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Abstract The sea-level pressure (SLP) in the East Asia-Northwest Pacific region
directly reflects the circulation characteristics of the lower atmosphere, and its
dynamical characteristics have significant effects on the atmospheric circulation
situation, the evolution of the pressure system and the development of weather and
climate systems. Therefore, an in-depth analysis of the spatial and temporal evolution
characteristics of the sea-level pressure field in the East Asia-Northwest Pacific region
is of great significance to improve the weather and climate forecasting in China. In
order to investigate the dynamical characteristics of the daily sea-level pressure field
from the perspective of nonlinear dynamics, a new method is used to quantitatively
estimate two instantaneous indicators of the sea-level pressure attractor: the
instantaneous dimension and the instantaneous stability. The instantaneous dimension
characterizes the dispersion of the attractor orbit in local space, and the instantaneous
stability characterizes the stability of the orbit in local time, which together characterize
the instantaneous (daily) dynamical properties of the sea-level baroclinic attractor. In
this paper, different spatial and temporal characteristics of the sea-level pressure field
in the East Asia-Northwest Pacific region are studied by the correspondence between
the indicator values of different sizes and the daily sea-level pressure circulation field.
The main conclusions are: (1) When both indicators of sea-level pressure attractor are
low, the spatial characteristics of the corresponding circulation field are as follows: the

pressure structure is single, usually with several strong high and low pressure centers
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facing each other at east-west direction, while the time characteristics show that the
circulation mode can be stable for about 10 days. (2) On the contrary, when both
indicators are high, the spatial characteristics of the circulation field are as follows:
multiple weak pressure centers exist at the same time, with a chaotic spatial structure.
As for the temporal characteristics, the circulation field is extremely unstable, and the
duration is only about 1 day. (3) In addition, the instantaneous dimension and
instantaneous stability were found to have consistent interdecadal trends, both showing
a clear downward trend from the 1970s to 1990s, a rapid rising trend in the late 1990s
and fluctuating changes after 2000.

Keywords East Asia-Northwest Pacific, Sea-level pressure, Instantaneous dimension,

Instantaneous stability, Large-scale circulation, Predictability
—_——
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A EHRIE R, GFRKEME, 6K i E S IR B ZE PR 7R T 22 R
% (SRR TR, 20005 J5FEEAEDE, 2010; T —IL4&, 2007) . ik,
JERESE (1996 G PR E X T ARIEE Z TR, IF8 H AR E F=X
s 5 PR B AR K 06 R F ERIMAE W R LA E b 7EdbEERAE, b
% 5 2y A0 PG A R 0 v s A 2 i T T AU ) B A R A2 K (W
and Wang, 2002) o VUKV TR 58 55 & B 0] 40 A, AU R 215
XA e /K AN IR AT B LS, o 2% S 10 A TR0 AT AR G ) 7 i S (CE DAL 4,
2008) o SEfR b, PSS N TRV, EAER WA KRR
TitAkt: (Liand Ding, 2011) , 4 4 B 3 X (1 KN 26 I FRRCIRES I, AT 1T
ML T b B2 B 26 AR A IR AS (Ferranti etal., 2015) .

RAE-PUAL APPSR IE 5 — SRR [SIERGHEKR, W
PEAL KPR G R TUARCPPERIAE R . RITAE R [ R REL, XA
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84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

ZIX IR G AR R AE S # Bl AR A SR B (RIE 5, 1997 PN 5= A L%, 2003 ;
E—I%5E, 20200 o FEACFEEEIRGH S R AR TS rdbA B RIEE F=RKE &
REMR GRRIESE, 2011, 2012; B IR, 20105 KK MBERES,
2003) o ARSI R G0 A ) BRSO R R B DA OC, AR
KRG EWEERER 2 (T L5, 2007; PMYISSE, 2021; &R
55, 2018) o ARIEAFRIGEG AL S e BOR AL KT S e B A DR AR 2
% AL B AT LA iE I 5 e b K T R A T s AR AR KL (B 26 P £ 2,
2012) o AN, FREKVE RS T 2. PEBEABEKAEAE #2 th A -5 b K F i
DI ORI R L 5 it i) GRoRIESE, 2003, 2006; XIKAESE, 2003; 3
EMRSE, 2012) .

