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Abstract A double-moment bulk microphysics scheme, Milbrandt 2-mon (MY), was evaluated using the WRF single-
column model during the period of the Tropical Warm Pool International Cloud Experiment (TWP-ICE). Results from
separate simulations using the double-moment and sample one-moment (1M) versions of the microphysics scheme with
the default settings in WRF were able to reproduce the general characteristics of moisture variables from the macro to the
micro scale, as compared with observations and cloud resolving model (CRM) results. The rain rate and microscale
features of the ice phase from the double-moment control simulation (CTL) were very close to observations, but showed
significant deviations from the sample 1M version simulation. One-moment bulk microphysics schemes have been widely
applied in real business situations with little computation, but their simulating abilities need to be improved. In order to
maintain a reasonable computational expense, but with better simulating ability, several measures were applied to
improve the sample 1M versions of the MY scheme on the basis of the microscale features of the ice phase from CTL.
The results from the runs with two ice 1M modified versions were similar. Both showed non-significant improvements,
despite their different treatments in terms of the number concentration of ice crystals. The frozen water path and
observations showed more agreement, but significant changes occurred in the composition of ice clouds, mainly
attributed to the weakened growth of snow and graupel indirectly affected by smaller ice crystals. The liquid water path
showed an order of magnitude larger than observations as a result of abnormal enhancement in cloud droplet content,
related to enhancements in upward movement. The liquid water content and raindrop effective radius changing in an
opposite direction led to a tiny improvement in the rain rate. Sensitivity tests using two snow 1M modified versions of the
MY scheme showed that ice-phase cloud was enhanced after adding the snow intercept and improving the environmental
conditions of superstation. The characteristics of the snow intercept, liquid water content, and rain rate became
significantly improved after adjusting the empirical formula of the snow intercept properly. Meanwhile, the method of
adopting the reference values of the snow intercept in CTL did not show the same performance in ice-phase clouds,
resulting in thicker warm clouds and a significant discrepancy between the simulated and observed rain rate. Optimized
simulations with 1M modified versions suggested that the treatment of adjusting the empirical formula of the snow
intercept properly in the 1M version of the microphysics scheme has a certain feasibility.

Keywords Microphysics, Single-moment, Single-column model, Milbrandt 2-mon scheme, Intercept
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Table 2 Comparisons of mean values and standard deviations of cloud particle mixing ratio and precipitation rate for model

output and observations
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McFarlane Bl a2 i 77 %, CAM KRN Z51b
77 %, Dudhia JIHARNZEAMNTTE, UHRIZSHAN
77 % & Mellor-Yamada-Janjic. A SCIREG /K143
HILAIEE] 100 m IR, KIMIEALIEIEZ X
AR A B (Bryan et al., 2003). 3 HAHF
LR WAL = K3 3 T Al AR = 2 50 7 S0
B PR Re A S 20 (Narita and Ohmori, 2007;
Lean et al., 2008). 17y A< 3L i 1056 45 R AR R IR
MEZH T G BFEK R S ks
Nt T S A RIS 275 (T PS N1 (1) % NS
& XHR =S HNTT R VLR RaSHiTr
ZR/NT 4 km RBEFDO I FE 6 RS 34 80 )
RS BB Y b, TR WA RURE B 2 B
RV E 4 m A R TIOR3 (R LR
.

3 EHIREMRSHERREMNR
LRI

3.1 RSRIEHR

ARy T LA AR B N A % 55 - May
et al. (2008) HI Xie et al. (2010) [ rEEh ag; T
TWP-ICE RS, vl ok 4 MEB: ZERIEER
a3 13~25 HO, R (1 5 26 H% 2
H2 D, B (2 1 3~5 H), ZFXUAkH (2
H6~13 H).

