Fath4m s (2019140B)
doi:10. 3878/ . issn. 1006-9895. 1911. 19140

EERTAFREFRSEESIEXEFERNXR

xRN 5k A, BETC
(1. SR ETIRTE 535 RO/ RR R FETBILEHE B ESLRE, HREELERY,
FER 210044; 2.l ZRESfEH L, HFFd 250031)

THE:

ALARBARF ZAKLERRKRAFESHA B (JRA-55) RALGE B ARTKEHKIE, B PR
AR S (ECMWF) #2449 & 3K B 9 A74 48 & Hadley H BB T AFREKHRE #
FRESAA ARG FEHERGEMELX R, HBIRXBDPITIRIE, Z2REAH: AFRE
KEERAMAMKSZFEF, 5 AR FR B ERE @ TR R 6 A IEF RS,
Hob, FIBALRBGF “ZMTFA” FEESE “DEA” FEREMANEERE—. F 4
SEHIEAMALR, IAMERBEETHRGLFERTSSRIERNBEN)AE LA
(SRP) Alfepk T 7] (EU) RAATZIESIE, WP HEHRNUANEE, BEFLET IR
®of, SRR E RS FEEAKAE R BiE RS R E RS (Local i zed
Multiscale Energy and Vorticity Analysis, M#kMSE-VA ) &8, kB FREH AT
w) L &9 B RE AR dn, Ok, R AL 0 6T Sh Rk AL e, 15 45 5 E B Ak R AT @ bk

M st T E A E AR KAF R . BT CAMS. 1 B XAEMA X T KB F “ZMFA” fo “ D
A FAEERAL A T A A R A4, 22 REUTHINIET R A AL K B F 89S 1E A @

FEZ “SRP” Alfe “EU” ARAFIE, MHEOETHREANAHBESTABESZENE
W55t 5B FAR S 690 A IR —

B, AZR AT, LABESES: SHTFA. DHEY. LSS

WA HEE: 2019-04-10 5 PUERTRHAR A 2019

EHE A XR(1994-), iz PG NN, WA 7T A, 3 B S A S AR F 7T E-mail:849464643@ qq.com
WIRFEE: KAW1974-), &, MAHEERN, Z0U%, EENFRHEAER . SRS #E&.  E-mail: zhangj@ nuist.edu.cn
BB E : EXE BRI E S R 8 5 2 G I (X el —SHE A P S sk B 2 XU S 7E(41630426) 7 AT [
K SRR E o M B K T AR RRAE B TR T 10T 782018 YFC1507101) 7 FFL A Bl



Main modes of spring snow depth in Eurasia and their relationship
with the North Atlantic SST

LIU Chen!, ZHANG lJie!, XU Wei-ping?

1  Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters/Key Laboratory of
Meteorological Disaster of Ministry of Education, Nanjing University of Information Science & Technology,

Nanjing, 210044, China, 2 Shandong Climate Center, Jinan 250031, China)

Abstract: Based on the daily snow depth (SD) data provided by the Japanese 55-year Reanalysis
(JRA) project, the global reanalysis data from the European Centre for Medium-Range Weather
Forecasts (ECMWF) and the sea temperature data from Hadley Center(Hadley), this paper analyzes
asymmetric modes of the spring SD anomaly in Eurasia and its teleconnection with the North
Atlantic sea surface temperature(SST), the results are verified by numerical simulation analysis.
The results show that there are significant differences between the first two modes of the spring SD
over the Eurasian continent, which are represented as two asymmetric forms in this paper: the first
mode features a zonal uniform distribution, and the second displays an obvious west—east contrast
distribution. The North Atlantic "tri-polar" and the "saddle" SST modes have significant correlation
with the first and the second mode of the SD, respectively. Corresponding to the two SST modes,
the wave activity fluxes in the mid-high latitudes over the northern hemisphere are characterized by
two kinds of propagation characteristics: Silk Road pattern (SRP) and Eurasian teleconnection
pattern (EU), which have different effects on the position and intensity of the westerly air flow in
the mid-high latitudes, and thus exert different remote influences on the SD distribution in Eurasia.
The Localized Multiscale Energy and Vorticity Analysis (MSE-VA) shows that the kinetic energy
(KE) of source region in the North Atlantic has a transform process from bottom to top. In addition,
the average KE conversions enhance over the exit region of the Westerly Jet, benefiting the high-
level KE accumulation and divergence outward and creating a remote effect on downstream areas.
The CAMS5.1 model simulation is used to study the effects of the two SST modes on the propagation
characteristics of the wave activities flux. The simulation results verified the observation results
well. The SST modes may responsible for SRP and EU propagation characteristics of the wave
activities flux, meanwhile, the changes of the climatic field elements of the two SST modes are
consistent with the distribution characteristics of the corresponding snow depth modes.

