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Abstract Based on the daily reanalysis data of the Japan Meteorological Agency
(JRASS) from 1958 to 2020, the thermal budget characteristics before and after winter
onset in North Asia (50°-75°N,80°-140°E) and the external forcing factors that affect
winter onset are studied. The result shows that the climatological winter onset in
North Asia occurs in the sixty-second pentad. Before the onset, North Asia
experienced a process from drastic cooling to slow down. In this process, the diabatic
cooling plays a major role, which is partially offset by the warm advection. Based on
the linear baroclinic model, the diabatic cooling in the middle and high latitudes of the
Eurasian continent is conducive to the formation of westerly and southerly winds in
North Asia, resulting in strong local warm advection, and then partially counteracting
the cooling effect of the diabatic heating itself. On the interannual time scale, the sea
surface temperature anomalies in the Equatorial east-central Pacific and North
Atlantic both affect winter onset in North Asia through anomalous wave train on the
Eurasian continent, and they show significant signals one month and five months in
advance, respectively, which has certain predictive significance. In terms of its impact
on winter temperatures, the temperature in some parts of East Asia and southern
China is higher (lower) in December in the early (late) year of winter onset in North
Asia.

Keywords Northern Asia, Winter onset, Thermodynamic budget characteristics
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1515

VERNEERSR RS BUEILIX, WM gt X [ & AR AT
o SEH — RAUN, xS X AE AR A ER (Xu et al, 2019;
Zhang et al., 2019, 2020). i B SR F, ZHX PR <ERAE FiHL
90 ARG L PR %, XU B AE T 2 T 3 0 4 Bk 2 R SR
(Cohen et al., 2014; Kug et al., 2015) . iZX AT . ¥R 25 R RIEDIR A
AR B B KR (5 AR AR, 2002) o 78 % o Ath X 38 A A1 14 5 i)
by B BT X R i SE O B X (M, 1957; Ding and Krishnamurti,
1987; 5K15 ARG, 1999), Ml X (IR AR SR 22 5| R FEWI 4L, AT
X FRE ARG il IR . A, BEFUERE, AL HE X 0 SR AR A I 2 I
S PRI FR G0 PG KT R R R AR R, L EE 2 i R E VT R E R R K
S (B TR TIR, 2010, 2012) . Bk, EWEHLIX S EE LR A B R
Mo

- IESE (1958) & B T HERE e, WX )RR E
7S ARIFI A AR R AR IR, Sy et B NE RN A IR AL AL AR . %
THREFWES, #2005 T IR AMEN AT 7. FRE
(1994) WH7L T M WA FE WX A& 25 5 FE 4 o) f) RSO i AR i 72, 48
PN HBIX 73 ilfE 5 AT 6 A ERIFEERRRAE . BRItz 4, HMRRGH
SREZETTE AR R I B AR R . TEBFEANERS, AL EREI G = R 2
PN R AW R G LM AMRESE, 1962). BILESE (2002) KIiZFH
Grox(E 6 J3 A7)0 B L v 5 e — e T Bl v 0 ) G AR ) B R A A e . A
NACEIRE R — E B ARG, R (0 B R 58 B A7 TE G W35 TR
BRHIE (5RBREE, 2000) .

T 3 R %ok L IR AR B e A E 2 B R IR AR AR AE . FEELN
AMHEREERR R, B TR R I A TR AR, IR S AL TR B 1 AR
RAGIUE (BRBEAE, 1991). X P TR 5K C R EY), KE
X 8L B 2 R[] A2 RV AR, 25 SR 5 A2 X 58 A ST B R JEAT X &
K, 2013). BRFEREEASN, BRKREE T HEE FRAFERRINEEES,
RN 10 A5 1 BEAERERrE- 70 R T i X B R RE 225,
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20060, FEEEE (2011) ARV RSIRG A AT RIS R, AFIHihR
L DX 3R AR T X AR R AR A e R RS DL R m A R R . X
JAlr A (201D XFAbFERFIRZE KRN 715 B m 46 N &5 B TIR4
Zhig—5

BREFIIEAR S, ARURAE SRR i — AN R, MR —
NEERE (Qian et al., 2009, 2011a, 2011b; Ortiz et al., 2015; He and Black, 2015;
Long and Robinson, 2017 ). Trenberth (1983) &g L AKAMEY . ¥
I, Dongetal. (2010) Al Yanetal. (2011) iR % k% H R B RHZ RS %
ABIAI 91/90 KE SCHAZERTBL, W RLA 91/90 KIEE 1 R IR BIEIE N
KR, BETIHEFEMANLI A, Gongetal. (2015) $EH T HAFEMAL
WFA], FBEMRPEELL 10 KRR T 10°CHIZE 1 RMANLEE], Chyi et al.
(2021) HR4EEM—I B4 84k, FtE AL T H X (¥ B 2= 70 e 4 i
[ET8