SN /NS 71 S /AR | NGy 43 1T A 562 7701 5 o & 1 P =1
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e . BRI, Lucarini 25 (2016) KJE T EW S| FHEHS 48 d (0 <d
<o) FBEHNEEIEL 6 (0<6<1) BIHITE, REARLFI SR BT TR A A2
d Fon T REHRW S TR E HE, 0 RoR T RAFFEIENER, BA08 1
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T /DA O EIR/N R T R TERS [A] FRRFSEPE, 0 Bk, RSP
5o A FHIZ AT DAUE S P T SR AE R — AN 20 o (BT 048, 85 HEA)
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P X EE R RFMESNHE, BORN 2R 0 F R 2.5°%2.5°0 DA TRV
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T B RER T RIS 1) o AR TR R G P R P s E
BB AR (Freitasetal., 2010) , ZF& DI 751 x() T LARE H K € Ak &
RS FHIBRET 4E S @ FIBRIT ST BE 0. FRATT R S T B AR 2 1] o 1) — A
A2 AR A — AR P v 4 2 (), KRR AR B 7 i — I 2P T DAAE AR 2 ] e e
— [ E —VIRES R X FEAEAN I Z0 8 AT DAAE AR 25 (8] R 31— — X BRSO B
RES R 2 AL B A B 2R T KRS IR AR x@)A ¢ i
Z1A8 B3 1 25 1A% 5 P SRR RS P 31, dist Tl R 7 513K 7 05 FE 1R
HHCP IR, B2 REE, BEEd s Fok “BOR” RBME. T
ZNPPIRE B E LR V5T, AR 3] AN ZIBIRESE,  RIEREAN N 273 4]
i B RS “RgE” 3BT OREE” de AXQ@)H, g NEITAIRESER 0.98
AL AERFTEIRES g(e@)MBME, HZ40 6 HIEIE0R AT DUERAER 51 1k
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Fig. 1 Daily series (gray line), 3-month low-pass filtered series (blue line), 1-year low-pass filtered series (black
line), and linear fits (red line) of the instantaneous dimension (a) and instantaneous stability (b) of sea-level pressure

in the East Asia-Northwest Pacific from 1948-2019. (c) (d) same as Fig.1 (a) (b), but for the values of 2016-2019.
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Fig. 2 The lead-lag autocorrelation of instantaneous dimension (a) and instantaneous stability (b) of sea-level

pressure in the East Asia-Northwest Pacific. Multi-year monthly average anomalies of instantaneous dimension (c)

and instantaneous stability (d).
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Fig. 3  Scatter distribution of instantaneous dimension d and instantaneous stability & of sea-level pressure in the

East Asia-Northwest Pacific. The black vertical dashed lines from left to right in the figure are the 0.02 and 0.98
quantile thresholds for the instantaneous dimension, and the horizontal dashed lines from bottom to top are the 0.02

and 0.98 quantile thresholds for the instantaneous stability, respectively. The color of the dots represents the month.

FE AR TE = ARABI et B SR 2 B A IR i — B 2 ek, &
7225y B 0.02 23 AiH0R 0.98 s i (18 3 AR SKIfE A fadr
FIEE IR, XFERARE] T d Fbn(RE N T 0.02 %0 « d3EFsmfE K
F 0.98 i HD o 0 FRFMEAE ONTF 0.02 A BD A6 fEbrmE (KT 0.98 4
MO o BRARRTHE T BIE N 0.03/0.01 A1 0.97/0.99 L5, KIS 2 T
AEAREZS N BIE I B A BUR (Faranda et al., 2017a) o 43 #2040
0.02/0.98 I, b IR PUFR 73 4R ARARAE R Oy 525 Ko B 4 D9 AR R EIARAE XS
FLRIZEYT, AR d (A EEETELT, im dHETEES: KoEFEETER
AT, & 0 EFEEPERKME, X5E 3 Sia )2



