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Abstract

In recent years, in addition to the inter-annual and inter-decadal variations of national warming
or cooling, the intra-seasonal variations of winter temperatures in China have also become more
and more obvious. In this paper, using the 1980~2020 station and reanalysis data, we apply the
multi-variate orthogonal empirical function (MV-EOF) of the temporal-temporal matrix and com-
bine it with the power spectrum analysis method so as to divide China’s winters into early winter
and last winter, in which the temperatures change inversely. It is found that the Arctic “trilobal”
vortex oscillation index in winter, which is composed of the Bering Sea-Alaska, Northern Europe
and North America, is closely related to the alternation of cold and warm temperatures in winter
in China. When the Arctic Oscillation (AO) is in positive phase and the Arctic “trilobal” vortex os-
cillation is in positive phase, the high pressure ridge of Northern Europe is anomalously to the
north in the early winter but to the south in the late winter, which causes the Arctic vortex to nar-
row down inwardly in the early winter but to expand outwardly in the late winter, and then affects
the Arctic cold air to invade China southward, resulting in China’s winters to be characterized by
the warmth in the early winter and the coldness in the last winter. When the Arctic Oscillation
(AOQ) is in negative phase and the “trilobal” vortex oscillation is in negative phase, the Arctic vortex
is mainly affected by the anomalous enhancement of the Bering Sea-Alaska Ridge in the late win-
ter, and the transverse axis of the Arctic vortex changes from expanding southward in the early
winter to contracting north-ward in the late winter, which corresponds to the coldness in the early
winter and the warmth in the late winter in China.
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Figure 1. The first MVV-EOF mode of the average daily temperature of southern and northern stations in China for the win-
ters (December to February) during 1979/1980~2019/2020. (a) The first MV-EOF intraseasonal time series of the average
daily temperature of southern station (unit: K; red shading) and the average daily temperature of northern station (unit: K;
blue shading); (b) The normalized first principal component (PC1)
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Figure 2. The second MV-EOF mode of the average daily temperature of southern and northern stations in China for the
winters (December to February) during 1979/1980~2019/2020. (a) The second MV-EOF intraseasonal time series of the av-
erage daily temperature of southern station (unit: K; red shading) and the average daily temperature of northern station (unit:
K; blue shading); (b) The normalized second principal component (PC2)
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Figure 3. Composited plots of high-value years for our early-winter mean (a) and late-winter mean (b) temperatures (unit:
K); and low-value years for early-winter (c) and late-winter mean (d) temperatures (unit: K). All stations shown in the plots
have passed the 90% significance test
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Figure 4. High- and low-value of PC2 annual composites of the temperature anomaly series of mean stations in southern and
northern China. (a) Composited of high-value years for PC2; (b) Composited of low-value years for PC2
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Figure 5. High- and low-value annual composites of 100 hPa geopotential height anomalies and polar vortex anomalies (unit:
gpm) in the early and late winter. (a)~(c) are high-value year composites and (d) (e) are low-value year composites; (a) (d) are
early winter averages, (b) (e) are late winter averages, and (c) (f) are difference fields (pre-post). Filled colors are 100 hPa
geopotential height anomalies, and contours are 100 hPa polar vortex anomalies (100 hPa geopotential height (0~360°,
65°N~90°N) regionally averaged 100 hPa geopotential height). Black dots indicate that the 90% significance level was passed
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Figure 6. Regression plots of northern and southern temperature series composited for high- and low-value years of PC2
against 100 hPa geopotential height anomalies (unit: gpm). (a) (b) are composited for high-value years and (c) (d) for
low-value years; black dots indicate tests that pass the 90% significance level
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Figure 7. Composites of the Arctic “trilobal” vortex oscillation indices and their three regions indices in high- (a) and low-value
(b) years of PC2
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SIS R R 81 2 R AR 9% 2 5090 5108 0.4 1 0.38, 5675 RS 5 MV-EOF2 [ AE [7) 5 7 471 2 18] )
HFRAMES I 9-0.54 F1-0.52. SHTEEGWEAFRIRIZ, FERTW GRS, B2 - Frhion X Im 2154
IG5 R E LTRSS E R R REEY], Honl 5. 677 KPR 2 81 fAH ¢ R 40
79 0.36 A110.32, 5. db77 MV-EOF2 FHIE ) & 5 71 I AH M43 7 h—-0.42, —0.44 (32 1), FREiE e
KA 5 WA MR 28 1 B2 - BTRLoin DX 5w IS B IR - JRRER AT S &R B
M £ o
Table 1. Correlation of the “trilobal” polar vortex oscillation index and its three key regions with the winter temperature se-

ries in the south and north of China in the high- and low-value years of PC2
FLPC2E. RESE “=iHE” HRIKHIEERA=AXBXELELFRE. LASIEFTIRIEXM