EAFE R IR, AN E X AEZE 4 i 38 R /E B AN A . He and
Black (2016) XfAbi X A& WFSZRAESAT T2, BTG EIRE
TH 3 Bk B T /K-FBEAR R s AR RN DTk o 1T 78 6 M X ¥ 35 5 20
et RIS TR I AR 48 B0 B 28 B KR B ST o P A
T (Chyi etal., 2021). {EFITHIM TAEE—BR (FFRFREE, 2023), R4
InFAER BRI R R, BE AR I W X siaE AU U R S A B T
B30, M 51 55 JEAL T HHh B M PR R b A B, 3R KPR 2
BT B RAREA TR, SIE IR INRAE T, BT AL R 3
i

Sebr b, REIFACEEREE B (Chyi et al, 2021), JEFBERFKA Y
FEH, MR AR AR B B ) XA AL T R 2, G AL X,
BRIEME LS T-14 K (B la BEHE. Hifi 52, KEATETHMN, MRS
I I 3 5T (AR . AT E G I — 4 5 1 X B e i R (AR fh 2 3L
T )5 D) 5 A E) 3 R MEAF A RN D o AH H AT AR AR A i 72 v
PR T D, WFiZ% 8] R VR N TIE TR A B 1 BT o i P A b 2 Bk 2
T HERE B BRI AL
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BRI, JEE X EAR N A, (H 2 X b 2 3ROBK 28 2 7 1 8 I 3
PR AR AR WS R X3, XA A5 RN L RK A 21 e e 1) I ) R A g 22
MEEAT /30T s, AL X R SRR — AL MR E S, UXE
S BRI I, JE AR R A BN ER? ik, A
S AT AR A R 4 LG (R AR B AR AR A2 R, DS A S0 T 2t —
FER AT ik, ACEWHN T 82 WA RBEER T, B3NN
B AR SRR A BT IR TR S B [ e, 58 4 S8 b W3k 0y 2%
REAE, 25 5 T A0 N A R PR AR AE S L SARFEIA, 25 6 15 02 i Al BRI
SABEIEIR T, SR 7 WA AR S THE.

2 Rl S5k
2.1 ®H

AL AR FE R A HAIR)T A ZE H H 5 8 %k JRASS
(Kobayashi et al., 2015), BN 1958-2020 4F, /K F#i% N 1.25° (2
X 125° (&), FEHEJ7A L 1000 hPa £ 50 hPa 3£ 20 2. BRI 2
KAWE (T2m). B EE (hgt). W FIHAES (SLP). K37 (u, v). =
(T, EEBEE (o) MIELHINAE, H, 4RI i AL AL,
B 37 0 #4 # ( Convective heating rate, i FX cnvhr) . K B Bk 45 i #4 %
( Large scale condensation heating rate , f&] FK Irghr ) « & ¥ 48 0 0 #i %
( Longwave radiative heating rate, f&j A% lwhr) . K FH %5 % 4& 5 0 # % (Solar
radiative heating rate, f&FX swhr). I EH BUIN#HE (Vertical diffusion heating
rate, fAJFR vdfhr). cnvhr F1 Irghr 72 HH & 4515 B 9 OB IO 72 A4 s Iwhr A1 swhr
Sl B R I I R R A I B IR s vdfhr R B T A R
DRl L2 20 1 5] A IR I o TS TN SR TEDIR LA RA A, AR S i FH SR
oty A P HEE AR VK B L B B (Rayner et al., 2003) LUK 35 [F B 44 20 K 2% 4
BRAE 5286 % (Rutgers University Global Snow Laboratory ) $2 £ ) & 72k 2
BRI 5% (snow cover extent, SCE) #(#ff (Robinson et al., 2012; Estilow
etal., 2015). Hrr, MEUKB LR PN IR S, 0 ATMIK, 1 A%
WK, RN 1.0° (HiE) X1.0° (L), HAREBCA 1958-2020 4F; =
i B e N BN 1967-2020 4F, 8RR 7 P30y 88 X 88 (M HL A AR 4% 3¢
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161

PUR R R AR ARAE, ASOB AR S 1.25° X 1.25° HUURIRS 5 E DUE 5

NRBFEFBUIFAE, AR S Chyietal. (2021) FrHE—8, BIA
Lanczos JiE I #0 FTH SGAZ E AT 30 RAKE IR, LLEBReEmzh. ik,
K DB BT ) P 280 A B R An o R o i B AR KISy e 5RO LR, B
ANAE 6 AME, —HIL 72 M. ETFER, EER 2 H 29 BB, 2 A% 6
5y 26-28 H: XA 31 R, HE 6B 26-31 H, L6 kK. &MH
% —1{F %A P1. P7. P13. P19. P25. P31. P37. P43. P49. P55. P6l.
P67, HARMGELAILIHE . AR STETR N AIEBRAEM, DRI A 254 76 D8 I
JERAT T A
22 FHHEBIIAE