223

dim0.02
JAN

ocT APR OCT

JuL JuL
theta0.02 theta0.98
JAN JAN

JuL

224 4 RW-PHACA TR USROS FEFEAREX BRI Z= 15 040 (a) RIS SR FEARAE s (b) I 4 152 e
225 () BFN R E AR (&) B AR E LM B BRI 12 N5 RN I 2 5AREE 112 H ., [RGB
226 K/AMREZHAPT S RIELEL .

227 Fig. 4 Seasonal distribution of different indicator values of sea-level pressure in the East Asia-Northwest Pacific
228 corresponding to low values of instantaneous dimension(a), high values of instantaneous dimension(b), low values
229 of instantaneous stability(c), and high values of instantaneous stability(d). The 12 directions of the circles in the
230 diagram represent January to December in clockwise order, and the size of the concentric circles represents the

231 proportion of the month.
232

23 4 IEIFMRIEN DT
234 4.1 $ERRARIE X IR HY = (8] 2> T 4 iE

235 K5 g5 1 _EIRFEARIRAEL B AT TSR AT H 37 o e K8 DX b i
236 BIRDHERRA 60%- T0%M 80% 1 K R AL 1% X IAA —EH A FE 5 0Am. b
237 IWHEE d RAERS (B 5a) , 03 32 B0 P4 R R AR 20 AR L, 30 it
238 MWK FARE A, SRl , KRG b2 Dy s oK R B A e s R G
239 A, AREET B NOAR S R E R Ge s d] o m AR S O XA 80%
240 LA ERIBOA R — SR HEAS S oA, XA AR E S RG] A
241 VTGRS YESE d NARME I BN JTRAE, BUREAA DAL R B FasE o kI
242 FRESE 6 NRAERS (1 5b) , Fifi b o AR 1A A AR RS, Bl B RR S 1 K



243

244

245

246

247

248
249
250
251
252
253
254
255
256

257

258

Horg iy i e ], RDUVIRGRI R TR A (53R, BUINKHS
o XIRHA T0% b (8 R 7 BAT — SRS 5 0 A, XDy 0 ARERA—
NP AR R N AR (5 40 RIGER—F0 , UIHAE KX FFE
PRI S ARG BRI AR

- ) | | e i
60°E 90°E 120°E 150°E 180° 150°W

| C—
-35 -29 -23 17 -11 -5 1 7 13 19 25 31
hpa

B 5 ZRE- PG AL AP T R A AR AN R LR RIARAE: () BRITAEEEAARME R (b) BRI AR
SRR s (o) BRSO RIMER:  (d) B R BN R{ER . B OSREON SR, B, TR
FIR IR 4 X 353 AR 80%. TONFI 60%FHI 45 b3 A I 7E % X3 — 3115 5 40 i o

Fig. 5 The characteristics of the circulation field corresponding to different values of the East Asia-Northwest
Pacific sea-level pressure index when the instantaneous dimension is low (a) and high (c) and the instantaneous
stability is low (b) and high (d). The colored solid lines in the figure are isobars, with dark gray, dark gray and light
gray areas representing 80%, 70% and 60% of the indicator members having a consistent signal distribution in that

area, respectively.

