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Abstract The relationship between Eurasian spring snow and the simultaneous and subsequent summer bi-hemispheric
air mass exchange are examined using both Singular Value Decomposition (SVD) analysis for springtime snow cover and
atmospheric data reanalysis along with general circulation model (GFDL AM2) ensemble simulations. The results can be
summarized as follows. Remarkable negative (positive) correlations are revealed between Eurasian spring snow
frequency and surface air temperature (columnar air mass) in the Eurasian continent. Following positive anomalous
springtime snow, there are statistically significant negative spring surface air temperature (SAT) anomalies over Eurasian
mid- and high-latitudes. This cooling effect can be sustained into the subsequent summer, bringing about increasing
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surface pressure (columnar air mass). Interestingly, with the rising of anomalous hemispherical air mass, such

continental-scale cold air piling increases in the Northern Hemisphere but decreases in the Southern Hemisphere.

Furthermore, both Eurasian spring snow cover index and time series of the first SVD mode of snow frequency display

significant positive correlation with inter-hemispheric air mass oscillations (IHO). The correlation coefficients are 0.391

and 0.393, respectively. This associated bi-hemispheric imbalanced air mass is statistically correlated to cross-equator

fluxes in the Eastern Hemisphere in both spring and summer, including the Somali Jet and the upper level jet stream from

80°E to 120°E. Our ensemble GCM simulations show that the notable response of surface general circulation displays

over Eurasian mid-high latitudes forced by different initial snow mass conditions in spring. When snow mass increases in

Eurasia, continental negative SATs are observed in spring and summer, thereby giving rise to increases in large-scale air

masses.
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Fig. 1 The spring Eurasian snow cover (April-May mean). Dashed
(dotted) line denotes the mean value of snow cover during 1967-1981
(1982-2010)
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Fig. 2 The leading coupled mode between Eurasian spring anomalous days of snow cover and simultaneous anomalous SAT (surface air temperature). (a)

Homogeneous correlation coef of the first left SVD leading mode (SVD1) of days of snow cover; (b) inhomogeneous correlation coef of the left SVDI; (c)

homogeneous correlation coef of the right SVDI1; (d) inhomogeneous correlation coef of the right SVDI; (e) standard deviation of Eurasian days of snow

cover. The dotted grids in (a, b) and shaded areas in (c, d) denote the values pass ¢ test at significance level of 0.1. Units: d in (a, b, e) and °C in (c, d)
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Fig. 3 (a, b) Anomalous SAT regressed on time series of the first SVD mode of snow frequency in Fig. 2 (PC1) (units: °C) and (c, d) correlation coefficient

between first-level soil humidity and PC1: (a, ¢) Spring; (b, d) summer. The shaded areas denote values below the 0.05 significance level based on F test in (a,

b) and 7 test in (c, d); the dashed rectangles represent significantly impacted regions by snow condition in Fig. 4
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Fig. 5 Composite differences of land surface pressure averaged over
Eurasia to the north of 20°N between high and low years of the original (star
solid line) and detrended (dot solid line) standardized PC1. Units: hPa
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Fig. 7 Same as Fig. 2 a—d but for the leading coupled mode between summer anomalous surface temperature and summer anomalous surface pressure. The

upper panels are for surface temperature and the bottom ones for surface pressure. Units: °C in (a, b) and hPa in (c, d)
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Fig. 8 Anomalous surface pressure regressed on (a) original and (b) detrended standardized PC1. The shaded areas denote values below the 0.05 significance
level based on F test. Solid lines in the right panels denote the zonal mean regression coefficients of surface pressure anomalies corresponding to the left ones,

and the dashed lines denote the zonal means multiplied by cosine of latitude (area weight factor). Units: hPa
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Table 1 Correlation coefficients between spring Eurasian
snow cover and regional summer surface pressure (bold

numbers pass 7 test at 0.05 significance level)
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Fig. 9 Vertical cross sections of (a, b) climatology of seasonal cross-equatorial (4.5°S-4.5°N mean) meridional wind in the Eastern Hemisphere and (c, d) the
anomalous meridional wind regressed upon PCI1. The left panels are for spring, and the right ones are for summer. The shaded areas in (c, d) denote values

below the 0.1 significance level based on F test. Units: ms™'
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Fig. 10 Composite differences of (a) initial snow mass and (b) MAM (Mar—Apr—May)-mean snow mass between expts HS and LS ensemble simulations. The

shaded areas in (b) denote values below the 0.1 significance level based on t test. Units: kg m™

UFREL Hrh s, S AUE A —1.5°C. £ 18] 11a—b w41,

M HS 5 LS {56352 i A i AR o 2
T UEE (B 11a), HFROF KRS i 2 Xf
A HL T 25 ), LA e A S e b 45 1
KAR—He BRIl #1403l 5 3 AR 1 S
B, A OR B AR AL PR s b B A, R b X
Mg Tl IA 7°C, X 5K 10b HRLE Sk 8900 it X e 43
AEEANI N, UL IR SRR .. A
HZEfG (B 11b), AR SR, B4R
i DX A PR Rl 1 DX AR A £ S IR, S PR
XALE 5SS RGP 20, EERITRY

A A 36 R AP AR A S 98 o ) A T Ko
B 0[] 40 DA R G I B2 2 KR RO S 5 1R v A1
N, AR SRR 5.

HIP 11c ATLAE 2, HS L LS 15K A Ox M £7
Z M 3RS M 22 {ELAE WY Ko A 3 AR A A 6 o IR
FIPE R4S, B R RS B, X5 R 5
BRI K KR A2 3 (1, AR TIRR RS
RIERUOR A ORI AR . AR TR, g
AURIEAE AR B WORRE AR, HLAE S
LU B DR kit X B 2 (I 11D, X 52 W)



N W 38 %

1194 Chinese Journal of Atmospheric Sciences

20E

K11 HS 5 LS W 477 (3~5 P20 S H A (6~8 J1 P10 (il St R TURARA- P ZE M AR, AR, ERANLEE Cppr: °C),

NN AUE (A hPa). BREARTRIEIE B TS 0.1 ) ¢ Kl

Fig. 11 Composite differences of (a, b) SAT and (c, d) surface pressure in both (a, c) spring (MAM-mean) and (b, d) summer (Jun—Jul-Aug-mean) between

expts HS and LS ensemble simulations. The shaded areas denote values below the 0.1 significance level based on ¢ test. Units: °C in (a, b) and hPa in (c, d)
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Fig. 4 Standardized time series of PC1 (black bar), regionally mean (60°N-80°N, 60°E-160°E) SAT in spring (red bar), and regionally mean (40°N-60°N,

90°E-120°E) SAT in summer (green bar). The upper panel is for original time series, and the bottom one is for detrended time series. Solid line in the upper

panel denotes the linear trend of PC1

(o] 20E 40E 60E 80E 100E 120E 140E 160E 180 O 20E 40E 60E 80E 100E 120E 140E 160E 180

— T I
—08 —06 —04 —02 0 0.2 0.4 0.6 08 d

o] 20E 40E 60E 80E 100E 120E 140E 160E 180 O 20E 40E 60E 80E 100E 120E 140E 160E 180

g6 K 2a-d, (HAEFRWARRT RECE 5IHLEEFEMRERTE R SVD 4. LihEFRT, TMARFMR R, (ay b) B47
Jyd, (co d) ¥A7 N hPa

Fig. 6 Same as Fig. 2 a—d but for the leading coupled mode between spring anomalous days of snow cover and summer anomalous surface pressure. The

upper panels are for spring days of snow cover, and the bottom ones for summer surface pressure. Units: d in (a, b) and hPa in (c, d)