AR Chyi etal. (2021) FUE AL B =5 4 it 8] (1 5 5k St g JL T
FRACZE T G4 T 8], BRI R A S0 it X0 1 25 1 T KR 1 — B 22 4 (dT)
M ARE (d2T) AT S . R4 1a BHEFTR, dLIFHLIXSE FBIHCN (50°-
75°N, 80°-140°E). dT I d2T FITH5 740 T

{dTnTn_Tn—l (1>,

d2Tn=dTu—dTa-1
Ho, T 2RS4 AR n 5 40108, n-1 %ok bk, T
W, dTw TR SRR, 2T, AR L.
23 LW R

AR H LA NS5 587, X 925 hPa bS5 15 ) 1 AR i
#4712 (He and Black, 2016):

a _ -ga_T -va—T +CT)—RT -66—T+(-V-W)+(- iﬁJr—R T )+0  (2),
o __ox o rCp  op “HEfFe p prCp
HADVel HADVe2 VMel VMe2 ¢ VEHFc
HADVe VMe

Hrh, RESMKEER, W287IK kg C, &K LIE, L1004 TK kg,
IR -7 RORAMEAR T, 77 FRORAX AT R, RIR S 4
o T (2) NS SRR, g RR R R R
N> WHVT o HADVe Fo 35T 35 R 37508 S5 P 3 BE IR 7K S~ CRTRR 7K
AR, B AR SRR IR (HADYel ) AV AR 2 ) R P IR
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(HADVe2) . VMe FoR A58 Bz 3 5] i 1) 2 (FARTE
BT, AR EEZE S HGE R (VMcl) RV 10 T B ik
(VMc2) ¥ffi. HEHFc Rsimah s R7K-FAE S8R Ee (RIARK-FRai o,
VEHFc Ronimsh#ol & 1 EEE SR (RREERSNID, Q@ (O =cnvhr +

Irghr + Iwhr + swhr + vdfhr) FoRARZaHnHAE M,

2.4 ZMRERR

A A M AHER R (Linear Baroclinic Model, &%k LBM) LU E44
AN RTINS PRI SEM o AR 2 H A 2R B R UM 2R Gt 9 v of AR FR 5
WF ¢ AT ( Center for Climate System Research and National Institute for
Environmental Studies) Ft[F] & f& i) KA G s 2RV il As o 2k M X oh 7
BRI E R R, SR T = AR S R . RSO 9 & 11 A Mg
SRR, KRN T21, TETT I AoBFR, 3520 2. KF
PR 8x10" m¥Ys, XN RIEEH) e frREAN 1 K. £6<0.03 o=

0.95 &z I, Rayleigh FEEAA-1iFH & IS (B REZ W N 1 K, #E0=0.9 = L3N
0.5 K, HAENW R 30 K. FRIZEXMFTEHNNIERL RS HEES N
Watanabe and Kimoto (2000). ASCRAE4aH NI 1EN5RIAY), HHE T HE
HIFE o XS CHEAT 30 REGR >, JFREEE 16 RESH 25 RSP 45 R 24
R AR R T L
2.5 B TmIE

R R R AR sEOE AR, IR R a5 R R 5 SRAE 43 1 EH 35 )
PEEE (DY) FIFGEE (D) [WhRG a5 & IR ok &

7Nt

f op\odp)| ot —— op S
pvor -~ 2
pheat

R P o sV LA I

NI RS %N 1004 1000hPa,
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g(R) " o() _ o=
‘7?ﬂ;j 25(5)[‘ e 4)
0 (0z
@v(atj =0
X G PRWES* NS RUTHIEBING, g NENIEE, ¢ NiRE, SH

~00 / op HIPEERTE, RS #3077 L BT A AR O, AR IR i
AP AR DU RS, e SN E RS RE. HEK
(3 IS ) FH R R B0 — 2 I 4y i 55 7 A BRI BT UE5E, R T21 1A
W

3 JL LA & Z TR B SRS IFAE S [R) 57 5

Kl la. ¢ 72l 1 1958-2020 A ME~FA1HT 11 H o 10 A BA& 12 AR 11
B T2m 2535, BRI E, W10 A% 11 H, BT K RERIAESE KR w4
DX R el e A I ko by, S s PR IR O 6 T DU AR B JE B [X (BB
), HIEEEH 7-14 K. A 11 HE 12 7, dbpekd s g Bt X ) R
2 B s/, R BRI KRS, LRI O RITRE A8 K, LM ER
bW, XFRE, dbWHhIX223d 11 A RRIZIREIR S, ARG TERRE, 11 HHEAS

AT RO R . RSP AR B, AN 10 HZE 11T A, R VERHLIX P K

JEZEREEH X RV IER m, HApSEEH X A E R m s AR (B 1), xR
VAR & R f g SR s M 11 & 12 B, SLP RIS AIR B 0 508 59
(B 1d>. "0, SLP (3fsaid #2 5 T2m IR RIS 2Rl fEXTREF L2
(B, 10 HZ 12 A, PR 32 BRI AR S R A1 5 XA 1t 32 i 48 5 AT
FEY SRR, EEE 2RI A A ARG AR, XA T T2m AT SLP £
10 2 11 AR N . I rT 0L, BB IXAE 11 H 24 I 7 8 S H Ak
KZETRHRHE, X P4 32 AR BIAE I M E 1) T2m A SLP b, Sx AN B4
EEEE (2011) 48 HEDAHR = R B PR R G L 2 AR .

