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Abstract The reversal of temperature anomalies from warm to cold and vice versa in the East Asian region is a
significant climatic phenomenon occurring during the winter season under the context of global warming. Compared to

the variability of seasonal-mean winter temperature anomalies, the climate prediction uncertainty for the reversal
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phenomenon is greater, and its adverse effects are more significant. In this study, seasonal empirical orthogonal
decomposition and composite analysis were performed on atmospheric reanalysis data from the winters of 1980/81 to
2022/23 to investigate the interannual variability of the East Asian winter temperature anomaly reversal mode (TARM).
The results indicate that although the different processes of the East Asian winter TARM are related to intraseasonal
reversals of the Siberian High, the Eurasian teleconnection, and the Arctic vortex anomalies, the interannual variability of
the “warm-to-cold” mode is significantly stronger than that of the “cold-to-warm” mode, suggesting a pronounced
asymmetry in the interannual variability of TARM. In the “ warm-to-cold” mode, the lower-level Siberian High
strengthens over time: the positive phase of the East Atlantic—-West Russia—like teleconnection in early winter shifts to a
negative phase in late winter, leading to more active cold air. Conversely, in the “cold-to-warm” mode, the intensity of the
winter Arctic vortex shifts from weak to strong, and subsequently, the Siberian High weakens, favoring the appearance of
temperature anomalies that are cold in early winter and warm in late winter. Further analysis shows that the North Atlantic
and tropical Indian Ocean sea surface temperature anomalies with La Nifia are important factors influencing the “warm-to-
cold” mode, while a reduction in the Barents—Kara sea ice in November acts as a precursor signal for the “cold-to-warm”
mode. Therefore, the diversity of underlying atmospheric conditions is an important cause of the asymmetry of the East

Asian winter TARM. Therefore, climate prediction for the East Asian winter TARM should consider the diversity of the
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underlying atmospheric conditions.

Keywords

East Asia winter monsoon, Air temperature anomaly, Subseasonal reversal between warm and cold

anomalies, Interannual variability, Asymmetric features
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Fig. 1 Spatial distribution of the global average winter 2-m-height temperature variance (units: K) from (a—d) November to the following February.

The purple line indicates the 1500-m terrain contour. The brown box encloses the key region of temperature change in East Asia examined in this

study.
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Fig. 2 Spatial pattern of (a—d) the first S-EOF mode and (e-h) the second mode of monthly winter (November to the following February) 2-m-height
air temperature anomalies (units: K) in East Asia (20°—60°N, 80°—130°E) from 1980 to 2022.
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Fig.3 Normalized time series of (a) EOF1 and (b) EOF2 of the regional average monthly winter 2-m-height air temperature anomalies in East Asia

(20°-60°N, 80°—130°E) from 1980 to 2022. The purple dashed line represents the linear trend, the blue solid line indicates the interdecadal component,

and the green line indicates the interannual component.
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Fig. 4 Composites of 850-hPa geopotential height anomalies (shading, units: gpm), 850-hPa wind anomalies (units: m s, and the 1047-hPa
characteristic line of the Siberian High for (a—d) positive phase years and (e—h) negative phase years of the interannual component of PC2. The brown

line indicates the the positive and negative phase years, and the black line indicates the climatic state. The dotted regions are significant at the 95%

confidence level. The green wind vector anomalies are significant at the 90% confidence level.
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Fig. 5 Composite spatial distributions of 500-hPa geopotential height anomalies (shadings, units: gpm) for the (a—d) positive phase years and (e-h)

negative phase years of the interannual component of PC2. The dotted regions are significant at the 95% confidence level.
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Fig. 6 Composite spatial distributions of 200-hPa potential vorticity anomalies (shading, units: K m’ kf{1 s ") and 500-hPa wind vector anomalies
(arrows, units: m s ") for the (a—d) positive phase years and (e-h) negative phase years of the interannual component of PC2.. The dotted regions are

significant at the 95% confidence level. The green wind vector anomalies are significant at the 90% confidence level.
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Fig. 7 Vertical cross-sectional composites of geopotential height anomalies (shading, units: gpm) and apparent heat source (Q) anomalies (contours,
contour interval = 0.06, units: K d ") for the (a—d) positive phase years and (e—h) negative phase years of the interannual component of PC2. The black
solid line indicates the climatic state, the green dotted line indicates the study area, and the dotted regions are significant at the 95% confidence level.

