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Abstract Based on the daily reanalysis data of the Japan Meteorological Agency
(JRASS) from 1958 to 2019, the thermodynamic characteristics of the warming process
before the summer onset (from pentad 19 to pentad 28) over North Asia are studied
based on the thermodynamic equation. The results show that temperature advection and
diabatic heating successively dominate the temperature tendency before the summer
onset over North Asia. Interestingly, these two terms show an opposite trend to each
other. Before pentad 22, adiabatic advection of climatological mean temperature
dominates the warming process over North Asia. After that, however, the diabatic
heating becomes enhanced gradually while the adiabatic advection process weakens
gradually, making the diabatic heating become the dominant term. Based on the linear
baroclinic model, the numerical results reveal that the diabatic heating over the mid-
and high latitude Eurasia can not only heating the local air masses aloft, but also force
a cyclonic circulation and upward motion. The circulation responses are favorable for
the southeastward movement of the low pressure system which originally locate around
Novaya Zemlya toward North Asia, leading to the formation of cold advection in both
the horizontal and vertical directions. The cold advection counteract partially the local
diabatic heating, forming the steady warming process over North Asia.

Keywords Northern Asia, Diabatic heating, Temperature advection, Summer onset
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25 TE4E (1958) BT IS X (1RSI 2 72 75 H HIA-+ H i) kA i e
MRAE ., £ “/NHRAE” d, Bl 2R KA, @ H = =0
AR RVUREDUAT: T T RAR” T 2 S AR AARFAE o« P IRRAR 43 71 %o J8E 76 PRI
i) BRI Z R e e (#5125, 19585 SKRIBMORIE ERAE, 1998) o MIF+
HARAE, N RALEMANAL S X AAAE B2 D), 2 5 & R e e A /e
A (HEIESE, 1958) o ik, 75 FWIEE B2 & 2 215 et i .

R T HE W0 A R R, o, b REsE
(1962) KM, HEHEEFTHAN, JbEaREHa & e TR R LB
X I 2R R S R AR AE A NP B b R 2 7, T e S b A R 2 B
235 P PR UL RS2 I BRI PR s 2 B0 R TR IS A 8 (BUMSCER, 2004)
BILESF (2002a) BFFL T @R 6 06 B4 MRHE, RILRI A R 4TE 6 H
AT RRY IS o 50 T s — b T I 58 1 o ) SR AR () 52 2= B 25 o X b ) ety o8
TEAS (A2 5 v [V R 3 X A& 2= K BT i) AR e o #vE ¢ (BIL R4,
2002b) o ZLLWIEE (20200 KRR I ZE 57 5% ot doinh i 5B 2= WUg K
A . BHGEAE (1983) WIS AR, R ERICA X & 2 5%
4RI 55 —HEAE R B R AUITE 6 ASE 2 (R 25 4 RRAEBWENT S, X
55 JEUIN A 51 R BN E OC R E V). IbAh, e B K AR e Fm
AT BB R BT W b b A B CE#R4E, 2015) o SEBR
b, BE G R0 E T 7 R S N A P X 2R I X 3 B 2 A 4 i IR I AR
WHIEEAER] (ZFRE55E, 1985, FRRMATREEE, 1999; E[FIZKSE, 2009) .

EAFERNE, B AP KA L AL, b2 i R
RFABFRE B HERMEEE S, Ortiz et al. (2015) EFFFRKIMNEEF T #
i, KRB SR IR B2 . AEE, Chyietal. (2021) $EHAEFKREV],
MEPHAEHS (70°~160°E, 50°~75°N) [#)Hh 3 il 2 20 H eV ige G % J= i T4 e
(R ARFAE o HE 0, A AT IR A G M 3 1) — B R I AR A 5 A E R A
SRR 58 32 45 CFSCKEH] P ARFRES n i) , I ) 5 ik 25 1E 45 (1958)
AT T R AR — 3 tEE R R S, — M mEEERI
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WAHRZE A EEIER (Chyietal., 2021) , X5 75 5 5 0BT 330 H 047 2 9%
AR (Xieetal.,2021) o FEFFRISERE b, ALV HE X 2 H W 8] 5 5106
S5REREKFHEEEHR. BANE, Uit EEFWHRAN, EEMNE
B KR 22 BN 52k AR R KR 2 | TR KR D, IR 2 (24, 2016
FEFET WA, ARG &L, FEARIH AR HI T, fi
EMA RSN, FrP R A AL R SRR, JERERFE B W
W (R4, 2021) , SEKIILRE 6 A N2 7 HYIFE/KM/> (Chyietal.,
20215 BRIGEEE, 20210 o HBEATAL,  EARIE RS XSO BT R AR A 2R e 4 AR,
BRSNS A5 00 = RN AR . s 0 X AR AR A
PRI T, A TR N B AR AR 0 M X 5 5 2 i e S Rl