Keywords: Spring Eurasian snow depth, The North Atlantic sea surface temperature, North
Atlantic tri-pole, North Atlantic saddle, Energy analysis
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Fop [ EFERE AN FEARR R, 5 W T EKE 2 5k AKRSE, 2008),
WAL A4S b [ AR B . G R M XA 2R K SO AR LR E TE 80 AR AUR I Bl EE Y (5K
NARE,2016). % E BB S 200 70 A1 B &0 KRR BN KN, B
U A 2R BRI KRG ARSI A ) B 3 RR IR 45 R 0 .

FUE B 4 A0 A2 A o M 2R BE . KR k&R I A R IR B R T A U
(lijima et al., 2007), BRI KFEEHFR ERH S REBE R REE . KR EH W
RS H AR SR (Kim,2012;5 Yeetal., 2015), 7 m4 EXESEERE K
SRR AL # UM 2 (Trenberth, 19950, KBk RS A5 40 KR E KSR
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Rossby ¥ #t 3l 3l & £% #& A1 0F It 12 20 9 a8 ) HoAh X 38 7= A %2 0 ( Yang et al.
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i SV PUHR BT e KT K Bl S 7 2R JE A < B IR (Bai, 20010, KA
AR RE B R ek R R 4R RE KA ORI N B 1 S HLH] Z — (Chen et al.,
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MR WP ok b #1i%  (Clark et al., 1999; Clark and Serreze, 2000

SR AN il s =y e S WS A S i NI D - A LR (P
R D o AR RTE 19792015 4F 8] F 2= BRI AR T A4k, & x5 5 IR 20 i 15 A
A 50 R A 23 ) R B i Ta) RUBE R R B, ok R IR K BB R R
AR BEAT A, BRI 5 b RV R A A A SR e, A SGE B — P )
Frab KBV RBES K o mReiE, DOl ESRBEEEAR/ MR, NEE
(NI S AT 7 i N S IR N QAN i = S = i e | 770 0 D VA
KF. NT#H—DINRBEME, ACEKMNHABEALRRIEAFABRES TS
R ) 53 A HE AE

2, BIREFZE
2.1 fd F ¥k

O WF 78 3 B B br b N 8N T2 B9 U Rl B 48 B 5 R 6 AR R I S AR AL
VAR —ERHRAE T, KPR H AR ZREBR KA H 50 5 H (JRA-55)
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Fig.1 The (a,b)first and (c,d)second EOF mode and corresponding PC of the snow depth anomaly over Eurasia for

March. The percentage variance explained by each EOF is shown above panels (a,c). Units: %. Rectangular boxes

denote the domains we focus on and the Gray curves (right panel) indicate 10-year running means.
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Significance test of IMFs of white noise
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Fig. 2 IMF components of Eurasia snow depth series in March and trend items (top)
and significance test of IMF components (bottom)
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Table 1: variance contribution rate of each component of Eurasia snow depth series in March