AR AN 32 29 K 2 R I . w2
BREZEI, JBPERIG AR G X ) R B 7R T8 5 1)
5 Ay 5 M LN 3 11 R 48 4 P {2 IR, GRX R
PRAE, 2005). 2= XUl P9 A B R s A2 O AR

KBTI F R IR A S, AR A B R o R
AR AT RS K o ARG R P XU
VE AR A8 T 7KV, TWP-ICE [R5 A7 TI%
FE 2R 48 N HORS o B sioeh i = M P a5, R
RGR I JI AT PERFIE (May et al.,
2008).
3.2 HEHGEREN
321 BRlzZ

Bl 12 MY J7 350 UK i/ 35 (1 B S 40
AR I K (precipitation rate) IR A] 41
B BEAL T2 MG IR, BeKF s . A5 ae
% A U B HOL M B /K S BN i) PRI ARG AE, PRk
(P SEEL S AR [RD I 2) f ok 4l o B BURE AR
(1) B A 2 [N A A 2 B TR X o DK FR S HRE AR

I(] 1 1 1 1

—— Obs

. —— Control test
8 =+ IMIC test |

-1

- IMSN test

Precipitation rate/mm h

Date

B 1 2006 4E 1 A 21 H 00:00 %5 26 [ 00:00 [X 35 F34) () 4 7K R B I ol
Fig. 1 Time series of the area-mean precipitation rate from 0000 UTC 21

Jan to 0000 UTC 26 Jan 2006



6 1 MRRF RS . WRF AT R P 20500 Bt L SRR ELRE ) A 52

No. 6 METI Haixia et al. Effects of One-Moment Parameterization on the Capacity to Simulate Tropical Convection ... 691

TR0 B K R AR B s A w55, S AE A WL 1) 2
13 (£2), BKRMIETFELELEPTE22~24 H; T
1) B 2 5ORE AR TR I 1) B 7K S A0 BRI B oA 1 3894
BAIR T ARG LA, H HEAE 36 i 30

IR S A TRD L W) & FE A 22

MR 2 0 . 28 KRG BRI 22 & A R SR Rt
ARG LI IR R TR M H = &
Ml TR — MRS 15 km (52 . MY 5 L6805
A0 HH 2 XS BRI S (P = 22 (] 2a) {HUtk
I 5 5 e B = R 2 AT (5>

25 ' ' 1 1
(a) —Obs
—-=+CRM model
20 —— Control test [
—--~ 1MSN test
E s\ TN T IMIC test [
< -
=
=
2 104 F
54 cczs s L
0 - - . .
0 20% 40% 60% 80% 100%
Cloud fraction
15 |\ i i i i
(c) s —— Rader data
Bt —-=-CRM model
------- - Control test
10 F5==--=-- - ! —--= IMIC test |
E TR eea seoo- IMSN test
< N
=
=
Z
5 . L
A
e e P aman
10%  10% 10" 10" 10" 10 10®
Liquid water content/mg m-3
25 1 '} '} 1
(e) —— Retrieval
—-— Radar data
207 Control test [
_ b Y = = === IMIC test
Z 157 Ty z2-- IMSN test [
:L‘.El] ‘.“"| N
2 101 - -
54 —— L
0 5 T T T T 5
107 10" 10" 10' 10° 10°

Frozen water content/mg m-3

5%) e o

WREF K (1 2 2 R P AR R B 2 A5k
AEAFA RIS S = P 5 i Lo, A ST R
W BR RN ERIRA#R (Xie et al., 2008).
T WE T E LA, RS A —
EZEN LMEAWILED] SCM 5 (Xie et al., 2004)
DA K WREF B ] T sl 2 i ORBerEss, 2013),
KPR EAREAR, 8 (4 4 km @mEL D
23 S TG A —3. SCh TS % 1 ol
K&K T RSP, oA T HA

£
=
2 L
=l
L
==

0 50 100 150 200 250 300 350 400

Water content of ice crystals/mg m-3
2500 h . . T
(d) i , —Obs
-'u o | { - CRM model
7. 2000 ' | 13 A ——Control test [
= Bi— -+ IMIC test
E 1500 1 ===~ IMSN test |
ER =
g L :
S 10004 i r
E ;
o
=
£
50
£
5
§ 10" 4 r — Retrieval 3
= f == CRM model
T IJ —— Control test v I
; —-- IMIC test
b ---- IMSN test
10! r . : -
21 22 23 24 25 26
Jan
Date