R ALV Hb [X Hh 2R SR AR F e 3 p Pud IR A, Chyietal. (2021) 38
HHAF TR WO, R e Rom By aae = 2 RE . WILE 6a HT
CARIL, {EHEEHSATZMAN AR EP, B P19 2 P32 (HHENH L
A, JEEHIX SRR FAAE— PR IIEE AR, JUHAE P19 & P28 RSB
P, R R I AR YRR +1.3 K/pentad /245, A< SRR B A (#6830 R AR
N CPRRIGIRT E . BAR, 1% COPRRIGIR 7 AR AN A 10 Y R
g R (LR 6a) , 3% 2 BA 4 o AR 7E AL 0 X (1 A iSSP o A 8 2
TEH o B R IR, TEIZR B, A SR & IS e o #h e R 47
TEA B AH S AL, , SR I 7R 19 2 2 B TT R AN AH LA ST . AT R R FA
AR TZ IR, AR TR R I R TR AR, TSR TP R
PR AR, X EAARRA RN L. 2br b, fEEZE, RWILHARLRIN#AAT7E
PR CE R AL X 4ERE—MICEFAR (Lin and Bueh, 2021) . SZIbE K,
RSN ey =N O SR 5 e | | A= e L Q0 AN O e 2 2 1 2 w5
AT ] 5 M 0 J2 A Y8 338 1 52 ) A I b X ) A RS S SPAA8T S A 73 A 0 b [X
A PR A3 I 72 ?

N, A OB EERT Chyi et al. (2021) LGSR, @it 07 FEAZ
RUEAES, HE— 5 RIR 703 B 40 A (1 A0 0 X PRSI B (1 38 ) SRR AE . AR
552 AONBERIANTNE, 5 3 ORI AR IR AR, 5 4 4 i Bl e
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BRI AR BINIIREI, 5 5 A HERHE.
2 RS HE
2.1 ¥

A B A RIT IR H H 2 50k (JRA-55)  (Kobayashi et al.,
2015) , WF[EIBEA 1958~2019 4F . ERAFEAH T (Hego) « M3 (u, v) &
AR (T) L TEEEE (o) FEHEgERINE, o, dR4anaiei i FLmi g,
RIS INFAE (Convective heating rate, [&FK Cnvhr) « KRFEESS II#EE (Large
scale condensation heating rate, &% Lrghr) « KRS II#E (Longwave radiative
heating rate, &K Lwhr)  KFHF S II#E (Solar radiative heating rate, 4]
R Swhr) « FEEY HOIMAE (Vertical diffusion heating rate, [##% Vdfhr) . Cnvhr
AN Lrghr 7351l 7 i B 7K BEA5 3G i 17 AVRETBUI ™ 425 Lwhr A1 Swhr 7077052 H <
T AR R AR Sl ORISR . Vdfhr 20 E 134 5 E PRz 3
SRR X ATARE RN IE p EIESER T . AP iRy 1.25°

(%) x 1.25° (A4 , FEH 7 H _EE 1000 hPa F] 50 hPa 3£ 20 2. 5 Chyi et
al. (2021) FFHFAETFEARLRINATAE, AT H)E TRA-55 $24EH T
TN AR A S AR LS BRI, 3K ] BLE— 25 70 B 2% R AR 4 A R A AR 0
EEME, b b, ACHAF A NCEP/NCAR (National Center for Environmental
Prediction/National Center for Atmospheric Research) (Kalnay etal., 1996) Al ERA5

(the fifth generation of European Centre for Medium-Range Weather Forecasts
Reanalysis) B8 53RE, T8I )Rkt S AR Hom#ant, 45 R 54T H
ff] JRA-55 LI Z FFA—5, JEHIE ERAS HIZRAA SRS RN —
H(HmgD .

