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Abstract A global ocean data assimilation system named ZFL_GODAS is developed in this study. The system is a
sub-system of an operational system for short-range climate forecasting, and provides the global ocean initial state field
for coupled ocean—atmosphere models. It can assimilate observations such as satellite altimetry, sea surface temperature
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(SST), in situ temperature, and salinity from Argo, XBT, TAO, and other sources. ZFL__GODAS uses LICOM1.0 (a
global OGCM developed by LASG/IAP) as its ocean model. It is an ensemble optimal interpolation system that uses an
ensemble of a series of model states from a free LICOM running to estimate the background error covariances (BECs).
The ensemble-based BECs are multivariate and inhomogeneous and they can reflect the length scales, anisotropy, and
covariability of oceanic physical processes. To enhance the efficiency, a set of distinctive, efficient, and load-balanced
parallelized Ensemble Optimal Interpolation (EnOI) programs have been developed.

The performance of ZFL_GODAS is evaluated by comparing its results with a range of satellite-derived and in situ
observations. We compare the interannual variability of SST and sea surface height, the evolution of the SST anomaly at
the equator, and the root-mean-square error of model results of SST, sea level anomaly, and sub-surface temperature and
salinity. We also show the five-year-mean profiles for temperature bias, salinity, and zonal velocity. We find that the
ocean data assimilation shows a very positive impact on the modeled fields. We can preliminarily conclude that
ZFL_GODAS performs well, so it can provide a desirable global ocean initial state for the ocean model component of
the climate forecasting system, and provide effective reanalysis data for improving our understanding of the oceans.
Keywords Ocean data assimilation, Ensemble Optimal Interpolation (EnOI), Multivariate assimilation, Operational oceanography

1 35

B FHEARE RGN Il FEAPECIE
Rl bR, AT REHER A 2 i 14
PRS- AERG B R A B 2 R T2 (Jin et al,
2008) 0 ASCAr 4T 5 B — AN ERIEEE BURL A Ak
R4 (ZFL_GODAS) [T 77 ERWDE R Al

L5 R KR Y. [ 5 5% Jmy )i R TR A 55
A4 BODAS %4t (Oke et al., 2008) 2fll, ZFL_
GODAS #Zitht G IR Ui {EH (Ensemble
Optimal Interpolation, EnOI) J5 7% [ [A] 4k & 4t » EnOI
Tk A R/R 280 (Ensemble Kalman Filter,
EnKF) J5 k00— ANMEAURCA, AL S OIS FEA
(FRASFEAD B EnKF H i 2800 1 AR 23 i i
FIRBIASHEA, RN T8, T HAgs
L MR8 EnKF i E B UK . 5 3DVAR
LR AL, EnOl A FAIEH: #—, EnOI
T — A B R o B AR 145 21 i S A
AKAG VI SR TG 22 . XAERIE TR G REAR
I iR ey 7 R 2R R AZ . & [l Pk
FEAE, L RE S Wi v 4 3 0k R ] A ) A 1) RS ARy
fit . 25—, EnOI #cAT 51 30 £ R A E
(Burgers et al., 2002), XFE E HA &AL AL AT
1. 2=, EnOl Jyikaels LL—Fh i 512215 5,
[ IS [ A A5 A [ S AL RO I e ), iy HARAR 22 (7]
A7 AE [ g 1T v B 5 (sea level anomaly,
SLA) FHilt R EREBERHN, AEAE R 22 L T AL
PP (Cooper and Haines, 1996; Troccoli and
Haines, 1999; Yan etal., 2004; Cummings, 2005;

Martin et al., 2007).

