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Abstract The spring-to-summer seasonal transition over the Mid- and High Latitude Asia
(MHASST) is an important part of the several spring-to-summer seasonal transitions in different
regions of the Asian continent. It provides the necessary circulation conditions in the mid- and
high latitudes for the establishment of the Meiyu rainfall in the Yangtze and Huaihe River basins.
However, so far there is no systematic summary on its uniqueness and key characteristics. In this
paper, we analyze and summarize the key characteristics of the MHASST process, based on the
daily data of NCEP / NCAR reanalysis data I. The MHASST is symbolized by the establishment
of the Northeast Asian ridge at 500 hPa and then the "double blocking" circulation pattern. The
formation of the Northeast Asian ridge and its related land sea temperature difference is mainly
attributed to the snow melting process and thus the local strong warming process in Northeast
Asia. The establishment of the northern East Asian low (850 hPa) is another important sign of
the MHASST. When the MHASST occurs, the 200 hPa Asian jet axis over the Tibetan Plateau
jumps northward from ~ 35°N to ~ 37°N, while the Asian temperate jet disappears completely.
With the seasonal change, the meridional gradient of near surface temperature in the mid- and
high latitude Asia weakens, thus causing the attenuation of high frequency transient baroclinic
disturbances. In contrast, low-frequency weather systems, including the Asian Blocking high and
the northeast China cold vortex system, become the dominant weather systems in the same
region. From the perspective of the early and late timing of the MHASST, this paper also

discusses the evolution features of the circulation and weather system over the mid- and high



latitude Asia, and the results further supplement the key information of the climatic MHASST.
Key words Mid- and high latitude circulation over Asia, spring-to-summer seasonal transition,

Northeast Asian ridge, northern east Asian low, blocking high
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B E AR AR K SINROE IS N2 MR SE A, A Lok — B 2
Kite BRRTINRLMH —MRIRI B, o EWEA RN SR — A
MERFIER, WA EMF RIS KA TR E TN RIS R, tfhrmies
R BBEZE U A PHACRC PR MR A S5 PR S e S 2 et 2 Horp iy
—AEZRFE I . WP RS T RSB A M RO ORI o Bli iy
WrERY, S EEMEACT R UR ST HEETIE AR VIRCR, Sl gEXS
it J e B A FE AR K AT B TR /R T (Chyd ecal, 20215 BRITSEE, 2021) .

W25 TSROSO R AR tH T AR SN N H RAERI IR . HZXM, MSHJE
B RV lE S T NS ST WAN - A=) ey o LR o 220 IS E RS T = B | S A RS bness
Ho X —BURAENS A ESEIEE S 2 XA AP RIS & 2. 6 A, BEA AT B3 Fl
i B E AT E R R A ST, RS NI S X
B BN T E AR VORI TR 58 1 kA (BT 55, 1958; Tao and Chen,
1987) .

P EE PR A A 2 2 i T EE I P A A7 (FFESIESE, 19585) .
FIEAAC , M i e S 21 e TR O R 2 R S Bl B B Y 554 25 S Bl T
TSI I B IR E 415 A — 1 FE 25N (Tao and Chen, 1987 B 5 1 E4E, 2006;
XZZSAT i, 2008) o Chyi et al. (2021) FHIWFFEFRM, WHTE X (BHEE
WD) AR TR] ) LR REAS B R I TR o SIS, WS £ XA
R () SR AR R () 128 rTI, WHh &SR EEL ST
O REA SO SRR AU AR R e, A BIRAGH PNRANL HEA M P 4 A B
AP

KT AR E AR E T, SRR EEYONINR B ES =8/ =45
RPNy PR e e (MRS, 1958; AREZIREE, 1981). SRILAYHITER,
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ARACTA F R E R WM TP S AR L 2 A B EARE (Chyi et al, 2021)0 5
HZR MR BSAT TR/ PRSP X =S, SO AR AL, B8] 76 A, 50°NLL
AERIARIKAEBARAC A e, 90 5 AR g A\ S ) 2 2

MNP LR PN AR 2T O R AR 10 RO EROSRBERRAE , Aii FE AP AL
WRHIE, 124 AIEBA — RGNS TS g E 2 2 e B 5 R0
WA S/ AR PR Ui 8 S BH 2 5 IR 2l LA SR AV i Tl sh S R A A2
TV R IR, AR BRI R TINR RGN EZA R (Lin
and Wang, 2016; Du et al., 2017) , HA A1 MEAA] REZ MM s 25 PN A 2 2 T e fiAexd
TEEI RN « 2 2 R I AR AU AR AT AR AL ey A= sl MAR EAE FAE
TR R R RTINS, EFFERARF TR (Nakamura,
1992; Nakamura et al., 2002) , HgF NEFJG X BHE. B, EFTHNRE L, KIE
RAPCBNRYZETT AR AT 2R ? XA RIS B R B U 1R 26 T JR 2
K AFAENAERYSRER, (RSN 2R . BEAMIE, WSS % sk 4
WAL, ARACIRIR T AR AR GBI E RIS, 20125 Xie etal., 2012) 0 HIf
2, W E A AR 2T R s AN S X R AR G R AR R 23X 5 T
FURERS AR AL A 2 3t AT 7K A P B AT B B 275 5 3

A SO Z BN s R PR 2 2 R B AR Y SRR, R R RIS
sl N IE S RIE SRR IE S TR S NI R ;. NEE ST HARI IR T &, 5,
FEHI KR TIRG (WHIESERSG) WM. ALESH A THRAARARIT AT
PRAE R AR A, EL e B O U A TN B AT 9 S A 5 T

2 BEEAITE

ACA#F T NCEP ( National Centers for Environmental Prediction) /NCAR (National
Center for Atmospheric Research) FFHT 7KL I HIE H AR ERGEGE, HACE 33
257 X25° | WEFA LA 1T AEIAES (Kalnay et al, 1996). SR EZ &
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AL 850 hPas 300 hPa 1 200 hPa 7K X\ 850 hPa FHX I LA A R 1 (SAT)
TEIM 5 H 1 HZE 6 H 31 HIRHB R, R 1948-2019 4.

