47 3 Vol.47, No.3

2016 5 OCEANOLOGIA ET LIMNOLOGIA SINICA May, 2016
*
Jason-2
1 1 1 1 2
(1. 100081; 2. 310058)
Jason-2 (Hy)
Jason-2 ) )
20 2008 2014 , Jason-2
( ) ( H; 6.2m)
, Jason-2 (D)
, RMSE=0.445m; (2) , :
3) 2m=H=5m ; (4)
; Jason-2; ;
P731 doi: 10.11693/hyhz20150700180
20 70 )
, 1985 Jason-2 ,
Geosat (Geodetic satellite) , (
, : ERS-1/2 NDBC )
(European Remote Sensing-1/2) TOPEX/Poseidon Abdalla  (2010) 24908
Jason-1/2 Envisat(Environmental Satellite) Cryosat-2 , Jason-2
HY-2  (Queffeulou et al, 2007; Durrant et al, 2009; , I1m,
Zieger et al, 2009; Abdalla et al, 2011; Jiang et al, 2012; Bias=0.0290m, STD=0.4119m S
Zhang et al, 2015) s Hy( )>6m , Jason-2
(Ablain et al, 2010; Queffeulou  (2011)
Desai et al, 2010;Ray et al, 2012) , 3919 Jason-2
Bias=—0.0569m, STD=0.2169m (2014)
> NDBC 2011 Jason-2
) , 1635
R=0.97, RMSE=0.28m,
ERS-1/2 TOPEX/Poseidon  Jason-1/2 STD=0.28m, Bias=—-0.02m Zhang (2015) 27
( , 2008; s NDBC Jason-2 R
2006; , 2014), RMSE=0.292m, Bias=0.016m , Shanas (2014)
, Jason-1
Jason-2 R 5 Jason-2 Envisat ERS-2
* , KLOCAW1409 ; ,2013BAB04B003

s , E-mail: wangjj@nmefc.gov.cn
:2015-07-08, :2015-12-01



510 47
H<0.5m , Jason-2 Jason-2 ,
4m, (34.78°N, 125.77°E)
Jason-2 Jason-2 ,
Chen (2013) NDBC 114, RMSE=1.1310m
, Jason-1/2 HY-2 , (36.25°N, 125.75°E), ,
Jason-2 RMSE=0.36m Jason-2 88 , RMS=
10 3m 0.3304m, Bias=0.1413m, R=0.9161,
Park (2013) Jason-2 R
, Topex/Poseidon, Jason-1, Envisat 1
F1 3 Jason2 ARRE-RMFARREEB LR
Tab.l Comparison of validation on Jason-2 significant wave height product ”
RMSE Bias STD R N H
Abdalla  (2010) 0.4119 0.0290 24908 H<11m; H>6m
Queffeulou (2011) —0.0569 0.2169 3919 H<10m
(2014) 0.2800 —-0.0200 0.2800 0.9700 1635 NDBC, H,<10m
Zhang  (2015) 0.2920 0.0160 NDBC, H,<10m
Chen (2013) 0.3600 NDBC, H<7m , H<3m
Park  (2013) 0.3304 0.1413 0.9161 88 , H<4m
1.1310 114 , H<4m
(1) RMSE , Bias ,STD ,R ,N
RMSE: root mean square error; Bias: the mean bias; STD: standard deviation; R: correlation coefficient; N: data amount
1 s Jason-2
, , TOPEX RMSE 0.5m ,
s RMSE 0.28m  0.4119 s Jason-2 RMSE 0.35m,
s s Jason-2 S
; 4m
R R Jason-2
Jason-2 s Jason-2
R TOPEX  Jason-1 ,
Jason-2 TOPEX 28
Jason-1 s s
(Quartly, 2010), s 2002
Ebuchi (1994) JIMA(Japan 2014
Meteorological Agency) ( 2008 2014
28°10'N, 126°20'E ) s TOPEX , s
s Bias=0.3 Im(Ku-band) Jason-2
0.32m(C-band), RMSE=0.50m(Ku-band) 0.54m Jason-2
(C-band) (2013) 3
( 3m),
Jason-1 ) RMSE 1
0.35m, 0.95, Jason-1 1.1 Jason-2