DN TE AL M3 X IR & B4 18], A SO 1Z 4 IX T2m 54T 1 X2y
BT FER Y, 12X T2m AAEIE 0 T RERRE (B 2a 52200, WH—Fr
24y dT KRG (B 2a 5L, FUE dT1E P60 Z i D naE, RIAEAR/N, JF
7E P60-61 L MR/ME, RXIEREFTHAAITIR. WS, dT PSS H 2 P68 2
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JE LIRS . X R FE T A d2T L RETE AN bR IOk (K 2b), H
£ P61 ZHIA A MG NIEME, 4 A% R BRI A & % . (HE R
7&, d2TAE P60 % P62 IX =Ax N I 1 AR /IME AR KAE, BIRRIR (dD) Jo)a
LT AR R PRI R R 8 5, KRR AR R T T RIZIN R XS
Chyi et al. (2021) 15 21 i) 75 5 2515 e 45 v A7 76 56 D0 35 5 28 5 K P PRk gk 22 -1+
GrAEEL. AN P62 2 P70, d2T HUH HA P, (AEEAYERAE EMH. Eib d2T i
AR HEAEAN [F) A I BE RO 2R, BIISIFE P60 Y B AR /M, P62 HY BB K
. ik, EREFHE R, ALK AR E PR ZL IR 5 H R 42
(¥ P62 & L NAL AR ZRAE . A= T AR RIS (8], RYSZ I e i 28 B2 b X RK A 46
FRYEF ]

4 AL IS AFAE

4.1 BRIZE RIF R AL RS FHRFAE

B 3 45 P54-P66 BRI H iy 24 FE th X I i il 925 hPa [ #4777 78 S A I e A2
R M P54 2 P66, WV KRG &g B IX AN BB P REREE. AL
TR P2 TR e R AE b b X Wt 4 [X B Y B R (J&] 3a, e, 1D, X5 IRMIH bR
(B 1) —3. MNARERINIGZ KA, RRE RS a2 B2 3 X IR 4R 26 7404 A
B nsE (K 3b, f,j). AEERR, FE4aH AE FH AR RGN X 295 Tk
WHLIX o IXFRVT S5 AELHMAA— RIS, KALHGIFERE =L R TE
. Wi BB (B 3c, g, k, 00, BNZE I ) s 26 5 1 X AR F 0K 5
AR R PG AE R ST 75 R 2 18] o B AL S AR B s X Ah, bk X AT 7 XU 7
JR o I K S A0 R A R . v s B T 38 i, P XU 7 g IR i .
i, FE X ERAE RRIN B X S B . 2412% RI B HNAE 4R -7 T e h B 1 A T
B b (B 3a, e, i, m AL, SRR 22 360 78 5 X i
P (B 3d,h 1L p)e JUHAE P62 i fh 2 Ja, JRAERCINHLIX [ FE4a % 21E F 9t
TN, (HH TR PR A TI0 OUH LW R EHIX ), HRA&IERK
VT 7 R i X B it 5 B /N TR X . 7E NS5 19 P66, bV B4 I i 2 B
WA, HORANEG R IX A —F (& 3m), P X 1) 4 #aA J IR T3
b5 A I A BT 5 (B 3n, p), SRR UE 2B AR AL AR AR S R P T RE
FEE— T MR, KB 425 TR,
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L5 73 KA = e e rp R A X R IR RCSORFAE, T 4 4t 7D
FORE (1) A TR JE 3 X DX 28 B A AR B o AIE] 4a AT,

dT1E P59 i F: A fa € #6-0.3 K/d [, #£ P60-P61 H I /IME 2 5 FR 220 55

(EATS iS5 A . IS B35 AT SC R R A 3t X0 A 20 0 i 462 (10 DR B i
Ja, BENT —AFEREEIHI Y, RIEALT. K 4a 751, ARZEH0IN IR

(Q, 2L MRAYERRE TUE, AW IR, HiA A9 S A R []3E 0 15

SE. KPR, fE P54 & P70 BB B, QAVT M EE vk, It

FEIKTRI HADVe (CHE2) FI/KT-iRah Il HEHFc &% F 2 RIHWEER .