AR Small et al. (2014) FETF-PEINn (PV) HRR) " 4EHIE S A%, X —
FEELRE ISR N 221 1 HH BH 2 5 IR s A B0 A AE (Xie and Bueh, 2017) o %€ SCEERUN
1) $HE 500 hPa 2 150 hPa [)>F-44) PV BEF-(Rl mAPV 1) 5 2) #2468k 407 N-75° N
JEFE RN/ -1.0PVU (1PVU=10"m’s" Kkg') WM AL; 3) WIERFE(E T PV
FEP/NT-1.0 PVU (X, HHAREVERAT 157 X157, FFRefsdrss 5 RULE, NE
SRR IESES; 4) I0RE RIS ER ESER, HHARY mAPY
FEEESUR . A0 Small et al. (2014) Fll Xie and Bueh (2017).

A 300 hPa il e 410 sh 8l AE (EKE300) S X i 12 3 BT R sl 5 B (Pelly
and Hoskins, 2003; Xie and Bueh, 2017; Gao et al., 2019) » £ T H 300 hPa /K XU B =
WER A CETRIIN 8 K) 1331 Sl Wi, i EH EKE300. BRI 52
% Gaoetal. (2019) 0 SCHRTARACELAINTE, KM T EHERMAATIREIE (2012) 17
%, G TR B (1948-2019 4F 5-6 ) BYZRACIRIE B R AL AL IR ST
(HIZRAES iR BE LX) T 115°-140°E, 35°-55N.

SCHYRAT Chyi 5 (2021) Sl FUE NI S L X EE e 0 i) (0HF*
Do Hrr, 7T ERxURFORIERE, —F 72, 81 o k. AT I e
WX ANERFET RN (1) REEX (70°-160°E, 50°-75°N) ~F-HJ 2m i 1 —Fr- S48
CRTIFRD A FEAPRI BB 0 58 24 (58 32 4%, 100 P32) HBUA/ME.
IR R P S B DX IR I R ST R AR, SR P32 T AR . d I ab AT E  h
2t DX P NI TRL N P326 (2) K24 DX P32 2m i B 1Y 22 AF~ P (E A D9 A S Y 1
fHo FEW Chyi 55 (2021) By, &F (BR) F P32 A, NICAAER (#) F.
ANHEBAE (P30 fl1 P31 A E) 4219 4F, 435124 1953-1955. 1957, 1959, 1960+ 1981, 1990,
1991, 2001 2005, 2008-2013+ 2015, 2016 4F; AEMAE (P33 f1 P34 A ) 1t 21 4F,
S3BIM 1961-1964+ 1968-1970 19724 1974 1976+ 1978, 1983, 1987, 1989, 1992, 1993,

1996+ 1997, 1999, 2004, 2007, HAFEMNIEHTE (P32 AH)

MEBORHE I Rutgers KA BRI T SLI0 S T A HFHCEE Y Fal P2 Jb 2 R T 5
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(snow cover extent, SCE) 7 #hMIZEFEDKE Hulk 58 B2 AL R RO RS ™ b b &
Ji (Robinson &, 2012; Estlow 55, 2015), IZEURAEDHERN 88x88 RYMMIAANRIZEY
ERVER/RPIRS SR AL, RSN i 2t DXRY 29643km? FIRERH XY 42394km” A5
BRI BONM 1966 410 H 4 HZES, RS TORMEARSCATIE R BN 1967-2017 4.
SO SR IR S SR B A 25 [A)_EZeMEadi(E ] 2.5° X 2.5°8R RS )l b, SRR AP

FE R [R] 2SN 12 e o

3 BE TR SR SRAFAE
3.1 FRREN

KTALERA SR E BT, R HREZINN 2500 Y hiES =a =gk
I E DA R S A (M IESE, 1958) . WFFESRET, XE T & E AR
FE R AL B SARENR 5-6 H R BELA, RZ MR S 2 e L
By — A EEARE OREZIRSE, 19815 Chyietal, 2021),

