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Numerical simulation of the influence of dust aerosol on convective cloud
precipitation in Xinjiang
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Abstract: In order to study the influence of dust aerosol layer on cloud and precipitation, this
paper simulated a convective process in Aksu, Xinjiang, using the Weather Research and
Forecasting (WRF) high-resolution Weather model coupled with a spectral bin microphysics
(SBM) scheme. The effects of the aerosol layer on cloud dynamic , microphysics and
precipitation processes at different heights are discussed respectively. The results show that
when the dust aerosol is in the lower layer, cloud condensation nuclei (CCN) has a more
obvious effect on the cloud microphysical process. As CCN increases, cloud droplet
concentration increases, cloud droplet effective radius decreases, and precipitation delays.

When the dust aerosol is higher, ice nuclei (IN) has a more obvious influence on the cloud
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microphysical process. With the increase of IN concentration, the number of ice crystals
increases, the growth process of snow, graupel and hail is enhanced, the number of ice particles
involved in the melting process increases, and the rainrate increases. This article only
discusses the possible response of dust aerosol layer on the convective weather process that
occurred in Xinjiang at different heights,and it is necessary for more simulation study which
constrained by observation data to learn the comprehensive understanding of the influence of
dust aerosol on different types of cloud and precipitation process.
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Fig.1 Geopotential height (blue solid lines, units: dagpm), temperature (red lines, units: °C) and wind
fields at 500 hPa at 0800 BJT (Beijing Time) on July 8, 2016. The red star is located in Aksu
Prefecture, in the wind field the size of wind speed is represented by the combination way with long

bar, short bar and triangle, long bar means 4 m/s, short bar means 2 m/s, triangle means 20 m/s
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Fig. 2 Temperature-logarithmic pressure diagram of Urumgqi Station (T-InP diagram) at 0800 on July 8,
2016 (BJT), where the red broken line is the temperature profile, the green broken line is the specific
humidity profile, the blue shaded area represents the convective effective potential energy, and the
orange shaded area represents the convective suppression energy
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Fig. 3 CALIPSO aerosol type distribution at 04:53:39 on July 8, 2016 (BJT), 1 is clean ocean aerosol, 2
is dust aerosol, 3 is polluted continent/soot aerosol, 4 is clean continent aerosol, 5 is polluted dust

aerosol



(b)

—— High-DustLayer
16000 —¥— No-DustLayer
—— Low-DustLayer

Height/m

—— Total aerosols
—— Water-soluble aerosols
—— Insoluble aerosols

0 500 1000 1500 2000 1072 0 10° 10!
Aerosol Concentration/kg ~1 Radius/um

4 CAMS BRI A IR BOR FE T B0 A (IR (s Em S R BRI, sl

RZEW RO, =ML OLLAARERDRZEEIL () AR AR A
(LRI SEIR, LA RIANR, BN SRR 4D (b))

Fig.4 The aerosol number concentration vertical distribution (solid blue line is considered with high

dust layer, green line for the lower dust layer, red solid line with triangular symbol is regardless of the

dust layer) simulated by CAMS model (a) and aerosol particles size distribution (blue line for

hygroscopic aerosols, the red line is a hygroscopic aerosols, the black line shows the distribution of

total aerosol concentration) (b)
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Table 1 Parameters for aerosol particle spectrum distribution

