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Impacts of cloud microphysical process on warm-sector precipitation over Jilin, Northeast
China
Qi Xuan'?, Ping Fan'?, Shen Xinyong'?3
1. Key Laboratory of Meteorological Disaster, Ministry of Education / Joint International
Research Laboratory of Climate and Environment Change / Collaborative Innovation Center on
Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information Science
and Technology, Nanjing 210044, China
2. Laboratory of Cloud-Precipitation Physics and Severe Storms, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China
3. Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai 519082,
China
Abstract This study simulated a warm-sector rainstorm event that occurred in Yongji, Jilin
province on July 13 2017, which reproduced the development process that include the initiation of
convective cells and linear system, organized and the stagesthat form bow echo; based on these
data, the cloud microphysical characteristics of the mesoscale convective systems were analyzed,
and then discussed the possible cloud microphysical mechanisms causing the warm-sector
precipitation. The simulated results show that this precipitation process in the Yongji occurred in a
favorable multi-scale environmental configuration dominated by the northeast cold vortex. The
mesoscale systems was mainly the cold cloud systems. The warm zone had a large range, so that
the location of supercooled water was high, and ice and supercooled water coexisted, the
"seeding" effect of the coexisting area caused a large amount of graupel. Diagnoses of the mass-

and heat-hydrometeor budgets showed that the main source of rainwater was the accretion growth
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of cloud droplets, and the main sink was the collection of raindrop by ice during the triggering and
organization of the precipitation system; while in the bow-shaped echo stage, the melting of
graupel add to the main source terms, the main sink terms were the evaporation of rainwater in the
lower layer and the collection of rainwater by the graupel in the upper layer. The main heat source
of warm-sector precipitation was the latent heat release from condensation of water vapor, and the
main cooling term was the evaporation of rain and cloud water. In the bow-shaped echo stage,
confluence of the inflow at the front and the backward inflow above the cold pad on the ground
bring water vapor into the upper layer, and the "seeding" effect significantly increased the content
of the graupel particles near the height of 8km from the ground, which coincided with the high
temperature area formed by the condensation of water vapor to release a large amount of latent
heat. Therefore, a large amount of graupel melted into rainwater, resulting in a strong precipitation
process.

Keywords: Cloud microphysical processes, Warm-sector precipitation, Numerical simulation,

Mesoscale convection system
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K CRIEANE, 2018) o FIRBEXFEAGE A — AN R AL BISURIEIX B MFEEK R4
#2 H R il S HEM R R REEMHR R4 GLE%%, 2018) , RN = st F27E
M IX A P rp oy SRR, TR 31 SRR X FE/K 30 (Mao etal., 2018) o [k, F
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X BRE7K BT Js S A LA R B A, B B DX 3K PR T /6 77
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Akiyama (1968) & H B < Jie HIB /A TERE X W47 . Matejka (1980) ik B A0 & BLAE [X
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TN SRR R G R RRAE S fi R B A VR (B FU S T K2 8 RE . Huang
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BB R RER Gl R B R FE T L (Weiss and Bluestein 2002; Wilson and
Roberts 2006; Xue and Martin 2006; Su and Zhai, 2017).

Z B RN 5 R K P R R G S — B R U 70 (0 SRR 2 ) . v 2
IKEZERA IR~ (Schlamp et al., 1975) , HLAR I FEHUKFERL T 0B $iR DA
T B S5 IR AE TR R 43 1 X 1 B /K A b # A HE o iR B ZE R A FLLBISE (1992)
(I FCTR e DIAR TR BRI R R 1R R R TR I AR T AN P 20, Sd I 4l AR AR 4556
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I DX 6 K R AR PR B R FE UK X 3y, 5B R KR L, IR IX B /KA LR AT
P =B PE . H AT X B TN I ) = AR IE O 1 — 20 U8R, Hobbs %5 (1980)
B 5E 1 W [X Y (KD 45 B HL = AR K ML, HR H “ RBII-HE4n . L) DA SRRt T 1
DX B K P~ A A v R . P RS (2015) WFFE 76T “7217 BRI R BEX
BRI BB K B = S B 2 5, RI/KISBEE K S AR IS /K e il T 7K
DA R 7K 28 % /KR R AT P 2 2 DX B 7 9 B 7K 6 B S v T B R /K B B 1 3 2 J
o RIS (2018) BT T 2017 4FHp [E M — UCRE KBEIX B W9 (A BAREAE, R IR T
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Fig. 1 Circulation fields at (a, b, ¢, d) 0000 UTC 13 July 2017 and (e, f, g, h) 1200 UTC 013 July
2017 : (a, e) geopotential height (blue solid contours, units: 10gpm), the western Pacific
subtropical high (black contours; units: 10 gpm), temperature (red dash contours, units: K) , winds
(vectors), trough line (Brown solid line) at 500 hPa and high-level jet (dot, units: m s*) at 200
hPa ; (b, f) geopotential height (blue solid contours, units: 10 gpm), Generalized potential
temperature (red dash contours, units: K) , winds (vectors), trough-line (brown solid line) at 700
hPa; (c, g) water vapor flux (dotted areas; units: g s* hPa™* cm™), geopotential height (blue
contours; units: 10 gpm), Generalized potential temperature (red dashed contours; units: K),
lower-level jet (oblique areas; units: m s—1) and wind field (vectors; units: m s™*) at 850 hPa ; (d, h)
sea level pressure (blue solid contours, units: hPa), 10-m winds (vectors), cold front(blue solid
line). Yongji is in the position marked by five-pointed star. The letters “H”, “L” denote the centers

