52 3 Vol.52, No.3

2021 5 OCEANOLOGIA ET LIMNOLOGIA SINICA May, 2021
%
1 1,2 1 2
(1. 266061; 2. 266061)
(sea
surface temperature, SST) , 2018
, SST
P731.21 doi: 10.11693/hyhz20200600169
Ekman ,

) (Bonjean et al, 2002;
Sikhakolli et al, 2013)

> > > B

: : (maximum cross
(Yu et al, 1995, 2013; ,2005) correlation, MCC) (surface

, Ekman quasigeostrophy, SQG)
(Lagerloef et al, 1999), ( , MCC
2012; , 2012; Rio et al, 2014, , 2016), (Bowen et al, 2002; , 2012),
) MCC ,
* , 2016YFA0600102 , 41576176 , , E-mail:

1204604507 @qq.com
: R s , E-mail: yangjg@fio.org.cn
:2020-06-19, : 2020-08-30



594 52

(sea surface temperature, SST) 4 , 5
, (surface
quasigeostrophy, SQG) (Isern-Fontanet et al, 2006,
2020; Gonzalez-Haro et al, 2014)

Piterbarg(2009) SST (
) )
( PIT09)  PITO09 , Rio AVISO(archiving, validation and interpretation of
(2016) SST satellite oceanographic data), 1/4°%
( ), 1/4°, 1d,
, 30%—35%, “twosat”
, SST “allsat” (remote sensing
, systems, REMSS) 25 km

, 1d MW SST

, Rio  (2018) , (surface drifter
6 , data assembly center, SD - DAC) 6 h
SST 2018 , 15 m ,
4 ,
( 2
RIO18) , Ciani  (2019)
, 2012—2016 ,
(1/24°) ; , , (Ubeks Voek) (topts
) Vopt) PIT09 ,

8SST+MOSST+VGSST _F, 1)

, , ot ox oy

( ), , SST U v

, , ;X oy  F
) , Foex
) F
' : ’ ’ Uopt = Upck _AX(Axutj;ii;VbCk +E)’ ()
) B><(A><ubck+B><vbCk+E)
: Vopt = Vbek — 1B > (3)
> Uopt  Vopt 5
> Upck  Vbek 5
A:aSST,B:aSST,E:aSST—Fbck. @)
, Ox Oy ot
, SST
1 , 2 , SST



595

3
, Fek , 5
SST 1.5 ,
_(8SST) ) Upew=5ut+1.5u, Sv+1.5v)
bek — )
¢ ot scales>L la 1b
, scales o L ; L lc ,
500 km ,
(2)—(®) , 1 :
Fock
3.2
3
> (sea
3.1 surface temperature gradient, SSTG)
RIO18 R 2018 1 2 2
(u, v), ,
(us, vs), ( ) ,

39°N 39°N

38°

K7ad >

SST
4.5

Q w
E 30 £
1

= g
u S
215 =
L] =

0
0 1.5 3.0 45
FIBEIIR (m/s) HBTIRE (m/s) HIBTHRE (m/s)
o8l otk OEANE * ANE O EaNg * Uang
1
Fig.1 Decomposition of velocity vector along tangent and normal directions along isotherms
a C ) )b C ) C ) ;e C )

( ) 5 ; SST:



596

52

SSTG, ,
SSTG
SSTG
SSTG ,  SSTG ,
(root
mean square error, RMSE), RMSE SSTG
3
: , SSTG<2.0x
10°°C/m , ;
. SSTG<1.2x10” °C/m ,
4
“twosat” MW SST , ,
2018 1/4°
0.22
0.20
2
E 0.18
S
o 0.16
-]
0.14 opt
bck
0.12
2 3 4 5 6
SSTG (°C/m) x10°°

3 “twosat”
Fig.3 The root mean square of “twosat” background velocities, optimized velocities, and buoy velocities changes with the minimum

ca: ; b
4.1
2018 3 24
“twosat” (
“allsat”
“twosat” S

; bek:

SST (°C)

65°W

71° 69° 67°

2 2018 1 2

Fig.2 The current field in the gulfstream region on January 2, 2018

: a: “twosat” ; b: ; SST MW SST

0.20
0.18
0.16

0.14

VRMS (m/s)

opt
bck

0.12

0.10
1 2 3 4 5 6

SSTG (°C/m) <10

SSTG

threshold of SSTG
; opt: ; SSTG: ; URMS: ; VRMS:
4.2
s 2018
(MW SST )
4a), 10 m ,
10 m , 15 m
( ), ) , ,
( 4o, ,
MW SST (Erms) (Sh) (Rcor) ,
“allsat” SSTG
( 4b) (9 R