ZFL_GODAS Z Gt — L AR T
FRGMN T RG, H AL RN R s A
BEIa6 3, AR ST ) B . RS Fuetal.
(2009a) TAEMEEA |, JFRSEHTI. Fu et al.
(2009a) JFJE T X0 1AL FE v SRk A A6 5,
SR R R BE SR —Fh Bk, RGO I i e
AT A BUE IE R RN, iR (sea surface
temperature, SST). (K32 Eh L S IX R )Z I
TR A B S ) 3 s AhB A T EnOl 5 3DVAR i)
W7 IR EGRES, 45 R K] EnOl [F] 46 45 ]
BT 3DVAR 5% (Fuetal., 2009b; Fu and Zhu,
2011),

T TARSEA b, BATHZ R G T REB N
MGEE: H—, X T RENFSFEARA BT AT
R, AR YOE R RSV g ) 2
WM. il bi, A AaRs, w8
Fuetal. (2009a) FTKH1 SVD J5l, SO M
RG> 25 b BRI “ PRI (107 U MR
HER s e BORE, ok S th (1 1 I &5 2
IR FREAEARMZ= AR, BCh o HFEAS, &F
A AR AE P AN R R SR AS, AT e 15 2]
SEHER TS SR ZE T ZE A, ARG B .
5, N TSR S8 AT I [FAL AT R 4,
A I SRE D BN f BN AR, AT —
RINERHMER, FFRT — R, s,
FER AT RIACRE . 26 =, Zil KE M BusrE
I, T R2gh i +25. BN, yRETH
BRI RS, fiILREE [F4L SST. SLA BA AL %28
IR ER R M TR o 56 F1, XTTORMPIPAL it



3 PEPEAESE: ARRIF VORI L R 40 ZFL_GODAS [FIF I IS VE Al R 46
No. 3 LU Zeting et al. Design and Preliminary Evaluation of the Global Ocean Data Assimilation System ZFL_GODAS 323

PRI R D5 AL BB AT T AN 5E 35, 2
BE T R L e AR A T e A L 5K AR
T IBAT RS

2 EEFIRAE AN RIE R

ZFL_GODAS F 4t TR FH (g A vh [E R}
SRR BET T (TAP) KA R A BRI A4
D12 BUEAE P E K E ALK = (LASG) RS
fik RGEHEERE, LICOMI.0 (X 8%, 2004) .

B R TE LASG 5 = ARV E A A Sl |
RRERLHN, N AENIFEUT AL 58 4% R 4R 77 RS
X, HEEAARRA 7 A24R (Zhang et al., 1996). 15
AT H RS P A BE A8 B U KR BR
AFAERI T BRI, DAE RS U
IHES R . LICOML.0 B K20 HE R A
0.5° (£hif) X0.5° (B, NHERIKIRAS, ZAifEis
I 90°N~78.5°S. T H 7 [ 43> 30 22, FLrhifgiin
LU 0~1000 m A JE4 20 J2 . 4 7E% Fl DBDB5
HREIRIEERE, RN (1/12) ° (i) X (1/12)°
(L), RBPPE (1/3) © (i) X (1/3) °
(P8 Rk . AR AR IR, SR T
T AT AR . AKE T I A PRI &R
$417) Laplace TE 3, iyl BUH 1% 221 Laplace
. #rFEER) P-P EEHY U % (Pacanowski
and Philander, 1981) LA & Gent and McWilliams
(1990) HHKA S rh RUBE TRt T R R EAR . #h
FE S REEE IS5 7 £ (TR GM90) .

BB e R LIRS TR spin-up 1817, T
VIR SR VIEI K B Levitus94 Ak i £ 7k}
£E. spin-up IBATAH I SRIEIA TR, ALHE KUY )
VRS AR RGE R RS R ECR A h i
I o M — 3 B v SR (MPDD BB I v A
AR (COMIP) (1 H i . spin-up 1z
17960 F ), FAUARIREIRA, Z Jaae i Rk
I A RS PR 0 ) ERA40 32 H XU 5 3K
8o T H P 1)t et 58 DRk 1 56 [ [E 5K
EE ORI (NODC) BATHY i B 4R
1998) (WOA98, Levitusetal., 1998),

3 EnOl EHLAZE

SHEE IS hos W E T 3RS, LUK

W Cu, v) oW, W RN M 5 R A 3
(Evensen, 2003):

w' =w" + K(w® — Hw"), (D
K=(p°P)H'[H(p°P)H" + R]", (2)
w=[h,,T,S,u,v]", (3)

b, w RS E; LR av by on T 200130
SN, R W DA PRI B K O
FlE; H Z2WNE T p & MK E, HTR
TSR 22y 22 Rk R &IN5 25 W) 7 2250
By 250 R R BF JR B ORI 6 25 37 110 2 I 3fe
P06 PR s 22 i 2R, R E:

