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Abstract This work aimed to design an observational network of the air-sea boundary layer over the Bohai and the
Yellow Sea, China, and further investigate the effects of these observations on a U.S. numerical prediction model
(Weather Research and Forecasting model, WRF). Statistical analysis of the regional characteristics of the air-sea
elements, model error, and observation system simulation experiments (OSSE) were conducted. Evaluations of the
observation network were conducted under different wind and weather conditions and the advantages and disadvantages
of each configuration scheme were weighed. The 6-h NCEP/NCAR FNL (NCEP Final Operational Global) reanalysis
data, NCEP real-time global daily sea surface temperature (RTG_SST) analysis data, and buoy and oil-platform
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observational data were used. Results showed that the forecast humidity and wind were greatly affected by the actual

direction and velocity of the wind, and humidity was better predicted under easterly and northerly wind conditions.

Moreover, in the moderate southerly wind case, the forecast winds were closer to the observations. It was found that the

forecast accuracy of temperature could be significantly improved by configuring the station network based on regional

characteristics. Based on a comprehensive overview of the model simulations, suggestions for configuring the air-sea

observation stations so as to improve numerical forecast accuracy are provided.

Keywords OSSE (Observation System Simulation Experiment), Numerical simulation, Ocean meteorology,

Distribution, Weather forecast
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Table 2 Information of weather and nature run buoy stations
KEAME SR AT KRR XGE TR 5] CRp A L ) SR B bl
AT S RE UL 100 m 0~15h  F—AKRKER,1.6~3.0m/s 20114F2 20 H 18:00  54646.54558.54641.54772.
16~24h  FZFX,6.0~8.1 m/s 58573
M2 EEBEKATEAN 0~24h dE—FE LI, 5.1~9.5 m/s 20114F 12 H 6 H 18:00  54646.54558.54641.54762.
T, Bt b ok 25 54772.54946.58573
M3 HEZE 0~7h P AR P — R PE XL, 4.0~7.0 m/s 2011465 6 H12:00  54646.54558.54641.54772.
8~18h  PHFEIL—ZALK,2.5~8.7 m/s 54946.58573
19~24h  ZREA,5.6~7 m/s
Mol4 FEMOKRZE W ERE S 0~20h KE—FM,4.3~8.0m/s 2012410 25 H 18:00 54646.54558.54748.54762
21~24h  JbK,5.6~7.7 m/s 54772.54946.58573

42 AEREFRTIREEL SRR G FHIR
ENH
B R R AL TAEMGRIS 6 KR -F iR £
AN T — U RE L 100 m i B KVE i &
R, FEAT1S h, AP &N 2 m/s 7 A A AR
/NG 16~24 h, ARV R EE R, RGE TR 6
m/s LA_F [ HR 5 XU

R BRSO A 3 h oA QR R, B
RARE, FrBALL R ol B A% R AT 3 h
(IRLIECHE . & 4 () OSSE iR EG 45 R ml W, HF1E
XL EXPI AT 14 h i, WRFE. AHXS IR AT X )
BRSO SR U TR R ZAE /N AR IE X 7
ZFEXP2: H14h)5, PAMFRAE X AL 1R 22 1o
I/, H A H I EXP AR BE T EXP2 15400
RORMIBLER, JEHE 2 m MG AR5 X Rl B
FEIBE . AR, 10 m XUHE A 45 SRR B 7
AU AR T EXP2 19 10 m XUB AL, 45 5 5 il
SEl. 20114F2 H 21 H08:00 (Bl K 16 ), A
-G S ) 21 X 2~3 m/s N 6 m/s, KU
AR RS R, MM A rg, HRTE bR S
B B AL XU A g R e X A ST 6 SE i
BORHRIR SRR, VP HE R 1405, R
Y 335 A T 5 PR ) JRGRRE R 49 5 | P 7 A
I8 R 5 SR ZE R/ N IEAR o /N R AR
Zs (AL BIEDLR, FEARFE DX AT sl PR A0 285 2R
B HIE, 6% K A ARl R X 3 i 5 AN
BRIR R FE e CFEmeE RO AXGEE K (2
~3m/sFEN6m/s) TR, Kk, ARk ZBAA
) RS 35 B L 75 o AT . R TESE BA b4
W, AP ERT A RIR SR R AT 7 S04

4.2.1

B PR A AU 5 SR A2 )
422 BEEBERKRASHETAERE G XIRTH
RE

KA I8 B S E = KRS RE, B
WK%, W ERINW. AFEIAR R A &5
KOk, Kafwdt. AU RES, AEiFFEX
ISP iR PR AN P W R SRR S, AR T R
WEME (KS. HEMNREESRE, KSLHIH
RRAE DX ety f L3O B R T 1 52 S AR
THEEA . AN FAR v 7 FEAHZ G R i A
KRG E RIS, (HRREE R SR
AN E SRR i FE LSRRI, ORIl A 1
EEE, AR T ATE (54646) HIVEIE A
KAEHE (RIEE SR o BARIE I TR in N
b, REAE DX SORT AR AR AR [X 380 A9 B2 1) i 22 AR A AT 98
K. IXR IR XA uh o B AU, B UOREE
FROI R RS I
423 BEEHTHFENE (56 m/s) X

8 RIRF R £

FEHG SRS T, AR DX AT RR-AE X6 X
TP BUBPE BRI . R E = R,
AIE DX RHAEARFAIE DX PR A X ) AR DL S5 SR 5 M A 2
. B, BUSHElRds R R RA S 2 H
K2 N TEUEX — i, Pk 14> XK T 6 m/s
I EHA 3 R A 9 Ak —ZR A6 A g 723> 513247 OSSE
IS HAT I .