K2 () ZEMEEM. (b EHIRR KK A4, (o) WAF7/KE (Liquid Water Content, LWC)IEH 73l (d) HH KRB F/KE (Liquid
Water Path, LWP)IN 1% . (e) FWC EH /M. (F) i RPUEZSE S /KE (Frozen Water Path, FWP) R[] 4%
Fig. 2 (a) Vertical profiles of cloud fraction; (b) composition of ice clouds for model output from the control simulation; (c) vertical profiles of Liquid Water

Content; (d) time series of Liquid Water Path (LWP); (e) vertical profiles of Frozen Water Content (FWC); (f) time series of Frozen Water Path (FWP)



S

692 Climatic and Environmental Research

A 20 %

Vol. 20

RIS, HBAEE S LS . v

TR REE . SIS A H ILAE Wapler
etal. (2010) MBI TAEF . AT IA 15 5 13
W W T mE s R, XA 2 i 2 15
R — o Ja R0 A o 2 B AR AL 1) 2 B s
P a3 AR AT AL, E 25 T B DA S 2 B ) e (B
IIAEAESS I ZE 0], AE P A RE s P02 R L AR 3
AW MFEAE o

322 RA&LKE. BAESKE. ZHAERRS

LkEfEL BRESEAKE

Bie A 3 1) 52 [ 7K ORL - P F » MMCR S
SO B AS K o S RS AR B2 AT P K (Mather et
al., 2007), BIMASCHE 252 % 5K 2 0 P pbiak
WY =i, mT e T A CRM Bgs
RIRe R, JLRA —w AR HAHR T Lin et
al. (2012) RIS, XS 2% i ory
g R AR S A B B A R — Bk,
DRI A by B 8 00 P b 70 R AT RS 90 &5 SR A 56 LA
—EMSHE,

MY J7 EAEL LWC S{EX (0~5km) &2
LAl CRM BOMAHIE . HidAKImE, HSHFEA
TRIAH G T4 S0 B A VR, 1) b Sl o 1 o o B
s DA TRIEMaB 2 (K 200, MY J5
FRWSHFEARGAIAT) LWP (& 2d) HARH
A A — 8, (HRES S B RE (R 2),
LS (1 B SRR ARG ) W AE A i T X
LRI BE A (P3RS R 5 VK () BRSO
AARIG ) LWP S4B 5 A HL e A B Wl Fl 2 455K
gk g, HILE BRI /K S /K& (Rain Water
Path, RWP) [¥{EIR S Bk T =K & &, Hamxt
TR BRI = SEARFF (I, 2007 15 5 14,
2009). X2 FHULRES FEK A 55 11 H 2 R A

LIRE AP EL2EAH LG, FRAT TR UKAH R FE AR
A E o LN B P B IR AE VT 2 I BEAEAE
SN, DRI R A B AL VORGSRl 4 T ) B A
(1 S K B ) s A, RIEB & R 5 K i FWC, #5417
FE o FH T SR VIO AS 58 3 LA K 2 T TS R 4
SFVE 6T S UK = B RT RE IR, 3 AT
E—ERIAHEN (Protat et al., 2007; Heymsfield
et al., 2008).

Z TR R IIVK 2 3 R IR R (W 2e), MY
TR FWC £4& (>0.5 mg/m’) /AT 4~
17 km, 7EEFIPTAL R IR TR SR — 3,

[FIFE FWP [ 520 [F] S 7 it LU R . s
FEARIE IUKARD L it (] 2e, 20) AR L%
TRG 7 B AR S e A

Kl 2b & MY J5 &8RS R UK = A O
VK& 7K E (Ice Water Content, IWC) B T 7744
MKz, FWIFEKE/KE (Snow Water Content,
SWC) 741t 4~10 km T, §17% 7/K & (Graupel
Water Content, GWC) #5/D/ A T2 & J2 Mt U 18] 15
B o WS EREATRIG UK 2 1 4 45 4 5 38 )R
AR, . i AN T ok I B S K A
Ky BT s AR o Aty o v vt 3l A T L A
FH o XA AR AR SCIERR UK S A 3K B S 1 b Rk
PEIRES 1R S =S
323 BEMBCREARNAT

