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Abstract Based on the 12-36 h hourly precipitation forecast data of CMA-MESO staring at
08:00 BT and hourly gauge-satellite-radar merged precipitation products in the summer (June to
August) of 2020, the performance of CMA-MESO for precipitation forecast in Sichuan Basin and
the surrounding areas is thoroughly evaluated in terms of hourly precipitation characteristics. The
results show that CMA-MESO can capture the spatial distribution characteristics of summer
precipitation. The observed larger values of hourly mean precipitation amount and precipitation
frequency are located in the high altitude mountains in the west, north and east of Sichuan Basin,
and the observed larger values of precipitation intensity are mainly located on the windward slope
of the mountains, but the large centers of forecast precipitation amount and precipitation
frequency are located in the south of observations. CMA-MESO reasonably reproduces the
diurnal variation of summer mean precipitation which is the eastward-delayed diurnal peak phase
of precipitation amount and precipitation frequency in the study region, the bimodal pattern with
the diurnal peak in the morning and the sub-peak in the evening of the regional averaged
precipitation amount and precipitation frequency and the single diurnal peak of the regional
averaged precipitation intensity. However, the diurnal variation phase of forecast leads that of
observations. The forecast hourly precipitation amount is larger than observations, and obvious
positive deviations mostly occur at night (21:00-03:00 BT) and from afternoon to evening
(14:00-20:00 BT), which are mainly contributed by forecast deviations of general rainfall (0.1-10
mm h™1) and heavy rainfall (=10 mm h™) respectively, and the large deviations are located from
the southeastern margin of the Qinghai-Xizang Plateau to the western Sichuan Basin and in the
east and south of Sichuan Basin respectively. The forecast deviation of thermal field and dynamic
field combined with the influence of topography is found to be the reason for the forecast
deviations of rainfall amount.
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B 7K H AR B K AT AR, e KA S AR KA s A =9, B
PO IR R AR EAEIS . AESHBEMAFEFES) (Yuetal., 2014). WFFCREK HARMLER
EA BT 3R AR B K B8 AR R, VGRS AU AR I 842 . Yu et al.
(20072) WRFEHaH, oK AL S DX, b AR B A AR L 5 £ 1 2P
Bk B Bk UG E, 1175 780 5 R G 1| e PRy Bk K B W 22 R AR AE AR . R4S (2013) 3
— 5 A e I I 2 A N R P K F) AR HRFALE , i R RIS i K AR ) DX IE ANV S5 K
RIERRAGAR, B2 REEHIE. WA SR

VU1 st b T JE R, B SRR ER Lk R IR L bk PR L ik, i K A
LRI A A o 2 Z RIS 2 1B BOFE RIS R, DU )11 7 7 o 320 1 DX ) B /K R o
HBRER, Sl i, JTeamMutksExFH (Luoetal., 2016; M%5E, 2022; #Hr
TAF, 2023). Chen etal. (2021) #FFufi b E PG Ra 1L X R ER W HAFZ (L 5~8 AR
A mr AL T B, B R BT PG AL AT R P A . 2E9RsE (20200 AFALTUU)I]
AT VE R A R L, 48 AR SR K 2T a6 T b Ui 21 2 H 08 I, HAA =3[08
AR EAHIFRY], D)1 R A X B b S 2% (RG4S, 2022),
FCATHRE FEAH AR X B (1 B4E5%, 20100,

G a8 T BORHRL BRI B 22 B 77 R AIZ AL, RPATAT 20 FEp URas R i, A
N BEKTERAIA 7 TR o Iyttt — R s 2O K B P dm 22 « SR THE Ul e 1, 56T
B 7K H AR AR XA AT 20 HARS SRS AL VAl KT € (Love et al., 20115 Prein et al., 2015;
Lietal., 2020). Guo etal. (2020) I 4 km 73 #%2 (RA5 TT F - 47 10 o [ 2 3 A A
L, 45 RR WA KR H IR IE ORI T K& . Caietal. (2021) 14l 7 B RUKH
TR AT 43 AR x5 2 550 e S AR 9 R I K T e, R IR T DA B RAE K
G UG AR I TR AR SR TR) 2 4K H AR AARRAE . PR BASE (2021) I T R R A A
I VPAEBERE , 45 AR O AN [F) X IR 7K O 1 B T BE A7 AE 22 5, PR 52 DXIIT e K H
ARAL VAt A2 ST QN KT R R B

20194 6 A, 3 km 2 #EE iR 24 CMA-MESO (China Meteorological Administration
Mesoscale model) IEFizAT, SLB 178 o rh [ DX i m] 70 RO BB Ttk , B H RS
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TRl 5 $2 40 7% 038 (Shenetal., 2020). XF CMA-MESO HIREIE Wl TAEEKETF
J&, WFRH CMA-MESO X 5[4 /K V& X R K R AFE LS (GRFIN%E, 2020), *t33
i PR ) TR e I AR TR A MRS O SCot%%, 20185 5K/NESE, 20200, PBRERSE
(2022) HWFFEKBL, CMA-MESO XJ# 5 B A B K Tk 5075 5B B VA % . VRIS
(2017) WHFL4RH, CMA-MESO R ik o 7R3 1 8 1) 1H 25 e /K B A [ /K AR R o T
BRI S A4 AU 1| 7 % 70X, CMA-MESO [ /K Tl A A FORE AL SRl TAER D
2020 5 DY )1 74t K A ¥ 5 A A FRATUR , 6~ H E e b DX R S0 8 P /K B 4 A
5 ML (ZFKAESE, 2022), £FXF 2020 4 E SR MK TR IPAG BE 055 HE XS 2 RO REA A I
CMA-MESO R /K TR P RE o

