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Study on the key circulation patterns and mechanism of
Northeast China cold vortex on the low temperature impact
CHEN Chen'?3, XIE Zuowei?, XIAO Tiangui!, CHENG Zelun?, BUEH Cholaw'~, LI

Shangfeng?, YANG Xu*, Tu Gang*

1 School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu 610225
2 International Center for Climate and Environment Sciences (ICCES) , Institute of Atmospheric Physics, Chinese Academy of
Sciences, Beijing 100029
3 Fushun Meteorological Bureau ,Fushun 113000
4 Jilin Provincial Key Laboratory of Changbai Mountain Meteorology & Climate Change/Laboratory of Research for Middle—
High Latitude Circulation Systems and East Asian Monsoon, Institute of Meteorological Sciences of Jilin Province, Changchun
130062
Abstract Northeast China cold vortex (NCCV) often induces low temperature and cold damage
in Northeast China during summer, resulting in "Dumb Disaster" to the "Northeast Granary". Using
the fifth-generation reanalysis data of ECMWEF, this paper analyzes the key circulation configuration,
as well as formation and maintenance mechanism of NCCV with low temperature impact during
early summer (May—June) over 1979—2021. The results show that two ridges over Lake Baikal and
the Okhotsk Sea as well as NCCV form a typical inverted "Q" circulation, which favors invasions
of cold air and high potential vorticity from the high latitude region into Northeast China. At the
same time, easterlies on the south flank of high over the Okhotsk Sea bring cold air into Northeast
China. These two cold air intrusions together cause the abnormally cold in Northeast China. The "-
+ -" Rossby wave train from the eastern European Plain to Lake Baikal is the precursor of NCCV,
which is amplified by the diabatic heating and friction. Subsequently, the Rossby wave plays a major
role, which causes the high potential vorticity intruding southward and accumulating. The East
Asian jet barotropically deforms such high potential vorticity to form a deep NCCV. As the
downward dispersion of Rossby wave energy and the dissipation of diabatic heating and friction,
NCCV weakens drastically. When the quasi-stationary ridge maintains over the north of Lake Baikal,
it cuts off the connection between Northeast China and the cold air and high potential vorticity over
the high latitude region. The Rossby wave hardly leads NCCV to develop and thus NCCV has no
obvious low temperature impact over Northeast China.
Key Words Northeast China cold vortex; Low temperature; Rossby wave; Potential vorticity

budget; Blocking high.
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Figure 1 The composite 2 m temperature anomalies (shading, unit: °C) and 10 m wind
anomalies (arrows, units: m s!) for the four types of NCCV. Stippling indicates the composite
anomalies that are significant at the 95% confidence level. The solid black curve designates
Northeast China. (a) is a high value group of NCCV; (b) is a mid-high value group of NCCV;

(c) is a mid-low value group of NCCV; (d) is a low value group of NCCV.
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Figure 2 As Figure 1, but for the composite sea level pressure (contours, unit: hPa) and
corresponding anomalies (shading) fields. Contour interval is 2 hPa. The grey shaded areca

designates the Tibetan Plateau.
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gpm) and corresponding anomalies (shading) fields. Contour interval is 40 gpm.
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Figure 4 Meridional cross sections of the composite geopotential height anomalies (black
contour, unit: gpm), temperature anomalies (shading, unit: °C) and potential temperature
(thick red line, unit: K) along 125°E for the four types of NCCV. Contour interval is 20 gpm.
Stippling indicates the composite height anomalies that are significant at the 95% confidence
level. (a) is a high value group of NCCV; (b) is a mid-high value group of NCCV; (c) is a

mid-low value group of NCCV; (d) is a low value group of NCCV.
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Figure 5 The life cycle of composite 500 hPa geopotential height (contour, unit: gpm) and
corresponding anomalies (shading) and Rossby wave activity fluxes (arrows, units: m? s2) for
the high value group of NCCV. The contour interval is 40 gpm. Stippling indicates the
composite anomalies that are significant at the 95% confidence level. The solid black curve
designates Northeast China. (a) is at day —4; (b) is at day —2; (c) at the peak day; (d) is at day
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Figure 6 As Figure 5, but for the composite 320 K isentropic surface potential vorticity
(contour, unit: PVU) and corresponding anomalies (shading). Contour interval is 0.5 PVU.
The grey shaded area designates the Tibetan Plateau. The black rectangle designates the

positive potential vorticity anomalies.
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Figure 7 = Snapshot of the composite each term of potential vorticity budget equation for the
high value group of NCCV (shading, units: PVU d!). Stippling indicates the composite

anomalies that are significant at the 95% confidence level. The black thin curve designates
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Northeast China. The black thick box shows the range of NCCV. The grey shaded area
designates the Tibetan Plateau. (a) is potential vorticity tendency; (b) is the first term; (¢) is

the second term; (d) is the third term; (e) is the fourth term.
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Figure8 The area-average value of each term of the potential vorticity budget equation (units:

PVU d) for the high value group of NCCV from days —4 to day 1.
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Figure 9 As Figure 5, but for the low value group of NCCV.
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Figure 10 As Figure 5, but for the composite 320 K isentropic surface potential vorticity
(contour, unit: PVU) and corresponding anomalies (shading) for the low value group of

NCCV. Contour interval is 0.5 PVU. The grey shaded area designates the Tibetan Plateau.
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