HIIA 24 MY 77 2 B 5N S HCR AR TR
B g R s XS E A2 a0 Hh B /K S IR T AR R AR
[FDII T3 W) &, BRI H . S = HAR S A
)5, AR T B S HRE ARG T 2 KK &5 &
(R LG S i B A /K S 2 i SR IR S, S H0T
MG R G HE

BT DA, MY J5 SRR UK 2 S A4 J5 o
HRSHFEARKARLL, S H AR K A
HAR TR R, ARTE VAR IR AOR AR fiE 7 T [ A
DS EN T g —3, Blanok owi v AR E . 51
BEAE (R IE S BOCE 4.1.1 A1 4.2.1 75D,
LA RS E0 7 ZEAE Tk A EE 3R 4 ) 2 ) 5 Ay
B HAR A B SRS UK = JE IS AT RE S
MSHT ZE I B R A 5e A 0. PRI
R UL B A, XS HEE TR RO Sk EAl
T HRSEFEAIRE . X DU 5T 45 R 2 —3%
f*J(Milbrandt and Yau, 2006b; Dawson et al., 2010).

4 BESHUHEWHRE

S B Ml 55 F T i A T SR TR R TR 2K
R AN RSHTT % ANl 2%
XS A7 R 56 R AT (1 5 0 A L 4 kAR
JRIROWEF AL, 258 S K0T S R ORI R i
RIMERIRESE, SRS 2 K0T S i K K
B, SEBL SR A S RE A XU o
S A SRR IR A BEAT A G it
K122, A6 AU ORI FEAE S f I 11
FIATIE, RS AR P AR AR ) ] e B LA



6 11
No. 6

MERRFEESE . WRE SRR 3 2 007 068 FACH G U S UL BE 77 [0 52 1)

METI Haixia et al. Effects of One-Moment Parameterization on the Capacity to Simulate Tropical Convection ... 693

HAT THIEP 1T
4.1 K@BRIBRSE ARG
4.1.1 kS ey ERH T et g

FLSFRUN ST 0 2 B X B AE T Xk 4
WAL PR 7 I 25 5 XS B HEBE A T AT 1R 7
i, TR 2 A DR T O T SR EX R 2 I oG
F R AT IZ W, A9 A v FLASUASORE I B 1) o
K. o R A TURIAREE Ol Rl R T 2 o
O WE Wik RSEOER T I E R
AR 25 FOBLRI R R T A . DAEIIwF TR
B, ST SENEIE I AR By AR U R

5000 : '
— Control test (@)
— IMIC test
40001 . IM10Ni test
. IM2MIC test
3000 -
-
£0
£ 2000
1000 +
L,
0 T
21 23 #% B26
Jan
Date
3000
—— Control test (c)
2500 4 - - IMIC test I
....... IM10Ni test
e 2000 1 IM2MIC test
E
£0 1500 4
=
« 1000 4
500 4
0 N
a0 2 0B 26
Jan
Date
1000 : '
—— Control test I (€
— IMIC test
8001 . IM10Ni test
g  |--- IM2MIC test
E 600 -
=1]
&
=
Q
25 26

K3 kRS ERE (a) EERABUKRSKE. (b) fEH R ZKEKE,

BB KR () BRI ()i 2L

AR A P A AR 2 S YA VB R 9 B2 (Dawson et al.,
2010), PKAHAE 1RO AEE R AP 0T XU R 2 WLRFALE A
FAGRE 5~ 1) 3 A A AR 225 B 52 W (Reisner et
al.,1998; Milbrandt and Yau, 2006b; Solomon et al.,
2009).
ML 2 Wty 2 il 2 2= v R Kt 2800 B TR i
TR 10° m >, RHLER I B ik AN 107 m
(G0, 2007), RIS HEA 1) 45 RS
No LB (107 m”) iBE R TASCANM R A
[, T IMIC 050 oK ks 5 10 80% J52 B it 132 PG
A, N EFRAE 10° m™ (233 KD Wi/

— Control test

104 —— IMIC test
- IMI10N;i test
| - IM2MIC test
21 22 23 24 25 26
Jan Date
2000

—— Control test
— IMIC test
15004 - IM10Ni test
----- IM2MIC test

RWP/g m-2

10 :
—— Obs 0]

e g] — IMICtest

= = IM10Ni test

E - IM2MIC test

v

B 6

£

£ 4

=

g 21

= .