2.2 Wi

ARICR AL 5 B3 22 05 FEX%F 925 hPa A6 XY S5 3R AR b 3t 4712
7 (He and Black, 2016) :
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il UaT_ \76T +o RT _6T+( Vﬁ’)+( C‘,_*r’+ i ©T)+Q
- = -U— -V— w— -~w—*(- - w )
a __ % & B o ® eOp
HADVC1HADVC2 VMcl VMc2 VEHFc (1)
HADVc VMc

Hrb, RESMEHES, B 0287kg/(kg-K); cpeEIELHE, B 1.004kg/(kg -
K)o FREHRH) 7 RORARETI, 7 RRAR ST MR R T . A
TR, Sk H P B e E Y, ARG FEE T AR (D RS Ty
2 (1) FEBA ST GRG0 ARl B AR A 122 00k 1)U B 5 T —
W EERIZEAE, 18NdT . HADVe FRoR S35 AR S5 35 5L 1 7K PP T
CRIARACE R B AR R E R (HADVel) FSU5EE )i 2 -Fim
(HADVe2) Ffi. VMe FRonSA5F 33 B2 8 5 R R B AR (AR Bz
NI, AR R S S RGB R (VMcel) FISFT 3515 5 4 B ik 10
(VMc2) ¥ HEHFc 3RS0 iR K- #0d & 105 G 00 (RFRZK TR 3]
i) , VEHFc RS AxinsEHPIEED (RFREERNITD , QRN UEIEL
PINPAER] . 5 Chyietal. (2021) FrfHT7VE—FE, XA RERBHEHT 30 KK
TR LA BRI 3l 9 5 tHER R K21 AR RFAE

2.3 AR EARA

AR SO B A 2O 264 4} E A 3K (Linear Baroclinic Model, fiifk LBMD,
BB AR H A R 50K 2 50% R GERT 7T 0 (CCSRO A H AR BEAF 7T BT (Center for
Climate System Research and National Institute for Environmental Studies) #& T kS
FER (Atmospheric General Circulation Model) [ /& Ji f) £ P iU A i) 45
Ao R ANE H 2RI IR, R T = A ik,
A H NCEP/NCAR BERHEZE 3~4 H AU PR E NIEAR, AP oii%
N T21, EEITRNoLR, 20 F. KPP ELRECNS X 101°m* /s, XMk
WE e FTRE 1 K. fEo> 0.9 % )2 L Rayleigh BEHFAERH JE %N 0.5/day,
1£0<0.03 &)= LN Vday, FHARENN 20/day. A A THE4ES) JTHESE K
¥ 15 B 2 . Watanabe and Kimoto (2000) . A SCR AR #iin#idg M is8ia 17,
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B8 T HOERIMER, XA AT 25 RIS, JPRER 16 REEE 20 KT
PR 45 R OIS E WAL o

3 kP iEZL

3.1 R R
Chyietal. (2021) $&i, AHLCIHARILIX, JEV# X R SEE S AR 6 H
FEAEEHEMZER. Ak, B 1 EA%AH P19-P32 (BEHAEZEEY]) 925hPa L

IV H o 4 P 1 DX A A AR 1 0 P 1 565 1 A T G 2 0 i S A T
BRIRRARAL, B 2R SRR 2 R . 7E P19, BRI K P Hh e 4 5
DX AFLE B S PR 3R, LSRG I KA mhCo 20 UL T DU 2080 - O A0 it A b 1a)
EERNRZ, O KR @A EHXTE P19 A NIELHA A (B 1c) o X Fh
SERERN R L A 1 [E] B 1 I A 3 5 3 B Jmd b () 10 2 19 >4 5 268 O AR Ok o MIRJZ
Wiy BE (B 10D, BROE KR H 2 b XA F— MG R 2R G0 A0 55 ¥ 7640 R
i R 2 [ PR O 7 AU IR R 2 T o ey, AR R AL T390t B Bt i, 1 v Ar )
P 5 S f 0 B 5 A R ST - B IR W AT T o 40 e i 76 < 900 38 0 75 1
P BB ISP B (] la hEBSEZD LG, SRR, M
T RGO il w45 3 DX S