i N/cm? R/pm logo;
1 401.630 0.034 0.204
2 353.410 0.116 0.255
3 0.270 1.730 0.255
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Fig. 6 Normalized occurrence frequency distributions of cloud top temperature (K) from WRF model
simulations (blue dashed line) and MERRAZ2 satellite observations (green solid line) at 1500, 1700 and
1900 on 8 July 2016
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Fig. 7 Radar combined reflectivity from observations On July 8, 2016, 1458 BJT(a), 1600 BJT(b), and
1754 BJT(c),WRF model simulated with upper dust layer at 1500 BJT( d) 1600 BJT (e) 1750 BIT (f)
and WRF model simulated without upper dust aerosol layer at 1500 BJT (g) 1600 BJT (h) 1750 BJT(i)
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Fig. 8 The variation of the average vertical velocity in the cloud area with height (a), the variation
profile of the average mass concentration of droplets caused by condensation and evaporation (positive
value represents condensation, negative values represent evaporation) (b), the change profile of droplet
average mass concentration caused by the process of condensation and sublimation (positive values
represent condensation and negative values represent sublimation) (¢) and the change of temperature
with height due to the average net latent heat release (d) in convection core area when the dust layer is
located in the upper troposphere and the dust layer is free; (e-h) is similar to (a-d), but is the
comparison result between the case where the dust layer is in the lower troposphere and the case where

there is no dust layer
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Fig. 9 Variation of average rainrate over time in convection core area
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Fig. 10 Average mass concentration in the convection core area of the cloud droplets (a) rain(c) ice

crystals (c)and snow (g)when the dust aerosol layer is located in high altitude and no dust layer ,

average mass concentration in the convection core area of the cloud droplets (b) rain(d) ice crystals
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—— No-DustLayer —— No-DustLayer
—— High-DustLayer-CCNIN ---- Low-DustLayer-CCNIN
—— High-DustLayer-only IN ---- Low-DustLayer-only IN
—— High-DustLayer-only CCN ---- Low-DustLayer-only CCN
c 1elt 1elt
S (a) (b)
© d
&/ F RN ]
8- RN ~ N
S o { W -~ A
o <05 05{ | o= \
— 1 4 e
g ' s TR
£ , g oo -5
10300 1500 1700 1900 2100 19300 1500 1700 1900 2100
5 1e6 1e6 d
g © (d)
€
S+
o
805 05
2 " k N
E P AR N
= 1%00 1500 1700 1900 2100 1%00 - 1500 1700 1900 2100
g 1e7
g . (e)
<
(O
e i
o
8o
9]
£
=
z 1%00 1500 1700 1900 2100 1%00 1500 1700 1900 2100
I 1e6
s 6 6
5 (9)
5 - 4 4
e
82
5 2 2
£
= _—— B
z 1%00 1500 1700 1900 2100 1(?300 1500 1700 1900 2100
Time(BJT) Time(BJT)

E 11 eSERBATRERSES TV EERIRMREXBEA (a) =k (o) MK

(e) k& (g) BEKE, URIBLESBEREUTRERRES TP EBRIRAREX
HZEA (b) =k (d) Mk ) k& (h) BSERE
Fig. 11 Average number concentration in the convection core area of the cloud droplets (a) rain(c) ice
crystals (c)and snow (g)when the dust aerosol layer is located in high altitude and no dust layer ,
average number concentration in the convection core area of the cloud droplets (b) rain(d) ice crystals

(fand snow (h)when the dust acrosol layer is located in low altitude and no dust layer
T W IR = IRUOHRL - 32 BRI VKA R 5 W0 AR R . T RTZK

) R TUN UKL T R, st KRS . B 12 AW AR T A
o I O S R . b AR IR RN CON I, HLAL T 2 s =
(High-DustLayer-only CCN i{4%) , T 4K = #5908 = e

17



BB, CONAMERE/N, XA RMEmANE, AR KRS
m,ﬁ%%@%&?ﬁ%ﬁ<memmwmmwaﬁ%>,Wﬁ&%%%
B AN AT CON B2, =g /K380, 352 /K i i id 4K
REER, HURNSWELZS SEGERE, AmEmEEK. L 2R R
TERNIN I, LIS R AR B A — e M, SR ™ 4 1 Pk R A
Bn, HIBRERE L TILER (Low-DustLayer-only IN %) , fF A
KEEEEE, TANTEREMR B2HTMEMLE SRR TaT AR
JEITE L b S IRFINE N CON I IN I, = ARG 2E T L2 UK, 1M
HEW BRI FE00 CONIREESG I, (23 1 5 2 HES /KA, SR
BT HHRE KO, EIE R BN, AT RE K, Mib Az
b TRJZER (Low-DustLayer-CCNIN %) , S HRMLIERENEE L, FKEK
EA LT