of high pressure, low pressure.
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Figure 2 Soundings taken at Changchun station 54161 at (a) 0000 UTC, (b) 0600 UTC, and (c)
1200 UTC 13 July, showing the temporal evolution of the perturbed GPT (shaded; units: K),
relative humidity (contours; units: %) and wind field (vector arrows). (d)The location of model

domain. Yongji is in the position marked by five-pointed star.
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3.1 BRI

AR SCAF R RMEL S . 2017467 13H 0000 UTC~ 14 H0000 UTC S #1255
KL, 1000~100 hPalid . =R X7 Sl e pi 22 i Bt s S Bk R 24/ Nk 22
TR KETORE: I B LS LR s CIl B R IA TORE: [N, FIF7 H 13H0000
UTC~14H0000 UTCHI— R4 TEH 519/ [10.5° x0.5°NCEP/NCAR F 431 #E R A
AHIIRIHFIIL FAAT, R wrfV3 OB T X Bk A, A2 By [0 b B ON3 7,
BEUZET UL 10 hPa, JKFJ5 A B8 =R R ERH, Mgy (43.42°N, 12631°E)
S E MR EE A9 km, A BRG] km (Ele2) , B5rghiih— it EaE . B
ParwiESEIR

AR SCHUE AT R F 1 /& Morrison 2-momiB &M S5 %, 77 EAHEKIKqu L SFIK YR
BEH: K (qo) » WK (qr) , UK (qD) » F (qs) » & (qg) » LLRARKYIF oK
JE: WK (ND , WKdh (ND , & (Ns) , it (Ng) : HRTESMA SRR 4
M B R, BRI B2 Bt R & MR B R i (R, 20185 P54, 2019) , H]
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Table 1 Configuration of WRF3.9 (Weather Research and Forecasting Model)
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Figure 3 (a, ¢) Observed (“obs”) and (b, d) simulated (“wrf”) 6-h accumulative precipitation
(shaded; units: mm), (e) Observed (“obs”) and (f) simulated (“wrf”) 12-h accumulative
precipitation (shaded; units: mm) during the periods of (a, b) 0700-1300 UTC, (c, d) 1300-1900

UTC, (e, f) 1300-1900 UTC, 21 July 2017. Yongji is in the position marked by five-pointed star.
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Figure 4 (a-f) Observed (“obs”) and (g-1) simulated (“wrf”) composite radar reflectivity (shaded;
units: dBZ) during the evolution of the mesoscale convective systems, at(a, g)0730 UTC, (b, h)
0930 UTC, (c,i) 1130 UTC, (d,k> 1330 UTC, (e, 1530 UTC, (f,m) 1730 UTC 13

July 2017, respectively. Yongji is in the position marked by five-pointed star.
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Figure 5 (a) Observed (“obs”) and (b) simulated (“wrf”) composite radar reflectivity at
representative time (shaded; units: dBZ), (a)0700, (b)0718, (c)0842, (d)1354, (e)0705, (£)0715,
(g)0800 and (h)1400 UTC 13 July 2017, respectively. Yongji is in the position marked by
five-pointed star. The black arrows represent the positions of selected cross section, and the black

boxes represent the typical areas.
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Figure 6 (a) Simulated composite radar reflectivity at 1400 UTC 13 July 2017(shaded; units:

dBZ), the black box represent the selected typical area. (b)Time-presssure series of the simulated

regional average mixing ratios (shaded; units: 10 kg kg s7') and number concentration (black

line; unit: m) of cloud over the box in Fig. 6a; (c) As in b, but for rain. (d) As in b, but for snow.

(e) As in b, but for ice. (f) As in b, but for graupel. Dotted lines are used to divide different stages.
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vectors with vertical motion amplified by a factor of 5 (units: m s™!) along the black arrows at the

corresponding time given in Fig. Se, Fig. 5f. Fig. 5g. Fig. 5hat (a) 0705 UTC, (b) 0715 UTC, (c)

0800 UTC and (d) 1400 UTC 13 July 2017.
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Figure 10 Vertical profiles of the predicted mixing ratio of hydrometeors (units: g kgt), averaged
over the boxes at the corresponding time given in Fig. Se, Fig. 5f. Fig. 5g. Fig. 5h, at (a) 0705

