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Fig.1 Topography of the Beibu Gulf and distribution of observation sections.
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Tab.1 Horizontal resolution, vertical stratification, time range, assimilation method, atmospheric forcing field and

thermohaline initial field of the considered data products

Bl PINS 5 SO ) 1617 2 </ I ) [ e L)) [EELWIRES PN WiisER ] IRELBI R

GLORYS 0.083° 1 1993—2025 Kalman filter ERA-Interim, ERAS EN4.2.0

Glo-anfc 0.083° 1 2022—2025 Kalman filter ECMWEF-IFS EN4

ENS-glor 0.25° 1 1993—2023 Kalman filter SAM ERA-Interim EN4.2.0
3D-Var/FGAT

ENS-cglo 0.25° 1 1993—2023 ERA-Interim EN4.2.0

(OceanVar)

3D-Var/FGAT

ENS-oras 0.25° 1 1993—2023 ERA-Interim EN4.2.0
(NEMOVAR)

ECCO2 0.25° 1 1998—2025 4D-Var NCEP/NCAR WOA2001
LFS 0.1° 1 2020—2025 Nudging GFS Mercator PSY4




44 TR BT AR ORI BORH L™ b R XAl 27

KA #idk 0> (Buropean Center for Midium Range
Weather Forecast, ECMWF ) ERA-Interim & 43 ¥ %%
L, AR ERAS B Hr ekl @ BEH R R 2
U T S5 B 22 SOOI 54 [ Ak , ] 25 [l Ak v B T e
FETE R G- 11 S8 ) | 1012 Vg 2 1T LB H5 i i
VK B s LA e IR it 1 B AR oAb R
F =448 43 a4k 7 & (3D-VAR ) i R Fnk i 37
ZAMN R G 2 AT = AR TR E T
MR 3R )2 B IS 0 30 B8 (3R B TR A LV T T
FE RA R IREE DL ok S E0 ) H V-2 R H - %
P SO o A BRIV SRR bR R DU R 4%
IS4 HE N 1/12°( 2 8 km) , 3 1] 432 50 4~ if
2o

4 3K ) B 43 A 5 F 4l (Global Ocean
Physics Analysis and Forecast, Glo-anfc) 1Y) £ & 43 H¢
ok 17120, 3 3F ECMWF Y 25 4 Tl it & 4t (Integ-
rated Forecast System, IFS) 1 79K 5l , i ARG & H ¥
B, PR 10 KAy 4Bk = YR v o™ ah 5
MR ZBR)Z R H ] - R AR R T
T T T R RS E R DL oK S B B SC
fFo FEITmL 50 2, AL 0~5500 m,

St FEBR R CMEMS 2 BRI R4 T
Mr % %1 = & (Global Ocean Ensemble Physics
Reanalysis, ENS) , 25 [i] 53 HEE Oy 1/4° 6 5 R
R VU AN DK AR i 0 H S AR 1 L )
N 752 BRI 3 A 1993 4F E 4, ENS E 3T
(E M PEREAY 30 2 7] £h T AL R 30 S 0 0 8 s A e 1
K] 7 41 B4 RO ) =4k Mg b B 4, B 7
ARG R HERE . XEEH AW M EMSE
LT ) AR ) Al b, 7 SR R R e A UL 2
ROV H A FAC T FEM:) . ZBIRAE S Jr kil A
Ry RS AN 2 1 B R 25 A SR AR R FT R X T
B SRR X B B, AP 2445 2R AT RE AT AT
— AT A R AT AT R IEAL o A SO R 34>
LA B M Bk E BRI E PRI O m
GLORYS2V4 (it &y ENS-glor) . ECMWF f#) ORASS
(i >4 ENS-oras) Fl & K F| b v i <45 A 52 H o0
(CMCC) ) C-GLORSv7 (it & ENS-cglo) .