3 : 597

20° = 20°

132° 133°E 132° 133°E 132° 133°E
ss7 o) | I -
240 245 25.0 255 26.0 26.5 27.0

4 2018 3 24
Fig.4 The eddy in the Kuroshio region on March 24, 2018
:a: “twosat” ; b: “twosat” MW SST ; c: “allsat” ; SST MW SST ; : “twosat”

2 SSTG>2.0x107°°C/m
R :100[1_(ERMsfopt/ERMsfbck) } (6)

, , 15%—

» ErMs-opt ; 249, , SSTG

ERrwms-bek . SSTG>2.0x107°°C/m
(35°—65°8S, SSTG
0°—360°E) (30°—40°N,
140°—180°E) R
24843 10134 1344
, “twosat” “allsat”
, SSTG ’

, , %2 BERERREREE twosat" B R, HEILIF.

« o BIAS “allsat” & R1H 5 ZFHEEHTEHRITER
wosa ’ ’ Tab.2  Average statistical results of “twosat” background field,

“allsat” ( 1) 2 3 , optimized field, “allsat” background field and buoy data in the
Antarctic Circumpolar Current region

’ “twosat”  “twosat’+MW  “allsat”
SST
R e . = (m/s)  0.148 0.145 0.132
F1 2R “twosat”E =17, H1LiF. “allsat’ B =
3T 4= # 5 N (m/s) 0.037 0.040 0.033
HEEREENTEARITER 0.852 0.858 0.881
Tab.1 Average statistical results of “twosat” background field, ’ ’ ’
optimized field, “allsat” background field and buoy data in the (m/s)  0.134 0.121 0.120
global region (m/s) 0.022 0.018 0.022
“twosat”  “twosat’+MW “allsat” 0.866 0.885 0.893
SST
(m/s)  0.145 0.144 0.132 £3 BHTAEREM“tvosat" BB 1F. B
(mis) — 0.021 0.019 0.020 “allsat” & 17 5 FARAUR A9 PG R
0.845 0.846 0.877 Tab.3  Average statistical results of “twosat” background field,
(m/s)  0.132 0.124 0.120 optimized field, “allsat” background field and buoy data in the
(m/s) 0.008 0.007 0.009 Kuroshio Extension region
0.821 0.831 0.857 “twosat” - “twosat”+MW  “allsat”
SST
5 , “twosat” , (m/s) 0.181 0.178 0.158
MW SST 1% 1075 (m/S) —0.006 0.002 0.001
oc SSTG “twosat” 0.816 0.821 0.852
m ’ ’ wosa (mfs)  0.152 0.141 0.137
“allsat” (m/s) —0.002 -0.002 0.001

0.774 0.786 0.818




598 52
“twosat” , SSTG , SSTG>2.0x107°°C/m “twosat” MW SST
“allsat” , “allsat” ,
s “allsat” SSTG
) ) ) “allsat”
0.24 0.24
a b
0.20 0.20
2
E
o 0.16 0.16
=
0.12 —6— twosat 0.12 —&— twosat
—6— opt —6— opt
—6— allsat —6— allsat
0.08 0.08
0 1 2 3 4 5 6 0 1 2 3 4 5 6
0.90 0.90
c d
0.86 0.86
_ 082 0.82
8
0.78 0.78
—6— twosat —&— twosat
0.74 —o— opt 0.74 —o— opt
—6— allsat —6— allsat
0.70 0.70
0 1 2 3 4 5 6 0 1 2 3 4 5 6
25 25
e f
20 20
9 15 15
@ 10 10
=
= 5 5
0 0
—6— opt —©—opt
-5 -5
1 2 3 4 5 6 1 2 3 4 5 6
SSTG (x107°°C/m) SSTG (x107°°C/m)
5 “twosat” (opt) “allsat” (RMS) (Corr) (IMPR)

SSTG

Fig.5 The root mean square(RMS), correlation coefficient(Corr), and improvement percentage(IMPR) of “twosat” background
velocities, optimized velocities, “allsat” background velocities, and buoy velocities change with different SSTG intervals

SST

ey

ta ¢ ¢!