Fy 3% ek 7R )T 5 TP MV-EOF2 b5  MV-EOF2 By
Index 0.52 0.62 0.76 0.78
L h100_1 0.58 0.44 0.38 0.33
PC2 FfA4F h100_2 0.41 0.47 0.64 0.69
h100_3 0.29 0.43 0.63 0.64
Index 0.40 0.38 -0.54 -0.52
h100_1 0.32 0.36 -0.44 -0.42
PC2 At h100_2 0.31 0.23 -0.48 -0.41
h100_3 0.32 0.29 -0.45 -0.44

5. BESL

AR R Sl SO I GERE AN 2 A BERE,  AIRZETI [A] RUBE B4R ST T 1980~2020 4F3k E 4 Z= iR A8k
RIS 2R, FE AR BIIR3RZ 1) A P ARt 1 R E AR A B B I R, IR E5 8 T

(1) i@t ) MV-EOF B R RS 2 K 28 RS 25 5L, I 1980~2020 4F H [ A& Z2 R URAFAEZETT
WA IR IR, BIAAE AT NGRS MM A S8 1 H 13 H, B4 12 H1HE1LH
13H; JF4N1H14HE2H 28 H.

(2) AL MACHAR IR 1) A B fARE T 1980~2020 4 rh [H & 221 N A RE RS B (kIR o it [e] )5 4
W& INEE LT “ =M 87 SRR GIRE, AR IL “ =287 Bk % 5 3 B A2 SR AT G A& A7
TEEVIBCR . AR F 22 26K IX 8. B2 - Flhr i X DL S A6 36 XK )4k 52 mm, {615 [
Bl JEARIR I NIRG IR B RHIE . ATBR 5, dbARESIAE T IEGIAH, LAk SR b 55
9, FIALLE AR TS . dbtim 2 “ =m-8” SRR IR AH,  RIRT & [ iU 4e 5 A& m r 5k, |l
AL A AN AR A, AR T S AR B, ANIIRD T Bl bvs 2 S0 v Bl 52, /T4
FHE . T 5 A AURR S R G MR BE ks HraiR, HamsmmEy ok, WA S TARTE, FEEL
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Bl . 10 AV o BRAE WA SR O, AEAR s R AAIA, B AR B o s, )5 2 AT &A% 3
5. =M MR N AR, BIRTAAR R RS 5K G KA RIS e, i B R B & R -
A 2 30T P S S SR K R, S BN B i e A6 R TR R T SR AR O JE A AR AR /N, R N AT A B TR
L YSIEESIE

AR ECE Y MV-EOF I I i 535 7T A2 R X 7 H v [ 4 22274 N VA R A2 35 1 E RS SR PR Ay
ik, SRFP A RRA AR I R AR A BT TR A IR EAS AR AR AR T . Aot 918 26, 1 PC2 43731
BT A2 AR 2 TR IR A TEAR I SR A AR RFAE, I R BLAR #5251 AT 4
HRIA AR T, RO T AR AT IR E A TR ok 1 PRI, RORT BE R LMK IR IR I 5 AR A
THRATTR A 7. ERE] PC2 . ARMESE G BRAACA i SR RIS AR Y “G58EE " R E, 7T
RERIRE IRIL G P A LR R BN 2 WA, 5T iR, #Em 51k b A Z=01 5 4%
RS IR GHFAE . FEARRAERARRAATCR T 7T, B S II AR 25 5 Rossby #2h J1HHIE A2
PEHLE, RTBERE AR FC Hh [ A 21T YRR A LA (1 PT BRI A

E&WmE

E 5K B R R 45 (42075024); [ 5K & S & R (2019YFA0607004); 1L 4244 H SRRl 225 4 i K3
filit 7230 H (ZR2019ZD12).
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