Xt EE 9 RFA AL HE  NASA ZE0LH 2 5 0F & 10
A BR R A U B TR Ak 52 X 48 £ 77 (the

Estimating the Circulation and Climate of the Ocean

Phase Il project, ECCO2) , %% @t & 1T K & 19k
LI B (A 38 10 X B a7 UL 46 ) | 2840 %K
B 5% Y R0 0 A W) b 4 R 0 5 A 1 B A 3 A
ECCO2 ] @ fik 4> BRI VE IR R FE VB R ) it
A Y R RE L 2SR HEROh 1/4°,
FIE 8% A b i M T v R TR 8 S50 A 2854

UL AN, AHIE 5 4 A9 LICOM Tl 48 7 i LFS J&
HTFPEBFERIBEARTAEH LD
LICOM3.0 4> BRI 7 PR A 70 44 1) 4= R 103 e 43 HF
TR RS0, LFS BT Isln r #8 GELLt o f i
AR Ty R AR AR S48y 2 2R A BR 22 43 7 13K
il 19 1 53 SR TR TR R IR Y, R S B R 1/10°,
JRyER AN AT 35 1/20°, REGE B A 4F RUBE I KVEIR I
FERER AU DA S ROBE L2 o b, LFS iR 45 &
LICOM3.0 157! i 53 “nudging” )5 B A= W) 16 45148
I F 4 BR T4k 22 5t (Global Forecast System, GFS)
TR B P 75 H OHT, DR R SR 1~7 KB
IR R T, A — 4E R R U TR TR 1A
JE SR AR

1.3 &= IFHIEHR

AL HEE A DU 48 A AT R 20 i S 40 B
pALIRR R

@® ¥ F M 1% 2 (Root Mean Square Error,
RMSE , iCfE Eyys)

Eyys = (1)

M A0, 3 AR F A R AU E s s N R
A28 1 78 ) SR ¥ R 2% T LT M
B 5 B = B 0 2% < 39 )7 AR 25 M
AR IR BT Yy KR 5 2% T LA AR Wt
SRR 5 LB A A B R 22 P L % 1B BB
XI5 [ 4345 - (R DG TR | S0 B o 2 [ 4 b
SEAE R A T ITAR
@HXEH(R)
Cov(M,0)
K= S, 00-5,(0)

A s Cov(M,0) 2% WL 55 455 2 2 18] i B 2% 5
S (M) F1S,, (0) 43 AR FAR 2RI 18 s o 22, H
WA BE AR

(2)



28 O

Wi 434

LS - 0,-0) 3)

n-1

Cov(M,0) =

Std(M):/ni li(Mi—M)z (4)

$.0) = /niljwi NN C)

%o MO o3 B FRASE ORI (4 {E . R
TS PSR AE -1, 1122 18], B A% 0 s R 5
SR 50 A 2 [0 A i i) A8 A 3 b ) — B0k«
R > 0 F£/R M E A AHIE R < 0 ) F /R W 78
AEFREFAH L, R BT 1 85—1, 1 B A B0 RE ME A
ol B UL 5 A B AR AR AR B R A T 0 DU 5 ) A
0155 LI £ 7 A AT B f S BB, B L R A
HITFBLRE J1 422
LA PEFE £ (SSIM)
SSIM & —Fift 3 T AHIR Xof 235 ¥4 15 6 R B ke
Aty 1 VR S PR AR AL 1 B A F8 AR SSIM 48 b il
PETF R EE X B R R4 R B4R SR Ay e P s
)37 (AR B L) S AR L, H 5 ok
(2MO + C,)*[2Cov(M,0) + C,]
(M*+ 0%+ C,)[S3(M) + S3(0) + C, ]
(6)
A€ CMRBERELC, = (kL)) €= (kL) ,
Hrp £,=0.01,k,=0.03 (L5518 , Bj 1143 BEH2 3 O BFAS
TR ), MLAI A8 1 19 2 A9 PRl T 4 L A B, 38
AR G g SE PR P R (AR L =T, - T o
SSIM 1] A5 4% S5 WL -$8L 55 YO 80 4 1 i 30 4 A 7 5
B R EL R A B A A A VE LR  SSIM = 1B, £
PR B 5 LI B A S5 X L RS T b5
A —F(; SSIM ~ O B, i W A2 =X R 08 0 1% 45 44) AH 121
PEEAR 5 SSIM < 0 B, A A5 X0 LI ) 25 [ 43 A
BRSERM ., —IN R SSIM > 0.6 1EFfi7E2s
W) 25 F P RL B . R 9K SSIM 78 [RGB = PEAG ok
TR AL ARV 2SN R R A B e A
A —E W JRIBRE , B SSTM X Hic i e 75 s b e, B
UL 250 40 F R A R N B2 o A 5 i 38 B P A R
FCO FEARUIEAS BRI ) SR S
B, HERR 1 0 0 75 e AL (R 52 0 5 55 46, 2023 4Rk
OV T AT H 5 Y 16 AN Wi AR 114 N
B L AR 16 D TR IR T AT 93 AN AT Rkl AL B

