autumn,
as presented in the following), the WPD was slightly lower

than that in January but considerably greater than those in
April and July. The WPDs in most areas of the SCS and the
south of the ECS were >6 kW/m, with a large center located
in the Luzon Strait and its surrounding waters (>24 kW/m).

2) PROJECTED WPD
Overall, in January, April and October, the projected WPDs
exceeded the multiyear averages in the correspondingmonths
in most of the ECS and SCS. In January, the WPD was
the highest among the year-round values and far beyond the
multiyear averages in the traditional gale center of the SCS
and the eastern waters of the Philippines. In April, these two
counterparts were quite similar in the ECS. Note that the
WPD in April was the lowest for both the multiyear average
and for the 2019 projection. In July, the WPD decreased to its
minimum in most parts of the ECS and SCS. The projected
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FIGURE 3. Multiyear average wave power density (up) and projected wave power density in 2019 (down).

WPD in the SCS was smaller than the multiyear averages,
while the opposite trendwas observed in the south of the ECS.
In October, the WPD was somewhat higher: it was<6 kW/m
in the north andmiddle of the ECS, the BeibuGulf, theGulf of
Thailand, and the equatorial waters; >15 kW/m in the center
and north of the SCS; and>24 kW/m in the Luzon Strait and
its adjacent waters.

D. MONTHLY WPD VARIATION IN IMPORTANT REGIONS
Themonthly characteristics of the projectedWPD in 2019 are
presented in Figure 4. The traditional gale center of the
SCS and the Luzon Strait were selected as the case studies.
The WPD was averaged from January 1st 0000UTC to 31st
2100UTC, 2019, and consequently the monthly mean WPD
in each 0.25◦ × 0.25◦ grid was obtained. Then, the Thiessen
polygon method was used to obtain a regional average of the
WPD in the traditional gale center of the SCS. Subsequently,
using the same method, the monthly values (from January to
December 2019) in the traditional gale center of the SCS and
the Luzon Strait were acquired (Figure 4).

As shown in Figure 4, in the traditional gale center of
the SCS, the WPD in the winter was prominently larger
than that in the other seasons. For instance, in January,
it can reach 41 kW/m. In the Luzon Strait, the WPD in
November (approximately 67 kW/m) was much greater than
that in the other months. Nonetheless, during the summer,
the WPDs in the above two regions were both lower. In gen-
eral, the WPD in the traditional gale center of the SCS exhib-
ited an obvious monthly variation in 2019, but this variation
was not as great as that in the Luzon Strait.

E. OCCURRENCE OF EXPLOITABLE WAVES
In terms of the wave energy development, waves with an
SWH> 1.3m in the ocean are usually regarded as exploitable
waves, while those with an SWH of 4.0 m or greater
have a significant destructive capability. Zheng and Li [15]
thus referred to a SWH between 1.3–4.0 m as the effec-
tive wave height for wave energy development. Obviously,
the EWHO reflects the availability of wave energy. Among
the fast-developing wave energy devices, some of them can
well absorb wave energy when the SWH is >0.5 m. There-
fore, the range of exploitable SWHs will continue to expand.
Based on the simulatedwave data for 2019 at 3-hour intervals,
the EWHO in the different seasons was determined (Fig-
ure 5).

In January, the exploitable SWHs presented the highest
year-round values. In most of the SCS, the occurrence was
>60%. In the traditional gale center of the SCS, the Luzon
Strait and the easternwaters of the Philippines, the occurrence
was >90%. The occurrence was >60% in most of the south
of the ECS, 30%–60% in the central and southern areas of
the middle of the ECS, and poor (<10%) in the north of the
ECS, the northern area of the middle of the ECS, and some
near-shore waters. In April, the occurrence of exploitable
SWHs was identified as the lowest (<30%) of the year-round
values in most of the SCS. Most of the SCS showed values
of 10%–30%, with 20%–50% in most of the south of the
ECS, >90% in the eastern waters of the Philippines, and
10%–50% in the central-southern areas of the middle of the
ECS. The low-value areas (<10%) were mainly distributed
in the north of the ECS, the Beibu Gulf, the Gulf of Thai-
land, and the equatorial waters. In July, the occurrence of
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FIGURE 4. Projected values of monthly wave power density in the traditional gale centre of the
South China Sea (SCS) and the Luzon Strait in 2019.