1 41T
p:aAA , 4)

N-1
A=A-4A, (5
A:(wl,wz,...,wN)e‘anN, (6)

Ho, NREASFEAY, n RIS ENKE, 72
nX N SEEERE; A SRR, ) N A
REMES: A BELRESRFENES . a2
PriE R A, HISR TS 5035 22 V) 7 25 RO 58 22
P77 22 IR KN

XFT EnOl JiiEI 5, WASFEAN GRS &
B, CEAEM SRR e T BT OR . UF
FEARNAZARA R ARRYEN, JF BT L,
SEIE S AT RN« LS RS AT B, T
AN FAE A 22 T D 20 0 ) B2 5 R A e 1 AR AR
RAR/MHY . FHL b, T ARSI ARIN, W
FOERURREACSE B 5 A5 I EAR AT, FEA
B SRS T AR R AU AR SRR Y, W)
XANFEA R LU U IORE AR o W EIRR S B A7 A
BEWZRIN, W2 ZEIEER, ik Al
FIAHFIREA, WIREARMARER A B L, ALY
55 43 BT s 0 (P RE IR A AT REAH 250K, FEA B
FEAAEZZT (SR SR K132, M
MBS Rk, BHE b, FEARGHZ, dhATIR
ANFEAR G BT 5edg R 22 W 7 2= F o 1
SEBRI TS SOAR D T 2, Sy HT 4 R EAR . (HSE
br b, FEARZUMIGIN, 23E ST EALA A7 R AT
SETFRS IO RS 0, DRI S5 B . FH G L2k 25 1
o, BEARBEA R K. BFSTRI, 100 DN e
FEARUEIE M) (Mitchell et al., 2002).

BT BIRFERE, KT R, EASFEARI
96 A, HRH AREAR, A H3AT /M {f
HAARNFERIREAR . FSFEA B 6% 1970~2001



G ST N~ A ] 1 19 %
324 Climatic and Environmental Research Vol. 19

TF 32 AR R UR A3 2 S R I 1152 AN A R
Y, BIHALAR A0 5 0 RAFR] 12 DS
B s, AN SO 96 MEAR.

1 5 7 ZEAR AW AR L AR
ARG R L p AT T KT 05 W JR AL AR BE . p 1)
& XCKH] Gaspari and Cohn (1999) $& H (1) & i
PREUER . WIFTR W], EnKF B¢ EnOI Y, it &
A RT DLIINORE 2 22 5% - (Hamill et al., 2001;
Oke and Schiller, 2007). AXSCIREEHT, 52042 HL
4 180 kmo

S EnOl 5 EnKF AHLL, TFEARN KKIEAN
HHTREFEN SRR B PR m, =
EOK, BATRFIEA R 252, AILEAT I
AR . &% EnOI [RIAL R 1O i, Al
TR T —ERr i M, SR I T )
FEF . FFATL R MPI J7 Sk S8, A 7 2 Fl
TR NAEEAR; MHIFMT 10, W78 T REEFEN
i) AT T X5 Wb AR v S IR, SR HIAH
AR B IFAT T 5, B KPR BERUE T 4128,
(R I5IHT o

ARG R R DA v Bk, DAL SST %%
Bl LLA Argo. XBT. TAO Z54 RN [a) s it B
Wi SRR S kL o ARSI VA RS R A4k T
W3 AhEERL, AR BRI RN 7 d R — IR

o, SST %k H ¥ /& NOAA/NCDC KA
U S 38 1 1 23 2R Rl G 73 B B8R (Reynolds et
al., 2007), PRME f2 VG IR, KR 0.25°
(FiJE) X0.25° (L), WA FER 1d. [H1LK
VT o 0 R 1) A2 5[5l SSALTO/ DUACS it i
M Z AT 55 Ml SLA # s 7= fhe LB ERIELS T
Jason-1. Jason-2. T/P. Envisat. GFO. RS1/2 FI
Geosat %5 TR ETF =M. BRERA (1/3) °ff)
Mercator $L% M RS0, HH: 1080 X915 A~ ¥
¥, ORI G A 82°S~82°N., N IA]4pHEE Ky 7
d, PERLEIGEE N 1993 4E 1 Ho AR+, [F
fEISXE SST Fil SLA BERNIEAT T #mifb b BE, KH
AT L3 S Bk i ORE 7 5, PR R 10 (26D
X1° (ZFE),