SSIM =

Aol R AETE B ) AT KGR, IR
AP, A A AR i ) SR BRI T R S
.

2 RN

V40 R0 s i) 2255 A g A SR E A T 2R N B
ARSI, XA 251 X -5 A 2 1 L o A7 T J Xt
Fb A3 B, 380 2 AN [ (4 PP Ak 1 i o 1 25 B A A AL 25
Heo FET AR Z IR 40 A0 FRAE , 254 J0 i8S
AR R S o 2 e R B | o B | e ¥
AR (A B0 H VR 09 DY 11 Vg3 (A2) VA g 5 D )
T3 (A3) FE R B P T (A4) 4 DR B8 X3 (IR
Kl 1a) , 2G0T 45 IX I I h 22 40 = 1) 43 A REAE A1
K T 5 A6 R AE AT 52 BN [ A 2 8 R 0 2R G2 0F
fili o

2.1 GREEMIMEREITM

2.1.1 HF4rAxt

S 5 Hi R, B 2 bV b R R R )2 A
10~20 m R B, M ILEURE A )Z S m BRZHE 15 m
FNR)Z 40 m AT 50 Hr . W 2 FR |, JEEBIE7E S m.
15 m F1 40 m VR )2 () 2 2218 B A 20 A 2 B 2%
f AR RS R . F 15 m 2 R BE K KA TE
18.5°N 43 7, T2 o B . ¥R B8 45 1 , e b T 22 3k )
4 °C ;40 m JZ VR BK B i AHFRAE £ 51 19.5°N, mdt
T2 E] 7 °Co XFHL I 25 R, 7 Rl R 16k
LB i F AR A IR S A RRAIE SR TR 4 X
MR Z IR TEAAE—E XS, K3 RR T EZE
5 S TR 5 SO T Ak i 22 1 R X1 9 2 UL {1) g
K5 A1, AT 0L - 7 A G 0 30 i 22 43 A LA
— WAL , BIAE 19N DAL AY ¥ Jb el , 4% 1R
JE IR B YA AE R TRV R B A A 5 T FE 19°N DARE 1Y)
T A VA S, ) S U v A R, EL e 23 TR AR R
TE-2~2 CXE N, FHXMF , L 15 mZ2d6Esi
MEREANTLC, NHEIS m B, EANT
0.5 °C; P B A W f 22 - i 58 T 1 Co 7E 40 miR)Z,
GLORYS. Glo_anfc, ENS-glor. ENS-cglo £ #] () It
¥ ff 22 @ 2 1K, #83: 1.5 °C s ENS-oras Al ECCO2
AU P T 0 7 g 22 0] 4 5 16 K &5 1.5 C LA b

PE—HXHRE A JZ 5 m R 2 MHT 15 m FE )2



44 TG BT AC RS K SOOI B} AR bt i

ERFAE AL 29

K2 B0 A A A A ] K R 1 T R A

Fig.2 Temperature distributions of the observations and products in summer
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Fig.3 Distribution of temperature bias of each product in summer
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Fig.4 Salinity distributions of the observations and products in summer
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Fig.5 Distribution of salinity bias of each product in summer
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Fig.6 Temperature distributions of the observations and products in winter
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Fig.7 Distribution of temperature bias of each product in winter
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Fig.8 Salinity distributions of the observations and products in winter
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Fig.9 Distribution of salinity bias of each product in winter
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Fig.12 Temperature-salinity distributions between observations and products in the four regions of Beibu Gulf during summer