£ P19 Z G EERIMEREA, AL X AR AR B T R i X R 30 5
R AORFSRIEIE (B 1d, g, ) o SUARXSRL,  RRO KR o v Bl DX A ) 7
R BB LSBT N A FE BRI (B 1d, gb 1) - AT P19 i DLELe A 21N
F, WK R o v 28 B2 X 72 MG 5 IR B B A S FR i (B 1E, 1, D
E AR, AL HX I IELe A i S B ALY R AR, XA B85 R
A FEA L (Chyietal, 2021) o SiZIRARIMARESIGRAR LRI, PE10
. w5 s =2k 557, 1713 B H OS50 1 5 BT BRI R R GRS 20 1) 2R 7 7 T
A& PR X B IX (] 1e #1 1h) o 7E P32, —NHTREH O rE
W A BB AR B I TT 0L, AE P24-P32 MAT,  HEAN RV A il o v 4 e X
ARIEME RGN LR o %A F G760 14 b SRR PG b 2 I 7E 7R 7 i
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P B 1 SR SR LIS, KT BRI, B2 43 R BT KRt v v
205 14 X 0 G D M DX PR AR SR, IR 7 DM e DX S AR X AN B B I LR
HRAC X 5, 76 P19 Jo, T Jr i (0 DRosk 1 W A L 5 3207 B 5 Fr R 468 4
MBS A& T BV R .

B ESCiie, RIS AR AR BB I I AR, 15 X2 S8
YRITFE AR ik, B DR IR RGN RRE . B 2a 45 H T P19
Hh OV T b 5 BT A R R G RO A B KRR sl i L. X ERATEL P19 A
JE O AL E i R TIBER . AR, P19 Bkl B T KR R G AP AE W
ANy, MBI TR S AR PR (B 1b) o BRI PO Hh O 7 B i i AR i A
FORGE RS, A SCOON H AR M L BE T8 ER . Kl 2a AT, fE P26 2B, 1%
R HR O A7 B S A/ W i Ui S i Je SEIRT il . {HAE P27 & P29, HAOB R
120°E PLZRI R PR IX, JFfaE 3. alil, LG P19, (KK R G H4k
HIL T HEMABIR . XMABIHER, JCHRCE 07 P26 2 P27 HIL &
FRABHRFAE, B4 50 DX AR 4 Rz 20 3 s 78 Ja b 5 RSB IR R R G0A %
(Lin and Bueh, 2021) . &FHK (P30) , ZF0Et—PHAEEEs. <G, WE
PUEREQEHER. B 2b 45 T A6 X P 8w . WAL, R FELE
P27 Z TG A G ok o FRATIHEDN, 3K o ibs B8 (1 86 5 — 05 TN A 5L T 5 PR
MR RGP B R ACWHIX, 55— J7 T AT 685 J5 U BOR AR A 0%, X
AT AT e 5 ARG 56 a0t — 218D o (BIE P27 ZJ5, X
LT DS FARRAE, 25 FE BN RGA LI R R SFE (B 22) , [
WA IS 1 FEE R R AR R G HIE DS, X PR S 2Rk R 2LV )5,
R T T (B 1 AP IRBASS) 51T B D38 KT B B FEROR TS A 0%
HNEAFZAEL, AR HML 7 (Pedlosky, 1987; ZhuGe and Tan, 2021) it

5T ACWIE B 1, B F = [y (o + ) + Ky S a1V o A2 HLAR IR

H? 9p?
XFAEEI X HBEAT T T AR -2 AR S 1% X BE S A AR 0, S5 R 2¢ Fr.
R, fE P19-28 EEEE A /NES, T B BRI R MAE Y, AT
NiFE P27 Z AT LB IR ZJRiZ IS HIRHIE . Ja SO RS, XK RS
1) A< g 7 R A2 3l LUK Jay 3 AR 3936 A 1 BB X AP -0 00 1) 82 2 224k
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3.2 b EHER ST

