36 5 Vol. 36,No.5
2017 10 JOURNAL OF OCEAN TECHNOLOGY Oct,2017
doi:10.3969/j.issn.1003-2029.2017.05.013

1 1 1 2 1
(1. 266001 ;2. 266001 )
Hasselmanns SAR MPI ,  2003—2012
Envisat ASAR
(1) 3—4 ., 85%;(2)
S)=a*exp(—((x—1-b)/c)"2);(3) ab.c,
:SAR; ; ;
-P733 ‘A :1003-2029(2017)05-0081-07
o [8-10] 20
o SAR 0.005~0.03 m,
Synthetic Aperture Radar N
- SAR o
1978  Seasat—A/SAR o 20 90 .
ERS-1.2/SAR  Envisat/ASAR °
SAR Hasselmanns SAR
- Hasselmanns et.al 1991 I MPI 2003 1 -2012
SAR Envisat/ASAR
SAR
SAR MPI  (Max Planck
Institute). SAR o
[277]0 N N
/ o
2017-09-03
(41206165 ( 2015 11 )
1989- - E-mail:ouclxy@163.com

(1980- ),

- E-mail:gian.yang@ymail.com



82

36

1
1.1 MPI
SAR SAR
SAR
o SAR
Hasselmanns 1991 SAR
MPI - MPI
1,
SAR
1
2 ( Hasselmanns 1991
2n
S 2 72 m S
P W=exp(-ké )2 2, (k) P k)
n m
k. o
F, F,
P,=H, 2—’“+H_k 2—’
R Vb
P, RAR P,
ql ©
1 MPI
1 MPI
5 SAR o
SAR
SAR o J 3 J
Fk)

= | PPy ke | | FEFELE g

B+F(k)
Pk SAR . Pk) SAR
. F(k)
o k) o
1.2
1.2.1 SAR Hasselmanns MPI
SAR 0
Envisat ASAR
Level 1B ASA_WVI_1P
ESA. 10 kmx5 km
100 km \A%
HH, 2 500
1.2.2 MPI
WAM cycle4.5 - WAM
° ECMWF
ERA40 WAM
1°x1°
6 h, TerrainBase Global Land
Elevation and Ocean Depth (tbase) 5%
1.2.3
1 °
1
/m
1) H<0.1
2 ) 0.1<H<0.5
G ) 0.5<H<1.25
4 ) 1.25<H<25
6 ) 25<H<4.0
6 ) 4.0<H«<6.0
T ) 6.0<H<9.0
© ) H,>14.0
2
2.1
2 SAR

SAR 0



5 s SAR 83
4.99 M,
2.2
2003 1 -2012 1
a SAR b SAR Envisat
58 246
o 2
2003 1 -=2012 1
. J 0~50°N 100°~150°E
WAM 3
2 MPI ) 34
SAR SAR SAR 85% 5~6 12.6% 7
FFT 1% 4-10 5
WAM o 11 5
2 2003-2012
/m
a ) H<0.1
1.7% 1.5% 2.6% 1.9% 0.5%
2 ) 0.1<H<0.5
3 ) 05<H<l1.25 56.9% 57.6% 71.2% 64.2% 34.6%
4 ) 1.25<H<2.5 27.9% 28.5% 18.8% 23.7% 40.7%
5 ) 25<H<4.0 9.2% 7.8% 5.4% 7.4% 16.5%
6 ) 40<H<6.0 3.4% 3.5% 1.5% 2.1% 6.4%
7 ) 6.0<H<9.0 0.73% 0.9% 0.43% 0.5% 1.1%
8 ) 9.0<H<14.0 0.06% 0.03% 0.03% 0.1%
9 ) H,=14.0
3 2003-2012
/ / 1 2 3 4 5 6 7 8 9 10 11 12
1~2 0.2% 0.6% 1.1% 2.5% 1.1% 2.1% 2.7% 3.2% 3.0% 1.6% 1.2% 0.8%
3 254% 372% 43.5% 603% 69.0% T1.7% 68.1% 67.7% 76.1% 69.0% 47.5% 41.2%
4 40.7% 43.2% 353% 28.1% 22.1% 16.9% 20.0% 194% 16.8% 23.2% 313% 38.2%
5 21.3% 142% 11.9%  6.8% 4.8% 3.1% 6.0% 7.0% 3.5% 5.0% 13.6% 14.0%
6 9.7% 4.4% 6.5% 1.8% 2.1% 0.2% 2.0% 2.2% 0.5% 0.9% 4.9% 5.0%
7 2.3% 0.4% 1.6% 0.4% 0.8% 0.9% 0.4% 0.2% 1.3% 0.7%
8 0.3% 0.1% 0.1% 0.1%




84

36

3 °
Slw)=a*exp(—((x—1-b)/c)*2) 4
1-12
abc 4,
3
4 1-12 abc
1 2 3 4 5 7 8 9 10 11 12

a 04045 04897 04986 0.7078 0.8425 0.8627 0.7587 0.7410 0.8222 0.8205 0.5393 04791

b 2.996 2.668 2.466 2.296 2.279 2.202 2.222 2.207 2.181 2271 2.371 2.567
c 1.364 1.139 1.036 0.7356 06237 0625 06746 06864 06503 06496 09158 1.142
4 ab,c [0.81 month=5 6 7 8 9 10
a= . month=11 12 1 2 3 4
100320182070 "M 2L 2
ab c > 5-10
) . 0 A b 223 month=5 6 7 8 9 10 N
, = . month=11 12 12 3 4
1 a | b e ~0.08v240.51x+1.94| MON=IL 12 25
fw)=p 1*24p ¥+ 065 month=5 6 7 8 9 10
p3o abc c= month=11 12 1 2 3 4
-0.07x240.450+0.54 MM L 2T 25
a b c
4
2.3 N-NNW-NW 55%.
23.1 5 12m 65s.
WSW-SSW 45% SW .
1.3 m 6.1 s,
. W-SW-WSW SSE 24% . SE S
29% . NNW-N-NNE 21% 19%. 1.8 m
24% 1.2 m 5.6 s, 6.2 s,