OSTM(Ocean Surface Topography Mission)



3 : Jason-2

511

TOPEX/Poseidon
2008 6 20

Jason-1 , Jason-2

CNES(Centre National
d’EtudesSpatiales) NASA EUMETSAT(the European
Organisation for the Exploitation of Meteorological

Satellites) NOAA ,
2.5—3.4cm, 0.4m 10%
1336km, 66.039°,
10 , TOPEX/Poseidon  Jason-1
Jason-2 GDR (Geo-
graphical Data Record) , ,
R Jason-2
Ku C , 2011
OSTM/Jason-2 Ku
C R , Ku ,
0.001m
2011 OSTM/
Jason-2
1.2
, 28
2002
2008 s
FUB
Xml FUB ,
FUB , 2011
Xml FUB
5 0.5m, 1m/s,
Is, 0.1°, 10°,
0.1°C
Xml FUB
0.1m, 0.1m/s,
0.1s, 0.01’, 1°,
0.1°C, 0.01°C FUB

2
2.1
Jason-2
t (x, ), Jason-2
:(a)
(x, ) , ds , (b)
t dt( )
, t
3
Jason-2 s
1 1
Jason-2
50km 30min
Jason-2 s
, 1 , 30min
2 17
1 , 20 30 40km
, (RMSE Bias AE STD)
50km , RMSE s
40km S 50km
s 2008 2014
Jason-2
Jason-2 ,
20 , 10 6
4 Jason-2
26060
11976 8678 5406



512 47

N 0.70
40° 0.65
0.60
35° 0.55
0.50
0.45
30°
_]I 0 20 30 40 50 60 70 80 0.40
BEES (km)
1 0.35
Fig.1 Error parameters and data sizes vary with the matching 25
distances 0.30
Bias: ; AE: ; RMSE: ; STD:
20" Lo * 0.20
110° 115° 120° 125° E '
. Jason-2
2 Jason-2
Jason-2 XIason-Za N
Xbuoy, Jason-2 X=Xjason-2-Xbuoys Fig.2 Parameters for validation of Jason-2 products and the data
1 size N on each buoy position in Chinese marine territories
e & n _ R
Bias ” ZH X, AE
1 Jason-2 RMSE R
n
bl RE= ,
1 <—n RE R RMSE
SO [|x,.|/{)(bu(,y }l}x 100 RMSE=
1 n 2 1 n 2 > 3
— x:)°, STD=,[— > = (x—x
\} n Z:i=1( ) V n Zl=l( i =) Jason-2 3
2.2 s 3.5m,
, Jason-2 2.5m
b 2 b b
2 , RMSE 0.7m, 4m )
RMSE , . 6m
RMSE S . 13
03m  0.5m RE , ,
) RE Jason-2 ,
30% 5 R , 4m
R 0.4 0.7 R Jason-2
5 R RMSE s
RE AE . R 2

R Jason-2 5



3 : Jason-2 513

: ] e 1 10
S B (b) S
H il 7
:! o 6 H 7 8
° 7 e —_ e
”/ B e
/ Ve
i L 6
i [
L] N
' & 4
. 2
3 2
: : : 0
0 B i i 0 is i
0 13 25 4 6 0 13 25 4 6
BHr—H, (m) Sr—H, (m)
S S d) B8 "
.. Ve : 4]
H I
s -
- £
=
i [
1 [N
L
o
o [2]
(]
E:
6
IHr—H, (m) HR—H, (m)
3 Jason-2 (Hy)

Fig.3 The significant wave height (H,) comparison between buoy data and Jason-2 product