AT HE— 25 o M 3 5 2T A A W P G T R DX A R SRR AE . R
B, BAIZW TR (A1) F 925 hPa I T XIS (B 3) o WA
3a WAl 4E, JLIEAURLE P28 AT R HBCAFRIGIREE A (EE 4T, B4 |,
HAHMEFEATSEE+1.3 K/pentad i, {HAEZS 29~32 fik, A — W RKPIETE
IR ST P AR I R, 0 I 5 b S XA 20 5 8 P PR 1 o s ik 3 T — A
BrrrEe E, BpENE 2, JRIEEFAE, Chyietal. (2021) % P32 hsE AL
SN P B A A . ARYE ] 3a w0, AR HINIAIR Q (44 fEitid
FErb B A SR A BT, BDE P19 f9-1.0 K/pentad 3Z K2 P32 M)
+5.5 K/pentad, FLIN#R A FE 3 A B I 0] 52 20 1 30 R RO RRAE o 39551 I 389 B 1) D ik
M5, 18 P19 fiti, RIS HRACP PRI HADVe (%) H EE M DT
BAIEM: TITE P24 J5, RNl Q @ELN I ESFIER .. EAERIZ, K
SR HADVe 2B R T (P19~P24) # 2ATi (P25~P32) HIFFAE,
HAFRR SR AR P28 T8 B o Jo A Pk sy, XA N S -F iR 2 A2
1k dT 78 P30-31 MIRARIE K XF B SIKE RG22 AL HL X I UE S5 H
Ky IR PARAE N Z AT AR —ANRTIRME T BbAh, SR HADVe
HAd, TEEISENI VMc 1E P24 ZHTEAMRAIERT, 2 5 WA 2 0 1 i i iR A
FI, HBUEAE P30 G 5K PRI 4. ACHREII (REL) 76 P29 FAH %
B R ITTER, ASCE AT . 5 ETIR, EBAN AR R, R R BT
7 o R = Beaw) BT/ B | | e D 2= o e el O S I N SR Y O
M5, AFRLEPIMAI Q L /K PV HADVe VL) 3 HIZ5) I VMe R H
JUTAH S a3 AR A, TR 7R AR RN # k T4 G 2 2 AP AR — 8
(RIER 2R

BE— 2B o TR A M X AR RN AR R A4 o T R B (BT 3b) 5 TR EL I HK
AT Vdfhr CRy L) FREGREF I Swhr CREREL) NHFEDL, H,
T EY BN E RN, ©H P19 fJ+7.5 K/pentad #4585 P32 fJ+17.5
K/pentad, ‘&5 8 HAE4HINAIN Q (L thsesl) WAL 3, 2B &
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() LTk ds . X REBEE T HERE, JLIP R 2 T £ (K BRFE SN b ek E
[F )t (Chyietal.,2021) , Ti5IE 7RG, B LG F=miRiE
AT, IS R AL b X M 2 R A FF SR TR . R o AR BN 2R
EEIMIAKSIIMER, (HIESREE (4+5.0 K/pentad) 55T H§ Hobn#Am, H
FoR BB WS 2T N AR KBRS IN#AIR Lwhr (G (8R40 7£-10 K/pentad
B2, 75 ARG RN AT AL A B R o 2 T B R4S In#iam
Lrghr FUXHA NI Covhr, HEUEIIEEATE 0 FEAR L, X RE ZHIX R R
IRV

AT, AR E AR HADVe #E—50ff (B 3¢) Al KRB, 1
P19~P23 MAlH], JLWHLIX IR TR HADVe (Etasiszk) FERHHLg s =
HADVel (ZLEfEED 35, MHLAFE HADVe? (RO tEL) KHUEALL
B BeZE N 0. {H P24 )5, JuHE P24~P30 1, /KPP HADVe EHBE T
BN TR, 1R AR R Ay & HADVC2 it (A% £5. %
A AN A RFAE () SR TE E ARSI VMe (B — S0 (K 3d) , Al R I AR L
FEHMHLEEREEET VMl CEEMELZ) FrES, MIEERZ- R VM2
W5 vMel 4 R ARG HCEE R . B aT 0L, qHRIEER S, SV A
TR IR B AR E Vdfhr CE4aHGERR) , BRSO /K- P HADVe
A _EHGE RS vMe2 (BHGERE KA.

3.3 |EFREIKF A6

Nt — B AR PR S W A A, B 4 Edesn T AR E KR
HADVe EALEHLX (1 734 P19 B, SRELL 115°E 94, HPG0 A RE g
W KAE A OAL T DU /R WA PE AN s AR 00 D076 0 2 2K o B BAV-~Fimt 9 3=
HEIHEHERREZESR . SEhr L, HADVe 1E 115°E LLVE FIRE P 5 46 1H 4
BRI IETTRA < (B 4b, o , XERIEMTER FEE (K 1a) LA
S R RE T B B AR JR G AR 7 U P AT B PR R AT ok (B 10D 5 TiIAE
115°E LRI RN FZE S K2 m oy 8A K8 (B 4c) , X 512305200 B R ICE
PEALFR A ERAT AL (B 16D o BEE T & IR RGN M AR &5, Bk
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% BRFREI R EEAE P24 A FTEEs (18 4d) o £ P28, JLILPUHRHLIX O R/E
PEI ) AL AEE T (B Th) AT B R I 22 [a) 7 (18] 41D, IR S EUE
ML IX 7Tt HADVe ££ P28 i F 5o (& 3a) o MG BEE IZI0E RGH
W5, KPP HADVe BISEEEA sk (B 4)) .

