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TWE X LASG/IAP KRERRSHFMA GAMIL2 (G2)H GAMIL3(G3),
VAR 7 6T s A K MBS DL BT I 3 T 5 44 B ASEADLRE ), 7E ML SR R FT T 8
IR ASABE X B2 A AU A3 P JER AT A B S ot 7 T T 45 ) 5 P /KA RO R 22 ) 2 2R o TR
ANMRAT) GAMIL #H U M 4 21) 7 Gl Bk 10 R ZEREAE,  H G3 AUREHTL 45 SR %
RT G2 BRUAS ) E B SO TE T W3 T #iy P AL AT IE R KR 2 . /K
PRS2 R, AR K 22 3 R UE T 28 R UK IR BT B 1 5L, 1
7 100 222 D) 9t A 5 FSE AR 97 3 A D (DR Y o SO 97 e 0 g 25 .
FAAE T IR TE BN FEVE S5 /R TE K PEVE X3, RN KRAULZFE 7 B/, i
JZ AR s EANH PE AL KT 5 PRI AR PR X, AU i i J T SR A (1
“IEAL” AN CPERL” XN EAEN, FKORAE A AR TR R . R
J16E (MSE) WL R, FHE P8 J0 Ko X st B (194 e i B2 1 o3 BIE 3))
i 22 B 2 BRI o T 0T I L 45 ) O i F ) s M AR 8 B (gross moist stability
GMS) K, £ FHE TR Re s R W22, 0] T BADL R R
SREE. WIS IR, G3 H#H PH AL AT DX I B K 5 R R TR 0
IERZERIR/N . G3 O BB AN Z 2 A R, SRR R AR ARG i, A
T A0 1) T 3 DR PRI R o B X T LA A S PR e T R 2R R,
FEAR A AR e B 24 7 LAEE AL

R GAMIL HAFiFEERR/K ST IEE 45 GMS
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Relationship between vertical convection structure and precipitation
simulation bias in the tropical atmosphere: An analysis based on
GAMIL3

REN Zikun'2, ZHOU Tianjun'?, GUO Zhun'?, CHEN Xiaolong':?, LI Lijuan', WU
Bo!
1 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid
Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029
2 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing

100049
Abstract: Based on the LASG/IAP developed general circulation model GAMIL2 (G2)

and GAMIL3 (G3), the simulation ability of tropical precipitation and convective
vertical structure was evaluated, and the reasons for the improvement of precipitation
simulation and the relationship between the vertical structure of tropical convection and
precipitation simulation deviations were explored. Both versions of GAMIL precisely
capture the main characteristics of tropical precipitation, while G3’s simulation are
globally accurate than G2. The main improvement of the new version is to significantly
reduce the positive precipitation bias in the tropical northwest Pacific Ocean. The water
vapor budget diagnosis shows that the precipitation deviation mainly come from the
evaporation term and the vertical advection dynamic term, and the latter comes from
the combined effect of intensity of vertical motion and the vertical motion profiles. The
vertical structure deviation of convection mainly exists in equatorial Indian Ocean and
equatorial Atlantic Ocean areas, which mainly corresponds to weaker convergence
component in lower atmosphere and higher altitude of detrainment. In the tropical
northwest Pacific and equatorial Eastern Pacific, the typical “top-heavy” and “bottom-
heavy” characteristic of the vertical motion profile are well represented, but the deeper
convection than reanalysis data is still eminent. The wet static energy (MSE) budget
shows that the excess net energy flux over the tropical Northwest Pacific is the main
source of the modeled vertical motion deviation. However, the deeper vertical
convective structure results in a larger gross moist stability (GMS), which offset the net
energy flux deviation and inhibited the simulated convective intensity. the significant
improvement of precipitation simulation in the tropical northwest Pacific in G3 Is
mainly due to the reduction of positive deviation of convective intensity. The down-
regulation of convective threshold and stratus threshold in G3 increase the frequency

of convection and inhibits excessive intensity of vertical motion. The vertical structure
3
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of tropical convection has various and close relationships with precipitation deviation,
which should be paid more attention to in future model development.