UTC, (b) 0715 UTC, (c) 0800 UTC and (d) 1400 UTC 13 July 2017. The symbols see Appendix.
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Figure 11 As in Fig. 10, but for the mean conversion rates (units: 1076 kg kg s?) related to rain.
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Figure 12 As in Fig. 10, but for the latent heating rate (units: 107 K s7%)
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Figure 13 Vertical cross section of the total diabatic heating rate (shading; units: K s71), heating
rate via condensation of cloud droplet (pcc_pos) (black contours; 0.01 to 0.1, at intervals of 0.02;
units: K s™1), deposition of graupel (prdg) (purple contours; 0.0005 to 0.05,d at intervals of 0.002;
units: K s'1), and evaporation of rain (pre) (blue contours; —0.002 to —0.008, at intervals of —0.002;
units: K s71) along the black arrows at the corresponding time given in Fig. 5 at (a) 0705 UTC, (b)

0715 UTC, (c) 0800 UTC and (d) 1400 UTC 13 July 2017. The symbols see Appendix.
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520 X2 PRERFEAFEKENE, W/KKEZERERCCHIXIERFENEER S S8 &5
521 Ui P LR SR

522  Tabel 2 Total vertical integration of the regional average value of the main quality source and sink

523  items (units: 10-°%kg kg~! s~') related to rain. The symbols see Appendix.

TR TR
(HAA7: 107 kg/kg/s) (FRAL: 10 kg/kg/s)
LREN Y3 pra
TCILT
b B 3.44
AN LN pra piacr pracg r2g pracs_12s
B B 4.12 0.48 0.21 0.16
HEM K pra pgmlt pre piacr pracg_r2g pracs_r2s
BB 7.31 1.01 1.58 1.50 1.38 0.50
SRINEY3 pra | pgmlt | psmlt pre pracg_r2g
BB 425 | 338 0.71 2.90 0.83

524 R 3 PRIERGAFR RN B I EHRE WS BI8 ER 7 B, 775 Ul W %
525  Tabel 3 The total value of praimary source and sink terms of latent heating rate (units: 10 K s™%).

526 The symbols see Appendix.

F- EERAE YR I F LI
(Ffiz: 107K s (Bfr: 107K s™)

PUR/REEEEN pec pos pcc_neg

fih A B 23.75 8.30

SN EAIN pcc_pos pce_neg

fih A B 19.58 7.84

HLUL K | pec pos | prd | prdg | psacwg pre pce_neg eprdg

JEBT B 46.24 | 2.57 | 3.74 | 2.08 3.96 7.10 2.57
ERINEIY;3 pcc pos | prd | prdg | psacwg | pre | pgmlt | evpmg | pcc_neg | eprdg
B B 2530 | 2.40 | 4.67 1.20 7.19 | 1.12 0.56 3.90 2.49

527 R4 TR FRMEIEREL 2 J5, SR IR0 BT K PR 2 B S A S I X I A ) ELAR S

528 i




529  Tabel 4 Total vertical integration of the regional average value of the main quality source and sink

530 items (units: 10~%kg kg~! s~!) related to rain in the bow-shaped echo stage.

I BT BRI T BT I
(B : 10 kg/kg/s) (Bf7: 10 kg/kg/s)
SAREI YL | pra | pgmlt | psmlt pre pracg_r2g
B 475 | 4.13 0.87 3.55 0.90
200 b L
1 mnuccr
1 pracg_r2g
18000 - ———pracs_r2s -
| —piacr
| pre i
15000 - pgmit -
i - psmlt i
i pracg_g2r |
£ 12000 A Praceser L
.‘g ] —tot i
& 9000 =
6000 - -
3000 -
OIIII
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531 Production rate (10°® kg/kg/s)

532 & 14 [FE 10, 1H4 pgmlt Fe bk 2 J& MK i 2 3 B ER 2
533  Figure 14 As in Fig. 10, but for the mean conversion rates (units: 10°¢ kg kg™ s™?) related to rain
534  after multiplying pgmlt by 2.
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Figure 15 Conceptual model of the probable mechanism of cloud microphysical process related to

warm sector precipitation over Yongji. The symbols see Appendix.
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Tabel 4 Description of symbols in this paper

g Wi W
qc =i
qr [RERLE]
gs Ef
qi UK E
ag %
eprd UKERTHHE KR
eprdg T T KIR
eprds HIHEIKIR
evpmg A2 R KR
evpms IR R KR
mnucce T PR 45 UK
mnuccd IKIRIREE VK b
mnuccr R R R 46
pcc_pos IKIREESE =
pce_neg T ZE R KR
pgmlt gL ST
pgracs ELVE TR pEpINERR
pgsacw TR = 2w
piacr UK RSO T T 15 0 22
piacrs UK e Al YR G N 2 S
pra Al I Y R
pracg_g2r R LrEs
pracg r2g R 7 0 e AL B

praci

A UK 0
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pracs_s2r ER TN LiES
pracs_12s R 5 U B
prai UK im BN S
pre U H 3 AL R i
prei UK IS KON S
prd KRB UK b
prds KRB N T
prdg IKIREEE TR
pre 7K 28R KR
psacr ¥ VR WA T G o 2 Bk
psacwg IR N
psacws BRGNS
psacwi R UK
pgsacw TR =3 2wk
psmit E RSN