K115 P28 (5 H248 4 15) 2 P34 (6 A4S 4f&) HyALF-3k 500 hPa fr#miE (2500)
BRI Wit AN EZ Z R (& 1a {1 1b) , AEFERMRRE (WOIRFG AL
SERM) HIPHRBONA, AT A AL AR, AR 5 = A, AR R [ 2R R R AT
JESERME, T3 W S AR U 57 ol 8 AR e DX s o SR 30 I 9 R P00 1
MR R, B8R, XA 7 A INRIES (M2 1ESE, 19585 T —
L, 1991) o WP 2B X B 2 A et A A= YIS A2 P32 (Chyi et al,, 2021), XY
ARAEMEIX. 7500 AL AL ER s 2 X rhip o 22 (1 1e) , M DUIZRI e 2 2
Wi A HIX, 7500 BTG THTFAET I, S0, A e PN fli— 0 59— 98 55 7
JEIB (M 5450 gpm £5), ZRACAEA (50°N LAE) #AZ. ARALWEH—HEERHRERE
defy (B 1d), HEEEE (FaRFsSFE, 1958; Tao and Chen, 1987; SKIRAMIFR S, 1998;
Bueh etal, 2008) o FEEARILIE ALY, SRU/RBMAREN, RFXHSEZ R4
A, HE A AR R AT DUI/R 2 6] (B 1d) « AZ R _EIRPRRRHE,
WHESGR TIEER A WHB” RS I AESE, FEARMALHS b2 AR AR
AR B A5 TN i b DR B 2 T s i — S B AR



Bl 1P 2500 3 (S5MEZk, [IFG: 50 gpm) KHZhfws (EM, gpm): (a) P28,

(b) P30, (c) P32 71 (d) P34, FSLZN 5450 gpm SF(HZ, RGN (20°N, 90°E)
Figute 1. Climatological 500-hPa geopotential height (contours; drawn every 50 gpm) and its
zonal difference (color shaded; units: gpm) for (a) P28, (b) P30, (c) P32 and (d) P34. Heavy black
line represent 5450 gpm, the lowest point of the map is (20°N, 90°E).

WEAFTEINA, NSRRI RE, =B NI0E (=
VU R A PRRAL AR (M IESE, 1958; SREZHRSE, 1981). A NET R
TEREE , bR P A NI AN AR “3 P 4 370 8] 2 Z5HH 50°-70°N £
N TSI 2500 LhmAEIg I IEl-Z2 B AR ], B 74T B R R A T 28 PRV AR A
P32 2§, ALKERA LB IR AP A WA A F AR, AP AR A X 2 AL AR AR
(B TRl , ARICKVEFE R PGP AN S E KON SRR . P32 LU, dEfakivsdiiigg
TR AR ST, WA A =8 =M. IR 2 AT B IEss, s iR
MELFTHRNEERE, —EAEFERR LA (50N L) ARG Az
S, CRBCEAK VI BEE AR, BRI SRR . X SRR PR
PR EAEENE, RACEERIERE T Sh/RE, XERENT, fiE
HEESL A REA M T IR E IR, (EARAE LU Y TAFR i — 24

SR EE) 50°N LLF AR Ek i B IX, BRRI A B RHE T LLACK © =#5h
V" B 3 W 4 97, FIORALKPETEHRZEEER (50N LLR) 72 5 A1 6 J#ETE

(B 1) o BB CEBR S AR S, HEE T TRy =B/ ANAE" 5
3L 4T AN,

B 2 50°-70°N £ A ~F-HIRY 2500 2 i {5 (A, gpm) B [R]-22 B 040 4, PN ARAR A P25-P36
Figure 2. The average zonal difference from 50 °N to 70°N of climatological 500 hPa geopotential
height (color shaded; units: gpm). The x-coordinate is the longitude and the y-coordinate is the

pentad.



VY = it X T R R AR, B RE SRR & A A . &
3a-3c Z5H 7 IX N 850 hPa (i #E & (7850) SRk E Y. TEKVOE ) IR
ARGV CTRE R S R (RITPRPE KRS 1AEZk, BRI AQR im0
T P30 2 P34, HIRETIN— M BEEIRISFIESE (0°C Zermdeliedi) , PORE]=
b2 688, 1 P34 I HALGENA KILRIR H ARG 5. UZE Rk RN, Wil
3 DR AR Z A 5 AT B IR A R ARACARER AR e KT ARACALHE, 2w
GER, ARSI 5 AEAZ BN I IORTE, ARG AR X AR M X 5 R B/ ) 5 MR LA R,
A A LI T E A Le A HFSE A (30, Lin and Wang, 2016; Du et al., 2017; Lin and
Bueh, 2021) o ZRACMAR K LA AR E R S S AR R AE, HIR S K
T B FI R IVE A 5% o WROTE K i i P AL 00 P T 5 DR AR R 00 B9 T K 2Lk,
S RLETIRE-ARAGER, BERMER FI/RELLL 52 ZI S SN AR D i AR i
Ko AT, Wix—50 FLRR 2 AP 5 B (EIE 3 it T 1500 m PA_E
T, LIRHITE S AR S oK) o 24 P A 7 e S AL U B EE 0 I A
HAS K B R —MGER, e 5 A Erpaid U2 — A% (Emg), ©217 5 A
TREFTINGE (B 3a) o TS WP E LB X KA = ey (P32), 1 2850 3 |
FRACEH X H BT AARE (18 3b) , IXRIZR AR E O AR e AR AL AR 5 18 & MG ,
JRTRRIE, & BN P AT I I 45 SR BT A B 2 FER A 0 2 YR e
HREIMZER (1 3b fl3c) o Heetal (2020) H9EUAMBHIIGEE FIESL, RICWARETY
LRI ZR AL B 19 & R A A TAT (B 3a-3c) B I A T I I | i
(AR E] 6a) .