232 6



5 , ot SAR 85
WSW
WNW-W-WSW 30% W SW 20%
33%. 1.6 m 6.6 s 19%. 1.2 m 6.0 s,
(NW-N-NE) NNE-NE-ENE 17% 16%
55% WNW.ENE 12% 14% 47% (NNW-=N)
8% . 1.4 m 6.6 s, 17%: 1.1m
5.9 s,
(NW-N-NE) WSW-
o WSW-SW-SSW 38% SW 35% W SSW
o 1.7 m 6.9 s, 12% 10%- 1.2 m
S-SSE-SE 6.2 s
16% 18% 12%. (SW-SSW-S-SSE- WSW  (26%)
SE) 63%: 2.1 m SW  (25%) 51% W.SSW
7.2 s, 12% 14% 1.9 m
2.3.3 7 7.2 so



86 36

3 Y
SAR MPI °
2003 1 -2012 1 W-SW-WSW
o WNW_W—WSW
WSW N-NNW-NW
(1) 3~4 NW-N-NE NNE-NE-
85% (2) ENE WSW-SSW
[ (v)= WSW -SW -SSW
a*exp(=((x—=1-b)/c)2) (3) WSW-SW SSE
ab c 5-10 b e S—-SSE-SE WSW-SW
a 10 4 1
a b C o
abc Jw)=p 1¥x°2+p 1*x+p3

[1] Hasselmann K, Hasselmann S. On the nonlinear mapping of an ocean wave spectrum into a synthetic aperture radar image spectrum
and its inversion[J]. Journal of Geophysical Research Oceans, 1991, 96(C6):10713-10729.

[2] Krogstad H E. A simple derivation of Hasselmann's nonlinear ocean-synthetic aperture radar transform [J]. Journal of Geophysical
Research Oceans, 1992, 97(C2):2421-2425.

[3] Briining C, Schmidt R, Alpers W. Estimation of the ocean wave - radar modulation transfer function from synthetic aperture radar
imagery[J]. Journal of Geophysical Research Oceans, 2012, 99(C5):9803-9816.

[4] Engen G, Johnsen H. SAR-ocean wave inversion using image cross spectra [J]. Geoscience & Remote Sensing IEEE Transactions on,
1995, 33(4):1047-1056.

[5] Schulz-Stellenfleth J, Lehner S, Hoja D. A parametric scheme for the retrieval of two-dimensional ocean wave spectra from synthetic
aperture radar look cross spectra[J]. Journal of Geophysical Research Oceans, 2005, 110(C5):1-7.

[6] Hasselmann S, Br i ning C, Hasselmann K, et al. An improved algorithm for retrieval of ocean wave spectra from synthetic aperture
radar image spectra[J]. Journal of Geophysical Research Atmospheres, 1996, 101(C7):16,615-16,629.

7] .ENVISAT ASAR [D]. , 2010.
(8] , : . [1. , 2012(11):189-196.

9 , , , .1988—2009 . [1. , 2012(s1):1-9.
[10] : : : . [1. , 2012(2):42-45.

[11] .SAR [D]. , 2014.



5 ;o SAR 87

Research on the Wave Characteristics of China’s Seas Based on SAR Directional

Ocean Wave Spectra

LIU Xiao—yan', YANG Qian', ZONG Fang-yi', ZHANG Xiao—nan', ZENG Kan?, WU Cheng-xuan'
1. Institute of Oceanographic Instrumentation, Shandong Academy of Sciences, Qingdao 266001, Shandong Province, China;
2. Ocean Remote Sensing Institute, Ocean University of China, Qingdao 266003, Shandong Province, China

Abstract:In this paper, the MPI method proposed by Hasselmanns are used to retrieve the directional ocean
wave spectra from SAR data. Its applicability has been validated with the retrieve error 4.9% by Liu xiaoyan
(2014). The directional ocean wave spectra over the China’s seas during the period between Jan. 2003 and Jan.
2012 were retrieved from Envisat/ASAR data provided by ESA. Then the retrieved significant wave heights,
average wave direction and average wave period are counted to comprehensive analysis the spatial —temporal
characteristics of China’s seas. Some valuable results are acquired when analyzing the characteristics of the ocean
wave state which is subdivided to nine grades according to the counted significant wave heights: (1) The highest
occurrence probability of the wave condition in China’s seas are level 3—4, up to 85%; (2) The distribution
probability of different level waves appear in different months is in line with Gaussian distribution function in
China’s seas: f(x)=a*exp(—((x—1-b)/c)*2); (3) The fitting coefficient a, b, ¢, also has certain distribution regularity
after analyzing the Gaussian distribution function. Then the SWH data, average wave direction data and average
wave period data were combined to respectively analyze the spatial-temporal characteristics of various sea areas
in China’s seas, such as Bohai Sea, Yellow Sea, East China Sea and South China Sea. The results will be of great
reference value to the research on the major and severe sea wave disasters in China’s sea areas.

Key words:SAR; directional ocean wave spectra; SWH; ocean wave characteristics; China’s seas