BE—20 2 M AR ZE AL b [X AR 28 A AR IE TR I (B 4b), TEEH H
vdfhr FIH B4R T D0 Iwhr 9 F F 2D HIX AN 1 EIUFAE S B RS [F 1386 48
W BARTI S, BEAE N RHERE, pAe iv E0E W gs, mEEY
BRI v E0E F B M 4G 9, P IR 2008 K/NFE P6S A2 . AT, FEZRTHERE
B, AR EE o BAAAEE BB RE . B L IX MRS 7 o RAEAN
ARz g (RS, RSP G, XAAR TR BT R IE
R AR SRR (RUE SGAHMERD, & AR Z A . iR AR,
O AR AR TS 3 S R A R T K I e S A AR R R R RS
e B HOE F AR AR 2 5 2 XU PR 385 G O, 1Y i ) X AT 3 350 [ R
R FAAS IG5, T I ST B B4 JE B AP 3 5

St 3 B (0 0 AR F B KPR I HAD Ve #3573 i (B 4e) wl kB,
£ P54-P60 JHIR], B~ HADVe (E(SE4) FEHH A N 7y & HADVe2 (Ff
R 1% P62 2)E, il HADVel CA/K RN £ T &,
Forpr, MR RAICE 0L P62 WG SR, LS A B RiRES IR (B 3e, g, k,
0), XF N W R 5 PG A0 R . v e 22 ] ) A ST 7 0 ) R R B 1 S 1 K
/N o B2 BEENE, A1) i BT S K2 P60 JE ks s T4 1) il B2 PR AE U
W RERF G o, X E RGP FFERIR A K . bR b, AR IR K
BEIEOT/ dy F1OT/ x5 T & 1a X v A& 1a) X u (A8 40 CEIRG D, HI gt m]
WL, W5 BT B B T (A8 Ak 2 2 U AR 3 5
4.2 IELRINP T R R
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BT 7 AR A BN A KT IR ST 2 1] S B B R s 1) AR AL REAE
T 7K Pl SR AR A R B 5 R IR 6. — BRI AR, R4t
IR B PR R R A, R B SR (BRI AR TE— 58 1Bk
2?7 FiHE LBM {E#E—25 047 .

IR I 3wl L B AR 32 AR A RRAE A SCHE LBM. H (R R B 30 b [X
(12.5°-72.5°E, 45°-70°N) FILIEHLX (80°-140°F, 50°-75°N) 4 Hil U E — N4
Ui 5a),  JHCoE B 45 Rt A B EH U0 e £ ¢4 B0 R AE SRR R IR E A 2 R
AE (Bl Sb, o)e Shr b, BRUMIIARZ A (B 55 S0 9 75 350 b DX 1 2
ol, BRI Z FJZE 300-400 hPa FIJEJZ 950 hPa A {EEWAE, HUEEY
BT vdfhr RO I 68 56 T Iwhr Dy FE 2000 MEXE )2, KR 5 T Iwhr
NEET,

Kl 6 4 900 hPa IR 43 73l T 2 FIMIG J2 V- U () A7 T 2 o DR s DX PR 6 3
JZ _EJE AR Z B AR 4a B 13918 5 Mo 7 2 62 5l HE — A i R i 5
# (B 6a,b), ZFHEMREMEBNEMNPEEHX . K, K2Rk
A HIRRTE DUINR WAL A0 5808 T B — /B BRIt R s T 2 AR e A EI7E AL
M X 538 oY B BT R & T AR X AR A A E (] 6c,
d), ETE VIR AR M 5808 R AU UPR IR i, 1 P I el tH — AU U
TSH . WA AR I KU Hodr, X2 R EER R
SR R B R B (1] 6d) .

L, TERKAETHATIE, BRI X RIIE T b X 1) 3 48 A 507 F 350
T WML X R AR N FAIOR I PR U, AT 60°N BRI R IE
o R PR T DX EH BRSO s T b DX < 6 R AT I IO H T X
H, AAT R TIRIE R (& 3h, Do BT IRZeRin A 40 1 iR T Btk
T, BASEELEM X RN LA FE RS2 ERE . R R 510
HEH A IR T R (FFREIR S, 2023).

5 Jb W& BLIE B B PLARAE B SR T2 I

A SCAE SR T S E, St AR &I 8] LR 38 ) SRR AR R 4T T b . A
TR A AT, BB AN A SR B A 0 B B IR AE . AL
SRR P62 (AL T X X 458 ~F 35 i) 3 SR AT AR AL, B KT+ 0.8 AnifE 22 1
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FARE NG, DT - 0.8 bl ZEME NG, HEFMIENIER
Fo PR 13 MMM, 18 MM 32 NMIEFE (R Do K 1 Filhrid
JooRJEE (HJe ) 4, HPRIERAR#ER Nino3.4 X (5° S-5° N, 120° W-
170° W) 3P HEEFEHEES 5 M H = +05C (<-05°C). ME 1A
A, EALALR AR, JE/RBEFFRERIREZ, SHH 7/18; MiE
T, S A R AE AR AR %, S 913, RFILEAL R 5
ENSO A] BEAFAEHE B VIR R