—— No-Dustlayer —— No-Dustlayer

—— High-Dustlayer ---- Low-Dustlayer

—— High-Dustlayer-only IN ---- Low-Dustlayer-only IN
—— High-Dustlayer-only CCN ---- Low-Dustlayer-only CCN

1e8

()

o

|
N

I
=

Mass Change/kg kg~' s
1
N

1300 1500 1700 71900 2100 1300 1500 1700 1900 2100
b G1e8 0168
% (c) i (d)
505 -05
Q
j=)]
| o
8 -1
(6]
o}
S -15 -1.5
2 1
5 1
1300 1500 1700 1900 2100 1300 1500 1700 1900 2100
Time(BJT) Time(BJT)

B 12 S BRKEMTHARABRTEES LV EEMTAMARB ZNEMUEEFREKRE

t (a) MBERETK (o , URPESEREMNTREFRES KL ERITRAR Eﬂi
ZAEMAIEPREBREZH (b) MBUREEWL (D

Figure 12 Average mass(a) and number(c) concentration changes in convection core area of snow
within the process of melting when the dust aerosol is located in high altitude and no dust layer ,
average mass(b) and number(d) concentration changes in convection core area of snow within the

process of melting when the dust aerosol is located in low altitude and no dust layer

18



5. B4
A 3CAE F WRF-SBM #0385 el A v A S0 e 3 404 DA I AR RIE IR
JEAEN CCNL IN BIPER, SRERTHBram b2 A SR IR JZ 56 WL 2 K R 2
S AE T 2 BN ) 2 b A B AT R K AR AL, BLRBON b - B AR, 15 3
L5
(D K[ HAFED DB BEZ (CCN) HAETRHREZEHILE (6
km PURD B, SEECEEK, WEURERIN, MR RCRRRC, B
AKIGINFFHER 30 min 45, MALTRHRZESE)E (6 km B E) B,
YOS AT AR T BRI, AL A BRI
SR, BRI B R B AIERE UK (IND BAET
SHRE R RE R, 2 B R R, R RIOK S EOR R,
AKIGI, AL T XS R, R BRI OR, UK O
Wn, BEAKIGEIN: 4R ASIER EBEIE N CON XAE N IN HAb
TR EFIRER, KE BRI, KSEOREEN, =5k
PR AR S N, FEKIE SR FEHEIR 30 min 24, AR T XLE e
JEI, FEEEZI I, TR G ok, K I HAHER 10
min /& 47
(2) WARLTIRZHRZER, WARTERIEN CON X = i) Bt £
S L AR TR E TR e SN R, AR AT AT CON 3,
BRI, ZWA SRR, BAKEIR: T 4R A x
WEHEER, WRSERENIN N = MYES R EREE, ¥
AAEAF INWREESGIN, VKEBEI I, 5. %, BRI N,
Z 5LV T8 2, FRRRIER.
WARE IR IE L 0 = B R K, X R RS AT AL
0 P2 7K S T R DR T A SR I R B A FH A 24 EE 2 i DAV 2R SR IR AR
FO T -2 WK BLAE R — s S B o« A SCHT TR YD AR 2 1
St FF R R X DR SIE IR SR T2 5%
AR SCFITAGEADL IR 2 1T S8 K] o 75 b X — O SR Vb A SR I SN, BRI ST b
BEAE 6~12 km, AEA[FH X BEAS [ Z= 95 AN R VD AR 0 AR5 £(, W1 Zhang et

