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Abstract

With the intensification of Arctic amplification, Arctic near-surface wind speed has experienced prom-
inent long-term variations, which are jointly controlled by local thermal-surface processes and large-
scale northern-hemisphere atmospheric circulation. Based on ERA5 reanalysis dataset covering
1940~2023, statistical methods including trend analysis, Pearson correlation, partial correlation and
field regression diagnosis were adopted for the region north of 60°N. This study analyzed the modu-
lation effects of lower-tropospheric static stability change induced by Arctic warming and surface-
roughness variation caused by sea-ice retreat on local wind speed. The spatial coverage and seasonal
differences of wind speed regulated by Arctic Oscillation (AO), North Atlantic Oscillation (NAO), Arctic
Dipole (AD) and Pacific-North American pattern (PNA) were systematically compared. The results
show that spatiotemporal variations of wind speed match well with Arctic warming. Warming en-
hances downward transport of upper-air momentum by reducing lower-tropospheric static stability,
and this effect reaches its maximum in winter. The modulation of wind speed caused by surface-
roughness reduction due to sea-ice retreat is significant only in summer and becomes insignificant in
autumn and winter. Large-scale circulation exhibits obvious spatial-seasonal heterogeneity in regu-
lating wind speed. AO exerts pan-Arctic influence over Arctic seas, and its decadal fluctuation is highly
consistent with decadal wind-speed oscillation. NAO mainly affects the North Atlantic Ocean with
strongest signal in winter. AD has notable impacts on marginal seas of northern Eurasia only in spring.
PNA shows highly localized effect that is significant only in northern Bering Strait, and works promi-
nently in winter and spring. This paper distinguishes contributions to Arctic wind speed and seasonal
division between local processes and atmospheric circulation, and provides scientific support for un-
derstanding Arctic sea-ice-atmosphere interaction.
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Figure 1. Trends of 2 m temperature (a) and 10 m wind speed (b), spatial correlation between 2 m temperature and 10 m wind
speed (c), and comparison of standardized time series of 2 m temperature and 10 m wind speed (d) for 1940~2023
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Figure 2. Seasonal trends of 2 m temperature (a) (d) (9) (j) and 10 m wind speed (b) () (h) (k), comparison of the standardized
time series of 2 m temperature and 10 m wind speed in all four seasons (c) (f) (i) (I) for the 1940~2023
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Figure 3. Trends of the lower-tropospheric static stability index A# (a), scatter plot of 2 m temperature versus A8 (b), scatter
plot of A8 versus 10 m wind speed (c), and spatial pattern of partial correlation between A8 and wind speed (d) for the
1940~2023

[ 3. 1940~2023 FXRBRBERNIBEEIGIR A0 TR @), 2 m UIRSREE A MXRHSE(D), REE A
0 10 m RURAY X RELSE () ARIZERE A0 FOXUEAYZS (B HE 5K [ (d)

DOI: 10.12677/gser.2026.156092 1021 HoELRL 22 5T


https://doi.org/10.12677/gser.2026.156092

LWHEE, RUIF

WVl 4 Fr7R  AZMUHIAEE IR R 22 5 o AT IR 22 1 28 W A R R T AR R S B, A - X
ARSI TSRS B ZRAbuki o MM ES AR5 5, FooE RO KU ¥ R 4 30 R B 3

g FEO LEIESE,  RPILRARE AR BT P8 R Bl A A LRI $ol X 1 5 1 42% - SRy AT L 1 o

(@) # Bei | OV T R (O B
“ 8 870
__ 05 @
3 £
w0 e
N ﬂ]j
3-05 =
- =
-1

4 2 0 2 4 1 05 0 05
T2m&HH (K) AGFH (K)
(e) BF iR-FxE . (H EZ FaEE- Rk
T T @ ©
1 r=0:55* . r=0108 o
. 2 - 4
3 €02/ 9 o
< 05 = o ® ® o
%ﬂi = ': o)
0 il
< o5 %02 %0g% " e
: .’ o ® ©
1 0.4 o
-1 ; 4 05 0 05 1
T2m&# (K) AR (K)

(i) BKF o - Mg

0.5

(m/s)

gl
S
iy
X
-1 -0.5 0 05 1
T2m5H (K) AOFH (K)

(1) &7 FasE - Wik

(K) &7 AUR-RaSEE

(m/s)

AGEEH (KIMO4E)

Figure 4. Seasonal trends of the lower-tropospheric static stability index A# (a) (d) (g) (j), scatter plots of 2 m temperature
versus A (b) (e) (h) (k), and scatter plots of A versus wind speed in all four seasons (c) (f) (i) () for the 1940~2023
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Figure 5. Trends of sea ice concentration (a) and near-surface roughness (b), scatter plot of sea ice concentration versus rough-
ness in key marine areas (c), and scatter plot of roughness versus wind speed (d) for the 1940~2023
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Figure 6. Seasonal trends of near surface roughness () (d) (g) (j), scatter plots of sea ice concentration versus near surface rough-
ness (b) () (h) (k) and scatter plots of near surface roughness versus wind speed (c) (f) (i) (1) in all four seasons for the 1940~2023
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Figure 7. Annual and all four seasonal AO indices regressed onto the wind speed anomaly field (a)~(e) and comparison of
time series between the AO index and wind speed anomalies (f)~(j) for the 1940~2023
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Figure 8. Annual and all four seasonal NAO indices regressed onto the wind speed anomaly field (a)~(e) and comparison of
time series between the NAO index and wind speed anomalies (f)~(j) for the 1940~2023
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Figure 9. Annual and all four seasonal AD indices regressed onto the wind speed anomaly field (a)~(e) and comparison of
time series between the AD index and wind speed anomalies (f)~(j) for the 1940~2023
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Figure 10. Annual and all four PNA indices regressed onto the wind speed anomaly field (a)~(e) and comparison of time series

between the PNA index and wind speed anomalies (f)~(j) for the 1940~2023
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Table 1. Summary of correlation coefficients between major circulation modes and wind speed changes during 1940~2023
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