K 7a 25 W R0 R R 11 H 6 T2m 28 T REAE, 11 A0
S AR B T RV 0 B AR AU, AL AL T DU R A s T e
FEMAA S o X IEA XS B Wang et al. (2010) $& Hi 1A Z<R M) 3 BEELAS—IL 7
B . WA RS MR R Ig RE BE (8 70, 11 A& ke R
TS AR O P AR T DR V4 2 A BN v 8 B ik 22 DU /R AR, s e b AR <
HEHORE s WIS

ANEARFEFRIEAESE 12 A% ERIH THERZER . B 7. dAHT
N AR SmEAERY 12 7 T2m A1 SLP 2. £ 12 7, Wit s B
AR RARAAE O R 11 0 XSG e A S i (B 7b) B85 12 A4 I
IR LX) 552 e R S i (B 7d) . A, FRIE A RE 5 5 i h X b
FEAR R A r RS A, I R Tk B I R R SR R AL, 3 T i
X, REATEHX R EEME (B 70, ATH, 12 A T2m Z1E7 5
11 A Z A3 R ERINAL X 1SR 2 WS EA R (B 7). 1 A6, A
- LA A R R AE R AN R EOA R (BB,

6 Fh5RiE B

IR I UKAE R AA 538 R T AT R0 2 ROTE K ol 4 258K (Chen et
al., 2000; Deser et al., 2004; Semenov et al., 20100, TIIEARIEFIK. LK TG PR
ORI 5 RO K il 26 IR AR A A R % K R (Chen and Wu, 2017;
ZE—F4, 2018; TREFTEE, 20200, M4k, BKERT KRS HELFERTS
TR S % AR BT 20 (O SC IR KT (Cohen et al., 20125 Orsolini et al., 2016), ‘B2
LRSI E B K F (Wang et al., 20100, Jyit, A WIFE UKL R AR T
(KA R TR 11 3 4 M b s A U A R B IR . W KRR 2 X3

5,

e
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MNEA BAE SRR 8 & 11 AR ZE 7 b, nT RN ANER S
SEIX, AL T AR AR PRI R T (] 8 BAKE) . 7EJL TN &M B
T, R AR OKT PRI 5 s G OR P VR e R I . AR UM
FHEAR R A RFAE, MR IE AT AR U “ SEER” #3lR (Czajaetal.,
1999, 20020, SEZPr b, IXEEHER R AR C B I (& 8a, b, o). @I
THR OB X X P AR AE 11 ] 5 R & H B0 fE AR AT A, R R K
SPEEIEIRAE 6 st IR E S H, WAL K RIERAE 10 A4 4 HELEE
FH (EIED . IX IR 7 R E AT E N N BB RTIRE 5 o RIGFERE 5
RS PERCES I RRAE TT g5 12 XK ARG O 1 SR /A — 2 R R .
TGOS, N A AR B 4 1 22 B 3 o AR S AL MR i UK R B IX
B2 T2m [FUE B UL X EGIK A E, JERRMKVEHE BEES (B, [
PR AT a2 AT 1A, R RG] R (E T .

Dt — A M SRR XM IR I P RERE A, AR CE T AR AR OK TR IR AR
HOMAE KUV AR B IR Fe . oy, IRl rp AR iR FR 2O O C -
20°S - 20°N, 170°E - 120°W) X3~ 23R 5 W 8 b K P rE AR A iR 16 2o
SN K P8 PR IR S 8 R X35 (300N -45°N, 30°W-600W) 1825 45 K 78 Ve
TS P X 383 (30°N -55°N, 5°W-25°W) . HH 11 H T2m 5% 37 %6 [7] HA 5
DX AR i 25 (B3 P L, Y iR TE P AR RSP T i e BT R 7 Y A
RGBS, b X T LR T2m Sl s (B 9). Nit— B8t
AER GRS, o S0KE T2m (513 42 16 K 7 3 R0 2R DK 176 30 1 XSS 350 Vg Ui,
K. 450K, ARRPFER S 5 A0SR 5 W IEA R RS
P, HHAHBRMEE T2m HEAE 3 T REAITHIX, 15 76 PG 1R R
HAHIC R I 235 T2m 32207 T A6 0 ) v 30 2 BP B v ol — i

