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Abstract According to the Nonlinear forcing singular vector type (NFSV-type) sea surface temperature (SST) forcing
errors of 12 tropical cyclones (TCs), the optimal target observation deployment of the sea surface temperature is identified
through the observing system simulation experiments (OSSEs). The sensitive area of NFSV-type SST forcing errors
occurs along the track of TCs and during the intensification phase of TCs. Results of OSSEs show that the additional
observations deployed in the sensitive area with intervals of 90 km effectively improve the simulation of the TC intensity.
Compared with the observations deployed in nonsensitive areas, the target observations in the sensitive areas of NFSV-

type SST forcing errors can more effectively improve the simulation of the TC intensity. When the local target
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observation area in the nonsensitive area reaches the sensitive area, the additional observations will gradually improve the

simulation of the TC intensity. In particular, further experiments show that the simulation of the TC intensity improves

more significantly when the target observations deployed during the intensification phase correspond to the periods of the

occurrence of the large-value region of NFSV. Therefore, the additional observations in the target area identified using

NFSV-type SST forcing errors can improve the simulation of the TC intensity most effectively, and the suitable

deployment of observations in the sensitive area during the sensitive periods is the most economical observation strategy.

Keywords Tropical cyclone, Nonlinear forcing singular vector, Target observation, OSSE, Sea surface temperature
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Blt, TC KTk AAEESE L. EILAE. Fik
SR TTRL 58 . BERHRML R B B0t DL A UM
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(Rogers et al., 2006) . Xf T~ TC #FE, FNHZ
FIAFERER A EAEH P (Montgomery and
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2 PR ZERYR I . Emanuel and Zhang (2016)
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K. Nasrollahi et al. (2012) 7R, SHbid
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(1988) F#EH I MPI (Maximum Potential Intensity )
Hg¥ TCHE ML, TC & KK RE 5
(MPD BT R ) SST S5 x4t 2 Hh i
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AN E PRI 2 AH 2 Y

AT KB 70 TC Mb 55 TR AR 2R F [ 5E A H T
A, X FE L ARG T SST 4z it ik A% 1 /E H
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FixZ (Davis et al., 2008; Scoccimarro et al., 2017 ).
FITEL, SST WRZEAE TC FilAR UG o AN ] ik 4 1) o
ML BB AT BUE Y, 3X BLE) SST R Z AU AT LA
FRAA N B TR AR B MR A B TC 5
Y AH ELAE R IR A8 56 56 TS B

ET R, RIOTBARSNE: Wi
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(1) NFSV 24 SST 5 i 72, A SR AU R Si
PRL: (OSSE) #fi5E TC 3 JE AL SST H Ar i
WA J5 e B R M B o BT OSSE, RISk e
BRAAHRE T —RBEBEIE N “H L %
(Nature Run), F3EF1Z% “EHSZ” RIS S &
PRI ZERE, S8 5 VPR I I 5k} 5 7
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UL o 5 A A A0 8 R 3 B FR FE (Privé et al.,
20210 EITIEAFE B AGRZ S, el A
P, K FEA BTG, @ T R D
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( Arnold and Dey, 1986) . H & 2 1Z #F 5t % & 1
SST #haid s, KA K OSSE HZ WU R : (1) Xf
JIRE 5T TC, 4 His R i FE i 6 /N BTt B 1)
oM SST N “TsL” HIRERS A28 46 SST,
T WRF [F)58i837; KH FNL #1465 80k A
KW, FA4 WRF 120 /N, EN “Nature
Run”. (2) ¥ Yaoetal. (2021) WFFHHI 198 4
MR sRE ARG L5, I X TC 3 AR
FZMA IR 20 4™ SST 5®id % (LA SST i iR 2 5] i
(1) TC 58 FE AE BB X [A] 7 2% 228 1T 300 hPa
ke, HHSMP] “FSL” 1 SST s@idly,
1 F 8 120 /N, 1EA “Control Run”. (3) 1
P NFSV A SST 518 = 22 7 & H A5 A A7 J= 1 194
B mlo (4D TEBLADLIFE H A 85 AN B 20 00 S0 1Y) s
AR E I, % H E{EE] “Control Run”

ff) SST 9RiA ¥, 43 3 BB i) SST #EE 3 #r7 .
(5) FFHH SST sia s Mz B # P8, (1)
“HSET I SST smiE g, MR 120 M, K
43 Bl gE Rt Ny ¢ Sensitive Run”, 5
“Control Run” L#, %2 H bW 7E$E = & X%
FERRUE I A R . MRS B M E R, %
W7t 4% OSSEs 43 AP, OSSE-S #l OSSE-T. £
OSSE-S Hul 47 4 2H OSSEs, 4 41056 1 X 7 7E
T =LEARE, WHE 1; & OSSE-T H k1T
2 #H OSSEs, #FHAR X AT A TRAR, 7
MR 2,