ZTACHL X 1 T IS 3N VM, 'BAE P24 Z B2 )5 53 BN IE T AA~F
i (B 3d) o AT 48R VMe EERIEED VMl (~aoT) Y. BT RT %,
FiTCL VMel WIERSHRRTEEZSONIENRS. Jo KT UM FH, B
JEWAFYL CETE B Emr, WBEH vMel KT ONT) F, XBEAHarE
P28 Ko A AE (& 5a) o LI, IUERG TR OB BT, BARZH
XAFAEZ N RERVNIE . bty (B 5a) , (BILEALL EFHizsihE, BIdH
TEFI A FE . B Sb ATLLE 2EME 2, JLIEHL X X $-F 3 ao AUl 20T Bk,
FORFUA P23 4t FEZ R JG 03 8 R U EFHIE3), X P AR i S5 1KE
RGEMBNFERAEwmE LA L. thath, JLIEH X <R B i B 200 BTt i
#, BAAAFILEHIX ) VMe 1 VMel FIBUEIZ SN (P23 & 9 m -1

) .

4 FRLERIN TG AT SR

o AR R AR RN A R P IR ] S B B R R AR AL . TG
IR0 FEE S R0 i 2 B FEE P97 08 A 4 5 T P o MBI Rt 85 RS0 I P X
BENA K. — BRI, JEaHRmER B RN RS, ERRE
HZARE RS AL ERIECR? A5 R LBM X 1% ) it — A7 #r

R 1 PR RN EZKF A RRE, FRATHE LBM H R R B T 3
X (12.5°~65°E, 45°~70°N) AILILHLIX (70°~160°E, 50°~75°N) 7l i E
TR (B 6a) o PR R BLERZR N 6b A 6c HHIIRH SR LR TR, 2
JWCEALE 1000 hPa b (A2, FTr BRI, WM A IE 90 76 Hb X 1
e HOnFA T o R R CEImED AL X Rk (B 2b) JEAR—%L, e R
D HE LA HOIN A Vdthr Jy 32 SRR, H ROy LR S Swhr, T 4R S Lwhr
WA EZ A EER . B, WIEBESH FA, A P19 2 P32 B HLIX R4
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PO B AR A — 5 (B 6b 1 6¢ IR  XHRZ IR Z ) S UL Z 5
BRI INPAER . MR _EEZ) 300 hPa /A5 BIRLSER— NAHEN, (HHR
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Fig.1 Climatological-mean pentad-mean air temperature (white contour; unit: K) and its tendency
(shading), geopotential height field (contour, interval: 20gpm), wind field (arrow, interval: m/s) and
diabatic heating (unit: K/d) at 925 hPa. The four rows from up to bottom are in P19, P24, P28 and
P32, respectively. (black box indicates the geographic location of North Asia which is focused by

the present study, gray shading indicates terrain above 800 m)

18



453

454
455

456
457
458
459
460
461

Fig2

90°N

80°N P22 %

70°N Sp2.

60°N -

50°N T T
60°E 75°E 90°E
0.14

105°E  120°E  135°E  150°E

1.8

(b) (c)
o 1.5
0.12 w10
o £
» 3 1.2
£ 0.10 1 El
Z g 09 1
k= ©
0.08 c
2 S 06
3
- w
0.06 03 ]
004 T T T T T T T T T T T T 00 T T T T T T T T T T T T

P19 P21 P23 P25 P27 P29 P31 P19 P21 P23 P25 P27 P29 P31

Pentad Pentad

K2 (a) 925 hPa Y P19 i & (IR T O B RIHUZERT (b)) 925 hPa JbAF DXCI-F- A%
TREE A CBRAL: 105 m/s?) 5 (o) &5 19-32 & 925 hPa b (70°~160°E, 50°~75°N)
XA B BEE D 4RE (BAA7: 10 m/s?) BRIEEAR

