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Fig. 1 The divisions of the study sea area
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Fig.2 The EMO variation trend (a) and time series of annual variation of EMO in each sea area (b) from 1979 to 2021
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gend. The trend values are labeled on the right



14

MHEEd 4545

i) EMO 1] B2 32 2 [7] —sZ i PR AR o i b o e
DX 5 IRV ¥ Bt DX b X A 5 8 AR R 2 95% 15 7K
-, A R A 034,
3.2 btk EMO SR SRR AMEKRE X

3 M Z AT A AN FEAE K BRAR ST, Mok 2 4b T
UREPIRZSEY, IF Hoth 3.1 191, £ X EMO 43 fi v Fil o0
3 HIRE 7 AWA), %IER EMO KEfE—4EH LR,
HFH A B0 1943 B R AR AR L T2 A1 RPR X} EMO
IS, 0T 7 d P2 B AT DP9 LA K Sk B0 (1 57 3 28
5 fE B AN B A EMO 197284k . R, AR SC R R

3H 27 H&E 7 H 16 H T, RPR [ JEE X317 5347 .

B 4 9F 47 T RPR 5 EMO Y M 26 43 M o 7E
3H27HZ 4 23 H (K 3a 2K 3d), T.n'5 EMO 1Y
BURH G X3 8 Y IR AE W i . P 4R R i DL S CRE R
ATV X 6 3 2R I X, B S S B AE D B RE IR X (4 H
24HZESH21H). A5 H22HE 30, Ml XX
Tia) 45 8 A X8 5 e B AL AR e DXL RSP B XL X R
Je RPG e XA XA, 5 A 29 H LG (K 3§ £ 3m),
H T 301 2 i 0 VKB I L, T 5 EMO Y 67 AH G X
FEUR A th 7R AU AR Hh g X, 33X 5 T 25 B2 A8 Ak 1Y) B 25

i g
_— _%’r\‘,\\,
L e
ol
Ea
=

b. 4H3-9H

[ =

0.4
0.2
@
W
00
=
~02
i 5H22-28H 1L 6H12-18H —04
_ ,,EW%-;\;;E" S g . ﬂ,,§"‘”f..' B T
el o B
A ey /%,4 P te
4o 425
e SR
b " e Pl NG
3 . ’?"‘g’,oﬁ )
L LYy
E
{Mgf; -~ g
£
; P
m. 6/ 19-25 n. 6H26H%E7H2H . TA10-16H

K3 1979-20214F3 H 27 HZE 7 H 16 A FF-34T, 15 EMO AR S22 [0 401
Fig. 3 Spatial distribution of the correlation between the weekly average 7, and EMO from March 27 to July 16 during 1979-2021
P P (8 T s X A5 7K T 55 T 90%:; a [l Hh 4 (8 50 B 4 S WF 910 IX 43 R 4R

The colored part has passed the two-sided test at a confidence level of 90%; the green contour in figure a is the boundary of the study sea area
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Fig. 4 Correlation coefficients of 75, (a) and RPR (b) with EMO for each sea area from March 27 to July 16 during 19792021
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The red * (**) in the upper right corner indicates the confidence level above 90% (95%), and the green # in the upper left corner is the

multi-year average EMO
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The colored part has passed the two-sided test at a confidence level of 90%; the green contour in figure a is the boundary of the study sea area
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Fig. 6 The regression coefficients of 7, ,, and RPR for each sea area
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The grey shows confidence levels above 90%, and best fit (R?) is shaded in yellow, the red triangle represents that T, ,, and RPR are independent of one another

at this period. The black vertical line is the multi-year average EMO from 1979 to 2021
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Table 1 The significant periods and corresponding regression coefficients of fitting for each sea area

