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Abstract. In this study, the TWP-ICE case is simulated using GRAPES_SCM. By comparing with the ob-
servation data, we found that both the Liuma initial scheme and the WRF single moment scheme (WSM6)
can well simulated the development of tropical cloud systems during the TWP-ICE. Besides, the active
monsoon period and the monsoon suppression period are also reproduced. The results also show that the
vertical distribution of ice-phase hydrometeors simulated by the Liuma initial scheme is very different from
that simulated by the WSM6 scheme. Compared with the WSM6 scheme, the Liuma initial scheme pro-
duces much more graupel but less ice and snow. In the modified Liuma scheme, the order of calculation of

the microphysical process is optimized. In the simulation with the modified Liuma scheme, the mixing ratio
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of graupel becomes smaller while the mixing ratio of ice and snow becomes larger, and surface the precipi-

tation rate is closer to the observation.
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Fig. 1 Diagram of the TWP-ICE observation sites
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from 19 January to 2 February 2016

(a, b) cloud ice, (¢, d) snow, (e, f) graupel, (g, h) cloud water, (i, j) rain water
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Fig. 6 Same as Fig. 3, but for the results from Liuma_graupel scheme (a, ¢, e, g, 1),

and Liuma_order scheme (b, d, f, h, j)

WG A . SR, Liuma_graupel J5 58
PLA VKA K BT 5 Liuma JiUAG 5 2858 0 JE L. I 1
Zos R A 30 Do) ) 2 BT R Bl R O AN AR
Liuma_order J5 28 X7 1 v £ o 49 P 2ok 72 1 80 0L
PEAT T AR A 3RE G T B T B A R S o
TR i SR 1 I 0 50 i i O TR B S s L vk S
JoT VR A L I 1 s R A Pk R K B o A B
.,

AN GRAPES_SCM AU % X — A~ #4774~
B AT AL X BE T  F GC BE O R R A R L O

etk Liuma J7 58 % HOK BEY) 0 A b AT 798 . 2
PEJG Liuma J7 58 (9 vk A K B8 20 A5 S0 45 B, 7E
Ja S IE AR 2t 5 19 Liuma J5 50K 880 H
T ISR 2 AT I3 3 2 K A A S At
HR G G560 5 9 Liuma J7 26 UK A K 589 73
A A B ROR S 15 5 A Bt

2% 3k

MR, AR 25, 45,2012, & 75 S iE R H Ze 0 T GRAPES-
Meso B 2 Fi i (146 5 3 F A5 )], 4, 38(6) :657-668. Chen C J,



764 A

% 545 %

Wang D H,Li G P,et al,2012. A study of the GRAPES-Meso
prediction verification for high altitude and complex terrain du-
ring winter time[J]. Meteor Mon,38(6) :657-668(in Chinese).

R L REZ0 3% L 4% 27 L 5. 2008. GRAPES 3 — L& Bk/ K £ R
JE G — B TR B S0 R R R T B AT LT ). Bl AR 53 (200
2396-2407. Chen D H.Xue J S, Yang X S.et al.2008. New ge-
neration of multi-scale NWP system (GRAPES) : general scien-
tific design[J7. Chin Sci Bull.53(22) :3433-3445(in Chinese).

A Tk, 95 83, 2017, 3& T T GRAPES #8850 C-P i R T R 1
B M BT]. 4 % 4] . 28(1) :52-61. Chen J, Ma Z S,
Su Y,2017. Boundary layer coupling to charney-phillips vertical
erid in GRAPES Model[J]. ] Appl Meteor Sci.28(1):52-61(in
Chinese).

/NG X 7 42 5 B A, 2007, 41 3% 1L 2 2R 2 IO S 2 AL AN 4 T
AL BRI S]], A% .33(7) :33-43. Chen X M, Liu Q J,
Zhang ] C,2007. A numerical simulation study on microphysical
structure and cloud seeding in cloud system of Qilian Mountain
Region[ J]. Meteor Mon,33(7) :33-43(in Chinese).

B R, 1986, JRAR = B B AR B B AL () —
B AR B A BE e #),1(1) . 37-52. Hu Z ], Yan C
F, 1986. Numerical simulation of microphysical processes in
stratiform clouds ( I )—microphysical model [J]. ] Academy
Meteor Sci.1(1) :37-52(in Chinese).

B RE  OR L 1987, JZ AR 2l B R A AR AL (D 4
A D R R LT ARBF I I B be 7. 2(2) . 23-
32.Hu Z J.Yan C F,1987. Numerical simulation of microphysi-
cal processes of stratiform clouds ( [[ )——microphysical processes
in middlelatitude cyclone cloud systems[J]. ] Academy Meteor
Sci,2(2):23-32(in Chinese).