FIGURE 5. Projected occurrence of exploitable significant wave height in the development of wave energy in 2019.

exploitable SWHs in the SCS was much lower than that in
January or October, and the occurrence in the ECS was the
lowest of the year-round values. In October, the occurrence
of exploitable SWHs was lower than that in January but
considerably higher than those in April and July. It was>70%
in the central-northern areas of the SCS, and most of the
central-northern areas of the SCS and most of the south of the
ECS had annual occurrences of exploitable SWHs of >40%.
A large area of high values was located to the northeast

of the Philippines. The occurrence was 10%–40% in the
central-southern areas of the middle of the ECS, <40% in
the low latitudes of the SCS, and <10% in the north of the
ECS, the northern area of the middle of the ECS, the Beibu
Gulf, and the Gulf of Thailand.

F. OCCURRENCE OF WPD
To exploit wave energy resources, the occurrence of a
WPD greater than a certain energy level is an important
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FIGURE 6. Projected values of annual occurrences of wave power density greater than 2 kW/m (left) and greater than
20 kW/m (right) in 2019.

FIGURE 7. Projected values of occurrence of wave power density greater than 2 kW/m in 2019.

factor for quantifying the richness of the wave energy.
Usually, wave energy is available when the WPD is
>2 kW/m, and areas with WPD > 20 kW/m can be clas-
sified as energy-rich regions [38]. This study calculated the

percentage of the occurrence of WPD > 2 kW/m and
identified the areas where it was >20 kW/m in January,
April, July, and October, as well as the annual occurrence
(Figures 6–8).
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FIGURE 8. Projected values of occurrence of wave power density greater than 20 kW/m in 2019.

1) PROJECTED VALUES FOR THE ANNUAL OCCURRENCE
OF WPD >2 kW/m (FIGURE 6a)
The occurrence was >60% in most of the south of the ECS,
>40% in most of the SCS, and approximately 30%–60%
in the central-southern areas of the middle of the ECS. The
low-value areas (<10%) are mainly located in the north of the
ECS, the northern area of the middle of the ECS, the Beibu
Gulf, and the northern Gulf of Thailand.

2) PROJECTED VALUES FOR THE ANNUAL OCCURRENCE
OF WPD > 20 kW/m (FIGURE 6b)
The occurrence was low in the middle and north of the ECS,
but the occurrence in most of the SCS is higher at >20%.
Another area of relatively high values was located in the
eastern waters of the Philippines (>35%).

3) SEASONAL PROJECTED VALUES FOR THE OCCURRENCE
OF WPD > 2 kW/m (FIGURE 7)
In January, the occurrence was the highest of the year-round
values in almost all of the SCS and the Ryukyu Islands

(>90%), and the values were 70%–90% in the south of
the ECS and 60%–80% in the central-southern areas of the
middle of the ECS. The low-value areas were located in the
north of the ECS (<10%), the northern area of the middle
of the ECS (<30%), the Taiwan Strait (<30%), the Beibu
Gulf (<20%), and the Gulf of Thailand (<30%). In April,
the occurrence of WPD > 2 kW/m was lower than that in
January and October. The Ryukyu Islands and the Luzon
Strait were the high-occurrence areas (>90%), and the occur-
rence in the traditional gale center of the SCS was 50%–80%.
In July, a relatively large area of>70% was distributed in the
traditional gale center of the SCS. In October, the occurrence
is >60% in most of the SCS and <50% in most of the ECS.
A relatively large area of> 90% was distributed in the Luzon
Strait and its east waters.