Keywords: GAMIL, Ocean precipitation, Vertical structure of convection, GMS
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1. 5

o

B A A ARG P T A% D IR o WD AE R R, B KR SRR
AR S K SO AR S MR R AE 2, YR A VAT I S B A A AR R A KR
Ol: MBERAGIN AR, BEAKRT R KA A 7KIREESS ok 078 PRI, AR
AHNUIRAE T EEBEERIR, T HGE KSIRIEE. Bk, BAKRAE
AN AR AL A A% O LR

B AL RS B 2 GO B R R RN T2 55 R 91 52 e B i 72 e 5 30 g3
FERAEEAE R, AA5ASE PO T i A2 114 20 1) R 44 o ¢ 5 ) 3 Bk /K 3 O ASEA0. o A
b, BRI AT IR, Bl AR AE AR SO0 5P b R B R LA FH 25 B4
JIHIE E R AR(Dai 2006).  FHU R BIAS R BN A A PRI 22 A S A B
P A R I SRR, R AR KRR R T A AL 45 B (Bony et al.
2015; Larson et al. 1999; Ji R4, 2019a), ORI LIl ok 1R K
HDEZ S

SR T B K ) R BORIR, TR 2 5 - PR AR LR F 1 E ZE P M) (Bony et
al. 2015). E R IMAEINEAR F B H RIS K, WA UR RN 2 R AR 7T
RIREA ATV O T FAHT R R AR B (K3l JUHFALE , BT AN C A AN/ 7t (Arakawa and
Schubert 1974; Emanuel 2007; Neelin 2007; Neelin and Yu 1994). Xiiitid s fe
4 — AN B RBEAR B A BRI AR s DRI, AEBOR 1B 2 RUBE BT LKA A 3
RE (TSSO 25, TRt R 1) e T A AR R L8 3 [ MR U e e 5 DR RUBEER
TSN FE BN RIS X — I URHIE R O R HE P4 (QE; Arakawa
and Schubert 1974; Emanuel 2007). A1, Xt is R 45 95 26 e 72 50 271 H 2 51 (Betts
1986; Neelin and Yu 1994; Wills et al. 2017), 755X X {0 It T8 B 4544 2 A 1R %
(RIRe At RIS T YT ¥ S 487 0 DT o R 5 YT L 5 4 24 R UB 48 HOIR 25 (Emanuel
2007). XFRLHET- T I VF 22 MRV Z B )7 S48 FH (Arakawa 2004), HU1S | R 4F
R

FAATE NI DR T LSS M AR, ATAE T — R T R B 25 AL
B E I, HTHREGA I B2 3 B4 M AZS (Back and Bretherton 2009a; Back
etal. 2017; Chen et al. 2016; Yu and Neelin 1997). FEigHE S 5HRI MR, #f
e LIS B T ERA R AL T E R KB (top-heavy)” IR

5
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s 7E PR I b SR 0 P DX B AR S T4 R, T SR TR R PRI i A\ 1) e
171 4 M I DA 4 R K B T R 179 J=) b &P 7 (Back and Bretherton 2006; Back
and Bretherton 2009a; Neelin and Yu 1994). 7+ R A FEESE ITCZ BOABRK X
B, SHARBUR DAL TR R R “IER (bottom-heavy)” FRATAFFE; 5
DRAHRUAH S, I AR AR JE BB K AR ) B4 i =0, SRV PR IR AN
51 #E 1) §E & (Back and Bretherton 2009b; Back et al. 2017; Fuchs - Stone et al. 2020).
USRI TER I, ZRAPE ITCZ XA AR A 5t B 597 |0 /K Je T T B 25 AR OG5
FEJE/RJE WA, ZRAF-FERT AN, K 1 38 8 1)U il AT 522 1) [ 7K (Chen and Yu
2021). Kk, PP A B xR B A, BT SRR K PRI R
2y W TRTHE RO T #vr K B A B B 3

PR, O A R Ay KA I AR AT, KT B 45 M
1 FERAS W 4T 7K 4 BR 3G BE 14119 B (Bui et al. 2019; Chen et al. 2016; Chou et
al. 2009; Cronin et al. 2020). 7 KB, 4=ERIGHE AR IR &4 45 S g ia e
GMS (gross moist stability) 3K, @E TIPS, X 5B 7K i 5 3d Bis2 0 (Chou
et al. 2009). 1% CMIP3(CMIPS) 2 B2 Wi 73 TAE, sl 10 E B 451
72 S A BRIG I  A5 6 R B 2 (8] 43 A7 (1) TTHR(Chen et al. 2016), XS
DA R AR B 23 [ 43 A, 5200 T GMS 18 X OR R ma By, 78— @ FE R Bk
SE T PP IE /K T R B 23 18] 73 46 (Chen et al. 2016). X EERIF 5T S T 47K
RS 97 T L5 AL B R o B KRN BR AU A BRI B I ., LR E) T)Z 1
WFFT(Ma et al. 2018; Ma et al. 2020). fE4BRRJE b, ZHESREES HE N
g ) AT B K Tt (Held 2006); ABAE XIRRUE, BOR BB RRI AN 5 1t 204545 il
IS FERFTHr 40 (Bony et al. 2015). X B BRSO T R B /K B UK SR A7 AE
TROR AN o AT B 45 R e A AN M ) — A BRI, AT B 25 R 1
FREFF AT CMIP6 A5 Ay B /K M BE RS 4040 PP . — D7 THI AT DA ke
KSR R U, 55— 75 T A Bl T AT R ANt 2 4D 38 e x4y e K
(Y FAUIU R TS o

