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Abstract Based on NCEP / NCAR reanalysis data, CRU surface air temperature (SAT), snow cover
and global sea surface temperature (SST) data from 1980 to 2019, the current work analyzes the abrupt
change of summer SAT in Central Asia (CA) and its relationship with SST in the North Atlantic and
snow cover in the Qinghai Tibet Plateau. The results show that the summer SAT in CA experiences
significant climate shift at 2005. The standardized regional average temperature index in CA shifts
from the previous negative phase to the subsequent positive phase, indicating that the summer SAT in
CA has increased significantly. The analysis of the anomalous atmospheric circulations related to the
interdecadal changes of summer SAT in CA shows that after 2005, the anticyclonic circulation system
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in the west of CA is abnormally enhanced. The atmospheric subsidence associated with the anomalous
anticyclone can cause warming. Meanwhile, the reduction of cloud amount caused by the enhancement
of this anticyclone anomaly leads to the increase of downward short wave radiation and therefore is
favorable for increase of summer temperature in CA. Further analysis shows that the interdecadal
changes of summer SAT in CA at 2005 is closely related to the warming of SST in the middle and high
latitudes of the North Atlantic and the reduction of snow cover in the west of the Tibet Plateau (TP).
The increase of SST in the middle and high latitudes of the North Atlantic can stimulate a Rossby wave
propagating downstream. The reduction of snow cover in the west of the TP can cause warming to the
above atmosphere through the albedo effect of snow. The changes of both the North Atlantic SST and
the TP snow can strengthen the anticyclone over CA, resulting in an abnormally high summer SAT
over there.
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Fig.1 Climatological summer (a) surface air temperature (<C; shading) and 850-hPa wind(m/s; vectors), (b) 200-hPa Zonal wind (m/s;
shading) and wind(m/s; vectors) in Central Asia and surrounding areas during the period of 1980-2019. (c) Regional average surface
temperature anomaly in Central Asia (3655 N, 45° —90° E) from 1950 to 2019.
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Fig.2 (a) The spatial pattern of the first EOF (EOF1) of summer (June—July—August) surface air temperature (SAT) (C; shading) over
Central Asia (36=-55N, 45=-90<E) represented by regressing SAT onto the time series of EOF1 during the 1979-2019 period. The
number on the top right corner indicates the percentage of the variance explained by EOF1. Anomalies significant at the 95% confidence
level are dotted. The yellow box in Fig. 1a represents central Asia. (b) The corresponding time series of EOF1 (PC1) (bar charts). The
black line represents the low-frequency component of PC1 with periods longer than 10 years. (c) Area-weighted averaged summer
temperature index (TI) over Central Asia (represented by the solid bar charts) and low-frequency components of TI (represented by the
black solid line). The horizontal long dashed black lines denote the 0.5 standard deviation.
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Fig.3 Mann-Kendall (MK) statistics curves of (a) the PC1 of EOF1 of summer surface air temperature over central Asia and (b) the
area-weighted averaged summer temperature index (TI) over Central Asia. The solid blue line and solid black line represent the forward

curve (UF) and backward curve (UB), respectively. The horizontal long dashed black lines denote the 95% confidence level, and the



dashed vertical line denotes the intersection of the UF and UB.
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Fig.4 Composite differences of the (a) surface air temperature (<C; shading) and 850-hPa wind (m/s; vector), (b) 500-hPa vertical velocity
(Pa/s; shading), (c) 200h-Pa wind (m/s; vectors) and wind speed (m/s; shading) and (d) total cloud cover (%; shading) between the warm
years and cold years in Central Asia. Anomalies significant at the 95% confidence level are dotted.
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Central Asia. Anomalies significant at the 95% confidence level are dotted.
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Fig.6 (a) Composite differences of the summer sea surface temperature (SST; <C; shading) between the warm years and cold years in Central Asia. (b)
Normalized sea surface temperature index obtained by the area-weighted average of SST over the key region of the north Atlantic (70° W -10° E,35-80° N;
represented by the solid bar charts) and low-frequency components of the index(represented by the black dotted line). Anomalies in the summer (c) SAT (C;
shading) and 850-hPa wind (m/s; vectors) and (d) 200-hPa wind (m/s; vectors) and wind speed (m/s; shading) obtained by regression against the sea surface
temperature index during the period of 1980-2019. Anomalies significant at the 95% confidence level are dotted.
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Fig.7 (a) Composite differences of the snow cover extent (SCE; %; shading) between the warm years and cold years in Central Asia. (b) Normalized snow index
obtained by the area-weighted average of the SCE over the key region of the western-TP (70-80<E,32-44N; represented by the solid bar charts) and
low-frequency components of the index (represented by the black dotted line). Anomalies in the summer (c) SAT (<C; shading) and 850-hPa wind (m/s; vectors),
(d) 200-hPa wind (m/s; vectors) and wind speed (m/s; shading) obtained by regression against the snow index during the period of 1980-2019. Anomalies
significant at the 95% confidence level are dotted.
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(a) TP_SC_res SAT+850hPa Winds
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(b) TP_SC_res 200hPa Winds
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Fig.8 Anomalies in the summer (c) SAT (<C; shading) and 850-hPa wind (m/s; vectors) and (b) 200-hPa wind (m/s; vectors) and wind speed (m/s; shading)
obtained by partial regression against the snow index after removing the North Atlantic sea surface temperature index during the period of 1980-2019. Anomalies
significant at the 95% confidence level are dotted.
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Fig.9 Composite difference of Q1 (W/m?; shading) between the warm years and cold years in Central Asia. Anomalies significant at the 95% confidence level are
dotted.
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