Bias ; ; F2 DEBRMITGSRMREE
Jason-2 Tab.2 Validation parameters and data sizes in marine areas of
’ China
, 0, Jason-2 -
Bias(m)  AE(m)  RMSE(m) RE (%) R N
> 3 9 HHE 10,066 0339 0392 30.58 0.714 11976
Jason-2 , Jason-2 it 0183 0.402 0.526 24.92 0.831 8678
4m 0.002 0327 0.435 18.40 0.841 5406
T 0.091 0.358 0.445 2521 0.826 26060
AE RMSE ) R , Jason-2
, 4m : Bias
0.091m, AE 0.358m, RMSE 0.445m,
s RE R , RE 25.21%, R 0.826
1 Jason-2 , RMSE
4m ) 0.28m 1.13Im ,Bias —0.0569m 0.1413m
Jason-2 AE RMSE , R 0.9161 0.97 s
Bias , s Jason-2 ,
2 5 2
Jason-2 2.3

S 4dm 3.2 Jason-2



514 47

’ 5 : Om
, H<1.3m, :1.3m=H<2.5m, 1 2.5m=H<4m,
Jason-2 :dm=H<6m, 1 6m=H<9m ,
s 4 6.2m
20 60
41.5 -50
41.0 40
B E | <
= S
& 105 @ 130 5
S il @
© |
= =0.0 -20
-0.5 -10
+-6 0

Fig.4 The validation parameters and data sizes vary with significant wave height

4 , RMSE R N

) H>5m , Jason-2

Bias N . s o S 4
*3 ARRETHITFHSHMEES
H=5m 0.2m, 0, Tab.3 Validation parameters and data amount under different
wave states

Jason-2
. Bias (m) AE (m) RMSE (m) RE (%) R N
H>5m Bias , H>6m
] A 0182 0326 0.422 33.80 0.637 15480
Bias 1.0m 4 He>6m B |-0012 0372 0.487 22.03 0.688 8133
Jason-2 Abdalla ~0.144 0.476 0.598 16.72 0.773 2309
(2010) , TJason-2 Eil 1-0.133 1.005 1217 22.00 0.553 125
Jason-2  H>6m 1.017 1.113 1.192 17.95 0.260 13
RE 2m=H,<=5m 25%,
H=Im 6m 30% , RMSE Bias AE
5 5 2m=H;=5m s R RE
RMSE Bias RE s R R
Jason-2 RMSE 04m 0.6m s RE 16%
H=Im RE , RMSE  Bias , 23% s 0.68, 2000
Jason-2 H>5m, H=6m
RMSE  Bias , Jason-2 R 0.553,
, 3 125 ,

Bias AE RMSE RE ) 13,



3 : Jason-2 515
, Jason-2 3)
3
3.1 “4)
Jason-2 Jason-2
4 50% .
(1
70% FUB , 3.2 Jason-2
0.5m, Jason-2 Jason-2
R Jason-2
(2) , Jason-2
Jason-2 , RMSE Bias AE
5
9

x w

ﬁ o

® 2

2
05050 100 150 200 250 300 0 50 100 150 200 250 300
BEIE (km) BFIE (km)
5 Jason-2
Fig.5 The validation parameters of Jason-2 vary with distances away from land
Black line is the curve of least-square fitting.
5 s R >
, 279km S >
0.94, 100km
0.66 Jason-2 5
17.8%, 100km ,
51.5% R Jason-2

Jason-2 s



516

47

125 13
4
s Jason-2
(1) Jason-2
Bias=0.091m, AE=0.358m,
RMSE=0.445m, RE=25.21%,
R=0.826
(2) Jason-2 ,
3) , Jason-2 2m
=H,<=5m R H>5m
(4) Jason-2
4m 5
R ,2006. JASON-1 TOPEX/POSEIDON

,36(S1): 189—196
, 2014

,29(1): 26—32

R R , 2013. Jason-1
32(5): 15—22
R s , 2014, HY-2A
,36(3): 121—126
s s , 2008. T/P, Jason-1
, 28(6):
117—122

Abdalla S, Janssen P A E M, Bidlot J R, 2010. Jason-2 OGDR
wind and wave products: monitoring, validation and
assimilation. Marine Geodesy, 33(S1): 239—255

Abdalla S, Janssen P A E M, Bidlot J-R, 2011. Altimeter near real
time wind and wave products: random error estimation.
Marine Geodesy, 34(3—4): 393—406

Ablain M, Philipps S, Picot N et al, 2010. Jason-2 global
statistical assessment and cross-calibration with Jason-1.
Marine Geodesy, 33(S1): 162—185