|

0 . : { 4 = r*"’[\”"“
21 22 23 24 25 26

Jan
Date

(o) MEHABTMEKE. (D) EEHABFKEKE. (o) EHRMN

Fig. 3 Time series of (a) ice water path, (b) cloud water path, (c) snow water path, (d) rain water path, (¢) graupel water path, and (f) precipitation rate from

model experiments with single-moment ice



S

694 Climatic and Environmental Research

N AT 20 %

Vol. 20

Ko bak e a4 T BRI R AL V2 10 £
25 (K Sa). B H07 b oK LA EE(E Noi
CAE: m™) 2 KR A LA BOR B S ok .
IMIC X% (0.293X 10" m™) 1 Ny SMARE T4
I (1.952X 10" m™) (& 4a F1 4b), i ALE
B FPERMERA T — S0 gsie . Rimidi2 kA=t
SRAT UK i B0 1 A B 7 3t B e T UK AR
PRI . e ] DAHEM, oK SR B2 I b
FRAEL R /N o] BE & 3 % IMIC AR I0A L SOR AN ) 3

30%

Control test (a)
25% 1

20% 7

15% 1

BT E 43 L

10% 1

5% 1

0 p L
0.01 0.1 1 10

VKB E/10 m

30%

IMIC test (b)

25% 1

20% 1

15% 1

BN E 3L

10% 1

5%

0.01 0.1 1 10
YK AR BEE/10 ' m

IM10Ni test (c)

S E S
=
X

110 102 103 10* 10° 10° 107
VKRR E/10" ' m

K4 (@ #EHRE. (b) IMICIREE. (¢) IMIONI IE UK & R

Fig. 4 Frequency distributions of Ny; from (a) control test, (b) IMIC test,

and (c) IM10Ni test

KT FidER, FTF IMIC Wit A SR .
IMIONi &2 f IMIC H N, [ EFRE TN 10
&, BUREZEERRIGAT R, 4 10" m”; 45 4%k
IM2MIC, Hl: ¥ Nog VB R & AL BUER R
ARG UL BE A ) Noi P (1.295 % 10" m ™),
WG INF OK O B AN HOR S LU R £, B0 1 3
BEH M2 TR UK b 5 2 BB WA 1) 07 S 2
Jo s 0BG XU 2 2R I AEAUL AR A A B S 1
. BT o R K e AR
4.12 KBS R B RBRGAHT

XTUK i B R S HURASHAT I S, AN Bk
% (IM10Ni Fl IM2MIC) %A B 740 L T~ IMIC
AR AL (B 30 UKz R Er i i IR (R
2), H5EEMIME L. 5 IFENTK PR b
BRARELZ . LT IMIC 5%, Mol
T BFRUK & 7K & (Ice Water Path, IWP) i} 2% 14
g (BMEEE 2 FLED, mEE BRSNS KE
(Snow Water Path, SWP) M B RIRFH M & /K=
(Graupel Water Path, GWP) KIlERE& 55 (UEI 7
A 1/10 R 1/6 Jedi). BudtZ JGvk s i 4kt
TR T UK, XA — i R 3R B Sl e () oK
= RS FE UK 2 B AN A AL
(P RERE IS o SSRGS, LWP ${H
W2 — AR HL DI 2 BE L, o <
)i 2 R N (] 3by 3R 2). dEHJERL
LW =K /KE (Cloud Water Content, CWC) LA %2
TN = P R A2 (Qaes) (B 6c 6d)
15 4~5 km Ju [N L& ST RS EREARE, K
{EHE R — AR XL G A )42 Ut B =
K SR LS B I S R BT AR
JEHRZRAMAR S E o+, Rl
A R K& 7K & (Cloud Water Path, CWP)
o SEHG AR — AN B, A FER AR AR
10% 7KV, IXAEER B2 A3 e ls:
W 7KK AR IEAR LE T IMIC 35622 120 Tk
59 (30, SRR S GOEIGRAR] 1/10, £
2), SmKEEMIEHAAH S (B 3d. £2). Bk
ME, KRS EASEERE T, ke o5
AP, HBES TR SR B A
4.1.3 kb AHTF B BCR M BAH| AT