and winter
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Tab.2 NSE coefficients of temperature and salinity from observed data and various products at the different depth layers in
summer
2551 R /m GLORYS Glo-anfc ENS-glor ENS-cglo ENS-oras ECCO2 LFS
TRE 5 0.32 0.43 0.30 0.43 0.45 0.28 0.26
15 0.31 0.27 0.38 0.36 0.26 0.19 -0.26
40 0.46 0.47 0.22 0.39 0.33 -1.37 0.67
th 5 0.45 -0.03 0.32 -0.49 0.05 0.55 0.14
15 0.57 0.02 0.49 -0.22 0.15 0.57 -0.01
40 0.39 0.61 -0.38 -0.24 -0.34 -0.85 0.82
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Tab.3 The standard deviations of temperature and salinity for observations and products at the different depth layers in

summer

eSSl TR /m BRI GLORYS Glo-anfc ENS-glor ENS-cglo ENS-oras ECCO2 LFS
B/ C 5 1.49 0.63 0.76 0.74 0.74 0.54 0.52 0.68
15 1.77 1.41 1.47 1.73 1.63 1.13 0.63 1.20

40 2.89 2.39 2.31 2.05 1.55 1.65 1.54 2.04

R fpsu 5 1.65 0.66 0.73 0.49 0.33 0.57 0.35 0.51
15 0.84 0.38 0.28 0.33 0.27 0.31 0.26 0.28

40 0.50 0.43 0.30 0.38 0.22 0.28 0.28 0.31

R4 UNHRENERXYBEELTIRARERNRRITESE

Tab.4 The standard deviations of temperature and salinity for observations and products at the different depth layers in winter

Bl WE/m W GLORYS Glo-anfc ENS-glor ENS-cglo ENS-oras ECCO2 LFS
R/ C 5 0.62 1.39 1.52 1.17 1.2 1.33 1.37 1.19
15 0.67 1.19 1.27 0.99 1.02 1.13 1.19 1.17

40 0.48 0.68 0.73 0.56 0.59 0.68 0.69 0.72

R fpsu 5 0.99 1.04 0.94 0.54 0.43 0.54 0.48 0.73
15 0.89 0.72 0.63 0.38 0.37 0.4 0.41 0.66

40 0.43 0.3 0.33 0.32 0.28 0.31 0.33 0.34




44 TR BT AR ORI BORH L™ b R XAl 39

13 SLIE 245 0.25° X 0.25° R #% i 545 2 (ENS-glor) (1% Eb
Fig.13 Comparison between the product (ENS-glor) and the observations averaged into a 0.25°X0.25° grid
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Tab.5 Comparison between the observational data (after

interpolation and averaging) and the ENS-glor product
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Evaluation of modeled temperature and salinity data based on hydrographic
observations in the Beibu Gulf

YU Jie', FENG Baoxin', LI Yiwen®, XIE Lingling'
(1. College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang 524088, China; 2. School of Ocean Sciences, China University of
Geosciences, Betjing 100083, China)

Abstract: This study systematically evaluates the temperature and salinity simulation performance of seven
model products, including five CMEMS (The Copernicus Marine Environment Monitoring Service) data
products: GLORYS, Glo-anfc, ENS, and two others, as well as ECCO2 and LFS, in shallow bays based on the
temperature and salinity observation data in the Beibu Gulf in summer and winter 2023. The results show that:
All seven products can effectively simulate the distribution trends of temperature and salinity in different depth
layers of the Beibu Gulf in winter and summer, but there are significant systematic deviations: the temperature is
underestimated and the salinity is overestimated in the northern Beibu Gulf, while the temperature is overestimated
and the salinity is underestimated in the southern Beibu Gulf; Seasonal comparison shows that the performance
of the seven products in summer is significantly better than that in winter. Among them, the Structural Similarity
Index (SSIM) values of the GLORYS and GLO-anfc data in each depth layer of the Beibu Gulf in summer are all
greater than 0.5, and the SSIM values in winter are also stably maintained at about 0.5, indicating that these two
products perform more prominently in the simulation of spatial structure. However, the salinity correlation
between the three ENS,ECCO2 data and the observation data in winter are poor, and the correlation coefficients
in some depth layers are even negative, indicating that their applicability in the Beibu Gulf needs to be improved.

Key words: Beibu Gulf; temperature and salinity characteristics; numerical models; evaluation



