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Abstract: Using high-resolution simulation produced by the WRF (weather research and forecasting) model, three-dimensional precipitation
equation, and definition of precipitation efficiency, a heavy rainfall event occurred in Mianning on 26 June 2020 is studied. The vertical dynamic
structure, hydrometeor distribution and various physical processes of precipitation are compared and analyzed. The characteristics related to water
substances (water vapor, rain, snow, hail, graupel, ice and liquid cloud) in complex terrain areas are further revealed. The results indicated that the
rainstorm process can be divided into two stages. In the first stage, from 1800 BJT (Beijing time) to 2200 BJT 26 June 2020, the sharp ascending
motion in the strong precipitation area promotes the convergence of water vapor and liquid-phase hydrometeors from the weak precipitation area. The
abundant liquid-phase hydrometeors collected in the strong precipitation area are converted into heavy rainfall and ice-phase hydrometeors to supply
cloud growth. At this time, The strong convective echo with the reflectivity of >35 dBZ reached the highest level. In the second stage, from 2300 BJT
26 to 0100 BJT 27 June 2020, the local ascending motion in the strong precipitation area is weakened, which leads to the weakening of the convergence
of liquid-phase hydrometeors, but the convergence of water vapor is still strong and the location of maximum ascending motion is descended, which is
helpful for the condensation of water vapor and the collision of clouds and raindrops. There are two maximum centers of ascending motion in the
vertical direction. The echo intensity shows profile of strong-weak-strong. The ice particles in the upper atmosphere may be as seeds for the lower
cloud, which is helpful for the conversion of liquid-phase hydrometeors into heavy rainfall. The precipitation efficiency varies significantly among

different rainfall intensity ranges, from 5 % to 70 %. The greater the precipitation efficiency, the stronger the surface precipitation.

Keyword: Sichuan rainstorm, High-resolution numerical simulation, Three-dimensional precipitation equation, Precipitation efficiency
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Figure 1 The distribution of auto weather stations (AWS) (a, b) and the three nested domains of WRF simulation (c)
(star and spots indicate the location of Xichang radar station and AWS, respectively. The region of Mianning

rainstorm (MR) is shown as Figure 1b. The shaded terrain height is in meters).
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Table 1 WRF settings and physics schemes.
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Figure 2 The stream at 700 hPa (black streamline) and hourly rainfall (shaded, units: mm) of actuality(ERAS5+OBS,
the stream and hourly rainfall from the ERAS reanalysis data and 0.1°x0.1° grid data interpolated by the rain gauge
data) and simulation (SIM, results of the third nested domain) from 1700 BST (Beijing time) 26 to 0100 BST 27
June 2020, the black dashed rectangles represent MR region, the gray shaded is the terrain over the height of 700
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B PABO L T R M X (B 1) MR (B3, 4 . dIRERmES M (B 3) 875,
P2 RE AR e 7 52 7 o M e g /K o () K BN B e SR AR o, SR DO RIS [X 35 P 39 A2 AE 7 1 R ZE I 3 K
iy, H, T ETERE (S R (B 3a. b 2D 3 B8R EE K e B AN 3R
P A5, BRI AEAR] 50 mm DA (RO SR 100 mm) , AR AR ot 2 B R
A CARLT R T R, 5RH—8 A—MIiTR . B, SEE =) o SREE R
PYsRpE AR (B 3ay b AMD BB m AR (RO EMZEL 10km) « SRE MR, HERHALE, &
TR W DX P9 AR SO0 S AR B ELAY AR R 5T, S A2 AR LAY, 1 LU BE W A B AR > (Ao
1b) , PRIk, S LIt Do ) 6 TGV 56 4 o ff b £ 215 B K O 4R TAREAE 0, B4 EL ISR P 7E Sl SO0 U
HIEREK, (HEBL A I R AR A (B 3. 4D, WS R B A& A5 Bl LIE H (B S # OBS
FD, BEATHE T EAE A NIRRT 20 ABZ (RIS EE, REARTE 26 H 19 B ~22 i, HEAL
AT 55 dBZ RUSRIBHIL,  DRMG, SIS AIASUN R B 7K 43 A1 i 22 1T R 2 FH T B AOMLII st £ 23 A AN 35 3 30
U UL T2 58 A B SE PR R K T I AR o %8, T 4 W IXASEAUL AR 328 /N N e 7K 23 A1 ANEE AR I 5 S A A I
(E 4, BERREEKIMNXIAGRIF I, IRE P ) Rt AT RS T 920l R g, 380k
BB K A3 AT AR RT3, TR DL B /K SR B HE B 2 R A AR AL, (RVRE AR e b P T 8 3 A S A 7 L 5% P 7
A FZEBRBEK A OB S AT R  SREE R (R AR, S SN SR, R B R SR KO T T AR
SRIEKRA . KIE, BT BN 26 H 20 BIFAGE#E, T 26 H 23 1 ~27 H 00 B iAF| f 5%, WRF
TR ORT G P T 2 D A 58 R 7K v 9 98 DX R 5 FBE L R ] AR 3 2 1 T ARG PRI I, JE R X 7 AR
FR R R K G, B RAR R B A