GAMIL & FFRISE KN ERRF 7T T A ERFRAG s R SRR 1% KA
TE R KA 85 HAR RER r B &7 Y FGOALS-g fi& =X, 257
CMIP3, CMIP5 LA Sz #E4T 1 H) CMIP6, )2 N T & 2R UM A8 AU AR AL I
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W 7¢(Li etal. 2020). M CMIP5 % CMIP6, GAMIL %41 T —IKRAT . ¥ K
(] GAMIL3 (G3) B m 1IN 2098, ot 7 REMYEE S8 T &,
RGBT EHEEAT 7 —Sif % (Li et al. 2020). FHH T GAMIL2 (G2), G3 fEfg
BE A MRS ADL HH BT I P P K PR B 5 2 A RFAIE (L et al. 2020)0 {HIX—$2THAYH A&
JE PR AN B o BRI, AR SCUERIBE TS K VRS2 W W I RRIZ WA LR GMS
W, X G3 Bl K SRS BT RV 3 DR KA
T 5 1 S A

AXWEMWT: D EFUMESL, W GAMIL3 5 GAMIL2 75 #ViF i
SRS B B KRB T s 20 MOKIRISCE A B, o BT B K A 22 RO R I
WA AR B A MR I 0 At 3D BB SRR IS T, HE i R R
KIMERIBE BRI 4) 17 GAMIL T X B MBI ras, WA
ST FLA I 5 K M Z B R AR
2. BERLRITEE
2.1 A

GAMIL &Rt K PEIE T T 5 B R IR RS, RIEES
2 it Z IRRATEIE, A74E = AN IEXRA(GAMIL1-3). fEY) B FR A F, G3
KHAA BRGNS TR A AN 1.5 Wil 52 )7 % (Bretherton and
Park 2009; Sun et al. 2016)&#: 1 G2 MK 1 B 477 %€ (Holtslag and Boville
1993); G3 HH i I HUR 2 e iR 2 B TH A4S 2, 1 G2 Hh B #4578 T BRI
G3 xSt sl ae RIS A I 2 7R S E 7 % H(Wu et al. 2007), 1X— %
R F LSRR EEIETI. = 005 B AR R 0 SRR
(Wu et al. 2007; Zhang and Wu 2003). Jb4k, AR & AR 5F R B I HIR R T K
SRR ARG AR AL A AR A

ERYES RN -, G2 WA FBIFERHE, B A=, 5l
TS HAA R SHR =@ R R RIS 2 R R R AR S
ERmNMEE SR EREREE (LTS) 2WEH. £ G3 |, —AMETHEY
JaoRF (Estimated Inversion Strength, EIS) HIEM =7 R T EM = X i,
(Guo and Zhou 2014), HUR 7 A BIX i Z K E 2 € E (Lower Troposphere
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Stability, LTS) J5 % (Klein and Hartmann 1993). Bt4h,  G3 T 1 A6 fih & 1)
FARHE B A 5 750 )2 25 T A R e I A1

Al A G ES FERE N G3(G2) 7E CMIP6 (CMIPS) #3ifE ¥ AMIP
WIGEE A . AMIP R38R F 1979 4 DAL (0 i i AN UK AR il 57 26 A4 3R 3 K
AR RZESE, 2019b).
2.2 BERHE AT

AR SCAE B T A BEORE A O o R A TR o (Buropean Centre for
Medium-Range Weather Forecasts, ECMRWF) #1—4XH 7 #71 %kl ERAS(Hersbach
etal. 2020). NT{ELLE:, FTE FEEIIER 1980-2009 4JF 4t —fhH{E $2.5" x 2.5
B b, FEE T A _EEEL 1000, 925, 850+ 700, 600 500+ 400+ 300 250 200+
150 100hPa %)

R K WLk~ GPCP 2.3 (Global Precipitation Climatology Project dataset
version 2.3) ZH [#7/K (Adler et al., 2003).
2.3 53Tk
231 KRWCCEH 5RE a2 WiT s

FE S TR =g 72 S R B, AR SR A T /KIS IS8 W 25 iR DI BRI W7 ik,
KA 227 A B JR IR o H BTIX — 7 vk B 2 sl TR U RS K ZE RIS
r(Chen et al. 2020; Chou et al. 2009). #& /KXW W 7 F2U1  frs:

P' = ~(@0,q") — (0'3,3) — (0'3,q") — (V - Vq)' + E' + residual (1)

