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Frontogenetic analyses of topographic frontal rainstorm in
Xinjiang
SHEN Dongdong':?, RAN Lingkun'"2, YANG Shuai*"*2, LI Na'2, JIAO

Baofeng':?

1 Institute of Atmosphere Physics, Chinese Academy Sciences, Beijing 100029
2 University of Chinese Academy of Sciences, Beijing 100049

Abstract In this study, by taking account of the complex topographic effect in Xinjiang and the
condensation latent heat heating of the moist atmosphere near frontal rainstorm area, 1) we derive
the thermodynamic frontogenesis functions under terrain-following coordinates based on the
potential temperature, equivalent potential temperature and generalized potential temperature, and
a dynamic frontogenesis function driven by the deformation field. The advantages of
frontogenesis functions in terrain-following coordinate in studying frontal processes in in complex
topographical region are expounded; 2)We discuss the advantages and disadvantages of the four
frontogenesis from the perspective of the temperature and humidity gradient increase, which is the
more essential process during a frontogenesis process, and find that the generalized potential
temperature and deformation frontogenesis have a better correspondence with the precipitation
process; 3) We perform numerical simulation of a frontal precipitation event by utilizing of WRF
model, which propagate from north to south of Tianshan in Xinjiang, and carry out the analysis of
the main forcing of the thermodynamic and dynamic frontogenesis functions, as well as their
effect during the rainfall. The results suggest that dynamic frontogenesis plays an important role in
precipitation triggering and weakening stage and is caused by energy conversion between vorticity,
divergence and deformation. Thermodynamic frontogenesis mainly acts on precipitation
development stage, and latent heating is the main forcing. In practical applications, the
overlapping region of two frontogenesis functions in the near-surface layer and mid-lower

troposphere could indicate the direction of future precipitation propagation.

Key words: Frontogenesis; Xinjiang rainstorm; Terrain-following coordinates; Numerical

simulation
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Fig.1 (a, ¢) Observed and (b, d) simulated 6 h accumulated precipitation at (a, b) 0200UTC, (c, d)
0800UTC 10 September 2019. The dotted area in the left column represents the terrain above

2500m, and the thin line in the right column is the 2500m terrain line.
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Fig. 2 (a) Wind vector (wind barb, units: m s!, filled with jet stream) at 200hPa, (b) 500hPa
geopotential height (solid lines, units: dagpm), temperature field (dashed lines, units: °C) and
wind field (wind barb, units: m s™') at 500hPa at 2000UTC 9 September 2019; (c) vertical integral
of water vapor flux (arrow, units: kg m™' s™!) and water vapor flux divergence (shaded, units: 10~
kg m2 s1), (d) equivalent potential temperature (solid lines, units: K) at 650hPa, (¢) wind field
(arrow, units: m s™') at 650hPa at 0400UTC 10 September 2019. The shaded represents terrain

height (units: km) in Fig. 2(d) and Fig. 2(e).
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Fig. 3 (a, c, ) Simulated equivalent potential temperature (shaded and black isolines, units: K)

and 1 h accumulated precipitation (>2mm, purple isolines, units: mm) at 700hPa; (b, d, f) Vertical
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distribution of equivalent potential temperature (blue isolines, units: K), streamline (m s™),
specific humidity (shaded, units: g kg") and 1 h accumulated precipitation (red isoline, units: mm)
along 82°E at : (a, b) 2000UTC 9 September 2019, (c, d) 0100UTC 10 September 2019, (e, f)

0500UTC 10 September 2019.
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Fig. 4 Wind vector (units: m s') at (a) near-surface layer (7=0.997 ) and (b) 700hPa level, with
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Fig. 8 Vertical distribution of (a, c) F(e*) (shaded, units: 100 K2 m? s, (b, d) F(Ez)

(shaded, units: 102* m? s3) and (e) specific humidity (shaded, units: g kg ') along 82°E at
0500UTC 10 September 2019.The contours represent 1h change of humidity gradient (units: 10
kg kg’ m™) in (a, b), 1 hour change of temperature gradient (units: 10° K m) in (c, d), and
temperature (units: °C) in (e). At the upper of figures, the thick gray curve denotes the thermal
tropopause; in the lower figure, the black shadow represents the terrain (left y-axis, units: km), the
green line represents 1 hour accumulated precipitation (right y-axis, units: mm), and the purple

line is precipitation in the next 1 h (units: mm), the same below.
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