RIVFAl H BRI 6T TC 5 B AR UL 1) o3 72 B
(), KAAR (D) fEREE:

_ Ecul — Esen
Ecu

HA, Ecm N “Control Run” X+ “Nature Run”
B TC B R %, Esen AN “Sensitive Run” A%} F
“Nature Run” 1) TC 58 E %% . TC #/EIRE E X
Has (2) 5.

x100%, (DO

40
E=Z|P(t)—Pn(t)|, (2)

t=1
H e, P~ “Nature Run” 1) TCHEE, PA
“Sensitive Run” ¢ “Control Run” ] TC 5% J& ,
X HL) TC 5852 R H S5 /N~ T R B &
2R L Z 18 (Optimal Interpolation,
oD ZEHE4 7 v R4k SST AL MM o A L4 1B

R 1 OSSE-S E=#REIMH
Table 1 Settings of Step 3 of OSSE-S

OSSE-S

B8 B E U]

OSSE-S-1  #R4f Soulik /M5 FNFS VAL #5538 17 22, 73 BITEELFT20. 40. 60 80. -+ 220, 240/ KARLG £ X 3844 5 H Fm LI BURS X, 212

Fime X 1I2MBUE X 2 5E A “S-207. “S-40". -+ “S-240",
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X220 BEHL XA ey “T17, “127, -+ “1207,

OSSE-S-1V £ AR X 14150 14 HX 5 AR DX o IS0 A1 J=3 K I 8 ML)

&2 OSSE-TEFHFHEEH
Table 2 Settings of Step 5 of OSSE-T

OSSE-T

R B E
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FE RS R AR B X, BT AERY Bt m B
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BRM, R E4L NFSV 2 SST 5iA 1% Z /i 20
AN KAE AR B, B A] {875 TC 58 B AR 40 5%
ZEW/N 67% (Uil 3 Fras), T Ho B A [F AR
N K5 )3k — 25 3N, TC 5 P AR U4 T ) 3 2
FEZ B IGI0,  FEAE [F) A SO0 I 0k 2] 120 B,
TC 58 B A 4 35 A2 Bk B AE,  BEAR 22 Jk /N ik
F] 76.8%. FRIM, 4 H Aw LI B X Y6 Bl — Py
Ko RGO ABTAUUL I gk — A2 3 sk, TC 58 B AR
ANSBEE 2 HA SRR TR LA 3.

Bl 4 250 T A FEECE BSOS, SST i##
B BEEE L. WEIFR AT CUE SO0 £
/D 120 B, SST g8 58 22 3 Bk /N 1 2 X I A
iR 25, H SST iR 22 /Mg FE B8 25 L0000 I 451
B0 B O CUn i S BraR D T 2 AR FOUUE I £
It 120 LAJS, SST s i 2 ek /I 1 3 B IX 3 7 2]
X1 B CHJ 20°N~26°N, 128°E~132°E ; ¥ 4),
H X3 A Y SST i 22 1 5038 A4 B A6 1) T it 25 UL 0]
Rk B A E PR (B 5D, X Fh SST il



xR B ¥ 46 &

88 Chinese Journal of Atmospheric Sciences Vol. 46
Soulik Utor Soudelor
D o'l S T son ’ W
30N ' BN - !
25N 1 - 01 Oh
20N E ooN ] t [
h
20N A -
1 - 3
5N A o DY
15N 1 F 10N L 10N { ) - & 2.7
120E 130E 140E 150E 110E 120E 130E 140E 120E 130E 140E 150E 2.4
Rammasun Chanhom Bolaven 21
' | ' 1.8
20N A - 30N 3 — 1.5
%Ohﬂ‘ 30N - -
48h 24h 1.2
Vo 20N L. — 0.9
10N - ! L 20N - i
0 / E%) 0.6
T A:’ T T T | 03
110E 120E 130E 140E 120E 130E 140E 120E 130E 140E | | 0
Sanba Muifa Goni
———7 30N / = : L f : ! - —-0.3
30N @ k 120k J —-0-6
“[ 20N q ° e
20N . I = 0.9
20N - . ;-2
1on 478 15
10N L 10N - . p(;)
. -1.8
120E 130E 140E 120E 130E 140E 120E 130E 140E 150E -2.1
Halong Man_Yi Noul o4
3 |§/ 1 i Il L 1 ] 30N = 1 1 1 % "
S0N ';§ ) 4N 337355 &7 Jizon -//é? A 2.7
+120h ¢ . h
3 ﬂﬁ&h - -
( 2h S0H 3 [ 20N - -
20N 1 ., T 3 7
{8} 20N 1, s
; ° g
ﬁ% S 10N 1 / i
10N - Ec}'?"\ - 10N : . .
120E  130E  140E 130E 140E 150E 120E 130E 140E