Hrr, (7)FR ERAS FAHT R 1980-2009 ERIAETHSMRA; /Rt
BRI AES 5 ERAS BT SRR 22 SR%5 5 ()RR T | B 5 1) LI
BEFRBEMD: o NpLIRR FHEEES; VAKTPRER. LRAPKRFEKP,
ZRREWISA AW /m?; gk b7 2RI R B, SN RE AT,
SR IR S W R S DR R RN I — 3K

MR 71 BE ST 2 24 BRGSO IAL X K LI 3 1) B PR T (Neelin
2007; Neelin and Held 1987). i Id 75 71 BEWCIZ WREWS [n] ki 52 5 B AT KIRs
PR ELARI B DR IOT, BV PTG B A5 T AT 5% 4 0 e 2 M /IMELLE B ) 20
PR e R E . BLAh, W I RE T R AL SR T AR i & R AR IR,
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SR ER JIRE TR, R LLBRA N I O 22 1) B B KU, 98 73 AL Al 22 12 s FR) DR A
Rz W
(w'8,R) = —(@B,h') = (V- V(q +T)) + Fje, + residual 2)
Hbh =T+ q + ¢, RELH AL (moist static energy; MSE), TRETH Liq T
7r 933 b e Ikt ik, RZE R IR Ly, FeAONBEEHANL] /kg; o NALHBE: Frer
RER AR E ) REEE
ﬁﬁh@@?ﬁﬁ%%?vm+Tﬁﬁ%ﬁ~ﬁ%%ﬁﬁ@¥ﬁﬁ%%%ﬁ
T B BRI E 2 1 30 -

)

KA /I BEE 5 Fpp ] AR IRE B (1) 7 [0 AR, %78 77 A 5050 LI (Wu
etal. 2017):
Fret = (St —=SI —R}) — (=SI + S§ — Rl + R¢ — LH — SH) 4)
ERE AT PR IR SRR TR ) R IR R STRISHRER M - K A R
L R R RMRR IS A ST o 35 NS5 R N TR R S R AR I
WEE I ReE R . STRIS oy AR M) b e 1) N IR A A A i & REAIRg r AR 1]
B R T A AR E R LHASH 73 ARG IS Pl AR GE &, A
AT AIE. W IERA A KBRS Kl RS I R EARSE RS FHE
ARG T AR RE B O o AR S T B R 1y M P A IR B B R creqrsiey
PRI, DUSE T 7 A R Sl i 22 o e T DAAR 200 R T QR 5 ) A 18 5
Z T2
Fpet = S" + Riearsky + Reloua + LH' + SH' (5)
232 EHBIHNZRESE
A AL X R S I M o AR A5 A DR H) T L3 ) B8 2 I 268 P 78
SREZALIAT, DRI vy A A 0L X ) 3 BLIE B0 R 4 B AT B R I — 30 (Back
and Bretherton 2006). HR#EX 4Kt B H IS AR &8 7 BV Bz 5 22 1
— 543 fif(Back and Bretherton 2009; Chen et al. 2016; Wills et al. 2017), AL ZH
Chen Z5(2016)H1 7 & 7715, B MHRE T HEESMQRIKT2E4, HEAFT
XU ELAS AL BN Bk A T AR R e, Hoes Rk in r
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(l)(t, P, X, Y) ~ Wy (t' X, Y)-Q(P' X, y) = Wrepuild (6)

b, 0(xy,p) = @/ J( P @20p;) AP, 1T R A DL U I

U 2-TEBAF B R B BLIZ B (6 x,y) = Bitp 0+ Q,6p AP, R ES,
R4 B0 PRI S EIAUNAR, BT RAETE ELZ I 5RE, Hali¥e
SCAH 24 T 06k i v 1 A A5E =GR Y 28 — R R AL HXE V - Vi (Yu and Neelin 1997);
Wrebuita 7RG SRS B T B . TREER IR, X/ RReE 2 KRR b
221 3 T3 ) D IF [ 25 56 0 X it 3 4 M ZE I T 4 R e ko Ak, AT
NOHTTEMBRBEH (V. variance fraction explained by 20, FH LIRS I 37 2 B 45 #4911
faetk, HBEFAKXWT:

Vo = lorepuita — wrebuzld“gp/“w - 5”?;} @)