Pac N Pac_S Alt N Atl_S Cen Arctic
SGZEEiNg= 5H22-28H SH1-7H 5H29H &6 H4H 47 10-16H 5H29HZE6H4H 5H22-28H
INGNEVEES —0.39 0.00 —0.23 —0.13 —0.37 -0.12
YPMETEES ' -0.17 -0.51 -0.43 -0.48 -0.28 -0.52
RPR/T,  FEU L 225 0.00 0.54 0.28 1.32 0.23
R 0.28" 0.25" 0.42" 0.34" 0.52" 0.46"
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Fig. 7 The climatology (a) and trend (d) of regional average specific humidity vertical structure in the northern Pacific sector from 1979 to

2021, the distribution of the climatological IVT for the period (b), the trend of IVT, (¢) and the distribution of climatological 500 hPa poten-
tial height (c) and trend for the period (f)
Fa, d k@B FIHERY 5 7 15-28 H S RPR R & 5wk 09 1 B P b b 2160 H 28 Ry 5 /K 70 2% 40 50 B 0 [IVT =20 keg/(m-s) ] 9 AF(H LR, 4160
Sk i BeAU A S K IR X R G 1A bl e IR (R R i IX 2 R 2k
The green rectangle of figure a and figure d represent the period dominated by RPR, which is May 15 to May 28; the magenta dashed line in figure b represents that
IVT =20 kg/(m-s), which is the discriminant threshold for strong IVT, and the red arrows are the Arctic strong IVT system; the grey contours in figure b and

figure e are the sea area boundaries for the period
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Fig. 10  Spatial distributions of Arctic climatological 75 ,, RPR, and IVT (al, bl, c1) from May 15 to June 4 during 19792021, and com-
posite characteristics of the above variables in the northern Pacific sector (a2, b2, c2), the northern Atlantic sector (a3, b3, c3), and the cent-
ral Arctic (a4, b4, c4) in the EMO advanced years
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Effect of liquid precipitation and surface air temperature
on the early melt onset of Arctic sea ice

Zhou Xuan', Su Jie"?3

(1. College of Oceanography and Atmosphere, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of Physical Oceano-
graphy, Ministry of Education, Ocean University of China, Qingdao 266100, China; 3. Joint Center for Polar Research of Chinese Uni-
versities, Beijing 100875, China)

Abstract: Early melt onset (EMO) is a crucial time index for sea ice melting and has a significant impact on the
thermal balance of sea ice. In this paper, EMO remote sensing, ERAS reanalysis, and sea ice concentration data
have been used to reveal the relative contribution of surface air temperature and liquid precipitation. Our research
indicates that, the most significant advancement of EMO is observed in the southern Atlantic sector among the five
study sea areas from 1979—2021, with the rate of —3.3 d/(10 a). For the atmospheric factors affecting EMO, surface
air temperature has a considerable correlation period lasting 1-2 months with EMO in all Arctic sea areas. In addi-
tion, surface air temperature in the southern Pacific sector and northern and southern Atlantic sectors have a longer
duration and stronger correlation with EMO than liquid precipitation. However, for the northern Pacific sector and
the central Arctic, liquid precipitation has a higher contribution only in the 2—3 weeks prior to EMO. For the north-
ern Pacific sector, atmospheric circulation provides strong water vapor transport channel extends into this sea area,
increasing saturated water vapor in the lower troposphere. Meanwhile, the trend of the 500 hPa potential height
shows a three-wave strengthening atmospheric circulation structure around the pole, allowing meridional heat ex-
change and enhancing the vertical gradient of specific humidity, which promotes the advancement of EMO. For the
central Arctic, in years when EMO is advanced, the liquid precipitation is 33% higher than climatology. Addition-
ally, not only the Pacific water vapor transport in the climatology is enhanced, but also the converges with water va-
por channel over Eurasia continent, contributing to the formation of cyclonic water vapor transport mode in the east-

ern Arctic, providing conditions for the advancement of EMO.

Key words: early melt onset of sea ice; liquid precipitation; surface air temperature; relative contribution
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