AW AEE d mAE (B 5e) , PSS RN AR 2 A 55 RS
Herpoty, BARDAGILEGREL, 7 E BN 4ERE d Jymi B BB SR L, RIVEE A AT



259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

CEMIAREE . BRI R e B 0 NEER (B 5d) , TSRS H 0 A th R BN
ZAEARAUE 0 FIR AR RO, XA 2 o KA AR e RS 8] 1 I RS
ULAAERT A, REGEBAEATRE, om0 HIE 1R . FEWHTIE,
MRS ER, TR R — SO R G X IR ), X2
PR AR —AN B F b BRI K 43 A0 A AR RN R], B DA AZESE — AN K B AT
R — B A0

Kl 3 CA&RM, $Bir d M0 BB R, S E AR R AR Bk AT,
FRA Tl T CAGTAZE HH P A Fia b 0 2 AR AR AR, 6T o7 P 25 ) 9 A B — R s (TR T TS
AR, XS ARHE AT REA B T & IR, CATH R & R AR H I
Xof I8 PRI P T U R I 4 P B AR AR T AE AR X (Faranda et al., 2017a) o 31A]
T DGR I H AN FE AR A2 i (A, 0T PR 43 A7 2 2% PR~ T A0 s (RS, X
ol A W] RS v [ (AR R A ARR s, AR, md. & ofE
FY G DR P e i~ T R B A T 0 B A S ) e i S (Hurrell, 1995; Yiou and
Nogaj, 2004) . FATKIMEEKIHEZT, WARFRER XX E R A EE, JREZ
T IX AN T A S B R T I, 2 S8R E e, X RERTE
2 A X {H /3 5 5 57 (Faranda et al., 2017b)

4.2 $EARARAE XS RE 3R 37 Y B [8) 3R T AHE

B 5 A5 A8 AR A O 28 T T 0P PR 22 TB) o AT R AR A, JRATTIE BT DU 8] J5 A2
FRY S S T T TR EAT 20 4T o 18] 6 DA A 8 DA (A BT Dy v L IR 50 Iz ) 3
BUIRREM, QAFAEZNZZ G 2 Ry 4 Ry 6 KA 8 RIHE-FIRIAES i, ]
1 X IR TR T0% HIHR R IR AR AR 1% DX B — B 5 0 A RMESR IR (&
Ga-e) Xof L AT TR AT 4620 09 SR ) 08 e 2R AR 0 AT, KR 20 IX IR 70% 1
JR O BA BS540, LERE R A AR AR T, T U 7 A A A L A
St Bl AN L e s O AL B AR AR AN K, IR H 8 KA (B 6e) 1517
KIEA ) XIREAT 70% 15 5 — B0 . miEsads (& 6f-) XN R iEE-F <UL 4]
e RAE/NETRR X I8AT 70% ) /8 53 BAT — BS54, £ 2 KJE (B 6))
JE RGBSR AR, FT R XN, 4 KJa (8 6h) , it
W, FF & 70%J8 0115 5 — B XIEEARTH 2 o HL ST~ T U3 RO R 8] 38
AR R R O 4RFRRE, AR 0 ER BT I UK R a8 on, RS HLE



288

289
290
291
292
293
294
295

296

297

298

299

300

301

302

303

304

N ARyt . r 20°N — . ; -
60°E 90°E 120°E 150°F 180° 150°W 60°E 90°E 120°E 150°E 180° 150°W

T T T Sy 20°N R - )
90°E 120°E 150°E 180° 150°W BO°E 90°E 1 26“E 150°E 1 B‘O" 150°W

T 14
150°E 180°

5
ON e
G T T N T T T T S
90°E 120 150°E 180°  150°W 60°E 90°E 120 150°E 180°  150°W
) = 60°N-|
N B e
(j)aon
G T - 20°N-+—U—A ‘ - : S
120°E 150°E 180°  150°W 60°E 90°E 120 150°E 180°  150°W

e - I
352923147 11 -5 1 7 13 19 25 3
hpa

6 ARIL-PYALKF PRI I SR BRI 45 (a-e) MBI ASERE (f-)) XTI UE (av O 1E
ZIEHE2R (by @)« H4AK (v h) L K (dv D) RIS K (ev j) WA, BT MXEAEA M
i 70% 0 Bl R AEIZIX IR BA —EUIE 5 0 A o

Fig. 6 The instantaneous dimensions (a - €) and instantaneous stability (f - j) of sea-level pressure in the East Asia-
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