St el = [0, B, Opor e MERT I | RNE T RLLE 1AL

FHU 29040 X — S B BRAE T R I B OIE NFIE R &0 T ZRRER,
BE 8538 o 7 22 AR 20 o 4 A 1 e
i (6), TETIRE) Mm% AT E— D R R
—(w'0,q) = —w}(Q0,q) — ©,(2'0,7) — w]{2'0,q) + residual (8)
Hrf, —w)(Q0,q) AXHRIRE, —@,(0'0,q) xRS, —w){0'0,q)NAELk
PEI (FEZ3 M 3R 09 NLD o 33X — 73 AR (1 78 SCTE T4 7~ A2 s A1 U2 HIORE 43 A1 A4
i 22 %o T B IRL AN 0 2676 22 K DTHR , 46 v JL a8 PO R L8 g v 2 0o A K P DTk
X5 Ko
233 RIBRERE
BLH A (60 JEAT 0 R RENE DL HETE 71 REISWT o B b 57 T3 B I8 3l 5
R RREE (GMS), AT LAMER 52 FE A BE 5 U0 S 1) £ JEE 0T %ot 7 e FEE
ZEHATEWT. 18 (6) XA NI /) RETE BRI (wd, h), TR R 7 .
(wd,h) = —(Pr/g)Mw, )
XM = (g/Pp)(Qa,h) (AL N  kg=Pa~t), B — M-S T GMS(Back and
Bretherton 2009; Chen et al. 2016; Neelin and Yu 1994; Yu et al. 1998), g A= /1N
P, PrsHRESHMEE (pUARR T HRALCH pa). ZEERHE T KRR
RS e, R TE— NS ERTRE ST, AL ISk
AT BN 18 B i B 1) SR BT B
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B DIHEE TR AT R4, R (60 ARG (2) HEIT ZmS ER AT 5
IS IASM ST, TR ARSE GMS (1N s IE R EAT PR fRIT, T E
BIGARLLNET, WAL AR T

(2'0,h)@; + (R0,h)w; ~ —(Qd,h)D, (10)
HETH S AT A0 T 58 FEAH Xl 22 A1 GMS AHX i 22 1 S AH 9% 9K 52 (Chen et al. 2016):
Wy /@y~ —M' /M ~ —(M},/M + M}/ M) (11)

L, My, = —(g/Pp)(Q0,n' YIREE i MSE B30 22 3801 GMS %, Fon# 1w
7y Mpy = —(g/Pr){2'0, R)IREE HHOHIRL I B 45 M 22 5 800 GMS w2, o3l 71w
Zo 20 (11) MREERSCSE (1 A FE K 7 T B S5 440 I 22 5 %o I 5 s Z2 B R TE T —
A, PRIL T IR B SRR . KRR RO
234 BB FEITIE

AT Bui 5 Yu R H7512021), WRIBH K, XA S bR
B QAT E D05 . BAVFEIR A PR KINZ ZE, ST X3P 1) 23 )%
AZIRPTAL B E 3 A050 2 100 48, BE—HH A 1% mle 15 X5 &40 A FEAR T
XFEE BT P, AR BT T X S8AE H B R B I 26 .
3. GAMIL [y #hvi B /KD M Al

\

B

3.1 R FRK RSB 2 I KIS W

GPCP MMFE/K IR, AarEas (ITCZ) S5 A F & H (SPCZ) =&
P IR K IR S 2 LIS AE (B 1a) o ITCZ /& — 40 TR B ML 3h 28 4 Bk
IR o AE TP ARACFYEXR, ITCZ WA TRE AL, M sk BA B E
ORI 5 /518 KPEVER ITCZ MAFAESRMURHE, (I = 58 E s 2y,
SCMYE R K . SPCZ @ AL T F AP — 24 P db- AR ma il 1) RE R, L FRIK
S PELE TR 1 TRE B BT Is B OK, [A) AR 7 TR S 0. AR A OO A B
X, ERAS Fior b BoRME IF i 42 21 7 R LIRFAE, 7ERGERIX (] 1
LN XD 5 GPCP WL BB 23 (R FHoC R 8 (PCC) 183 1 0.97, ¥Rz
# (RMSE) 4 0.82. /& ERAS fEM/KER FAAE— €M RGeS, (HXTHA
AR DX 37K 14 22 2 2 A TR K, X ARAIE 118 B ERAS JEAT /KIRIS 2 I
el ArPE (B 1b,c,d)s

11
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BAEKE, WA R SRR E B L A 2] T 1TCZ 5 SPCZ (%
AFHE (B Te, & HELEKPREMII TS, G2 5 G3 #FE—EME (K
le, ). PCC 5 RMSE %5 & &85 o G3 MR KIHZERARR T G2. G2 TE#vi
P AE AT DXIRAE A — AN TE BRI 22 P Lo s 75 JAGHS P A7 1E — S5 P K (i3
FEFRIB AR AP EEN A 7 SR R 22 . £E G3 FR, FRGHE P b AT 11 6 /K I i 22 58
B G2 KIS 5 PH AT A 6 43 DX 3 EH 2 i A 222 (1 B AR A s (]
le, Do G2 FETTEME B LAVE I 2R T8 B FEVE X 7R TE 2R K113 XA AE B /K
FifZE, XFLmZELE G3 PR T —a2k® (Bl le, D. A G2 E/REX
PHEE X IR SR K w2, 76 G3 FEMENGE (B le, O,