, , SST

;b od

f:

() ;

3) ;

, SST

, 2012.
, 27(5):



599

1989—1994
, , , 2012.
,31(1): 1—38
, , 2005.
, 24(4): 8—16, 72
, 2016.
,13
, 2012.
.58

Bonjean F, Lagerloef G S E, 2002. Diagnostic model and analysis
of the surface currents in the Tropical Pacific Ocean. Journal
of Physical Oceanography, 32(10): 2938—2954

Bowen M M, Emery W J, Wilkin J L ef al, 2002. Extracting
multiyear surface currents from sequential thermal imagery
using the maximum cross-correlation technique. Journal of
Atmospheric and Oceanic Technology, 19(10): 1665—1676

Ciani D, Rio M H, Menna M et al, 2019. A synergetic approach
for the space-based sea surface currents retrieval in the
Mediterranean Sea. Remote Sensing, 11(11): 1285

Gonzalez-Haro C, Isern-Fontanet J, 2014. Global ocean current
reconstruction from altimetric and microwave SST
measurements. Journal of Geophysical Research: Oceans,
119(6): 3378—3391

Isern-Fontanet J, Chapron B, Lapeyre G et al, 2006. Potential use
of microwave sea surface temperatures for the estimation of
ocean currents. Geophysical Research Letters, 33(24):
124608, doi: 10.1029/2006GL027801

Isern-Fontanet J, Garcia-Ladona E, Jiménez-Madrid J A et al,
2020. Real-time reconstruction of surface velocities from
satellite observations in the Alboran Sea. Remote Sensing,
12(4): 724

Lagerloef G S E, Mitchum G T, Lukas R B ef al, 1999. Tropical
Pacific near-surface currents estimated from altimeter, wind,
and drifter data. Journal of Geophysical Research: Oceans,
104(C10): 23313—23326

Piterbarg L I, 2009. A simple method for computing velocities
from tracer observations and a model output. Applied
Mathematical Modelling, 33(9): 3693—3704

Rio M H, Mulet S, Picot N, 2014. Beyond GOCE for the ocean
circulation estimate: Synergetic use of altimetry, gravimetry,
and in situ data provides new insight into geostrophic and
Ekman currents. Geophysical Research Letters, 41(24):
8918—8925

Rio M H, Santoleri R, Bourdalle-Badie R ef a/, 2016. Improving
the altimeter-derived surface currents using high-resolution
sea surface temperature data: a feasibility study based on
model outputs. Journal of Atmospheric and Oceanic
Technology, 33(12): 2769—2784

Rio M H, Santoleri R, 2018. Improved global surface currents
from the merging of altimetry and Sea Surface Temperature
data. Remote Sensing of Environment, 216: 770—785

Sikhakolli R, Sharma R, Kumar R ef al, 2013. Improved
determination of Indian Ocean surface currents using
satellite data. Remote Sensing Letters, 4(4): 335—343

YuY Y, Emery W J, Leben R R, 1995. Satellite altimeter derived
geostrophic currents in the western tropical Pacific during
1992-1993 and their validation with drifting buoy
trajectories. Journal of Geophysical Research: Oceans,
100(C12): 25069—25085

Yu Y, Wang L F, Li Z W et al, 2013. Geostrophic current
estimation using altimeter data at ground track crossovers in
the northwest Pacific Ocean. Frontiers of Earth Science, 7(4):
447—455



600 52

APPLICATION EVALUATION OF SURFACE CURRENTS PRODUCT GENERATION
METHOD BASED ON SATELLITE ALTIMETRY AND SATELLITE TEMPERATURE
MEASUREMENT

LIU Xiu-Qing', ZHANG Jie"?, YANG Jun-Gang', CAO Lei?

(1. First Institute of Oceanography, MNR, Qingdao 266061, China;
2. Ocean Telemetry Technology Innovation Center, MNR, Qingdao 266061, China)

Abstract Improving the accuracy and resolution of ocean surface currents is crucial for related applications. By
introducing sea surface temperature (SST) data, the calculation of current field derived from altimeter data could be
improved, which was validated by the calculation of the daily gapless global ocean surface current velocities in 2018. By
adding constraints of the heat conservation equation, introducing satellite temperature measurement products, generating
surface current products on the basis of geostrophic current, and comparing with the in-situ drifting buoy velocities, the
quality of currents obtained by multi-source satellite remote sensing was evaluated. The method does not change the
tangential velocity component along the isotherm, and the normal velocity component along the isotherm can be improved.
The method makes full use of the sea surface temperature information to extract the flow field characteristic information.
In addition, the method worked well with significant improvement for regions in strong SST gradient, but not for those in
low SST gradient. The optimized current field can better describe the change of sea surface current, proving that the
combination of satellite altimetry and satellite temperature measurement can improve the surface flow of the ocean. In the
areas with strong mesoscale activities and thermal gradients, increasing SST observations is the ideal way to compensate
the lack of altimetry data.

Key words surface currents; satellite altimetry; satellite temperature measurement; heat conservation equation