19



al (2021) EGEMX, Pk RN AL FRE (Z94km LR o BEAh,
Ja B D BT ) B RN 5 TR F R0 A 5 1 T i, 5 2B T S IR N i+

o

6. % CHk

Albrecht B A.1989. Aerosols, cloud microphysics, and fractional cloudiness[J]. Science (New York, N.Y.), 245
(4923):1227 - 1230. doi:10.1126/science.245.4923.1227

Atkinson J D, Murray B J, Woodhouse M T, et al. 2013. The importance of feldspar for ice nucleation by mineral
dust in mixed-phase clouds[J]. Nature, 500(7463):491-491. doi: 10.1038/nature12384

Bangert M, Nenes A, Vogel B, et al. 2012. Saharan dust event impacts on cloud formation and radiation over
Western Europe[J]. Atmos. Chem. Phys., 12(9):4045-4063. doi: 10.5194/acp-12-4045-2012

Broadley S L, Murray B J, Herbert R J, et al. 2012. Immersion mode heterogeneous ice nucleation by an illite rich
powder representative of atmospheric mineral dust[J]. Atmos. Chem. Phys., 12(1):287-307. doi: 10.5194/acp-
12-287-2012

Charlson R J, Schwartz S E, Hales J M, et al. 1992. Climate forcing by anthropogenic aerosols[J]. Science (New
York, N.Y.), 255(5043):423-430. doi:10.1126/science.255.5043.423

Chen Q, Koren I, Altaratz O, et al. 2017. How do changes in warm-phase microphysics affect deep convective
clouds[J]? Atmos. Chem. Phys., 17(15), 9585-9598. doi:10.5194/acp-17-9585-2017

Chen Q, Yin Y, Jiang H, et al. 2019. The Roles of Mineral Dust as Cloud Condensation[J]. J. Geophys. Res.
Atmos., 124(24): 14262-14284. doi:10.1029/2019JD031403

Chen S, Zhao C, Qian Y, et al. 2014. Regional modeling of dust mass balance and radiative forcing over East Asia
using WRF-Chem[J]. Aeolian Research, 15:15-30. doi:10.1016/j.aec0lia.2014.02.001

Gibbons, Matthew, Min, et al. 2018. Investigating the impacts of Saharan dust on tropical deep convection using
spectral bin microphysics[J]. Atmos. Chem. Phys., 18(16): 12161-12184. doi:10.5194/acp-18-12161-2018

Ginoux P, Prospero J M, Gill T E, et al. 2012. Global-scale attribution of anthropogenic and natural dust sources
and their emission rates based on MODIS Deep Blue aerosol products[J]. Rev. Geophys., SO(RG3005).
doi:10.1029/2012RG000388

Grell G A and Freitas S R. 2014. A scale and aerosol aware stochastic convective parameterization for weather and
air quality modeling. Atmos. Chem. Phys., 14(10): 5233-5250. doi:10.5194/acp-14-5233-2014

Hong S Y, Noh Y, Dudhia J. 2006. A new vertical diffusion package with an explicit treatment of entrainment
processes[J]. Mon. Wea. Rev., 134(9): 2318-2341. doi:10.1175/MWR3199.1

Huang J, Fu Q, Su J, et al. 2009. Taklimakan dust aerosol radiative heating derived from CALIPSO observations
using the Fu-Liou radiation model with CERES constraints[J]. Atmos. Chem. Phys., 9(12):4011-4021.
doi:10.5194/acp-9-4011-2009

Huang J, Minnis P, Chen B, et al. 2008. Long-range transport and vertical structure of Asian dust from CALIPSO
and surface measurements during PACDEX[J]. J. Geophys. Res. Atmos., 113(D23): D23212.
d0i:10.1029/2008JD010620

Huang J, Wang T, Wang W, et al. 2014. Climate effects of dust aerosols over East Asian arid and semiarid
regions[J]. J. Geophys. Res. Atmos., 119(19): 11398-11416. doi:10.1002/2014JD021796