G VEA AR RS 5E L2007 B VR 2 6 B B K o B A
O R L i 0 A 1 e ) ] R AR . 31(5) 1 793-804.
Jin L J,Yin Y, Wang P X, et al, 2007. Numerical modeling of
tropical deep convective anvil and sensitivity test on its response
to changes in the cloud condensation[ J]. Chin J Atmos Sci, 31
(5):793-804 (in Chinese).

XER ARG FH YL 2003 HLAFS 8 3 Z Mk 97 5 & ot 2 W
Az BB (D Z Bk s 2200 1. B4R 24 4. 14 (S« 60-
67. Liu QJ,Hu Z J, Zhou X ], 2003. Explicit cloud schemes of
HLAFS and simulation of heavy rainfall and clouds., part I:ex-
plicit cloud schemes[J]. J Appl Meteor Sei, 14 (S1): 60-67 (in
Chinese).

MM EE LB 8, £ L, 55, 2015, WS KM ) B 7 % /8 WRF J
A58 2 e AL AUUAG 36 R oF LE W FE (0. g A4 . 34.(4) £ 890-909.
Mei H X, Shen X Y, Wang W G, et al.2015. Evaluation and
comparison of two double-moment bulk microphysics schemes
using WRF single-column model [ ] . Plateau Meteor, 34 (4)
890-909(in Chinese).

Tl s X AR AR L By ok 1, 2016, 5 23 BE K GRAPES B = () B
J5 G X SR B K MBI 2 W 9 0], K5, 42(12) : 1431-1444.

Nie H H, Liu Q J, Ma Z S, 2016. Simulation and analysis of
heavy precipitation using cloud microphysical scheme coupled
with high resolution GRAPES model[]J]. Meteor Mon,42(12) ;
1431-1444 (in Chinese).

VBB A, F D L 2R, 2015, WS B0 Y B 58 00 vk A Ao R AR
B KA B B2 ) S K B L 1. R UR 2, 39 (1) : 83-99. Shen
X Y.Mei H X,Wang W G,et al,2015. Numerical simulation of
ice-phase processes using a double-moment microphysical
scheme and a sensitivity test of ice nuclei concentration[ J]. Chin
J Atmos Sci,39(1):83-99(in Chinese).

YREE L IR B L BV AK, 45, 2017, GRAPES_GFS 4 5k /2 1 i ik & 4t
I BF 4 Ak 55 A LT I FH S 4 2 425 28 (1) : 1-10. Shen X S, Su
Y.HuJ L,et al,2017. Development and operation transforma-
tion of GRAPES global middle-range forecast system[]J]. ] Appl
Meteor Sci»28(1):1-10(in Chinese).

ARG X A2, T 1, 2015, F) I GRAPES #8358 S e X =
K FERY R [J ], K42 ,41(3):272-285. Shi R G, Liu Q J,
Ma Z S, 2015. Numerical simulation of aerosol effects on cloud
and precipitation using GRAPES model[ ] ]. Meteor Mon, 41
(3):272-285(in Chinese).

H 41, 2018, 0 2 7 45 25 WL 9 20 % GRAPES # 5X (1) 52 Wil 73
[J]. 5% ,44(2):320-325. Tian W H, 2018. Impact of the re-
duced observation of Russia radiosonde on GRAPES model[ J].
Meteor Mon,44(2) :320-325(in Chinese).

TR AR AT, 8. 45, 2017, FY-2E 2 5 KU 3ok ok o B HC7E
GRAPES H g AR HWFFELT]. A4 .43(1) : 1-10. Wan X M.
Tian W H,Han W,et al,2017. The evaluation of FY 2E repro-
cessed IR AMVs in GRAPES[J]. Meteor Mon,43(1):1-10(in
Chinese).

F Sy, AR E L TR 40, 2013, GRAPES R = X i 2 8k 7 % 1k
BTl BB iR 36 [T ], A4, 39(2) : 166-179. Wang D L, Xu
G Q.Jia L H,2013. The evaluation of cumulus parameterization
schemes in GRAPES model and its improved experiments|[ ] ].
Meteor Mon,39(2) :166-179(in Chinese).

E i Wi B A 58 48,2017, GRAPES-REPS 74 13 fI% i 70 412 46; 36 0%
0], K% ,43(4) :385-401. Wang J,Chen J, Zhong Y L,et al,
2017. Verification and evaluation of the southwest vortex fore-
cast by GRAPES-REPS[]J]. Meteor Mon, 43 (4); 385-401 (in
Chinese).