B0 73 A 46 sk — P R W], 5 R AR P T R AH DGRBS A 2
IEEZH (B 10b, o), ERIMAMAREF RS AESE . R RE TR
b B RIE. SRR AR A0 A . BRI Ah, 2B 5B 10a A
R A ARG AR I 2 I A — 3 ZE AT RN 2 5 Rossby AL A
AR W B [ I SEOE R RIE — Do 7R TE T AR AP IR R B, ) R
REEKIERT (K 10c), AKX R FREHUR R RIR i
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SH, HFFIEILK T (20°N-50°N, 150°E-190°W) T i & 25 B& /K 61 57
(B 10c) AR ARZe 2% (B 10b). Z AR5 vl BT R T e p 46
b DX R — S 1) AR AR AR (R e LR B, AT E A 9 =2 B i A0 1 K 7 2t X T e
—AERH S (B 10b), HEMlh AR R, B AR
ORI 8 CGRELT KPGFEHES)) . R PE P IR S 3 (1 2R B L 2 5 T T
VEL X (MFR I S8 o B BB BTGV 2 B IX O Rl X8, FRAT T — 2P 45
e AR A8 W B A AR AR R R AR OKSPREIRR Y R (B 1D, 45K, Bk
Ay 57 A ) TE s SRS T DR P VAR AR B BRI R R AR, TGS T KR
(IR S H R AN 2 B pk b, B 2 FE B A 1 R R S IE 1R N
E S ED DU /R AE I A0 S 8 AR . AT AN LAECdaH, R HHIX
HIFRIL R Sl 1d Rossby i REEAHUAE T I/ 51 5+ % (Li, 2004; Bueh and
Nakamura, 2007; Luo et al., 2016; Zhang et al., 2022) ., 2 7E KK KBl E I Bk
1B SR IR o 25 BATR, ZR1E Hh 2R K g T e o B /KR B
S IE TR AR BB, MUK — Rossby W FI R FEHEHLIX, £ R
b 1) e AR A 0 B SR ISR IEAE R, DK A X PR PRI O A DA R R o
Hett— B AE NI KR E IR B S, e s BN A I L

1713 5 A0 DR P R S 8 R 6 R IR S 8 R I AL R PR PR EG . 4
B S DU R WA 21 2R O3 1 SO (R R B S i o AT, HLHOAE 2 1R R 45
1o A% B ST 0 S BRSPS 5 RO B AR B K e i v 2 Uik = B
A3 1% R B WK (IE S 2 MR (g ). BhAET, Li (2004) iEid#E
BAUIESE, 10-12 5 i BER P VRIRIR 7 3 O LA S R P ViR e ) I 7
L P BRI AL I B T AR SR I L AR ) AR R T IR S R
(RIOC RN EERE, P ALK PG 3 2R 78 1) A AR R A R T 5 e N A f e
7 4k

F£T 1958-2020 4F JRASS R0 A BORE H P S804, A8 SR I AL I 1 [X 2 Rk
Y. Hp s 2 5 b X RK A 2T i e SR R N B R B X . BT T2m (19— B Al
il sy A, AR E, BT P62 (11 A5 2ME) A
Ko RATFTTRERICWIEE TR, LN/ BR o A R B AR A 4 32
o ARLRAEBEE T HE B SR A RENE, b X R R I
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ARBEZ BRI PR AR, 2 DA PR 2 P BRI e v . Il BE
BRI A, I 1 DRI b SV 3 X0 A 268 84 R0 51 kS 7 XU ff i XL PR 9 o,
11 BURM BT 5 e M IRIE AR T AR o AR R 2D
B FREIEFRMER T, WAL F R BB T AP0 R R

B AN s P 1 e 1 Ui B ) S T Vel e R o2 R U B I B
A S N G I o A 1 L PR 1 Re SYLIE - DN T T B
WOUKAE, RIE AR AT PRIEIR 57 5 DL B IR 6 2K 08 1 A0 R Ui e T e =
SEMAEIE N AR . Jorp, iR T8 AR RO T AR I IR A SE AT R AT 5 S
ABTR VAR AR AL e S AT B2 1A L, e el AE v B N & 5B (0 7
o Mo A A K A, HE 12 H AR AR - b X DL K 3R E R
R T P 1T AP | A AN SR D I A 1B 8 L S R X SR U D=

NG, R AR RS K AR R B LR
T RIGE AR I B S B5mAA , AEACFERIE R 1 — DAL ERIBS ) 2 5 12 ik
RGP AR AR B IR 57, RE NS RO M R I V3 B IISIE P v 83 L SR ] (14 57 3 05
Bl PISCA AL AL B EAFAE s 225, (H P 2l 3 5 e AL R 7% 2
AU RAENE, IR IR R

ARSOR BN IR 8] 520 D BLRORH R A RS2 gt AT 1 0 Hr . Fa i
I8 AR AR 5 G R P T i U B 0% 38 e KT KBty 898 27 S i 23t T S v | B I
AR, E5 I Ak 5% i DX IR AT OC I 81 G B L B E AR AU D IR SR
UEe BBAh, ASCHE AL IR S AT NA AR, ASE TS Z 16 i s
IAFURALE . SEm A T2 AR, X NP TR E A
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Figure 1 The climatological mean of difference field between November and October in (a) and
(b), and December and November in (c) and (d) during 1958 - 2020. (a)(c) T2m (unit: K), (b)(d)
SLP (unit: hPa). The black contour indicates the 95% confidence level. In (a) and (¢), the black
box indicates the domain of northern Asia defined in this document (50°-75°N,80°-140°E); In (b)