B 3 Ui 114 850 hPa i Fh [y (FR{HZR, [HIFG N 15 gpm) . KRRy (Kin, B
g s’ em’ hPa') DINAREY, (EM, Bfi: C): (a) P30, (b) P32F] (c) P34; (d) -
() [\ (a) - (o), (FOAKJRIEEIG RS (KA, B0 gs' em’ hPa')o ZLMMSEAN
0C%, MEDAARICIATEREEX (45-60°N, 110°-140°E), KK ET 1500 m HiJE
Figure 3. Climatological 850 hPa geopotential height (contours; drawn for every 15 gpm), water
vapor flux (vectors; units: g s’ cm” hPa") and temperature (color shaded; units: K) for (a) P30, (b)
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P32 and (c) P34. (d) - (f) as in (a) — (c), but for water vapor flux increment (vectors; units: g s’
cm” hPa™). Red heavy lines represent 0 ‘C. Gray shading indicates topography higher than 1500
m and the box area denotes the key area of northeastern Asian low (45°-60°N, 110°-140°E).

P 3d-3f 2y 850 hPa /KYTIH HEAYHE 1 1 S HAREIRFAE . Horr, S /K i b 1
AR B KB S IR ST AR e AEZE TR L A2 HT (P30), AEZRALI R G
DX R [ AR AP AT B (18 3d) , R K s B 7K Ve T Bk & (14
3a 1 3d) o (HAEFT TR A AN (P32), BEAARACILARERY AR, PR E] = gL 2]
ARACNE SR 5 X /Ky B R 58 (18] 3b A 3e) , FF HIE VB R X — e —
B (B 3¢ fil36), %8 A4y (Lin and Bueh, 2021) . SZf7 |, Linand Wang  (2016)
1878 T AR ACTARE R e AT R R AL 0 1) AR G b X a6 AR X “5e /B o AR
AR SR GE A /Ky E AR B, AR Y BESS A I E R AR LA R R
FREMGAEFFI— D EF A (Lin and Bueh, 2021) o 22 FARAR, ZRACTARE 2L BoA St
P 2 X R TR — D RS

N T R A R AR SRR AR RS AR R (SAT) Z R
2, FAMERE 4 LG H T UPI4 P28-P34 SAT 37 L B Hrfr, SAT MERLZIRSY
R SAT fE IS ZS HT— AN VAR . P32 2 H (& 4a F1 4b) , FEAL/PHAC AP HEHIX,
AR EZ AR 50N I DA IR R, IXIRA S M 285K (556) KL ERISFR
LoiE t, WAL, KA MRS, M oyim A . (R AR i 22
£ 50°N DIAbIA 2 TS, X 280K (TRIE() M LATISFR Ll LIE H . SAT 1
HYoR, X —MARICTIERAEE IR, R R & SR 2t i X — i (WA
4a HHTRIE 0 A5 2N 4b R A 28) o I 5a fl 5b AL, AL S5 E
AN S 2 LB E UIAHK . Chyi etal. (2021) f5H, FAERE SRR ETHE 2 B
TE S i P T it X (BRI IX ) B ZE ) — D BRI EhiLE . B
PSR, T E L RIS X TR AR R EEIN, X WO s 22 1 R BT AR AT, 3R 3L
IR, B — A E RS R . AR X AR — I B GRS fR e 2500 3%
o S ELS (B 1a Ml 1b) —8. AE (P32 [ 4c) I, ZRILISRIGIR XEEVTIRAL X,
FIFE SRS B IR — 2 (18 5¢) . HIE] 4e T 4d 1 280K SR ZRIY £R [ 40 A m I, G
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ARACE DX B A AL I e T E IR, AR o e Kl P ) S 2 i i 22 e ) S
o FATTERE], VUG X R AT = X T S 558, HAE P32 Fi R BOA WLB R ZE =
EIRZRALRY, AE 50N LUAEARE/ PHAC P33 DX 26 [ il 2 22 S P A LA B AR B
A E RO T AR IR S L S B AR A (Chyid etal., 2021)

B RA B ES S3/R I B A IR B, (5 R i 2 Pl S S AR A R
e, RO st S B Es6)S (18] 4d A0 5d) , B == 222 dr RO i 23 R 80 4 in
AEIER (WS« ATLAAK, BRUR IR B RS AR IR T R B Amos M
RHFEFIAR 2 IR Wi By 2 DR AR

WAL HE BT EARATE, R X IRIR A= RARE I . R B bk
W DX o, (BT R SR IR A AR 58 1o X5 P32 2RI IS LR RS —
H (Bl e M 1d) o dEFEMIXBA RGEMERYIGHL, XTI = HIE R R LSS .

B 4 AT SAT (FR(HZL, Hf: 5K) MHMEY JAf, B K): (a) P28, (b)
P30, (c) P32 M1 (d) P34, &S, RIELAK S OSRELZ AR 275K, 280K LK 285K
T KEOFLIRET 1500m FHE . FEIFARN (200N, 90°E)

Figure 4. Climatological surface air temperature (contours; drawn every 5 K) and its incremental
(color shaded; units: K) for (a) P28, (b) P30, (c) P32 and (d) P34. Light blue, dark blue and purple
lines represent 275, 280 and 285. The altitude of gray area is higher than 1500 m. The lowest

point of the map is (20°N, 90°E).

B 5 PR S AR (FEZ, [FE: 20%) RHEED Oaf, A %): (a)
P28, (b) P30, (c¢) P32#1 (d) P34
Figure 5. Climatological snow cover extent (contours; drawn every 20%) and its decrement (color

shaded; units: %) for (a) P28, (b) P30, (c) P32 and (d) P34.

