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Abstract This paper reviews progress in the application of conditional nonlinear optimal perturbation to targeted observation
studies of the atmosphere and ocean in recent years, with a focus on the El Nifio — Southern Oscillation (ENSO), Kuroshio
path variations, and blocking events. Through studying the optimal precursor (OPR) and optimally growing initial error
(OGE) of the occurrence of the above events, the similarity and localization features of the OPR and OGE spatial structures
have been found for each event. Ideal hindcasting experiments have shown that, if initial errors are reduced in the areas with the
largest amplitude for the OPR and OGE for ENSO and the Kuroshio path variations, the forecast skill of the model for these e-
vents is significantly improved. Due to the similarity between patterns of the OPR and OGE, additional observations implemen-
ted in the same sensitive region would help to not only capture the precursors, but also reduce the initial errors in the predic-
tions, greatly increasing the forecast abilities. The similarity and localization of the spatial structures of the OPR and OGE dur-
ing the onset of blocking events have also been investigated, but their application to targeted observation requires further study.
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The nine regions were used for the ideal targeted
observation experiments, where R3 was the
sensitive area. The locations of these nine

regions are listed in Table 1 (Wang, et al,2013)
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Table 1 Average values of the kinetic energy
of forecast errors obtained from the evolution of 40

random initial errors in each region (Wang, et al, 2013)

X B bR T IX 358 37 ijx”fff if/gﬁ
R1 (31—33.4°N, 136—140°E) 9.6
R2 (32.2—34.6°N, 140—144°E) 3.1
R3 (29.8—32.2°N, 132-—136°E) 26
R4 (29.8—32.2°N, 136—140°E) 9.6
R5 (29.8—32.2°N, 140—144°F) 4.7
R6 (28.6—31°N, 128—132°E) 1.7
R7 (28.6—31°N, 132—136°E) 7.6
R8 (28.6—31°N, 136—140°E) 6.5
R9 (28.6—31°N, 140—144°E) 2.7

N T B ERAEBURIX R3 St F AR WL I 2 15 RE 4L
R JEE ) o4 i PR T e A 8 S B . Wang 45 (2013)
BEAT T 00T AL [0 4 U - 15 G A BB AL X
A B 40 A BENLRI IR TR 22 5 - X LEBE ALY IR iR 22
B RER S type-1 e PRIT 1 1A 3R 22 19 B RE A
[7l s % 56 X SR R AL DR 22 3 19 A 45 2 1 B4R iR 22 19
BRI T RE S BBAE 9 A KR — A
DX I ST AR WL o A R 3 . 12 X 38R P 8 400 B Bl PIL 1%
ZE W BR T2 DX LA B 52 25 PR B AL XA RS T
A XA RETT 40 BT BIBENLIR 25 37 . IX SE B HL 1R
25 K AT B W TR IR 22 10 P B Reie o T IR A
H1 T AR LI 118 S e 117 5 018 A R 22 AR /AR
JER T =T /10 ARTS FOR PR IR Z WD . &R
22T 9 AN IR X8 AR R 2 A X I/ R
S UAERUR X RS IX 38 1 41 0% 22 10 el /) A 2 e K
IAF 43.59 06 . i Uk W E U X St B B UL RE 4%
AR/ R AR S R PR R 25 . R BT IA
e LR SR DX HEAT H AR LI AN AT DL 0k
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R B A (B TR 1) TR R 22 L T ELA R T A PR
T B A2 S ) I A5 5 DT 482 oo T SR 00 B A2 1Y T30

i EF R

2 I B AR LI T 5 AN 5] D3 T 4R 5% 2 57 X 2l BE 0 AR X IR 2%
b Pl i 22 el B AL IR 25 K e 15 3 (Wang , et al,2013)
Table 2 Relative differences of the average kinetic energy of forecast errors with and without
implementing the targeted observations, where forecast errors are obtained from the

evolution of random initial errors (Wang, et al, 2013)
XA R1 R2 R3 R4 R5 R6 R7 R8 R9
T 15 22 3h Bk 0 A R 22 (00D -15.28 -1.68 -43.59 —11.85 —26.70 —-0.04 -1.25 -1.53 0.73