Chen C T, Zhu J H, Lin M S et al, 2013. The validation of the
significant wave height product of HY-2 altimeter-primary
results. Acta Oceanologica Sinica, 32(11): 82—86

Desai S D, Haines B J, 2010. Precise near-real-time sea surface
height measurements from the Jason-1 and Jason-2/OSTM
missions. Marine Geodesy, 33(S1): 419—434

Durrant T H, Greenslade D J, Simmonds I, 2009. Validation of
Jason-1 and Envisat remotely sensed wave heights. Journal
of Atmospheric and Oceanic Technology, 26(1): 123—134

Ebuchi N, Kawamura H, 1994. Validation of wind speeds and
significant wave heights observed by the TOPEX altimeter
around Japan. Journal of Oceanography, 50(4): 479—487

Jiang X W, Lin M S, Liu J Q et al, 2012. The HY-2 satellite and
its preliminary assessment. International Journal of Digital
Earth, 5(3): 266—281

Park K A, Woo HJ, Lee E Y et al, 2013. Validation of significant
wave height from satellite altimeter in the seas around Korea
and error characteristics. Korean Journal of Remote Sensing,
29(6): 631—644

Quartly G D, 2010. Jason-1/Jason-2 metocean comparisons and
monitoring. Marine Geodesy, 33(S1): 256—271

Queffeulou P, Bentamy A, 2007. Analysis of wave height
variability using altimeter measurements: application to the
Mediterranean Sea. Journal of Atmospheric and Oceanic
Technology, 24(12): 2078—2092

Queffeulou P, Ardhuin F, Lefévre J M, 2011. Wave height
measurements from altimeters: validation status &
applications. In: Ocean Surface Topography Science Team
Meeting, San Diego, California, 2011

Ray R D, Beckley B D, 2012. Calibration of ocean wave
measurements by the TOPEX, Jason-1, and Jason-2
satellites. Marine Geodesy, 35(S1): 238—257

Shanas P R, Sanil Kumar V, Hithin N K, 2014. Comparison of
gridded multi-mission and along-track mono-mission
satellite altimetry wave heights with in situ near-shore buoy
data. Ocean Engineering, 83: 24—35

Zhang H F, Wu Q, Chen G, 2015. Validation of HY-2A remotely
sensed wave heights against buoy data and Jason-2 altimeter
measurements. Journal of Atmospheric and Oceanic
Technology, 32(6): 1270—1280

Zieger S, Vinoth J, Young I R, 2009. Joint calibration of
multiplatform altimeter measurements of wind speed and
wave height over the past 20 years. Journal of Atmospheric
and Oceanic Technology, 26(12): 2549—2564



3 : Jason-2 517

VALIDATION ON JASON-2 SIGNIFICANT WAVE HEIGHT
PRODUCT FOR CHINA SEAS

WANG Juan-Juan'!, GAO Zhi-Yi'!, WANG Jiu-Ke', LI Ben-Xia!, SONG Jin-Bao>

(1. National Marine Environment Forecasting Center, Beijing 100081, China;
2. Ocean College, Zhejiang University, Hangzhou 310058, China)

Abstract The significant wave height (H) product of Jason-2 satellite altimeter has been applied in many fields of
oceanography. However, due to lack of long-period and wide-coverage wave observation for China seas, the accuracy of
Jason-2 significant wave height product remains in poor validation. To validate Jason-2 significant wave height product
under different wave states in China seas, and provide a reference for the application of the product, we employed 20
hydro-meteorological buoy data in 2008—2014 from the State Oceanic Administration (SOA) of China to evaluate the
product in three sea areas (Bohai Sea and Yellow Sea, East China Sea, and the South China Sea) at different wave states
(the maximum H; is 6.2m). Results show that Jason-2 significant wave height product is good for the application for China

seas (the root mean square error is only 0.445m, and best applied in the South China Sea). In addition, it is ideal when 2m

=H,=>5m; and the accuracy becomes higher with distance away from land.

Key words China seas; Jason-2; buoy; significant wave height
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