WA bR B 2 T R B AR B I SR A ARt . P IESE (1958)
s IRTE TR ROR R I A S 2 SR E AT R AR 3, FRAE 6 H 91 s EAEM Ry AL
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SR E N RS FHERE (Lin and Lu, 2008; 5KME(FSE, 2008) o ATFEEEHT, — 7,
IR SR PO Sh 2 B et JR R, IR IT R (Zhang etal., 2006);
J3 I, S A AR SR (R BRI BTSRRI E 2 XA R A
FIRER TR EAT RN L (FRERSE, 2004 SRMEAFSE, 2008). DRI, "N IHIFRATHR IS
MRS 265 2 2 e 5 N 20 2= A B B R

i 6a s, H 5 Sk (P25) 26 A% 6 (P36), W2 g\ s
g i S R O b 2 T AU A% B 25 el AL )| 25 (~40°N) |, G35 B 248 [ 3 A9 J8E DR A1 X (B
WAL BEESTRRAMA LR (GRMEASE, 2008). 1P 6a AT, S
FER AL REry, AR HLATRRE, ARHACBA R S s g/ E T i g
) (P31-P32), FHim )5 L5 @it (65°-105°E) B RALBRAIENR,, M ~35°N [t
WE2~37"Ne &4 ob-6e A UL, X PYPE{AA] AN PUARAI LB 2578 XA & 085S
200 hPa ZE[A X (U200) [ 10 ms™ SE(EZA R 2 50°N S LLRTHIIX o X BBl E 2
THART IR SR ELHR, XSRS A B R AR 2 (1) o RHEAE
P34-P35 [ G IR ALBEEI~40° N (1] 6a) , XB il 7 B2 Sz m i #s 5l &
PAETTIEEMEFITAh (FR524RTF, 20045 Zhangecal., 2006; 5KHEFFSE, 2008) 34T,
ARV 25 i AE P26-P27 JI] A ~30° N JEBREI~35° N, X BE g ike 2 3 XAk A O]
R 2SS (50°-70° B) A£ P27-P28 A1 P30-P31 H[H Mk ALEE, Bi—1 M ~30° N Bk
~33°N, ok M~34° N BEF]~36" No Hrfr, TURAE P30-P31 R AYALBEXS A F il =

FX R L (B241% 2004; Lin and Lu, 2008) .

B 6 (a) P25-P36 ]I EIRGH SR ZHI AL B (b)-(0) U P44 200 hPa £ [ Xj# U
(FFAEZRIRIFE N 10 m/s; RHZIXON U>20 m/s (YIXAE) : (b) P28, (c) P30, (d) P32 ]
(e) P34, JREFIRET 1500m HHIE

Figure 6. (a)The position of climatological axis of jet stream over Asia from P25 to P36. The
climatological 200 hPa zonal wind (contours drawn every 10 m/s, slash area larger than 20 m/s)

for (b) P28, (c) P30, (d) P32 and (e) P34. The altitude of gray area is higher than 1500 m.
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32 RRRGEEMN

A E L X R A H E RS, RN SRR TR R (K
RS, 1958; MPEIESE, 19585 ZESHMRAE, 2004) . JX02 RN s gt X ) — L8 E
BRAARGE, WiEHESE. Bt LA, kA 7semtEiEft. +
T AT 1K LR SR G R 2 T AL -

B7 (a) - (d) "UEFE mAPV FLIES EM0R (FR(HLZ, mFg: 5%): (a) P28, (b)
P32, (c) P34 fil (d) P38; (e) - (h) [d] (a) - (d), fH7y 300 hPa KFAZ{mBZHE (BKE300;
TFEZ, [HFEY 10 m’s”)

Figure 7. Climatological mAPV block frequency (contours; drawn every 5%) for (a) P28, (b) P32,
(c) P34 and (d) P38. (e, f, g, h) are the same as (a, b, ¢, d), but for 300 hPa EKE (contours; drawn

every 10 m’s?).

B 7a-7d SRR 7L P AR X R 2 A R BTN e A RE 2 = R SR AL,
Te-Th XS A EAL iR B3R E (EKE300) Y404 M AR R . IO KRG s s, 2
T TR 2SS R LB A LT WO, LIS IR ik 30%, AR S 25X
NIRHZER DA, BRI 5-10% (& 7a) o JXAFAEACFAE KRB R RIS o,
EKE300 ik 90 m?/s*, f BT R i gh i Xk, HORER 7 X EKE300 KT 70 m?/s”

(K 7e)o MMM, BRI EHS (EKE300 /NF 60 m’/s*) o HLAI L, Z75%
e 2 AR AL X B2 SR S stz i, FHIE s R shH A2 Ie (H)2 P32 B, 7R
JEEHE X (50°N LAFE) BHZE i AR BN WA (LE P28 I8N 1 50% /7)), Hrrf Lt
T IHFAR EEIE 15% (B 7b) o HZXSR, AW KR ERFAE P s SERR TR 1855 ,
BUAEACATE R AR X, (EI8055 55 W S A 72 DUIZRIIAR M S AR i) (1 76) o
PN e 2t DB R A 5 12 T ARG M X BH 2 5 He 1 s 9 S IR R A0 B 18055
TSI 2 eE (I8 Te, 7d, 7g, M1 7h) o P34 I IE S RS “WEHAL”,
BHIE = R R — N A IXAEARACTE, 7 MESRURINX (B 70), 7 H EfZJFX
—A W EHAERE (E 7d), ARG I AER R B 2T T
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PHORHE B2 “XUBHAL” AT I TR L S S LR R X R, 8 — B R R Y
SRIPRFAFAL (P55, 19585 Tao and Chen, 1987; SKIKRZMIFERF S, 1998).

