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Fig. 1 Frequency of elevated convection during the cold sea-

son (scatter points, unit: times) and terrain distribution (shad-

ing, unit: m) in Henan Province from 2010 to 2024
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Fig. 2 Monthly variation of cold season elevated convection events (a, unit: numbers) and diurnal variation characteristics

of cold season convective lightning frequency (b, unit: times) in Henan Province from 2010 to 2024
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Table 1 Typical elevated convection cases in Henan Province during the cold season of 2010—2024
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Table 2 Convective parameters of typical cold-season elevated convection events in Henan Province

DT85 DT75 KIE LIHEE  C4APE  WiRJZVIE  BHEE W2 0°CZEEE -20°C2EE

K H o . y
/°C /°C /°C /°C /(J-kg™") CAPE/(J-kg™) /hPa i2z/°C /km /km
20104£2 H 10 H 12.6 15.7 11 31 0 25.2 300 7 3.1 5.3
201042 H 28 H 17.0 17.8 19 22 0 170. 8 150 3 3.2 5.6
20104F3 H 2 H 15.8 16.5 14 25 0 248.9 150 8 3.5 5.7
201044 A 12 H 11.0 12.0 24 17 0 27.0 150 3 4.3 7.4
20114F11 H 28 H 21.2 15.7 25 11 0 15.2 150 5 3.1 5.7
20124F3 H 21—22H 13.0 16.2 13 21 0 26. 8 300 4 3.6 6.8
201442 H 5—6 H 5.9 12. 1 =5 32 0 0 300 6 - 5.6
201443 18 H 19.8 15. 4 21 14 0 0 150 2 3.0 7.3
20144F3 H 18 H 22.9 15. 4 31 6 0 38.9 150 3 4.3 7.4
201543 A 17H 20.2 15.3 27 11 0 169.9 50 2 4.2 7.4
201544 4 1—2H 21.4 14.5 30 23 0 182.5 150 9 4.2 7.4
20174F4 H 16 H 21.6 15.3 31 9 0 72.6 75 2 3.1 7.4
201843 H4H 14.9 14.5 18 21 0 0 150 3 3.0 7.3
20194F4 H 8—9 H 11.9 14.9 12 23 0 0 300 4 3.8 7.3
2020452 H 27—28 H 16. 4 16.5 18 25 0 0 150 3 3.3 7.4
2021452 4 24—25H 13.2 15.1 10 26 0 34.8 300 4 3.0 5.6
20224F10 H3—4 H 22.4 15.1 26 6 0 9.8 100 3 4.5 7.8
202343 H 16 H 11.1 12.7 8 23 0 0 150 5 3.5 6.7
20234£4 F20—21H 12 13.1 17 21 0 26.0 150 6 3.6 7.5
20234F12 H 13—14H  10.1 17.3 4 29 0 234.2 200 10 2.0 6.3
202442 A 1—3H 11.6 16.9 2 28 0 0 225 11 - 5.7
20244E2 A4 19—21H 4.9 15.9 =5 33 0 172.0 200 12 2.8 6.3
202543 H2—3H 22.5 15.5 29 19 0 0 100 6 3.8 6.8
-2/~ JEE (- indicates no data)
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Fig. 5 Boxplots of mid-low level relative humidity (a) and low level specific humidity (b) during elevated convection
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Fig. 7 Radar composite reflectivity and reflectivity factor cross-sections for four typical elevated convection types. Unit: dBZ.

(a, e) conditional instability type; (b, f) conditional symmetric instability type;

(¢, g) coexistence type; (d, h) frontogenetic circulation type
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Statistical analysis and synoptic characteristics of typical elevated
convection events during the cold season in Henan Province

Wu Wei' 2, Shan Tieliang'*
(1. CMA/Henan Key Laboratory of Agrometeorological Support Applied Technique, Zhengzhou 450003, Henan, China;
y 7y o] Agi g pp pp q 8.
2. Luohe Meteorological Burea of Henan Province, Luohe 462300, Henan, China)

Abstract: Based on statistical analysis of elevated convection cases during the 2010 —2024 cold seasons in
Henan Province using conventional observations and ERAS reanalysis data, this study examines spatiotemporal
distributions, synoptic configurations, and formation mechanisms. Results indicate that: (1) Characteristic con-
figurations feature prominent 500 hPa troughs, intense 700 hPa southwesterly warm-moist jets, and a deep cold
dome with northeasterlies below 850 hPa. Key sounding signatures include pronounced cold domes exceeding
150 hPa thickness and frontal inversions with tops at 850~700 hPa where over half of cases exhibit inversion-lay-
er temperature differences greater than 4 °C. Thermodynamic instability is best characterized by elevated most un-
stable energy and thermal contrast between 700 hPa and 500 hPa. (2) Moisture transport at 700 hPa and its asso-
ciated high specific humidity provide essential vapor conditions for elevated convection during the cold season.
Strong upward motion is observed above 800 hPa, with its core centered at 500~400 hPa. Intense deep-layer ver-
tical wind shear (>20 m-s") and pronounced baroclinicity develop between the northerly flow beneath the inver-
sion layer and the southwesterly jet atop the inversion layer. Such vertical wind shear configuration proves condu-
cive to the sustenance and development of cold-season convection. (3) Cold season elevated convective instabili-
ty mechanisms encompass four distinct types. The dominant conditional instability type exhibits deep vertical
convection characterized by the strongest updraft intensity, with convective penetration extending significantly
above the -20 °C level, frequently triggering thunderstorms and hailstorms. The hybrid mechanism type inte-
grates conditional instability with conditional symmetric instability, displaying the most extensive updraft cover-
age at moderate intensity and capable of producing multiphase hazards including thunderstorms, hail and freez-
ing precipitation mixtures such as freezing rain and sleet. Both the conditional symmetric instability type mani-
fested through narrow slantwise convection and the frontogenesis circulation type featuring broad multicellular
updraft structures demonstrate lower convective development heights with weaker intensities, predominantly
generating thunderstorms and convective heavy winter precipitation events.

Key words: cold season elevated convection; Henan; frontal temperature inversion; vertical wind shear; insta-

bility mechanisms