and (d), the dark gray shading indicates topography higher than 1500 m
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Figure 2 Pentad-mean variation lines during 1958 - 2020. (a) T (unit: °C) and climatological mean
of dT (unit: K d'); (b) climatological mean of d2T during different base periods (unit: K d-?). The
vertical solid black line in (b) represent the second pentad of November (P62), the horizontal

dashed black line in (b) represents the value of d2T is zero
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Figure 3 Climatological-mean pentad-mean air temperature (white contour; unit: K) and its
tendency (shading; unit: K/d), diabatic heating (unit: K/d), geopotential height field (shading,
interval: 30gpm), wind field (arrow, unit: m/s) and temperature advection (unit: K/d) at 925 hPa
during 1958 - 2020. The four rows from up to bottom are in P54, P58, P62 and P66, respectively.

(Black box indicates the geographic location of North Asia which is focused by the present study,

gray shading indicates terrain above 800 m)
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Figure 4 (a) Pentad-mean variation of climatological-mean air temperature area-averaged over

Northern Asia (80°-140°E, 50°-75°N) and each thermodynamic item in Equation (1) during P54-

P70 at 925 hPa during 1958-2020 (unit: K/d); (b) as in (a), but for diabatic heating and its five

components; (c) as in (a), but for air temperature advection HADVc and its zonal temperature

advection HADVcl and meridional temperature advection HADVc2
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636  Figure 5 Spatial distribution of the prescribed diabatic heating forcing for LBM (unit: K d!). (a)
637  Horizontal distribution of the prescribed diabatic heating forcing(shading), black box indicates

638  North Asia. Vertical profiles of (b) and (c) present the prescribed heating forcings (solid black line)
639  placed at E and NA and the one obtained from the JRAS5 (marked black dotted lines) in the P54,
640 P58, P62 and P66
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Figure 6 Steady atmospheric responses at 900 hPa. (a) and (b) Responses to the heating forcing of
the lower and the upper troposphere over Europe, (c) and (d) Responses to the heating forcing of
the lower and the upper troposphere North Asia, respectively. Solid (dashed) lines indicate
positive (negative) values; Contours are the stream function (unit: 10° m? s™) and arrows are the

wind velocity (unit: m s™!). The gray area represents terrain above 1000 m and black box indicates

North Asia
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Figure 7 The difference of (a)T2m, (b)SLP (contour, unit: hPa) and winds (vector, unit: m s!)
between early year and late year in November. (¢) and (d) same as (a) and (b), but as in December.
The winds are significant at the 90% confidence level. Solid (dashed) lines indicate positive
(negative) values. The dark (light) gray shading regions area indicates the 95% (90%) confidence

level; black box in (a) indicates North Asia
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669  Figure 8 Difference of SST anomalies between early year and late year. (a). (b). (c) and (d) are
670  August, September, October and November. Black box indicates the key area of SST, the diagonal

671 lines area indicates the 95% confidence level
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677  Figure 9 Regression field of T2m in November to the sea surface temperature standardization
678  series of key areas in the same period. SST of (a) Equatorial east-central Pacific and (b) North
679  Atlantic Horseshoe Pattern. Solid (dashed) lines indicate positive (negative) values. The gray

680  shading area indicates the 95% confidence level; black box indicates North Asia
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688  Figure 10 (a)The difference of hgtS00 (unit:gpm) between early year and late year in November
689  and regression field of (a) hgt (contour, units: gpm) and Q of 500 hPa (shading, units: K d), (b)
690  hgt of 850 hPa (contour, units: gpm) and precipitation (shading, units: m) in November to the

691 Equatorial east-central Pacific SST standardization index in the same period. The diagonal lines

692  area of (a) to (c) indicates the 95% confidence levels of hgt, Q and precipitation respectively
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Figure 11
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Figurell Regression field of (a) feedback forcing anomaly of transient eddy vorticity flux and (b)
feedback forcing anomaly of transient eddy heat flux in November to the sea surface temperature
standardization series of Equatorial east-central Pacific SST in the same period. Solid (dashed)

lines indicate positive (negative) values. The gray shading area indicates the 90% confidence level
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Table 1 The early, normal, late years of the winter onset in North Asia

FE4 (MO

i -4

1962, 1965*. 1966 1972*. 1974, 1976*. 1979". 1984 . 1987*. 1989.
1990, 1992, 1993, 1994, 1996, 2000~ 2009*, 2016~ (18 )

1958*. 1959, 1960. 1961. 1963*. 1967. 1968". 1969*. 1973, 1977*. 1980.
1981, 1982*. 1986*. 1988, 1991*. 1995 . 1998 . 1999-. 2002*. 2003 .
2006*. 2007-. 2008, 2011-. 2012. 2013. 2014*. 2015*. 2017-. 2018, 2019
(324

4

1964-. 1970°. 1971 1975, 1978. 1983~ 1985, 1997*. 2001. 2004*. 2005
2010, 2020 (131>
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