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Analysis of abrupt changes in the Arctic water budget as drivers of
wintertime Arctic amplification

ko 4

Son, Jin-Seon” - Noh, U—Seung** * Hong, Min-Ji™ - Kim, Jeong-Hun*** - An, Yeong-]un* and Kim, Maeng-Ki
"Master’s Student, Dept. of Atmospheric Sciences, Kongju National University, Gongju, Korea
“Bachelor’s Student, Dept. of Atmospheric Sciences, Kongju National University, Gongju, Korea
"Project Researcher, Research Center for Advanced Science and Technology, The University of Tokyo, Tokyo, Japan
““Professor, Dept. of Atmospheric Sciences, Kongju National University, Gongju, Korea

ABSTRACT

This study analyzes the Arctic water budget during the winter season (December ~ February) over a 43-year period from
1980 to 2022, with a focus on changes before and after the regime shift identified in 2004. Using ERAS reanalysis data,
we quantitatively analyze key hydrological components of total column water vapor, evaporation, precipitation, and meridional
moisture flux. The Arctic is warming at approximately twice the rate of lower latitudes, and winter water vapor plays a
particularly crucial role in this process. Our results reveal that the 2004 regime shift is characterized by significant increases
in all of these measures. These changes, especially pronounced in the Barents and Kara Seas, suggest an intensification of
the Arctic water cycle. The increase in water vapor has led to an increase in downward long-wave radiation, which strengthens
the water vapor feedback mechanism and further contributes to regional warming. Spatial correlation analysis indicates a robust
association among reduced sea ice cover, rising surface temperatures, and increased water vapor transport. These interlinked
processes underscore the complexity of Arctic climate dynamics and the role of the water cycle in driving Arctic amplification.
Moreover, the quantitative assessment provided in this study highlights the importance of considering changes in hydrological
processes when projecting future Arctic climate change. The findings can serve as a valuable foundation for further research

into the interactions among moisture transport, sea ice dynamics, and regional warming in the Arctic.
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et al,, 2016; Papritz et al., 2022; Vihma et al., 2016;
Woods and Caballero, 2016). &= t|7] Fof Q= £F7]
= o1 AulEAK(long-wave radiation)ES F7}FA]7]aL
(Ghatak and Miller, 2013; Kim and Kim, 2017), 7359l
ga3%t RS FFTo2N B2 43 3% 9
= St A B S5 olsish] fsiAe 59
E5 A (water budget)yE FHFH 2= osfsh= Zlo] Fas5}
Th(Crewell et al., 2021).

E=2 715 TF(precipitable water)2] A&7 EE =
7129 FExet dHSHA #w-=Eo] QIth(Ghatak and
Miller, 2013). I3t B2 2=7|gko B2 2u3slo) et
HAPAC R F71e 4= i, =A1H S8y SH=ER
Bo] J& 5o dF= ©7] 2ol E9t ol 9
5] ZAEch(Papritz et al., 2022; Ridley et al., 2023). 1
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o] HZ43%t ¥gto] ol B2 AolA EIilEJATH(Kim et
al., 2015; Lee et al., 2013; Lo and Hsu, 2010; Xiao et al.,
2012; Ye et al., 2015; Yeh et al, 2011). 7L 58 91°
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% 2, HE &9 Asto] whE obdd 7| HA
9] Z7ket 12 RIgt 24 o]F 5ol AU -t
gto] AFox ALd AE 7|9 FAT Wl gt
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I Hst E4

B3 227 Bao] A, B3 ZE3) gd AEW
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Fig. 1. (a) Vertical profile of climatological mean [g]
(units: kg m? kg™). (b)-(c) Time series of (b)
{T2m}units: °C), (c) [gl at 925 hPa(units: kg
m? kg™") over the Arctic. The red solid line in
(b) and (c) represents the mean values
before and after the regime shift. In (a) and
©), ld
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Fig. 2. Spatial distributions of the differences between the P2 and P1 periods (shading) for (a) T2m (units: °C)

and (b) g at 925 hPa (units:107° kg kg™"). The three green dots show 1%, 5%,

respectively
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10% significance levels,
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Fig. 4. Climatological mean values of the Arctic water
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Fig. 5. The Arctic water budget for the P1 period
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Table 1.