B 1 (a, b, ¢, &) HWALLAXEZ ERAS F4HT 50k /KR 3 B PR
—(@0,q) > ORJIX 4, FATHIE SO RS . Bl 1 (e, £ THIEL
P T R 4 9 7K i 22 FR) T A7 0] 4 A 2 I DX i — 25 1) 23 15 310 1) i i X A v
TX (K Do JFERKIRIL S IZ Wra 2 T 1% — X3 53 12547

® 1 BT IXEGE X
Table 1 definition of study areas

DX EE S —< @d,q > (ERAS) P’ (GAMIL-ERAS)
XX >0 -
P IX. >0 >0

T X >0 <0
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1 HAFE T K (1980-2009 4E, #47: mmday D): (a) GPCP2.3, (b) ERAS5, (c)
GAMIL2, (d) GAMIL3; [E/KMZEY YT ERAS FEKEEL, #A7: mmday-1): (e)
GAMIL2, (f)) GAMIL3. (a,b,c,d) L ESLLLLIR ERAS GO 15 AR X 1Y
A5, Hl—< @0,q >= 0f5HEZ; (de) I () mBEF BN HT QB X
WGt (b,e,d) A EMEANEHEKIATRS GPCP /K BEHIZ [H AR R 2 (PCCO Al
YriRizZ (RMSE, ¥.7: mmday ')

Fig 1 tropical spatial distribution of rainfall (unit: mm day'): (a)GPCP2.3, (b) ERAS, (c) GAMIL2,
(d) GAMILS3, and the rainfall bias with respect to the ERAS of GAMIL2 (e) and GAMIL3 (f). The
red solid line in (a, b, ¢) is —< @d,q >= 0 contour, which denotes the boundary of convective
zones, and the red (blue) dashed line in (d,e) denotes the boundary of drier (wetter) areas where
P' <0 (P' > 0) and overlaped with convective zones. The top-right labels in the (b, ¢, d) is the

spatial pearson correlation coefficient(PCC) and root-mean-square error(RMSE) in reference to
GPCP2.3
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(K38 M 22 B L PN T G20 IXAREF U R T 1 SR I B K w22 20 AT ol .
o S A B PR I X R 28 IO, T RSUAS I e 22 2 | FL A I 20— i o 28K
TR AR E R G2, 5 0m T IRIEX A5 B RS, XK R 2 1 TE
SR TTHREL/AN s T PR ST I e TR X S, HoR S TR X ) 7K A
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GAMIL3-wetter §
GAMIL2-drier ]
GAMIL3-drier 3
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B2 i T X5 e DX B K O 22 KT S 2 W GRSz W /mP). R, i (20 A AR i
(X, R EHAE GAMIL2(GAMIL3). AR FRZIEE ER& IS XS 2.3.1

Figure 2 the moisture budget bias averaged over the wetter (drier) areas (unit: W /m?).bars in blue
(red) color denote the wetter (drier) area, in lighter (heavier) color denote GAMIL2 (GAMIL3). See
2.3.1 for the meanings of the items on the abscissa scale
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Figure 3 the further composition of the dynamic bias (unit: W /m?). Left(right) coumn represents
the decomposition of G2 (G3). The brown, blue, red, purple solid lines denote the boundary of TEI,
WNP, EP, TA region respectively. See 2.3.2 for the meanings of the items on the abscissa scale
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Al [X 45 EL A 5 5 A £ 52 PE(Back and Bretherton 2006; Neelin and Yu 1994). ERAS
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TP E LM A, G pE 2 KX imbe K (B 4 B1~2). G3. G2 HIXS ks /K
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AR ZE (B 4 A2~3) . FEFRTEENEEVE (TED LASG R RREIRARIX, G2
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R4 35 2, AR %) X — DA IR S5 M . G2 R BE IE AR
IRTEEIETE MIO BYZR A AL (LA et al. 2020), X AT AEFISS 1 /R8BI EEVE RO
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MZETE G3 IR B, thah, BETE WNP XS mfl T Vs 76 EPy TA IX
ARG T Vo LEXTE 3 5 4, FATRIUCMEV, XL, @1 TEL. TA, HAEKX
(R T B MR ZE s TV SRR AP I X 35, a0 WNP. EP, XS B 451
P ZE AR B/ o X U B SR M i A AN A AT e & TEL A1 TA X350 3 B
6w 22 T ) S5 AL
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Figure 4 (A) the variance fraction explained by 2 (unit: %), shaded region is the convective area;
(B) the convective precipitation (unit: mm day ') of GAMIL2(B1) and GAMIL3(B2); (C) the
difference of V, (unit: %) between GAMIL3(A3) and GAMIL2(A2); (D) the difference of
convective precipitation (unit: mm day ') between GAMIL3 and GAMIL2; The brown, blue, red,
purple solid lines and hatch denote TEI, WNP, EP, TA areas respectively.
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TR A R 23 B 5 42, T G3 AT YR RO VAR ik & PR G I R R (L
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ANFF WNP Ml EP X35, TEI fl TA X1, I EIE80 02T IEH AR E
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G3 AR KRN REAL LR (CMT) WA T AR ESE T R H, X (S
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K5 (a, b, c1~3): 7E WNP (a). EP (b). TEI (c)\ TA (d) PUANHEX I ERAS (1)
GAMIL2 (2). GAMIL3 (3) % HEEEEoMZTIEAR (AL Pa/s); AT TE (R
Ai: hPa), REARKRIY H s A AR XT3 (07 ZE ARV, (BAAL: %) (AL B. Cs
D): XECFRXEEL R, B aRI4RIR ERAS, 0 (EH) L3RR GAMIL2
(GAMIL3)., XHmE 4k D&l brifbab s, MR EESN, ARBER.