KRRA IR SRR (H6,
FE3~17 h BRI TE], DR3840 IS 1] f U3 K T 6
m/s,  [F] B AREAIE DX 3A 3l 1 PR RACSRAR T AR RRAE X
A 7 R TR SR . 18 hJE, WA T R )iz



6 1] FINFRAN A  JE T UL 28 SR 36 (e 2 R WL s w4 J) 7 S 7

No. 6 LIU Lili et al. Study of Sea Surface Meteorological Observation Station Schemes Based on Observational ... 717
07 7 (a) EXP1 17(b) EXP1
----- EXP2 _ = ===- EXP2
06 - 5 08 ey
x E 27\
= 9] , \
o 057 > 06 ’ \
5] 5 ll \
o 047 E o4 ’ SN
=) 2 / AN
T 03
g 2 o2y N
o = -~
g 027 < \ A N
Qo o 0 T NG T T T T T T T NS T T
£ 017 £ 1 3 5 7 9 11 13 17 19 21 23 25
o N 02
0
gl 3 ST OUBBI AL i
Time/h Time/h
04 1(c) EXP1 10 1(d) EXP1
- 3xsH mee=—=- EXP2 = 51N Tt EXP2
" < -
g = 5 o o7 TN
o 02 ] A 9 1113 15 17 19 21 23 25
S 02 s -
3 5
g).)- 0.15 % -10
.1
g 2 s
‘s 005 =
E o N\exrrisseTRRassssss e 2
o o
2 .08 11 13 15 17 19 21 23 25 =
01
Time/h =30 Time/h

K4 A1 USR5 75 5 EXPL A EXP2 £ R QR KPR Z: (@) 2miE: (b) 2mAHRREE: (o) 10 m K () 10 m X[
Fig. 4 Area average error of meteorological elements in EXP1 (experiment 1) and EXP2 in case 1: (a) 2-m temperature; (b) 2-m relative humidity;

(c) 10-m wind speed; (d) 10-m wind direction

06 1 (b) EXP1
----- EXP2
§ 0.5
x 5
o > 0.4 1
(3 5
9] g 0.3
=
© i
g g rerm——mm ey
5 2
£ £
N N
1 3 5 7 9 11 13 15 17 19 21 23 25
-0.1 .
Time/h Time/h
- EXP1
il L g — EXP2
o = xox
® 1 7 9 11 13 15 17 19 21 23 25 ==
E 02 S
5 =
E 044 =
B 05 &
[0 06 [0
& 3
o 081 2
£ ] £
2 -1 ' 2
€ €
S a2l =
14" ) ,
Time/h 90 Time/h

K5 A2 g ke U5 28 EXPLATEXP2 A4 SR BRI 22 : (@) 2mifZ; (b) 2mAMIXHEEE; (o) 10mXaE; (d) 10 m K&
Fig. 5 Area average error of meteorological elements in EXP1 and EXP2 in case 2: (a) 2-m temperature; (b) 2-m relative humidity; (c¢) 10-m wind

speed; (d) 10-m wind direction

FRZE BRI AR R X A il 7 R PR BE AL R, MR R I EXP L 5 2 1 KB e B o S 40
VP AR 2 L ARRFAE X 7 SR K 76 19 SIS XU R R AOARFAE -
Z1, AT SEOULIN 2 XA AR b R D i A< S FERG 2 26 AF I P A KGR R AT, RN AT



- . - .
S5 B R A 24 %
718 Climatic and Environmental Research Vol. 24
0.8 7 () EXP1 017 (b)
_____ 0.05
0.07 -} EXp2 5 ﬁ_.—
4 ! s 0T TTT T T T T T ==
T 0.06 - -
5 > oos{l 3 S 1. L1117 15 17 19 21 23 25
$ 0.05 | g 0.1+ /"
S 004 - . s
2 2 0157 f 4 EXP1
< 0.03 o 9211,
8 E 2 ¢%  ceaoaee EXP2
£ oo Q. 5 o025
e 001 ST in ‘é -0.3 "
& 0 - & 03571
'
001t 35 7 8 11131517 192 25 0.4
] -0.45 -
-0.02 Time/h Time/h
0.06 \(C) EXP1 1 (d) EXP1
- T\ eee=s EXP2 R prma. | g m=m==- EXP2
= o L d
® 0041 V_ N 0 ’l %’«
- =
£ N\ S 1 345 7 9 11 13 15 17 19 21 23 25
2 o0 N 2 a 4
o o —— -~ § -2 "
) 1§ 3 5 7 9 11 13 15 17 19 21 23 25 ° []
2 om g Ll
2 s = ]
g g i
= e 4
]
-0.06 ) i
Time/h =5 Time/h

K6 A3 HR USG5 R EXPLATEXP2 %A R ERXICFHARZ: () 2midE; (b) 2mAHXHEE; () 10mKiE#; (b 10 m K[
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Fig. 8 Design of ocean-meteorological observation service station site in Bohai Bay
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