28°N-1 T T T 28°N T T T
102°E  102°15'E 102°30'E 102°45'E  103°E 102°E  102°15'E 102°30'E 102°45'E  103°E

1 5 10 15 20 25 30 50 100 150 unitsmm

B 32020 4 6 A 26 H 17 15~27 H 01 I,  (a) SEOLAT (b) BEULAfE 7 2 W1 X RBEK A CREAH,
BAL: mm) , FRERMAEFEENMN (B7E) o YX (BFEE) M XD (EEE) , T,

Figure 3 The accumulated rainfall of (a) observation and (b) simulation in the region of MR from 1700 BST 26 to

0100 BST 27 June 2020 (shaded, units: mm), letters representation information: MN (Mianning), YX (Yuexi), and
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Figure 6 Time series of (a) accumulated amount (units: mm) and (b) numbers of grid points for different rainfall
intensity ranges (bar) and regional rainfall (lines) , percentage of (c) accumulated rainfall amount and (d) numbers
of grid points (units: %), and (e) averaged hourly rainfall intensity of different rainfall intensity ranges (mm h-!) in

MR region from 1700 BST 26 to 0100 BST 27 June 2020.
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Figure 7 The averaged profiles of water vapor (top) and hydro-meteor (bottom) mixing ratio (units: g kg!) for
rainfall intensity ranges of (a) [0.1, 5) mm, (b) [5, 20) mm, (c) [20, 30) mm, (d) [30, c0) mm in MR region from
1700 BST 26 to 0100 BST 27 June 2020. The black dashed lines represent the averaged melting level of

precipitation grid points for different intensity ranges.
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Figure 8 The different rainfall intensity ranges averaged profiles for grid points number percentage of (a) > 35 dBZ
reflectivity and (b) > 2 m s! vertical velocity in MR region from 1700 BST 26 to 0100 BST 27 June 2020 (units:

%), the horizontal dashed lines indicate the averaged melting level with rainfall in MR region.
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Figure 9 The height—time series of the averaged vertical velocity (shaded, units: 10! m s™!) for rainfall intensity
ranges of (a) [0.1, 5) mm, (b) [5, 20) mm, (c) [20, 30) mm, (d) [30, o) mm in MR region from 1800 BST 26 to
0100 BST 27 June 2020, the black horizontal dashed lines have the same meanings as Figure 7.
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Figure 10 As Figure 9, but for reflectivity (shaded, units: dBZ).
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Figure 11 The averaged time series of surface precipitation rate (Ps), the rates of moisture-related processes (Qwv),
cloud-related processes (Qcw) (units: mm h!) for rainfall intensity ranges of (a) [0.1, 5) mm, (b) [5, 20) mm, (c) [20,
30) mm, (d) [30, c0) mm in MR region from 1700 BST 26 to 0100 BST 27 June 2020, the black, blue and red solid
lines represent Ps, Qwy and QOcy in the first row, the gray, red, blue, yellow and purple dashed lines represent Qcy,
Owva, Owve, Owvp and Qwvg in the second row, the gray, red, blue and orange dashed lines represent Qcr, OcLL,
Ocra and Qcyp in the third row, the gray, red, blue and orange dashed lines represent Ocr, Ocir, Ocia and QOcip in

the third row.

100
80 |

60 —

PE (%)

40

20

I [ [ I
2618 2619 2620 2621 2622 2623 2700 2701

BJT (DDHH)

mmmm total rainfall grid(>=0.1 mm)
1 0.1-5mm [ 5-20mm 0 20-30 mm B >=30

& 12 2020 4F 6 H 26 H 18 I ~27 H 01 I, %7 5% M X AT B s ANAN RN B 7K 5 5 S 2 T 22 )
BRI (AL %) .
Figure 12 The averaged precipitation efficiency of different rainfall intensity ranges from 1700 BST 26 to 0100
BST 27 June 2020 (units: %).
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