8 25 H TARALISRER X (70°-160°E, 50°-75°N) ~PRJRHIE AR . ARACI i
X (115°-140°E, 35°-55°N) ~F-¥) EKE300 DA RIS IR KA B i A i 2. R E 5
TSR Y], ARACERHZE SRR (ZLtiiZe) AWK IEE, P31 (AEHT—
15) SF—REEsR, | 7%MINE] 10%45 47, Chyietal. (2021) W53, P31 2 4&RILTHY
DR P 5 | P AU 4 T A 5 S PR, SO 8 TP FEE 0 FEE o de 5, IR Iz ) B 5
ey RN B2 WS B 50 R AE I BH 2 5 SRR AE P34 25 /858, | 1% 85 14%,
PRI ST RN XS I o XV B 2 e PR3 Bl A 55 50 T RE-S5 eI A I R R
AR (FIRF55F, 19585 Tao and Chen, 1987) , [AI I HES BH/R 1A AURUE A2 AT
Ko

B8 ZRACIIREEIX[70°-160°E, 50°-75N1F-H) mAPV FHIEHR (12, B %) AL

TR X [115°-140°E, 35°-55°N]*F4Y EKE300 (R4, HAN m's”) HIRILISTREL
(HEgk, Bh: K) BT I, MASRONI R (P25-P39)

Figure 8. The average mAPV block frequency (70°-160°E, 50°-75N"; red line; units: %), average

300-hPa EKE (115°-140°E, 35°-55°N; black line; units: m’s®) and average nuhPaer of

northeastern cold vortex days (blue line; units: d). The x-coordinate is the pentad from P25 to

P39.

IAEFRAIE AR AL IR X (115°-140°, 35°-55°N) 227 40 i 55 A1 4 L% 1
TSI ZE TSR o ZR AL 74 1 IS B X 0 2 P32 P I A vy 51 i J3E 3t 5% e WD 2. () 3t 7 (&
76). H 5 Jrf) (P27) JHIR, RACEICHEIX Y BEKE300 & #isss (& 8 thiy
240, HIMh S XL F R 5 (P33) ISR N E, XA EKE300
s E P27 B/ o HI&] 5e AT 5d AL, U200 KT 20 ms™ fY5RPH XA E P32 2
JE B s A, XS AR AL X IR S R IR S L — 2. ARERZ,
Hs 262 AR W AR 0V it 3 (181 8 FRp i (it 2) TR 254858, 500 B2 R0
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R S S ASRAE . A P30 FHIAZR LIS REGR G, H 0t (X T4k
O R 35% et FFRIX— 3 AR R BN RIS RO 11 (P38 /eA5) , Hirp P32 7%
RECH 53 L IR R 48% 0 ARACI ISRy NI A RUZ R AU (FREA S5 T
PRI AU AE) , AR LT RUER A, 8E LAFRE AR X HrL: 3 KM
LA B E P IR SRR I FE  (INI5F, 19945 $M5E, 20005 HEREE,
2010; BHERNIATTIEAS , 2012; AAIEHENIEER, 2013) AR, fELMHEd
AR, ARACS S SUATAR AL X B KA 8 & [F — XA [ A
PIEAEAE MBI R MK R e 28 ERNA, Wb 2t X 2 2R e LUAR LI BH 2
i R SRR ALV W T Sl 3 R LS AR A b DX A KA B B9 082 059 o 2 R

T g, ARACVS TR SRR AL DR A B Z I IR R SRR B R Y
BRI T H 1 kbR b, Al 8 firan, 7 AR 8 HZRACS Inis st sy (#0155,
1994; BHERFIATTIEIE, 2012), XAMUS R AR KRS ALEA R (INI5E,
1994; $NJJ55E, 2000) , i HAGZRACH X R SIS shsmia i s oA 8. GRHEEoN1An A
&, 2012; ARG RIEERL, 2013).

4 FRFTTHRGH BN RIEINRIR RGN

E i E BRSNS T I b 2B DR T e S (AR B PAFATR
RAGHHARHE . X WA R A R e R R i i S, LAAT
SO B M rh s 2 X R S 2 T e O R ) SR AR A

99 A M s s XN S i 57 S i BB £ 1 2500 37 [ LB ~P- 37 ) 2 e SR o
FENE AR, P30 I ALEB AR HIER, (AT S ZEACE i 2 SR
LERBERT R ALK (] 92) 0 AEJ5E, FRPHPHAARNEAING X B2 IR IX,
PERAARD A 2N (B 9b) o P34 B S /R I H BLIEREF, X SRB B R/R 4 H w4
i (1 9¢), BT S 2 E B H AL . EARORIERY R, BRIt
RS —MEIET BRI R RSP DAY AR (B 92-9¢) , Tl HLBEE 217 e iiX
—IWANRIPAA ARG (5 U200 HUIRESATR) , A R BRI B Hu Dz )
PEIRE SRR I+ nT LA, AW A AT A R AR S N (LRI 2. 1<
MRASH T Rt R, Rt Bb— RS B R /R 1A A7 IR TR AL A Y 58 4]
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9d-9f 1] DL, FENVIM P e N AR HEA, P30-P34 et BAR I DR P A7 A1 X I 30 2 F
e, XA RIS 22 (Fmg) , Sk TR B TIEER . (H H A AR 61 2500 B
P IR A AR AL, RIRS A = — AR R — o HE5IR, AB s
RPN LAAR AUV R S8R R AR, AITRAS B 1 AU A OB S T3