[F) A4 1R B0 37 30 6 30 2 Rk FH 1 o R 5
Jaiie #4340 (Hadley Center) [1F)£83s it 42 il (]
EN3 R 2R S 7R . T A i ookt
£ RR IR RS WODO0S. GTSPP. Argo LK
ASBO Tt H, WrAR AL 1 TR R HL bk QI 2R

1 (MBT). #3RFA (XBT) S —i A —
TRIEM AL (CTD) M e/KIE N RFLL . #iweiF
FrEEF1 (TRITON/TAO. PIRATA 28) | iR (1
FE Argo) . XKLL JRAGTERIIT T 4. TEH%
(s, dae e AR AT BB FH T VOB R AL ) s T 1
G/

bR T BORIA G s Ah, SRR AL
EHHT T U0 il CRITAE, 2007):

LY A2 R A BE H I AE P S sz S i
t.
(2) {3 R MEAE AT —1~32 °C,
TREBEANT 30~40 psu, F & EFH N T —2~
2 m.

(3) FrAERIEER M.

(4) USRI 55 15 S e % s G 2 22,
A SR B G SRR AR
BWH 5°Cs 4psus 1m), NHIERIZMM .

4 HEARERGRS

AKXt ZFL_GODAS R4 R PERE AT VP
flie 156, LICOM #E R 3h, EA%
AP KA 5835 R, spin-up £14) 960 4,
AL FFERA . LL spin-up 81T 960 4F [ 45
FNHME, F ERA40 & H RN ) %RIEKSS, AN
HEETERHFIL, A 1961 4F 1 ARL4r 2] 2002 4F 8 H,
XML R Ay 2 e

DU HRRL 1996 47 H 1 H sk & e A 9]
i, B AT R, R G0l [l & R £
FRZE TRl A SST ikl DA, M
1996 4F 7 H % 2001 4F 12 H. [FR{LIAIBE #S 2 EERE 7
d FAfb—. X 5.5 FHEREFA F4L R, H
1997 4 1 A% 2001 4 12 H K45 RiE4T7 047
4.1 5 SST #0 SLA &4} H9%F bk

T 50 K B i R R RN D v P (AR PR AR R
K1 AT 2 432 T B 1997~2001 41 60 A~ H
(1) H 1380 0 R B (1) 9 2% 1 R0 I T v T 1) AR 2R
() RAsBRI A, bR 2= A P 0 )
HAE TR TRE, PR AR B ) FROBE ) v A AR %6
—EFRE LA UERR T .

H P 1 7] 0L, LICOM BRI SST 5 4EAR R
B b — 35, IV T SST AR SR ASERIK - 43 i )
FERIE: H—, RARmARRE N, PLHEAR



3 PEPEAESE: ARRIF VORI L R 40 ZFL_GODAS [FIF I IS VE Al R 46
No. 3 LU Zeting et al. Design and Preliminary Evaluation of the Global Ocean Data Assimilation System ZFL_GODAS 325

90°N
60°N

30°N

0° 60°E 120°E 180°

0° 60°E 120°E 180° 120°W  60°W 0°

120°W  60°W 0°

0° 60°E 120°E 180°

1 2 3 4 5 6 7°C
1 EHRRE . (b) FAIREE (o) TR R A 201 1997~
2001 SERIHERIEAR AR BRIEZ) HIRER AT
Fig. 1 Sea surface temperature (SST) variability (standard deviation)
during 1997-2001 from (a) control run, (b) assimilation run, and (c)

satellite observation

HIGK B, APk SST A8 A d KX IRAE 30°N~
60°N 2 [8] (i JE A U AR AL K PG e P i, Jerb iy
R R i B, AR AR ) VG AL £
TRIEH IR “Ve i ORI R IR AR %