Figure 5 (a, b, ¢ 1~3) : seasonal cycle of vertical velocity ® of ERAS5(1) , GAMIL2(2) and
GAMIL3(3) respectively in WNP (a), EP (b), TEI (c) and TA (d) (unit: Pa/s); The ordinate is
pressure (unit: hPa), and the abscissa is the month; In the upper right corner is the regional averaged
variance fraction V, (unit: %). (A, B, C, D) : regional averaged convection vertical structure o,
black dot-dashed line for ERAS, red (blue) solid line for GAMIL2 (GAMIL3). The convection
profile has been standardized so it only represents the vertical structure and does not reflect the
magnitude.
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VRS ST E B TR {U N
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Figure 6 moist static budget terms averaged over WNP area (unit: W/m?): (a) area with stronger
convection of G2; (b) area with stronger convection of G3; (c) area with weaker convection of G2;
(d) area with weaker convection of G3. The orange bars represent positive bias; the blue bars
represent negative bias; the unshaded bars represent the components of F,.. See 2.3.2 for the
meanings of the items on the abscissa scale

T HE ST ARG 72 2 IR 19 R R R 22 A X R RSP iR O I — T, 7E
G2. G3 —8fwft, H G2 WZE®RERERT G3 (B 6). M (3 #t—F
ORISR 22, FRATTR IIX — (22 1 32 ZEDTRRITUN IR 2 A /K VR PR AR 2R 1
E-(V'-vq') (B 7 HEED., KErE7ACEREE 2545 WNP LS ERr
TR ZSEFEIER, &R T G2 FEKRIIKICFRMmMZE. $58 F, XK R 2
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MR AR E AT (B 7 a). X — IR 22 BE S 4 Hh 4 FE B b 1 123K
AL BRI + o — 5 T U@ = 22 R 000 1) B IR SRR 28 P8 il 2 <) o 2
JER%, I A K R ZE BRI R AL . 52, G2 WX R &
i 22 FHASNE SR i 22 0 A2 A5 200K A0t Aty 78 b ST 3 14D 1 B 7 i 22 PR A o A
A SR A FE T X R OIS P O 2 R DA A S0 R Goxd B IE K A
ZETUR G BAE—ERERE LB T WNP DO FEsR B T BRI 22
B, BIHFAR G3 hRKmESEER . FE b, BEE G3 h WNP X
TF B /K i 22 BB D /0N, K 7 RO PRI A 22 5 7KV 22t KR s 3s (BE1 7 b))

AR AR, BBl /) B8 2 BT IR 8 1 IE WNP 7KK 3h ) i fi
SRR 553 14 DX g b — B0 K, X R FE /KR BN 7 004 55 1) XSt 5 22 1 e
TR A, RIE R KR E B i w2 Ak, G3 R
MR ) Re TR B S 1M ZEEL G2 IR B AR, AREARRE IR K ZEAE G3
ek . BTN ARG Y, XU TR B A R A E KA AR E B GMS
AEETTHR; EAAMRKRE FkE 7Rt R AR, HE MBS
1E 47 (Back and Bretherton 2006). (A tt, F [HFA @ L 2B GMS, #E—3 53 WNP
DK w227 4, T JEAE G3 AR 2 B 1 JR A
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Figure 7 integral of low level moist enthalpy advection deviation — [V'-V(q' + T')dp (shading;
unit: ' W/m?), only absolute values larger than 8 W/m? are shown; Latent heat energy on 850hPa
(contour; unit: J/kg), the thick solid contour denotes zero, thin solid contours denote positive