B9 (a) - (o) FWHMWAIEN 2500 1 (SF(ELE, [N 40 gpm) KHEFY (K
f, HA:gpm): (a) P30, (b) P32A1 (c) P34 (d) - () H (a) - (o), HAZFETH
HImIE I Y o MLSEEN 5450 gpm (AL, T kDO REMEKCFEIT 90%HHE 77 .
REEAY (20N, 90°E)

Figure 9. Composite 500 hPa geopotential height (contours; drawn every 50 gpm), and its
anomaly (color shaded; units: gpm) for (a) P30, (b) P32 and (c) P34 in years of early summer
onset. (d, e, f) are the same as (a, b, ¢), but in years of late summer onset. Areas above 90%

confidence level are dotted; heavy lines represent 5450 gpm. The lowest point of the map is

(20°N, 90°E).

NN S 2E N E i L4, 0 R s I B 28 s v s W e 2 T (1
10a-10c) , (Hi T HBFHIE R R AL B S A2 =, B RERIAA B B X T
SRR IE AR A TR A o, SRR ERAR. HE
10a-10c A, ALY = 2 NS i AR A 210 ey 3], JESE N K — pg L2 = TRl
SRS . EARMWIEE (& 10d-106) , 275 ey WM B 28 3 w2 D T 4,
(EZRAER P AL R DRI = R0 sh 2 T4, X0 Rl B2 BN A (R B R
I IE R P2 R D RYTE S

B/ 10 (a) - (¢) Z=T5 AR mAPVY BHEESIR (SE{EZ, [N 10%) KB
(HEf, BA7: %): (a) P30, (b) P32 1 (¢) P34; (d) - (f) [d (a) - (), (HHNZE
AR IR AR TE T o 4T RN BT 90% M )T « B E S AR (35°N, 90°E)
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Figure 10. Composite mAPV block frequency (contours; drawn every 10 %), and its anomaly
(color shaded; units: %) for (a) P30, (b) P32 and (c) P34 in years of early summer onset. (d, e, f)
are the same as (a, b, ¢), but in years of late summer onset. Areas above 90% confidence level are

dotted. The lowest point of the map is (35°N, 90°E)

FRATH M TR B A A T 2R A I B m S S8l (BEKE300) 14347
FAIE (- 11) o ASRFAE, A S 26 3 DORIAR AR PHAC AP XK sl i il k55
(B8 e B S A M5 o R KR AR XA AR PR AL (18] 11a) , SRJE A B IR T L3y g 2
A H AR B I (B 11 M 11e) o 3X—ZR S E R [ AR — AR 4 R 55 A0
Jeft A —80 (1] 1b-1d R 92-9c, UL 5450 m &), S22, ANEmAE,
SRR AL A R AR N AL K B3 DX R S ST 8 BTk, L6 P B
58 T PP (18] 11d-116) , X3-S5 AR I e R ki — (U O 75 sl AT 5< (DL IE] 9d-9f
HIRY 5450 m ) o BRI FRE, ALRSPIR MR AR XN AR BB A A K S Bl 5
JE (EKE300) 7340 BN B o S e M s 26 B 20 et O e v, DRIt i LACKS
HS R A SR A

Bl 11 (a) - (c) Z i A7 EKE300 3 (FR{EZR, [AIfF: 20 m?s?) KHIE P (A
th, BA: m?s?): (a) P30, (b) P32 1 (c) P34; (d) - (f) [ (a) - (¢), (HNZET
HAR AR IR AR T o 4T IO BT TS 90% it )7 o FEEEARRIA (35°N, 90°E)
Figute 11. Composite 300-hPa EKE (contours; drawn every 20 m? s?), and its anomaly (color
shaded; units: m* s for (a) P30, (b) P32 and (c) P34 in years of eatly summer onset. (d, e, f) are
the same as (a, b, ¢), but in years of late summer onset. Areas above 90% confidence level are

dotted. The lowest point of the map is (35°N, 90°E).

5 SR
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T () dERE AR A E 2T AR LA 2500 3 MRS S = =R S ERHE,
HrP R A IR A E 2R A DL 500 hPa LR PR RGN
HEFR . ARACIAR S AL S E00 558 2R T FE ] RE 2 AR AL A SN AR B AR LI /
VALK 2 R i bl 22 S R 2R 5 (2) 850 hPa ZRARMIAR A 9 3752 S
HS L X R TR ) — N E R BEES TR, BRI A PSRRI S AL
[FZRACE X ik, ARACTARE RGAE X —fsid Rerh i A AR E R M (3)
W2 A, N e 2t DX RH I e AR AR 0 3 A SR ALY il stk A 2R
GENERI PR o BEE TR, P r e 2t DCUT b T B 22 ) B0 R s, AT I re it
BRI shEES , SUER, AR ARG (BRI 28 s AR LS R 50) L
ML, OAESRARG; (4) ASCEME T T FAR M 1 A BER DT 1 s 26
INRAIR ARG R AR 25 REEM, Z T e i R I AT (R B A PRI R R e Y T
i REsR AT (BEE)E) FISRIL (BRISIL) 20 Bty U AR, ATt — ik
ST TR SRR

b b, RSN EE T "5 FHE, A IESE (1958)
60 FEFTALTR 2K 1o ZRIM, WIS EEINRANK TR GAET T A RE _ERYFAHURE, 12
SNIEPBBA DRGNS AR TR EEEIRA L (P32) HiJEH)—L
FIK AT S HIOMIR LRGAET TN R BRI R, T LA 2 X —LE5A
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MR AR, B E T R R SRR SR A R 2 AR J
T R G B A B B DX R B BEPE AL BRI s DI R (IR, 19585 253R4E,
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(b) P30, (c) P32 1 (d) P34. ML 5450 gpm FF{HZL, GEEIRAKACN (20°N, 90°E)