RIHT, AHRE 2.5 °Co HEA L, AR
U SST AR AL /1y, FERNELEPHALR T ¥
WX HRIARTEARFPESE Bk SST A8 R AG KM X 5,
BEm/ADN . XA R 5B PR EAR, AR HHX
LR R B G ML S, SiligE R
BHAL, BRI SST A8 2 5 Wl o 230, HF
BB R “WE” X, RIS,
A4k, B8 A s

TR v P S5 I K (R B SR MR R K R
HAZR P AL SST A%, Ml SLA AR R4 ER /K
AT EZRHE: 55—, 7Em bRk i S b
I DA S r M el B A, AR R K, oK it 0.4 m;
S, R AR PERST R AR T AR )
EIREE I8 LA R, I T g AR R AR (>0.1 m);
H=, P RPERE. AR ACFVESEAL, SLA ABFHAR
/N, /NF0.05 mo SLA AR FIR KX Sk 5 A Bk 32 B
FANIRGF. HE 2 AL, LICOM AR Bl )i
Tl = 5 AE AR R AR A, TEAS Nk Bkt
R 2 I P B A AR BT, R WA, X
TE M TAEIX Sy A e R EAWT 4. B3,
ToR e R, FHEUERIRR, 1 LICOM # 5
HEREAG, oAy HHI e rh ORI BTt ) . 225
WA TR AL, BB = 2 (sea surface
height, SSH) AFHKABAT T W38, 500 5 k2
I, FEE R I LR X SR e . fE—
LRSS TC AR I i 23 3 (0 vh ROBE SR BRI X, Bl
WIPGIA SR I R R M Sepm X, Ak 5 A8 R iA
Pk, ARATS LE I AR Z41% 0.1~0.2 m.

MCETHES B oy M e LAE 21, @3l SST. SLA
DA IR SR ER e VORI IR AL, 3 21 i 3 1 2 DL i
THT 155 V0 A 1A 222 7 4 R R0 4 e 3 B e Wl 1)
AR, KT SST a8l SSH At ZE ¥ L, Brankart et
al. (2003). Castruccio et al. (2008). Fu et al. (2009a)
ST I A AL 5 SR

JRTE H P R R H (sea surface
temperature anomaly, SSTA) [ I [a] AR 4k [ 258 B —
I AR 3 Rga . 1997~2001 4F, RiE
SSTA H5 5% IS AE /& 1997~1998 4E{15% El Nifio
R, HALLUZRESIMEEFKE 10~16 MH
(PIFRFEEsm FUE s FLKE 1998 4 F -4 2] 1999 4
s LA 1999~2000 Rk 4215 I PHIX La Nifia i
Fito PR 2 RALIUE 73X 3 A2, (Hg
AL JEH . R, SR H At



G ST N~ A ] 1 19 %
326 Climatic and Environmental Research Vol. 19
. —E6, K La Nifa i 5 25 MR IR, LLREE

0° 60°E 120°E 180° 120°W  60°W 0°

— T T—
0.05 0.1 0.15m
90°N

60°N

30°N

0° 60°E 120°E 180° 120°W  60°W 0°

0.05 0.1 0.15 0.2 0.25m

90°N
60°N f{t

30°N

120°W

0° 60°E 120°E 180° 60°W 0°

0.05 0.1 0.15 0.2 0.25 0.3 m

B2 [ L, (IR R AR

Fig.2 Same as Fig. 1, but for sea level anomaly (SLA) variability
2E50), 4%y 1997~1998 4 El Nifio (1440l B 12k 55 ,
AN 3 °C, FRLERTIRAIRAEL, OIS Sy
S0 P IR B Ak ) e M s T R e Rk [R] 4k A
Ji, BRSSO T, 1997~1998 4F El Nifio
PSR, YO, AR R, #S AR — B,
KT 5 °C, HURk d i Z L T st v oK