IMF 43 & IMF1 IMF2 IMF3 IMF4 RES

JE /4 3 6 18.5 24

TR /% 58.85 16.68 6.04 1.27 17.15
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IMF1-2, IMF3-4 Fli& # B RES/ 7 X T B F br v AR EAFETHIE. B
3(a) R 12 A B R A AR B 5 U AR AL 5 IR R IR BECSF R A, 3L A B IR AR
bR A A BE pR 2L IMFL FIIMF2 AH D045 30, 1 4F AR R 35 38 ) | 48 AR BR A fiE 185 e 2
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Fig3 Inter-annual and inter-decadal variation decomposition of march snow depth series in Eurasia based on
EEMD decomposition
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Table 2. Correlation between snow depth index and two modes of the snow depth in key areas

[ic=ies TRABX A, BN
PC1 -0.7743 -0.5031 -0.6873
PC2 -0.8152 0.7714 0.0453

BN IE N B A

Numbers in bold are significant at p<0.05.
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1999). MWK KfE b, s EREHAERIE A LRI IE. f. IEH DA IE
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Fig4 Regression coefficients of geopotential height anomaly field (units: hPa) at 500hPa against the standardized

PC of the first and second EOF mode for March. Stippling denotes significance at the 5% level.
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H & PC1.PC2 [0 4153 2 /) 300hPa /K ¥ ¥ 3 /F Al i@ & (TNF) J H #UZ (Div)
A . 3 HEH PCLEIEA R TNF 5% 2 Am+ (B 5a), 45° N-65° N
TNF % aBATE, #F 7mEERAREFS EU KA — 8, HPEKX
PEEE b, B BRI SR, 2 T d B TNF iRiE i, TNF it
BE PG XS R AR A AR, E RO TS U 45°N B 4 A A e . R R AR R, Ak —
SCEUNE S, W EU WA 22 BRI AL AL R = 98 BRI i KRB X, T D R
o I e e o S T~ A [ S e | L = 7 o o W 1 B e i ) L W
H5A A Z 2B/ [ PC2 A R TNF -l (B 5b) H#, db X
PG 40°N ) J Jb il & — R FE ke 2, ERMNESCh R E. b
PEASJ7 A R, AR g TR SR R R S A e, o —
325 BROUH DL (¥ = 46 RE AR ORI G S, 4k R ) R R AR R, T RO b A A
] B EH B b 1) B ) TNF L 7E & f2 R W DAPEE 4R, JR3E— 20w T 52 m 2 58 520
B3 B KB T 1A B SO AR R R AR TE N E S, 5 SRP WA K 43 A R AE BN AH



l, EEFLURFALE - PREREEBX, 5SNPH4EZETH TNF I HE [ AR
fefl, Fom BB E AR X . A RPEE L, TH PC2 |G B K78 X
BAMEESWEREIE, SaXathhmEs (B 5bd) MR — 2, 15
PR T i N T SR b E SN )| B | P T Y AN i e e R RV J Oy E S 2 R
RAREITHETFHEVREIE, GamEs (B sb) 28, T2 R
S| WIS

80N lg‘o = - z A~ - e —— 7 = — - ]
S i i D _Kce4T R el g Sy A

90°W 60°W 30°W 0 30°E 60°E 90°E 120°E 150°E 180°E

B oo o' Y £
Bl 53 HAEREZ PCL (a), PC2 (b) [HIJAAFEIA) 300hPa WAEFRE (Fisk, HA7: mPes?) HEEE
HUZ (BI5%, SAL: mes?) oA, ESRFOREAMREFVERER (15, 20, 25m/s), HEPXECONA

T TE I TR OB IX Ak
Fig.5 Regression of the wave activity fluxes (vectors, in m2e+s-2) and its divergence (shadow, in m's-2) at 300hPa
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the first and second EOF mode for March. Stippling denotes significance at the 5% level.
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Fig.7 The (a,b)first and (c,d) second EOF modes and corresponding PCs of the sea surface temperature over the
north Atlantic for March. The black dotted line in left panel is the 37-year average westerly jet, and the red solid
line is the regression of the westerly jet (15, 20, 25 m/s) against the PCs.The Gray curves in right panel indicate
10-year running means, The dotted orange line is the snow depth time series.
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first and second EOF mode for Eurasia snow depth anomaly field of March. Stippling denotes significance at the
5% level.
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