FUG L BR i R IRSE L 45, 2018, GRAPES [X 35 4 4 Wi 41 45 X 1) 07 {8
o sh W KA [T ], KSR ,42(2):367-382. Wang ] Z, Chen
J,Zhuang Z R, et al,2018. Characteristics of initial perturbation
growth rate in the regional ensemble prediction system of
GRAPES[J]. Chin J Atmos Sci.42(2) ;367-382(in Chinese).

T AR E SR L 2017, 56 5 R T I ) 45 i SR
FBFSEL]]. R4 ¥4 75(2):275-287. Wang Y H.Xu G Q.
2017. Preliminary analysis of the gravity wave drag on Qinghai-
Tibet Plateau and its numerical simulation[ ]J]. Acta Meteor Sin,

75(2):275-287(in Chinese).



56 Z

1L 45 . GRAPES WS 50 = 1o 4 By 58 1) Bl b R 2 A 7K A B3 A 480 A 9% 765

BERKIY 2011, GRAPES_Meso 5 2 f Kk 7K b 1 K6 36 03t £ 462 38 43 B
[J]. K4, 37(2):185-193. Xiong Q F, 2011. Verification of
GRAPES_Meso precipitation forecasts based on fine-mash and
station datasets[ ] ]. Meteor Mon,37(2) :185-193(in Chinese).

7m0, U6 20, 2012, GRAPES BRI e [T ). K %
4% ,70(2),275-290. Yang J L,Shen X S,2012. A case study of
the GRAPES single column model[ J]. Acta Meteor Sin,70(2) :
275-290(in Chinese).

A BT, 2018, AR A [B] A6 96 07 1 7E WK PR AL P g R AT LT ] B2 T
JFE,37(1):1-7. Zhao B, Zhang B, 2018. Application of neigh-
borhood spatial verification method on precipitation evaluation
[J]. Torr Rain Dis,37(1) :1-7(in Chinese).

ROLIF S SRATR B L 55, 2017, GRAPES =4 = %] 46 34 W% 78
S TR L LT DL B R4 25 4k, 28(1) £ 38-51. Zhu L T,
Gong ] D,Huang L. P,et al,2017. Three-dimensional cloud ini-
tial field created and applied to GRAPES numerical weather pre-
diction nowcasting[ J]. ] Appl Meteor Sci, 28(1):38-51(in Chi-
nese).

Ball M A,Plant R S,2008. Comparison of stochastic parametrization
approaches in a single-column model[ J]. Philosophical Transac-
tions,366(1875) :2605-2623.

Davie L. 2009. TWP-ICE single column model case[ M]. Technical
Report.

Fridlind A M, Ackerman A S. Petch J. et al,2010. ARM/GCSS/
SPARC TWP-ICE CRM intercomparison study [ M ]. NASA
Tech Memo.

Grabowski W W, Bechtold P, Cheng A, et al,2010. Daytime convec-

tive development over land: a model intercomparison based on

LBA observations[ J]. Quart ] Roy Meteor Soc, 132(615) ;317
344.

Hua C,Liu Q J,2013. Numerical simulation of cloud microphysical
characteristics of landfall typhoon Krosal[J]. ] Trop Meteor, 19
(3):284-296.

LiZ,Zhang Y T,Liu Q J,et al,2018: A study of the influence of mi-
crophysical processes on Typhoon Nida (2016) using a new
Double-Moment microphysics scheme[]J]. ] Trop Meteor, 24
(2):123-130.

May P T,Mather ] H, Vaughan G,et al,2008. Characterizing oceanic
convective cloud systems[J]. Bull Ame Meteor Soc,89(2):153-
154.

Morrison H,Shupe M D, Curry J A,2003. Modeling clouds observed
at SHEBA using a bulk microphysics parameterization imple-
mented into a single-column model[ J]. ] Geophys Res Atmos,
108(D8) :1048-1053.

Rosenfeld D, Woodley W L, 2000. Deep convective clouds with sus-
tained supercooled liquid water down to —37, 5 C[]J]. Nature,
405(6785) :440-442.

Posselt R, Lohmann U, 2007. Introduction of prognostic rain in
ECHAMS5 :design and single column model simulations[J]. At-
mos Chem Phys Discuss,8(11):2949-2963.

Xie S C, Hume T, Jakob C,et al, 2010, Observed large-scale struc-
tures and diabatic heating and drying profiles during TWP-ICE
[17.] Climate,23(1) ;57-80

Yang J L,Shen X S,2011. The construction of SCM in GRAPES and
its applications in two field experiment simulations[J]. Adv At-

mos Sci, 28(3) :534-550.