FERUR P I R R AR REAE, [R5 0 B 20k
#. 5 Fuetal. (2009a) Mg LAHLL, WHATHEN
3%, BL 1997~ 1998 4F El Nifio 1][7] (1) Bz w46 A 1],
To VR A2 A R R Y TR L H BT ) L A 5 R S
FEATALI, 2 BIFRAT DN R G Pl LA R R 6 2

B 4 2y 4 T R RN R4k B s T T X
THAR SST AR T UL CR-23 HT 981D 138 1 AR 22,
DL Fuetal. (2009a) iR5:H 1IX M 45 5. FRATTE
B, LEARERAEBHFX, LICOM FifLI) SST 1)
TR % (root-mean-square error, RMSE) #{/N T
1 °C, PHAEARCPHES PHAERPUVE. ZRIE 4R
B R VE A5 Mg S 22 R, R 02 R b D v
X HARRIGHUD Ak MR AL, 3555
ZEIKF] 5~7 °C LA Lo Gl Rl Atk LU, 2
RAFBR K3, JL K3 R 23 # be 22
1°C LAN, (HAFEh E AR SEEZRIG+
LAEN LN, RMSE 3R ER, (H KR ZE X3
FEl KR 41 96, RMSE [REF-39/h 2~3 °C. 5 Fuet
al. (2009a) 45 RA L, A SC IR G IR ol 3 2R
%, X FEE R T A SST Wkl HIELT T
[A4L, T Fuetal. (2009a) J&ilit [F]fk SLA %Rk
[MHEIMEIE SST; i4h, Wwis| &k, FATHEE
AFEAA LA T TR R o

BAVBE A T RMLHT G SST AUl 25 4 50
M2 WA R R A, A R BUEHAA AR 251
g, AT SLA WA T RBIEL, PR TR, X
ANFIRGE HBAKR 234
4.2 5 TRITON/TAO $#E i FHrim Eh BREk Z 43 33 bk

h T BN AT I [ A R G T RE, FeAE
TRITON/TAO 4 22 ¥ Ao ifih 55 J50 26 DL BL b dh HY T L
A SBEL, WA MR, LT TR R A4S
o N A ERRI A ARG (4R, Xt
SEANT I ZERHEO LI O o

KBS 5HT 4 DNIRIE TAO iFhrh A il
960 TR AR 6 A R B 3 T iR 22 . W LU
A RGNS (W RO AE R 1, 4 AN RidE
AWM 450 m LA_L, 85 146 )5 ') RMSE ¥ LEAS
AL IR 45 R RIE IR/, 7E 200~350 m R XG5 B
Ky, mEW/DN 1.2 °Co BADBELE T IX 4 Mubifi s
SRS A 22 (B IR EEXT TAO A AR
TR MR 2D BRgk (EIg), FFEEH,
A4k 2R GERH B ) R ROR AR T 4, 4 S fEA M



3 0 BFAEAE, A BRIEEVOR RS ZFL_GODAS HUBHRIIS k%
No. 3 LU Zeting et al. Design and Preliminary Evaluation of the Global Ocean Data Assimilation System ZFL_GODAS 327
(@) (b)
Jul 2001 - Jul 2001
Jan 2001 Jan 2001
Jul 2000 Jul 2000
Jan 2000 f8 Jan 2000 'w
5o
Jul 1999 Jul 1999 -
Jan 1999 { Jan 1999 “w
Jul 1998 Jul 1998
N .
Jan 1998 ‘ D - Gl Jan 1998 q *
Jul 1997 Jul 1997
ot . -
0° 60°E 180° 120°W  60°W 0° 0° 60°E 120°E 180° 120°W  60°W 0°
I I [ [ — —= T I I I I [ I
-4 =3 =2 —1 0 1 2 3° -4 -3-2-10 1 2 3 4 5 6°C
()

Jul 2001

Jan 2001

Jul 2000

Jan 2000 i s

P -
Jul 1999
Jan 1999
= [agd
Jul 1998
Jan 1998
4
Jul 1997
0° 60°E 120°E 180° 120°W  60°W 0°
I — —
-3 -2-1 0 1 2 3 4 5°

K3 (@) #EHIR% . (b RS (o) IR 1997~2001 4FRE H - 238 B 3 B 17 ) 224k
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