Figure 1. Climatological 500-hPa geopotential height (contours; drawn every 50 gpm) and its
zonal difference (color shaded; units: gpm) for (a) P28, (b) P30, (c) P32 and (d) P34. Heavy black

line represent 5450 gpm, the lowest point of the map is (20°N, 90°E).
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Figure 2. The average zonal difference from 50 °N to 70°N of climatological 500-hPa

geopotential height (color shaded; units: gpm). The x-coordinate is the longitude and the

y-coordinate is the pentad.
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(d) P30

-10 5 2 0 2 5 10 20

4 3 A P4y 850 hPa (sl (SHEZ, [N 15 gpm) AKJRIEEY) (KA, H
fii: gs'em' hPa') DUMGREY) (B, Ff: C): (a) P30, (b) P32 71 (c) P34 (d)
- (0 R (a) - (o), EKFEIER Y (KA, B g s’ em” hPa'). ZIEHISLZL
N 0T, HEXAARIIATERGEX (45°-60°N, 110°-140°E), KEFIRET 1500 m [
Hit

Figure 3. Climatological 850-hPa geopotential height (contours; drawn every 15 gpm), water
vapor flux (vectors; units: g s’ cm” hPa") and temperature (color shaded; units: K) for (a) P30, (b)
P32 and (c) P34. (d, e, f) are the same as (a, b, c), but for water vapor flux increment (vectors;
units: g s' cm” hPa"). Red heavy lines represent 0 ‘C. The altitude of gray area is higher than
1500 m and the box area denotes the key area for northeastern Asia Low Pressure (45°-60°N,
110°-140°E).
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A 4 AU Pay SAT (FREZ, HFE: 5K) MHIEEY (HA, B0 K): (a) P28, (b)
P30, (c) P32 M1 (d) P34, &S, RIELA S OSRELZ D AR 275K, 280K LK 285K
L. KEOKIRET 1500m MY . BRI (20°N, 90°E)

Figure 4. Climatological surface air temperature (contours; drawn every 5 K) and its incremental

(color shaded; units: K) for (a) P28, (b) P30, (c) P32 and (d) P34. Light blue, dark blue and purple

lines represent 275, 280 and 285. The altitude of gray area is higher than 1500 m. The lowest
point of the map is (20°N, 90°E).
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&5 AP RS E R (FFEZ, B 20%) MHEED A6, B0 %) (a)
P28, (b) P30, (c) P32f (d) P34

Figure 5. Climatological snow cover extent (contours; drawn every 20%) and its decrement (color

shaded; units: %) for (a) P28, (b) P30, (c) P32 and (d) P34.
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Figure 6. (a)The position of climatological axis of jet stream over Asia from P25 to P36. The
climatological 200 hPa zonal wind (contours drawn every 10 m/s, slash area larger than 20 m/s)

for (b) P28, (c) P30, (d) P32 and (e) P34. The altitude of gray area is higher than 1500 m.
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Figure 7. Climatological mAPV block frequency (contours; drawn every 5%) for (a) P28, (b) P32,

(c) P34 and (d) P38. (e, f, g, h) are the same as (a, b, ¢, d), but for 300-hPa EKE (contours; drawn
every 10 m’s™).
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Figure 8. The average mAPV block frequency (70°-160°E, 50°-75N?’; red line; units: %), average
300-hPa EKE (115°-140°E, 35°-55°N; black line; units: m’?) and average nuhPaer of

northeastern cold vortex days (blue line; units: d). The x-coordinate is the pentad from P25 to

P39.
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Figure 9. Composite 500-hPa geopotential height (contours; drawn every 50 gpm), and its
anomaly (color shaded; units: m) for (a) P30, (b) P32 and (c) P34 in years of early summer onset.
(d, e, f) are the same as (a, b, c), but in years of late summer onset. Areas above 90% confidence

level are dotted; heavy lines represent 5450 gpm. The lowest point of the map is (20°N, 90°E).
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Figure 10. Composite mAPV block frequency (contours; drawn every 10 %), and its anomaly
(color shaded; units: %) for (a) P30, (b) P32 and (c) P34 in years of early summer onset. (d, e, f)
are the same as (a, b, ¢), but in years of late summer onset. Areas above 90% confidence level are

dotted. The lowest point of the map is (35°N, 90°E)
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Figure 11. Composite 300-hPa EKE (contours; drawn every 20 m’ s7), and its anomaly (color
shaded; units: m® s?) for (a) P30, (b) P32 and (c) P34 in years of eatly summer onset. (d, ¢, f) are
the same as (a, b, ), but in years of late summer onset. Areas above 90% confidence level are
dotted. The lowest point of the map is (35°N, 90°E).
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