Iacono M J, Delamere J S, Mlawer E J, et al. 2008. Radiative forcing by long-lived greenhouse gases: Calculations
with the AER radiative transfer models[J]. J. Geophys. Res. Atmos., 113(D13): DI13103.
doi:10.1029/2008JD009944

20



Jie X A, Tz B, Yb A, et al. 2020. Climate characteristics of dust aerosol and its transport in major global dust
source regions - ScienceDirect[J]. J. Atmos. Solar-Terr. Phys., 209(105415). doi:10.1016/j.jastp.2020.105415

Khain A, Pokrovsky A, Pinsky M, et al. 2004. Simulation of effects of atmospheric aerosols on deep turbulent
convective clouds using a spectral microphysics mixed-phase cumulus cloud model. Part I: Model description
and possible application[J]. J. Atmos. Sci., 61(24): 2963—2982. doi:10.1175/JAS-3350.1

Klein H, Nickovic S, Haunold W, et al. 2010. Saharan dust and ice nuclei over Central Europe[J]. Atmos. Chem.
Phys., 10(21):10211-10221. doi:10.5194/acp-10-10211-2010

Levin Z, Teller A, Ganor E, et al. 2005. On the interactions of mineral dust, sea-salt particles, and clouds: A
measurement and modeling study from the Mediterranean Israeli Dust Experiment campaign[J]. J. Geophys.
Res. Atmos., 110(D20): D20202. doi:10.1029/2005JD005810

Li X, Zhang Q, Xue H. 2017. The Role of Initial Cloud Condensation Nuclei Concentration in Hail Using the
WRF NSSL 2-moment Microphysics Scheme[J]. Adv. Atmos. Sci., 34(9): 1106-1120. doi:10.1007/s00376-
017-6237-9

LiuY, Sato Y, Jia R, et al. 2015. Modeling study on the transport of summer dust and anthropogenic aerosols over
the Tibetan Plateau[J]. Atmos. Chem. Phys., 15(21):12581-12594. doi:10.5194/acp-15-12581-2015

Mamun A A, Chen Y, Liang J. 2021. Radiative and cloud microphysical effects of the Saharan dust simulated by
the WRF-Chem model[J]. J. Atmos. Solar-Terr. Phys., 219(105646). doi:10.1016/j.jastp.2021.105646

Min Q L, Li R, Lin B, et al. 2009. Evidence of mineral dust altering cloud microphysics and precipitation[J].
Atmos. Chem. Phys., 9(9):3223-3231. doi:10.5194/acp-9-3223-2009

Niemand M, Mohler O, Vogel B, et al. 2012. A particle-surface-area-based parameterization of immersion freezing
on desertdust particles[J]. J. Atmos. Sci., 69(10):3077-3092. doi:10.1175/JAS-D-11-0249.1

Phillips V T J, Demott P J, Andronache C. 2008. An Empirical Parameterization of Heterogeneous Ice Nucleation
for Multiple Chemical Species of Aerosol[J]. J. Atmos. Sci.,65(9):2757-2783. doi:10.1175/2007JAS2546.1

Rosenfeld D, Rudich Y, and Lahav R. 2001. Desert dust suppressing precipitation: A possible desertification
feedback loop[J]. Proc. Natl. Acad. Sci. U.S.A., 98(11): 5975-5980. doi:10.1073/pnas.101122798

Sagoo N, Storelvmo T. 2017. Testing the sensitivity of past climates to the indirect effects of dust[J]. Geophys.
Res. Lett., 44(11): 5807-5817. doi:10.1002/2017GL072584

Sauter K, L’Ecuyer T S. 2017. Observational evidence for the vertical redistribution and scavenging of Saharan
dust by tropical cyclones[J]. Geophys. Res. Lett., 44(12):6421-6430. doi:10.1002/2017GL074166

Smoydzin L, Teller A, Tost H, et al. 2012. Impact of mineral dust on cloud formation in a Saharan outflow
region[J]. Atmos. Chem. Phys., 12(23):11383-11393. doi:10.5194/acp-12-11383-2012