Fig.2 (a) Trajectory of the center for the low pressure at 925 hPa originated from Novaya Zemlya at
P19 and (b) pentad-to-pentad evolution of relative vorticity area-averaged over North Asia at 925
hPa (unit:10° m/s?); (c) pentad-mean variation of amplitude of friction(unit:10* m/s?) area-

averaged over Northern Asia (70°~160°E, 50°~75°N) at 925 hPa during P19-P32
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Fig.3 (a) Pentad-mean variation of climatological-mean air temperature area-averaged over
Northern Asia (70°~160°E, 50°~75°N) and each thermodynamic item in Equation (1) at 925 hPa
during P19-P32 (unit: K/pentad); (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; (d) as in (a), but for the term associated with the

vertical motion ¥Mc and its two components VMcl and VMc2
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479  Fig.4 Climatological mean air temperature advection HADVc, its zonal component HADVcl and
480  meridional component HADVc2 in P19 at 925 hPa over North Asia. From up to bottom rows are in

481 P19, P24, P28 and P32 (unit: K/pentad), respectively
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Fig.5 (a) Vertical velocity (units: 10* Pa/pentad) over North Asia in P28 at 925 hPa. Negative value
indicates upward movement; (b) evolution of area-averaged climatological mean air temperature

(unit: K) and vertical velocity (unit: 10* Pa/pentad) over North Asia at 925 hPa
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Fig.6 Spatial distribution of the prescribed diabatic heating forcing for LBM (unit: K / day). (a)
Horizontal distribution of the prescribed diabatic heating forcing, black box indicates North Asia.
(b) and (c) Vertical profiles of the prescribed heating forcings (solid black line) placed at A and B
and the one obtained from the JRAS5 (marked black dotted lines) in the P19, P23, P28 and P32

23



499

500
501
502
503
504
505
506
507
508
509
510
511
512

Fig7
90°N @ e = = = = = = = - - 90°N
go°N J(RE_Str&uv —= 80°N
70°N A 70°N
60°N = 60°N
50°N ] 50°N
40°N ~ 40°N
0° 30°E  60°E  90°E 120°E 150°E 0° 30°E  60°E  90°E 120°E 150°E
90°N 90°N —
80°N 80°N J(ANA_Str&UV}- . . <
70°N 70°N A

60°N
50°N
40°N

60°N

™ 50°N

40°N

Pl

0° 30°E 60°E 90°E  120°E  150°E 0° 30°E 60°E 90°E  120°E  150°E
90°N 90°N
80°N 80°N A (f)E_OmegaI‘...
70°N 70°N _f
60°N 7= 60°N P
50°N f = 50°N -
40°N 40°N T 1 //5/1
0°  30°E  60°E 90°E 120°E 150°E 0°  30°E  60°E 90°E 120°E 150°E
90°N 90°N
80°N 4|(9NA_Omega 80°N [(N'NA_Omega

70°N A - 70°N 4

60°N A Sytfs 60°N '@vﬂh{ -

aon | AN AN L =7

0° 30°E 60°E 90°E  120°E  150°E 0° 30°E 60°E 90°E  120°E  150°E

K7 HHIE (a, ¢ e g) FEHIE (b, d, f, h) B 900 hPa KSMFEMRL. (a) Al
(b« (o) Al (d R ERMRZ . JEAREMASRIE N (o) v (D (g) .
(W[ @ ) () (D, EREEEE CGAE: Pals) o 8 () ZFRIRIE (50
e (a) v (b) v () M (d) PRESFELRRTRE CPAL: 104 mYs) , Hi kPR Mg

CRAZ: m/s) o ATHEXIHZR RS T 1000 m #iJ%, S EHE X IRy LT

Fig.7 Steady atmospheric responses at 900 hPa with topography (a, ¢, ¢ and g) and without
topography (b, d, f and h). (a) and (b), (c) and (d) Responses to the heating forcing in the lower
troposphere over Europe and North Asia, respectively. (e), (f), (g) and (h) as in (a), (b), (c) and (d),
but for vertical velocity (units: Pa/s). Solid (dashed) lines indicate positive (negative) values.
Contours in (a), (b), (c) and (d) are the streamfunction (unit: 10* m?/s) and arrows are the wind
velocity (unit: m/s). White box represents gray shading indicates terrain above 1000 m and the black

box indicates North Asia
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