4) SEASONAL PROJECTED VALUES FOR THE OCCURRENCE
OF WPD >20 kW/m (FIGURE 8)
In January, the occurrence in most of the SCS is >20%,
with relatively high values located in the traditional gale
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TABLE 1. Projected annual mean values of the wave energy parameters of the different regions in 2019.

center of the SCS (>40%) and the Luzon Strait (>60%).
InApril and July, the occurrences weremuch lower than those
in January and October. In October, large values (>50%)
were noted in the northern SCS and northeastern waters of
the Philippines. Judging from the occurrence of WPD >

20 kW/m, the energy-rich regions were mainly located in the
northern SCS. The indigent areas were mainly distributed in
the north and middle of the ECS, the Beibu Gulf, and the Gulf
of Thailand.

G. COMPARISON OF THE PROJECTED WAVE ENERGY
AMONG DIFFERENT REGIONS
To compare the projected wave energy parameters among
the different regions, this study evaluated four wave energy
parameters (the projected annual mean WPDs and the occur-
rences of exploitable SWH, WPD > 2 kW/m, and WPD
> 20 kW/m) in the different regions of the ECS and SCS
(Table 1). The north of the ECS and the northern areas of
the middle of the ECS exhibited low values for all the wave
energy parameters. The energy-rich regions were mainly dis-
tributed in the SCS and the south of the ECS, especially in
the central-southern areas of the south of the ECS and the
central-northern areas of the SCS. In the middle and south
of the ECS, the values of the four wave energy parameters
gradually increased from north to south.

IV. CONCLUSION
This study proposed a projection system for wave energy
resources, and the ECS and SCSwere selected as case studies.
The following results were obtained.

(1) An area of high multiyear averageWPDs was observed
in the northern SCS, whereas lower values were noted in
the north of the ECS, the northern and coastal areas of the
middle of the ECS, the Beibu Gulf, the Gulf of Thailand, and
the equatorial waters. The south of the ECS and most of the
SCS were relatively rich regions in terms of the WPD. The
projected WPD in 2019 was similar to the multiyear average
WPD in the north and middle of the ECS, slightly higher than
multiyear average WPD in the south of the ECS, and higher
than the multiyear average WPD in the SCS and the eastern
waters of the Philippines.

(2) The multiyear averageWPD in January was the highest
of the year-round values, followed by October, and it was the
lowest in April. In 2019, the WPDs in January, April, and
October were considerably higher than the multiyear mean
WPDs for the corresponding months. In July, the projected
WPDs in the SCS were smaller than the multiyear averages,
while the opposite trendwas observed in the south of the ECS.

(3) The EWHO in 2019 in the ECS and SCSwas optimistic.
The EWHO in January was the highest of the year-round val-
ues, followed by October. The lowest EWHOs in the ECS and
SCS were found in July and April, respectively. In January,
the EWHOwas>60% inmost of the SCS and the south of the
ECS and 30%–60% in the central and southern areas of the
middle of the ECS. In April, the EWHO was 10%–30% in
a large area of the SCS, 20%–50% in most of the south of
the ECS, 10%–50% in the central and southern areas of the
middle of the ECS, and greater than 90% in the eastern waters
of the Philippines. In July, an area of high values was located
in the middle of the SCS. In October, the EWHOwas slightly
lower than that in January.

(4) The projected annual occurrence of WPD > 2 kW/m
was>60% in most of the south of the ECS;>40% in most of
the SCS; 30%–60% in the central-southern area of the middle
of the ECS; and<10% in the north of the ECS, northern area
of the middle of the ECS, Beibu Gulf, and northern Gulf of
Thailand. The occurrence of WPD> 2 kW/m in January was
the highest of the year-round values, followed by October.
The lowest occurrences of WPD > 2 kW/m in the ECS and
SCS were found in July and April, respectively.

(5) The projected annual occurrence of WPD > 20 kW/m
was low in most of the ECS and was higher in the northern
SCS (>20%) and eastern waters of the Philippines (>35%).
In January, the occurrence in most of the SCS was >20%.
In April and July, the occurrences were considerably lower
than those in January and October. In October, large values
(>50%) were noted in the northern SCS and northeastern
Philippines.
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