BUE R TR, VKA REAE = BRI AER
J& UL S B 7K 0 T8 R it B vh oy v 2 Al B AR
Cak KRR, 19985 PhER SRR L ME, 2003), MifE



6 1 MERRFEESE . WRE SRR 3 2 007 068 FACH G U S UL BE 77 [0 52 1)

No. 6

METI Haixia et al. Effects of One-Moment Parameterization on the Capacity to Simulate Tropical Convection ... 695

XPURLE K X — AR F W R4S 51 4 58 HY (Wang et
al., 2009; VPR, 2011). VKELEASEOT R I
HEIRI0 T A ] L B — e B ) S AR AL, UK R
TS E R AT SO AH R B R IR o AN
NESTRUD ORI I E 7B BUN R T S N7 ol s Y o]
8

VKEmEORER NG (K S5a), AT IMIC i
5, UKERBEER (Qup) 132109 (K] 50). 24
T R, 2 TR AT B UK O Y
W, E R InEaL WA P R (B Sa),
H IMIONi 256 it il B2 UK it V2 75 LE T AR A IR OK
P AR AR B 20 A EE IMIC 56 5 e 1/ (&
4¢), HIEHRAE R,

FHEE T IMIC 55, UK 5 S B0aHR 56 A7
FERRVK R P47k, 10 km BB UK i
BHRHCEA (R, BA7: pm) E IMIC 35 B 5/
(Bl 50D UKEE R RN BT UK RT3
KUK SRRl AT HI 590K & 25 1R E AL
MR R (Owis) o W 5d BRI Ouis
WA Lt IMIC JR58 A S0 /N2y 1 AR

IG5 AR VA 23 v IR B A st s 2> ELTHT I [ 55 ke 1 0K
mn PRV AT, S5 ) 3G KO R AR ARk TR
Mo HEREEH 5 km DL RS E T S KRN
IMIC X% 1/10 (IR ARAG 25 PR (K%, X
5 iAHpsE (2008) HIRFFTEE FAH—2. il 2y
AR AR M 99 T #c R . DL B vk i HoR B
IR = AR 0 — ZR A0 (1 e S A AR T sk
B UK 2o b L R A AR R S

UK L2 E0 VR VR R S e DK A G AR 1
R, BEJGHOHIERE LR B K = AR AR A Y o 1
Z [P UK SR TV FE K VIR R B0 b 5 i T KR
SR 2 7 () I R o P e e P 7K T I e R B2 2%
fF (Sy) (Bl 6a) fEZFREZ (5 km ffi) DL BRI
FERR AR ZE o UK i SRS EOSHA S CWC i
YK ) b S i B R (B 60, XTI HES
ARARE T, WASKHAELUEfEA K WRZRZE
(e = SR B —E | G kAR g, EHEE)
W 1 T v 2 1 I A PR 2 R B 3 I G
1559 (& 6bd. KA AERNAILIX A (4~5 km)
It 345 O BB ELVAS K Bk B I I %

20 L 1 L 1 L
(b) —— Control test
3 — IMIC test
151 - IMI10Ni test [
----- IM2MIC test
£ £
= ==
E e}
=) .—E” 10
L") L
o) X
5 _' d Control test <]
k =T =~ —— IMIC test >
------- IMI0ONI test
0 . — IM2MIC test 0 .
10° 10° 107 10 0 25 50 75 100 125 150
N;/m 3 R,/um
20 20 L . .
(c) Control test (d) Control test
—— IMIC test — IMIC test
=== IM10Ni test [ 15 4 === IM10Ni test [
IM2ZMIC test IM2ZMIC test
£ E
= =
— -—
ﬁﬂ gn 10
] L
I -
= g s4
0 ' : ' ' 02 2 . "0 C
0 5 10 15 10° 10 107 10° 10 10
( -1 -1 / -1 4-1
Qdcpi’lg‘ kg d Qullis"g k;__’ d
KIS pki 2 H0RE 2006 46 1 7 23 H 12:00 % 24 H 12:00 3 (2) Niv (b) Riv () Qgepis (d) Ocnis TEELA AN
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