Uno I, Eguchi K, Yumimoto K, et al. 2009. Asian dust transported one full circuit around the globe[J]. Nat.Geosci.,
2(8):557-560. doi:10.1038/NGEO583

Vuolo M R, Chepfer H, Menut L, et al. 2009. Comparison of mineral dust layers vertical structures modeled with
CHIMERE-DUST and observed with the CALIOP lidar[J]. J. Geophys. Res. Atmos., 114: D09214.
doi:10.1029/2008JD011219

Yang H, Xiao H, Guo C, et al. 2017. Comparison of aerosol effects on simulated spring and summer hailstorm
clouds[J]. Adv. Atmos. Sci., 34(7):877-893. doi:10.1007/s00376-017-6138-y

Yin J, Gu H, Huang J, et al. 2021. An investigation into the vertical structures of low-altitude atmosphere over the
Central Taklimakan Desert in summer[J]. Atmos. Sci. Lett., 22(9):e1042. doi:10.1002/as1.1042

Yin Y, Chen L. 2007. The effects of heating by transported dust layers on cloud and precipitation: a numerical
study[J]. Atmos. Chem. Phys., 7(13): 3497-3505. doi:10.5194/acp-7-3497-2007

Yuan T, Chen S, Huang J, et al. 2019. Influence of Dynamic and Thermal Forcing on the Meridional Transport of
Taklimakan Desert Dust in Spring and Summer[J]. Journal of Climate, 32(3):749-767. doi: 10.1175/JCLI-D-

21



18-0361.1

Zhang Yanda, Yu Fangqun, Luo Gan, et al. 2021. Impacts of long-range transported mineral dust on summertime
convective cloud and precipitation: a case study over the Taiwan region [J]. Atmos. Chem. Phys., 21
(23):17433-17451. doi:10.5194/acp-21-17433-2021

Zhou T, Xie H, Bi J, et al. 2018. Lidar Measurements of Dust Aerosols during Three Field Campaigns in 2010,
2011 and 2012 over Northwestern China[J]. Atmosphere, 9(5): 173. doi:10.3390/atmos9050173

AR5, SR, & E 1R, % .2013. RIBRFNE A HITR B K B ERIMM R I A SRZEZR, 36(5):513~526.
CHEN Qian, YIN Yan, JIN Lian-ji, et al. 2013. A numerical simulation study on the effect of aerosol layers on
mixed phase convective cloud and precipitation[J]. Transactions of Atmospheric Sciences (in Chinese),
36(5):513~526.

SURE, SRIE, BRRAE, 5. 2018. ZF WRF # 3 #1 CloudSat TEH#R 3 E# Tl — 0GR RR KL IZAISE
SHMBERL J] REBE, 38(3): 331-341. Kuang Xiang, Yin Yan, Chen Jinghua, et al. 2018.
Simulation analysis of strong convective weather processes in Huanghuai River based on WRF model and
CloudSat satellite data [J]. Journal of the Meteorological Sciences, 38(3): 331-341.

XK. 2019. KB A RLE =K RGN ENMARD] PESRBEMRPT.  Liv Huan.2019.Studies on
contrasting effects of aerosol on various types of precipitation[D]. Chinese Academy of Meteorological
Sciences.

B FRR, TN 19990 R KBRS SETH] BB FH R 1999,14(4):391~394. QIAN Yun, FU
Congbin, WANG Shuyu. 1999. Mineral dust and climate change[J]. Advance in Earth Sciences (in Chinese),
14(4):391~394.

BENH, IR BRME, F 2021 IR HTRK S BRI A28 MY BUE AR R 1] KSR .45(1):107~122
SHI Rulin,YIN Yan,CHEN Qian,et al. 2021. Numerical Simulation of Aerosol Effects on the Physical
Processes of Hail Formation in Xinjiang. Chinese Journal of Atmospheric Sciences (in Chinese),

45(1):107~122.

22