1124 TC MBI AR ML SRIE 75 57 5 (NFSV) BY SST SRIBRZELGM (M, #hz: K)o HPhaUh TC UBsfe: WM. @, #EE,
2L, B 55 BIACRAEA TC 588 K/INE 980~1000 hPa. 970~980 hPa. 960~970 hPa. 950~960 hPa 1 900~950 hPa I3 A

Fig. 1 Patterns of Nonlinear Forcing Singular Vector (NFSV)-type SST forcing errors (shaded, units: K) of the selected 12 TC cases. The dots
represent the tracks of TCs and the blue, green, yellow, red, and purple dots indicate the simulated TC intensity within 980—-1000 hPa, 970-980 hPa,
960-970 hPa, 950-960 hPa and 900-950 hPa

REDCE R RIS XS I 7 EIRBEE Ff  FIIXIK A 5 NFSV B SST 53l 5% 7 1) KA X A 42
(RS SOOUL I K R 3G 0, TC o B8 A0 e 2 P A 3 ZHE A, 1M B I ARALT NFSV A SST 518 4%
WAL, SRIEFETRUNAACEE . 4k, BATER ZERKEX (B 4). LZEXEER, AT LUE



1 ] WREEFRSE: B KRR F AR BT 7
No.1 YAO Jiawei et al. Target Observation of Sea Surface Temperature for Tropical Cyclone Intensity Simulation 89
20 40 60
32°N U 32°N U 32°N U
28°N ; 28°N ; 28°N ;
24°N g 24°N J 24°N )
20°N 20°N 20°N
16°N & 16°N & 16°N Q\\
112°E120°E128°E136°E144°E 112°E120°E128°E136°E144°E 112°E120°E128°E136°E144°E
80 100 120
32°N U 32°N U 32°N %4
28°N ; 28°N ; 28°N /
24°N 7 24°N 7 24°N 0
20°N 20°N 20°N
16°N \{;& 16°N Qﬁ 16°N Q&
112°E120°E128°E136°E144°E 112°E120°E128°E136°E144°E 112°E120°E128°E136°E144°E
140 160 180
32°N U 32°N U 32°N U
28°N ; 28°N ; 28°N ;
24°N 7 24°N 7 24°N q
20°N 20°N 20°N
16°N Q\\ 16°N Q\\ 16°N Qa
112°E120°E128°E136°E144°E 112°E120°E128°E136°E144°E 112°E120°E128°E136°E144°E
200 220 240
32°N U 32°N U 32°N %
28°N ; 28°N ; 28°N ;
24°N g 24°N 7 24°N g
20°N 20°N 20°N
16°N Q& 16°N Qm 16°N Q&

112°E120°E128°E136°E144°E

2 Soulik MyIff) NFSV B SST 3&ia %% H1HT 20 40,
Fig. 2 Regions of the sensitive area identified by the leading 20, 40, ---,

80%

1

2°E120°E128°E136°E144°E

112°E120°E128°E136°E144°E

“es 240 A IRAE RITR ) BB X Y
240 large values of the NFSV-type SST forcing error for TC Soulik

76%

72%

68%

Improvement rate

64%

60%

20 40 60 80 100 120 140 160 180 200 220 240
Numbers of Observations

K3 OSSE-S-I MBI EE R HOR B 2R R R A6 A R G B i) Bk X
PWRELYIIG . TC o EEAR UL B AR EE

Fig. 3 Result of OSSE-S-1. Each bar represents the improvement rate
of the TC intensity simulation after assimilating the observations in the

sensitive area to a different extent

Wr, X1k A, EJ NFSV &Y SST #ifl i 25 185 5 K1)
Xk, KT TC 3 EARLA B bR WM EBURX, 1%

X35 SST 5HiE 7% 22 98/ Be A R 3 TC 8 FE s
LA, BT LA SST 338 f H Az UL B AJE 5 A5 i e
NFSV Y SST il iR 22 HIHT 120 Mg AL, RIXIR A