Black shading indicates the topography.
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Fig. 8 Scatter plot of the monthly average EATL/WRUS index and the interannual component of PC2 from (a—d) November to the following
February. The gray line indicates linear regression, pink triangles indicate positive phase years; blue plus signs indicate negative phase years; and green

circles indicate neutral years.
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Fig. 9 Box-and-whisker plot of (a) the Siberian High index (SHI) (the average sea level pressure anomalies in the area 40°—65°N, 80°—120°E) and (b)
the northern polar vortex index (NPVI; units: K m’ kgf1 s '; 500-hPa geopotential height anomalies averaged northward of 65°N) for the positive phase
years (red box) and negative phase years (blue box) of the interannual component of PC2. The red and blue dashed lines denote the medians of PC2

positive and negative phase years, respectively.
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Fig. 10 Heat map of correlation coefficients about thenorthern polar vortex index (NPVI), EATL/WRUS index (EATL/WRUSI), and Siberian High

index (SHI) (a, ¢, e) in the positive years and (b, d, f,) in the negative years for November to the following February (“*” represents the values with

>95% confidence level).
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Fig. 11 Composites of the sea ice cover anomalies (units: dimensionless) in (a, ¢) November and (b, d) February for positive (the first column) and
negative (the second column) phase years of the interannual component of PC2. (e) Scatterplot of the sea ice cover anomalies (units: dimensionless)
and PC2 on an interannual timescale. The red box shows the selected sea ice critical areas. The dotted regions are significant at the 90% confidence
level. The gray line indicates linear regression. Pink triangles indicate positive phase years; blue plus signs indicate negative phase years; and green

circles indicate neutral years.
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Fig. 12 Composite spatial distributions of sea surface temperature anomalies (units: °C) for the (a—d) positive phase years and (e—h) negative phase

years of the interannual component of PC2. The dotted regions are significant at the 95% confidence level.
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Fig. 13 Composite spatial distributions of precipitation anomalies (shading, units: mm dﬁl), 850-hPa wind vector anomalies (arrows, units: m sﬁl), and

500-hPa geopotential height anomalies (contours, units: gpm) for the (a—d) positive phase years and (e—h) negative phase years of the interannual

component of PC2. The dotted regions are significant at the 95% confidence level. The blue winds are significant at the 90% confidence level.
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Fig. 14 (a—d) Scatterplots and () composite boxplots of the interannual components of PC2 and the Nifio3.4 index (5°S—5°N, 170°—120°W).. The red
and blue dotted lines show the median. The gray line indicates the linear regression. Pink triangles indicate positive phase years; blue plus signs
indicate negative phase years; and green circles indicate neutral years. Solid red dots are singular values (values exceeding 1.5 times the quartile

difference are defined as singular values).
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Fig. 15 Physical images of East Atlantic/West Russia (EATL/WRUS) telecorrelation in relation to Siberian High (SH) in the positive pahse years of

”»

the (a) pre-winter and (b) post-winter, “+” and “—” indicate positive and negative anomalies in potential heights, and “SH+” and “SH—" denote the
strengthening and weakening of the Siberian High. Physical images of northern polar vortex (NPV) in relation to Siberian High (SH) in the negative
phase years of the (c) pre-winter and (d) post-winter, “NPV+” and “NPV-" denote the strengthening and weakening of northern polar vortex. Shading

indicates the topography above 1500 m.
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