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Abstract

Under global warming, cold surges (CS) affecting China have significant changes; however, under-
standing of the regional characteristics of their start and end, as well as the influencing factors, re-
mains limited. Based on station data from 1972~2021, this study first proposes an index to charac-
terize the CS start date and end date in Northwest and Northeast China, and then investigates the
key factors influencing these timings. The results show that upper-level geopotential height anom-
alies over Siberia play a crucial role in modulating the start and end of CS. The presence of a high-
pressure anomaly in autumn (spring) is associated with a later start (earlier end) of CS. The location
of the anomalous high determines the affected region: when the high-pressure anomaly lies to the
north of Northwest (Northeast) China, CS in that region tend to start earlier and end later. The for-
mation of the anomalous high pressure in autumn and spring can be attributed to sea surface tem-
perature (SST) anomalies in the North Pacific and North Atlantic, respectively. The atmospheric re-
sponse to SST anomalies in these regions generates quasi-stationary circulation anomalies that act
as wave sources, exciting zonally oriented wave trains that modulate the upper-level circulation
over Siberia. Moreover, when SST anomalies shift westward or eastward, the corresponding anom-
alous circulation over Siberia also shifts westward or eastward, resulting in earlier start and later
end of CS in Northwest or Northeast China, respectively. Due to the significant warming trend in SST
over the aforementioned oceanic regions, CS in Northeast and Northwest China exhibit a trend to-
ward later start and earlier end.
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Figure 1. Spatial distribution of stations used in this study (blue scatters denote stations in Northwest China, and red
scatters denote stations in Northeast China)
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Figure 2. Time series of cold surge (a) start and (b) end index in Northwest China during 1972~2021; (c, d) as (a, b) but for
Northeast China (dashed lines denote linear trends)
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Figure 3. Regression of autumn 500 hPa hgt (contours, units: gpm) and wind (vectors, Unit: m/s) on detrended cold surge start
index of (a) Northwest China and (b) Northwest China during 1972~2021. Shaded areas denote hgt anomalies significant at
the 90% confidence levels
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Figure 4. Regression of autumn 200 hPa hgt (contours, units: gpm) and sea surface temperature (SST) (shading, Unit: °C) on
detrended cold surge start index of (a) Northwest China and (b) Northwest China during 1972~2021. Dotted areas denote SST
anomalies significant at the 90% confidence levels
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Figure 5. Regression of autumn 200 hPa hgt (contours, units: gpm) and Li-Yang WRF (vectors, Unit: m/s) on detrended cold
surge start index of (a) Northwest China and (b) Northwest China during 1972~2021. Dotted areas denote the location of the
Li-Yang WRF wave source, boxes denote the position of the high pressure
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Figure 6. Regression of spring 500 hPa hgt (contours, units: gpm) and wind (vectors, Unit: m/s) on detrended cold surge end
index of (a) Northwest China and (b) Northwest China during 1972~2021. Shaded areas denote hgt anomalies significant at
the 90% confidence levels
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Figure 7. Regression of spring 200 hPa hgt (contours, units: gpm) and sea surface temperature (SST) (shading, Unit: “C) on

detrended cold surge end index of (a) Northwest China and (b) Northwest China during 1972~2021. Dotted areas denote SST
anomalies significant at the 90% confidence levels
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Figure 8. Regression of spring 200 hPa hgt (contours, units: gpm) and Li-Yang WRF (vectors, Unit: m/s) on detrended cold
surge end index of (a) Northwest China and (b) Northwest China during 1972~2021. The red dotted areas denote the location
of the Li-Yang WRF wave source
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Figure 9. Cold surge start date index in Northwest China and (a) hgt index, (b) Pacific SST index in autumn; cold surge end
date index and (e) hgt index, (g) Atlantic SST index in spring. (b, d, f, h) Same as (a, c, e, g), but for Northeast China. Dashed
lines denote linear trends. The numbers in the lower-right corners indicate the interannual correlation coefficients after detrend-
ing (all are significant at the 95% confidence level)
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