4 BHZE TR Y H Am LI fE U X

BH 2 S — 4~ B 138 DR RUBE PR » ORIl K A<
SAGEAT B LRI B R (Rex, 1950, it HL € 1 4 %) 4
U AP i B o BEL 2 B I 2 B 1) U B X AR . A
1 3 e LT A ) 2 P RIS R AR 58 B %
L) f8 22 — (Tibaldi, et al, 1990; Kimoto, et al,
1992; Frederiksen, et al, 2004), fif LA A &6 35 JF & FH
FEM AT IR DT ST . IEANTE ENSO 44 1R % 42

45

35

30

AR S R ] AR R R, © 8 R BT B A AR
JEAN S PRI ) 1 15 22 1 B v R Bl L S ]
M 35 10 J5 M PE R A0 L 8 4 3 b dc £ T B AAE
JE AN S PRI ] I 15 22 B AR AL B G 1 B 1 JR) b
AR 2 75, 75 BH 2 S 1) Tl i o A7 A W 7

Jiang 45 (2010) A % 4 4k 4k M 5 A 4 20 35 A
T21L3 i 5% 4 BR % 150 (Marshall, et al, 1993)
THEE T RRUH— K VY ¥ BH € = 11 98 & 19 o5 A0 i 93 AIE
JE. B8 WoRIZ ML TR JE 35 2 5 3 A AL 58 KRG

Bl 8 200 hPa(a).500 hPa(b) 800 hPa(c)
LA ] 3 d R B RO — 7 T B 28 AR Y B A
HPIAE I (S 2k B2 gpo) UM 1983 4 12 A 1 H
FRY 20 445 B 59 M 5 26 1) K
(BAS , B :m/s) (Jiang, et al,2010)

Fig.8 OPR (unti; gpm) of Europe — Atlantic blocking
for an optimization time of 3 d (contour), and the

climatological zonal wind (unit: m/s) over a 20-year

integration from 1 December 1983 (shaded) at 200 hPa (a),
500 hPa (b) and 800 hPa (¢) (Jiang. et al,2010)
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TE I Zh 72 7 1] e A% 36 97 KR, B A AE R PG X
SR IV o L R P (B R TR SE SR R . b A S A DI AE K
Pozh & MR 3 2ok B T REA W K U048 L )
JE A AR BN AER

Mu 45 (2011) 3 B T KU — K P4 3 X ) 1985
AEA R 1991 AEA Y 20 AN i — 20 BT TR ZE
K BT AR K . 20 A A9 & 1 0 46 B 3h 1Y

A AL (B 9) 2 W fi DL i 0 A 6 O 437 FHL %6 |
Ui 9 R ACRBE P9+ Bt 25 e [0] 98 28 1 e 1 4 O 1
KB WE AL — A A IE R A A A T A A . AT
WART T B ZE FUE A R K iR iR 22 . e PRI
PIRIR 2253 9 P, — J& 00 Ja ot 4 PR Al 2 bk s pE 4
S IR R 22, 100 type-l e PRI R A IR R 22 5
— RN R AR LN B B R R iR 2% . 12
type-2 PRI R WM R 22 . 4 R A B BHLIEE SRR
H DU T A S A B DR ) 4R 1% 22 . 5 ENSO 4
PR B AR S RS A S R AR
FAALPE o UG AR i ) 3 d ok 451 o BEL 28 1Y i 110 i 390 A1

(a)

K19 500 hPa = 20 A5 due G i B AE JK A 388 2% 14 5 i
(55 0 K () HEAEE 1 K (D) B2 K(o) 43 KD
AR AL L 195 R 5 HA AL gpms Mu, et al, 2011)
Fig. 9 Composite nonlinear evolution of the OPR (unit: gpm) for 20 cases at

500 hPa at day 0 (a), day 1 (b),day 2 (¢), and day 3 (d) ( Mu, et al,2011)
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