7£ OSSE-S-1 35,  FRATRHEUK X A 1 B4
& pa AR T RERIOUI, (BN S B R AT DU,
24K RSSOV I B M 20 30 & 120 I FE A
[F) A 38 0 AR HOURE I A 45 X 35 A 98/ Y SST i 22
M3 KBME 1.5 K. B VA, 7EARBT
K 20 fFEmE b, 3 — 5 5 0 i A U0 W4 75
SST iR Z /MR S 2D/ B4, XA s
BRI, BATIFA T EXHBUR X A FTA 1k Sk
AT, AT DAYE TC 5 B A0l 4 175 1 i 3 Hh 3R 15
LTS s AT WA 2 O 8OR e 2 A [R]85 1
AL T OSSE-S-TTiR % . OSSE-S-IT H %4k
bR 5 OSSE-S-1 BAAMIA, RAEHE = DRIEH
AN, AFEZAAET OSSE-S-I £ %5 B3R5 1) H
Fr LA J5 2 7E OSSE-S-1 (1) B A5 Wil A5 = £ A |,



XM % 46 %

90 Chinese Journal of Atmospheric Sciences Vol. 46
: 20 . 40 ; 00 ;
74 74
30N 1 - - 30N F 30N A - F
25N 1 0' L 25N g F 25N 0' -
=4 < <
20N : - 20N F 20N A g F
15N 4 Q.m 15N Q‘m ) F 15N 4 Q‘m O F
120E 130E 140E 150E 120E 140E 150E 120E 130E 140E 150E
80 120
. - . . . . i .
30N 4 - - 30N F 30N A s F
Il II
25N 1 O E 25N O F 25N 1 O F
. P=]
20N 1 R S NE <% Faon &v |
15N 1 & - F 15N Qg F 15N {é - F
120E 13(21E0 140E 150E 120E 140E 150E 120E 13%150 140E 150E
1 1
; i . , , i .
30N 1 - - 30N ' F 30N A v F
L4 X’ X’
25N 0 F 25N 0@ F 25N A 0@ F
. ) & 4]
. &P |, ) b, o |
15N 1 & | 15N & . E 15N 4 \g& O F
120E 130E 140E 150E 120E 140E 150E 120E 130E 140E 150E
; 200 | , , 220, ; , ) .
G/
30N 4 ¥ L 30N J F 30N A » F
25N 0 f@ L 25N = E 25N m"” Y .
20N 4 f:’/. 0 F 20N = : I 20N - &' C;j . E
15N 1 & - F 15N {}& - F 15N {}& . - F
120E 130E 140E 150E 120E 14OE 150E 120E 130E 14OE 150E

T |
-05 -04 -03 -02 —0.1

| —
0.1 02 03 04 05

K4 FCBURXEE ARG, SST MR EIl GRE, AL K)o Hrf 20O th i R m e B2 F AR EUE X
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represents the extent of the corresponding sensitive area of the target observations

1.50
1.45 -

1.40 -

Mean Reduced SST error /K
5

20 40 60 80 100 120 140 160 180 200 220 240
Numbers of Observations

5 OSSE-S-I ", [FA6AN R FE U X A BN 5, X8k
A JITRCIN NS SST 2K/ Cfr: KD
Fig. 5 Absolute reduced SST errors in region A after assimilating the

observations in sensitive areas to a different extent in OSSE-S-I (units: K)

43 9 3 BUAS [E ) B CRP 30 kms 60 km. 90 km.
120 km) HOWIIEEAT B4k . AS [E]1E] B % B 1 B X

WASFIIEL Cansk 3 Fiom ).

B 6 25 Hi IR AN [RDUL I B) B8 R, R4k BUE X
P SST AL TC 5 B AR 1 B i . AAIE
R DAE H, FEBURIX N BT A RS R B AT,
X TC 5 5 AP0 508 2 8 A v > 22 00 0 480 1)
120 BF, AN P 30 2 2 AR o (H 24 3RATD
L 90 km Sy [a] B A4 @ B B, HURR 2 12 AN
WAL, (ERERSAE TC 58 BN st AR A B 75%,

3 OSSE-II ARERRIX P 7R [E) S 75 =5 0 45
Table 3 Numbers of observations with different intervals

in the sensitive area of OSSE-II

OSSE-II I H A
Sen30 120
Sen60 31
Sen90 12

Senl20 7




1 WREEFRSE: B KRR F AR BT 7

No.1 YAO Jiawei et al. Target Observation of Sea Surface Temperature for Tropical Cyclone Intensity Simulation 91
80% 8%
78% -
g ™ g o%
= =
N .- A | |[—
£ 76% é
£ 5 4%
3 74% 5
= =
3 3
2% —
= 72% =
70% -

30 60 90 120
Observation Interval /km

Bl 6 OSSE-S-II FIMLINES R o 7)1k B ARV ek XA 7 X0 00 ] g
HIR S, TC TR B FE
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Fig. 9 Scatter and linear fitting line (the red solid line) between the
distance of observations in the nonsensitive area relative to the sensitive
area and the improvement of the TC intensity (The formula is the fitting
function between the two variables. R and P is the correlation

coefficient and the significant level respectively.)
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