values and dashed, negative. the 850hPa wind field (vectors; unit: m/s). Yellow hatching denote
the WNP area.Top(bottom) for GAMIL2 (GAMIL3).
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22 (AR AR A . DX P R R, A O i v Y B R AR HORcRE. (B
fii = ) GMS) THFE, [ R VA £ — M EON A BLITEE N - AR,
X I 22 K A 13 GAMIL BB UF A 42 1) 1 2 i U0 TR A FAHT IV B 7K oy A
AUE o AFLE AR TR 1030 Hh , X i 22 4 B ) SR B FF) S il B2, 50 NS s i
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AR P Bl AL K — R 22, A TIAR B IR I (1 fi# B (John and Soden 2007;
Tian etal. 2013). G3 {EXViLZ T ZABECT G2 A TGS, 655 i ¥ 2= 41K
HTIREARRI R ZE, IERS GMS #8730 [ Sl 25 0/ o 30T XA ) 5 2=
FEXT I Z 2 338 35 VE F (Fueglistaler et al. 2009).  H1 T Xt iid FEAZ = i 2 1)
BURSHOAHE, G3 RS =B L (L et al. 2020), X2 EXTRE B WO
LN 2 KR BUESUZ IR, TR GMS K. Ah, mEigE
& G3 K EshE R I ERE (- 6).
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Figure 8 (a) scatterplot for the bias proportion of GMS (M’ /M) and the relative bias of w; (w]/@y;
GAMIL relative to the ERAS reanalisis) in the WNP area; ellipses denote the boundary of 2-c¢
confidence; the star centered in the ellipse denote the mean of the scatters with the corresponding
color; the top-right labels denote the correlation coefficient between (M')/M and w]/@, , corr of
both models are significant as the 95% confidence level. (b) the budget of regional averaged GMS

bias. In (a, b), red points represents G2, blue triangle represents G3. The grids M <0 or relative
bias larger than 240% have been removed
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30



663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686

5.2 Wid: MR ISESE M

R FH Bk 7K 5l B2 of ) 3 3 ELE BBk AT 23 A1 1, RIVAT 45 3 /R /K B B 5 0
e T 45 K6 6T I 9% 2R 1 [ 7K IR 1) 5o 37 1 (2.3.4; Bui and Yu 2021) . BI04 O HGHE SR
WEFEHR, 8RR 2 IR AL 5 P P 255 (Back and Bretherton 2009;
Back et al. 2017; Chen and Yu 2021). iUt AL T3 RE ERyZES, i
MR X X 70 R S AL B (Betts 1986; Bretherton et al. 2004). 7 & 75
CEAF AL TASAD 17 0 It 1 52 3 L B R AN IR R, U L ORI A TR SR 4k 40 A
IAFAE — BUBONBRAS RS AZ X (B 10b, o). SRT, BRI SR
J&. RAEMRG, B E R R RS ES:, W 2 IAFE T B R X (&
10a),

A EAL R BRI ST, iR =8 D iR 0 — Bt S 2 o 1t
R VR 17 8 (Arakawa and Jung 2011). 17X 0% (1 78 S P A A X e — 0 1)
RURIN o A o Pt R R A R SR AR S Lk A EL W [, e BB A A R /9 %o
TR BSAE, (BRSNS [ 7 ZE IR0 7E S A B AR A0 D] B AR B M S R AN 48,
Tk B IR R - I S R e . DRIk, 7R S B IR i 4 A7 A
SRR — R RIEFIMSEN T R 218 id g —, HarE b L O&im
HEZ2ANTATH S, WEAAREEN P AR R Zi@EEHLE (eddy-diffusion
mass-flux ) A 7= ¥ i 37 1] & (Higher order closure) (Larson and Golaz 2005; Siebesma
etal. 2007); KA HE RS ARG T 2 HE R, d B A A AT
RIFAF L -

BT UM S, PRI 43 85 4> A5 73 GAMIL B R0 i £
FERR R (B 10b, o) BEM-SE 7R A 5T 5 & 5 KRG — R W
Zo PEitt, IERRHIERAOA R BRI L R R . K= 3 R — Bt e AR
AR R e 1) — KPR

31



687
688

689
690
691
692
693

694

(a)ERAS

hPa

1000 J”N | T T T T T T T T T T T T T
(b)GAMIL2 ~5

(c)GAMIL3

100

10 20 30 40 50 60 70 80 90

10 4K IR H 2 B K 7 A8 ) H F IR AL T B ig w0 A i (a) ERAS, (b) GAMIL2,
(¢) GAMIL3. HH A bziy 1 2 100 HAMAL, S0 XKEON IR X (2 %E 1 5% D.

WO EDY A A S B Bz e, UGS ARE R .

Figure 10 Binned normalized w by monthly mean precipitation intensity from 1 to 100 percentiles

bins over the tropical convection region (refer to figure 1 and table 1). Shading is bin-averaged

normalized w, which only reflect the structure of w don’t represent its magnitude.
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