Mean, standard deviation (STD), and increasing rates of each components in the Arctic water

budgets. The variables include the area-weighted sum of total column water vapor ([W,]),

meridional moisture flux (Fy), evaporation (E)), total precipitation (P), and sublimation (Es). Scale:

. (P,—P,)
10", *Increasing Rate =%x 100
1
P1 P2 P2-P1 *Increasing
Variables Units

MEAN/STD MEAN/STD MEAN/STD Rate

[W,] kg 3582.60/195.76 4160.54/260.79 557.95/65.03 16%

Fy kg day 5.32/1.16 5.56/1.10 0.24/-0.06 5%

[E-P] kg day -6.14/1.18 -6.74/1.14 -0.60/-0.04 10%

[E] kg day 6.46/0.55 7.23/0.75 0.77/0.20 12%

[P] kg day 12.61/1.26 13.97/1.37 1.36/0.11 11%

[Es] kg day’ 0.78/0.16 1.11/0.22 0.33/0.06 43%
o Zol B3 dvlo] FHE 371 dRE 49E 5 A FAsP] Aol £ /1] Al g 3L £2E
S Al B= Ao = olFstylon, F4o & F7HF EA5IT. Fig. 6(a)°l A ER1%%o], Bill=-7lesiE
& 9F 1.36x10" kg day’'ol gé}ﬁﬂr. ol Pl 7|7 WlE]  FAHLR Y] Hart FHIM UEHtoH, IdgE
P2 7|7bo] BIo] Bsglo] Autdos ZoEdeS o o mEe B39 g2 sjodME S5t #avt vt

ol g,

Table 19 B4:419] 7} 42o] et B
£ 7} 7170 gelA AASIROH, I Aol ZAHRE
W AT P2 717k9] (W, PL 7|ZE oE] o
16% 71519, T2 ARESS Ha oF s%(F, )04 2
9 oF 43%(E)7t SIS Aol £7F SolAs %
wepo) 77} A AN, E7Ne HleL Sl 7}
4 27 bt 2004 AA 9] o] % uhelz-shets
o] wowA o W 55717t g7lo] FFE
A9 70°NS BaA B3 vz FFE 5719
= 71519 ol sl B3 7] o] $57]%0]
1AL, olo] e Aaae W 571 Aow 4
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o 2200 JE AP
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o] 271 shel(Fig. 40)% & ATk ol oY 7
a0 wet & sfgHolA FEo] FTlelHA, ti7
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T8 4 ItH(Kim and Kim, 2017). o]& 2FQI5}7] 3H
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00N, BHHOR B AAAL Rl ojeiet Ax
L oo gavt B8l e fEsha, Ul 71
= W 5 F571%E 371713, tHA] DLWE S7HA
A AR 7L AEOE olojale 5571 HEue A
HAUZo] AAE UYL A3 AARI B3 A7

>iH

[o tn 2> Jo o
r{n: A




735

120E

90E

-1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 0.2 04 06 08 1

(a) SIC (b) E

............

-------------
......

- >,
o

120w / \ 120E 120w / 120E

S0W Fs . B - & --{ 90E 90W f-= O e LT Srer STTRRR 90E

s . b - \
B0W ! ¥ 60E BOW "\ 60E

----------------------

g © 1% * 5% g
; - 10%

20 -16 -12 -8 -4 0 4 8 12 16 20 20 -16 -12 -8 -4 0 4 8 12 16 20
(c) LH (d) DLW

Fig. 6. Spatial distributions of the differences between the P2 and P1 periods (shading) for (a) Sea - ice cover
(SIC, units: 0-1), (b) Evaporation (E,, units: mm day™'), (c) Mean surface latent heat flux (LH, units:
W m™), and (d) Mean surface downward long-wave radiation (DLW, units: W m™2). The three green
dots show 1%, 5%, 10% significance levels, respectively

http://www.jccr.re.kr



20] Z7H= 3199 Fael 7o 4 U, ol thA]
=) o B o BAE S5o o
43 ¢z m=HS %—E?l"jr(Kashlwase et al,
2017; Riiheld et al., 2021; Schneider and Dickinson, 1974).
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