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The objective of this study is to evaluate exploitable wave
power in the South China sea, especially along the
southeast coast, from a 10-year hindcast simulation of
ocean waves. Based on wind speed and wind direction
data from meteorological stations in the South China Sea,
an evaluation of three reanalysis data products, namely
ERA5, CFSv2, and CCMP, was conducted using
correlation coefficients, bias, and other performance
indexes. Overall, the wind field of the ERA5 dataset
performed the best.

Based on comparison of different products of winds, wind
fields from the ERA5 dataset was employed to drive a
third-generation wave spectrum model for simulating
long-term waves along the coastal regions of China. The
governing equation in the form
Z—IZ+:—XCXN+%CJ,N+;—UCGN+%C9N=§ (1)
solves the action density spectrum N(g,6), which is
obtained by dividing the wave energy spectrum E (g, 6)
with the relative frequency ¢ and ensures conservation of
wave energy. The wave energy level is related to E (o, )

(Shi et al. 2022) and can be evaluated by the wave energy
flux (Sheng and Li 2017):

J=pg ;" [, Cy(0,6)E(0,6)dads (2)
where 6 is the wave propagation direction. After thorough
validation of wave parameters, the wave energy was
assessed and its spatiotemporal variations were
analyzed.

By investigating the multi-year average distribution
(Figure 1) and seasonal changes in terms of wave power
density, wave energy stability, exploitable time, and
development potential, the results revealed that the
maximum annual cumulative wave energy along the 50-
meter isobath concentrated in the range of significant
wave heights between 1 to 4 meters and periods of 5to0 9
seconds. With the exception of the Beibu Gulf, the multi-
year average wave height in other sea areas was greater
than 1.5 m, with wave energy of approximately 10 KW/m
or above. The wave spectrum density reached its
maximum in the Taiwan Strait and the western waters of
Guangdong, exhibiting a distribution of greater wave
energy and more concentrated wave direction bins.
Among them, the wave energy resources in eastern

Guangdong were the most abundant, reaching
approximately 130 MW/m (Figure 2). Moreover, the swells
play a key role in the Guangdong coast, with wave
directions ranging from south-southwest to south.

Figure 1 - Spatial distribution of a) annually average wave
energy flux (KW/m); b) coefficient of variation; c) the
monthly variability index; d) annually average effective
wave energy flux (KW/m); e) occurrence frequency of
effective wave energy flux; and f) the optimum hotspot
identifier between 2013 and 2022

The spatial distribution of wave energy in different
seasons (Figure 3) was generally consistent with previous
findings, except for higher wave energy density to the east
of the Taiwan Island during summer months (JJA), which
was attributed to inter-annual variations influenced by
tropical cyclones in the western North Pacific.



Al Al 100
003 1.77 .zw- 549 208 100
0 90
[AANUEl wave power " A00kwim [Annual wave power 400kwim BANLET wave pavier X
eo0shim  Changiiangkou 104090wim  Znoushan o f0gssMwim  ZheXi
B 001 0.01 - by 0.01 &
8 200kwim 8 200kwrim e oo o5 | 0 7
7 7 B z
j | © S 0.09 [l 010 010 60 £
— ) F i — — 5 =
T 6| e y A00kwm z 6 A H
1 ‘ K & 8 0%
o £ 25 2
. g
4 4 4 E
20kwim
3 3 3 o
2 2 2 @
1 | S 10
0 0 0 o
0 2 4 6 8 10 [} 2 4 [ 8 10 0 2 4 6 8 10
Tels;
Al o) 100
057 100 P&
O i ware power O Arnua wawe power W v pawer %0
i 400kwim i 400kwim
sosomwm  Mindong a thim  Minzhong . o | 129.08MWm Yuedong
" ¥ . -
8 200kwim 87 . 200kwim 8 b 200kwim 0.0 o
7 i 7 : E
- = e O . 001 0.01 [N
=8 100kwim y 100kwim =8 100kwgm )
£ . . 0.01 001 0.01 RS ) 001 0.11 0412 o %
L = Skwdm Thwdm o1 020 R U Slkwim £
00 L a0 2
4 4 4 H
20kwim 0.01/87¢ 1 20kw/m a0
3 3 3
) 0.64 = 680 '
B Skwim N 2 Siowim kS
i 1221143 351 1.31 05 )
| | ;o ki I
0 o 0 o
o 2 4 6 8 10 [} 2 4 5 8 10 0 2 4 6 8 0
All All 100
P7
1o ANNUEl wave power 0 ANNUE| wave power 1 ANnua| wave pawer 0
400kwim i 400kwim
o| 108 ESMWm Zhujiangkou W 5 35N . Mvm | Beibuwan o
I B b w0
8 S 200kwfm 8 ] g 200kwim 8 N { 200kwwm o
7 . E
wl F\{ 60 £
£ 100kwim o T B[ 100kwim £ 100kt . E
s e C ; F ° 3
" ; w -, 2
kwim ont o T i ewdm . Twim o G w s
4 4 4 S
20kwim 0.01 115 2.44 0.21 380 20kwim Sokewim 006 051 0.01 w
3 3 3
) 112 438 0.0
2 2 Skwim 2 20
' 4| tkwim . 10
0 o 0 0
0 2 4 8 10 [} 2 4 5 s 10 0 2 4 6 8 0

Figure 2 - Wave energy diagrams of the annual energy corresponding to sea states in different H; — T, bins at selected hotspot
sites. The top left subplots in each plot depict the directional distribution of wave energy.

= south than in the north, greater energy in offshore areas
compared to nearshore areas, and higher energy in winter
than in summer. Among them, the wave energy in eastern
Guangdong coast demonstrates higher stability, longer
exploitable duration, and greater development potential.
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Figure 3 - Seasonal distribution of average wave energy

flux (KW/m) in a) spring, b) summer , c) autumn and d)
winter during period of 2013-2022

In summary, the wave energy along the southeastern
coast of China exhibits a pattern of higher energy in the