BeAh, HATHET 5L 2 R A B S RGBSR, (R A Bhh A A, A REEU IR 5 2k
N BRI (RIS, 2013; Shenetal., 2014). & F| i ERSSMEME 244 K&
e 7K et 5 2R 2 DR~ F v SRR, ) PR o FF 2 0 % 26 B /K W L R 440 A LA PR 55 18
VE (FURAAEE, 2016). Ak, ERAREEIOHR T @R, o R m-
TR -TEIE ZVRR G B K=, %P RS A T AR R K BRI R A, TER SR I
M ARSI ST P32 Z N (RS, 2018a; JA HYLAE, 2022). 5K
%77 (2020) R ML =IRRE FEAK = S HTRE 2R 22 08 K A K HARAARAE, Fi HH 1%
v P13 UL BE 5 B W 45

BT UL RHE, ARSOR - R A IR B K SR CMA-MESO =08
RGBT 2020 45 5 200 1| FHh K I X (K R g, B TR /NI PR R K
B KRR N B K R R S /NI JUBE B AKCRRAE , AU A XL P 40 ASE Q7 2 4 S X 3 o
F B SOt R AL SR 5%
2 BRI
2.1 %8

HE T My - PR A = R A IR B K, JTE CMA-MESO [ R /K TR M RE VT A
FEFCIN B 2020 AR E 2 (6~8 H ). WFFTIXI DY )1 2 & A i X (25°~34N, 1009~
114D, AHEPY )1 Zod S L PaER T Tl ik AEFBOR B bk 2R e L Jik LA R i 38 DR 28 1. ik
X (B 1. H5 BT Rk s R B2 Kl . S B M A PRI HN R
Wi, BlAVORME T S R IS A R e JEE S, 2019), PRItk e 3 km LAk
XA I X (B 1 A X D
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Fig. 1 Terrain elevation (units: m) in the study region. The area shaded in gray is not included in the study

2.1.1 WM E A%

W G5 b R A T - T 75 A =R PR it P A UL aR , JFCa 1) S
PR L/, JKF 73 #5304 0.05°X0.05< 128 dfmitl il 52 2 s B UL e i DU i Y
P ITE MR, T 4 T3 E B R IR K AR S 5k B RS
(National Oceanic and Atmospheric Administration, NOAA) CMORPH (Climate Prediction
Center MORPHing technique) 2 Js 5 B /K 7 i LA Hh RS GRS G PRI v Lo 1) PR 78 058
5 PRI 7 R 5 10 BRG, HRE PEEDIE T AR AT B — SRR B i, Rp AR ol i A b X LAY
L% (%75, 2018b).
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7K BT A e /K SR B8 1) 4% I AH DG SR 28003 70 0.873. 0.841. 0.775, 345 A5 %43y 0.059
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AN SHIZI 2 m R R .
2.1.2 B XA By ATRIE

CMA-MESO 2 HEA G H B B E R B IS, 2022), HIRIX I
9 109-60.1N. 70°~145F, KF-4r##3H 0.03°X0.03% FEH 7k 50 2, B0 10
hPa. 31BN AE SR A 2 B Ribg WA H 229y 7 %6 KF Arakawa-C Pf% 2. SEE 7
0 P T B B AL b R 4 W] R AR A P 3 JIAE SR . B FE S MU T R A WSM6 =t
7% RRTM K 4R 77 %€« Dudhia F2348 51 77 %€ Monin-Obukhov i 11 J7 %¢+ Noah
Wi T AR A NMRF L2 %, KRR A SH T 5. BARIKsI%K H NCEP 4
BRI, Gl =4 BT RIGH RHE L R G IR . PR GPS KA AU
MZETERL. 2020 4F CMA-MESO % Hig47 8 ¥k (00, 03. 06. 09. 12. 15, 18, 21 Hf, i
FURD), {EHFHN 00 A1 12 WA B, FEILARI UG ATBE 5 SIS SE BT, TR A0 36 h.

ARSI A B R 2020 4 2= (6 A 1 H~8 A 31 H) CMA-MESO i#H 08 i} (dt
HU, NED AR 12~36 h B P S8, R U 20~20 I IR EdlE, Bk
AL PR K B 2 m AR . CAPE fR. %5 H1H K37 il L g £ dE

T A i K F B AR A 7R o0 (European Centre for Medium-Range Weather
Forecasts, ECMWF) & Aif] ERAS B k% nifidii, /K-F 7338 0.25°X0.25< WFFLEH,
ERAS B4 REHEUT S M vy 25 A B TH] Y B 245 2. (Belmonte Rivas and Stoffelen, 2019; Hersbach
etal., 20200, R T HHTH T BRI EK 8 HILE, 2022).

2.1.3 #HB4E1A

NAE T H o BT, A SC AR A v, 388 3ok XUk 1 5 R B — B i 7T 3
P TR PR TR BRI, Ko A B 3 (8 A 0L B — 2401 0.05°X0.05 6 5 L
Sy AT T PR SR SARAE R, RS QB 4 1 A L (L8 s AT e 2 PR IRU I B, A6
A A ERAS Hdfs — 01 0.25°X0.25%% s L.

2.2 &%

NI EK R BRI RIRBE (1T 57555 Ganetal. (2019). F53E4% s/
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BMKE (AL mm h=) JEHF TR B S i b BT 2 K R s B 2 f A
PSR (AR %) JyFEis mi B R KIS S I I B 2 b BRKBREE (B

mm h=1) JeBEs s B R R K E S K IR . 2T BL T, E SR A
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7\ 08 I R4 ) 12~36 h i 45 S AURH BRI IE A , TSR 78 X 38 P &4 7E 24 h (20~
20 I ) I IR /ININ P S8 Bk B BRI, HC e KA H I A I i D E AR AL AR I 1]
T J5 0 DX 3P T LT S5 45380 D ) 1) 2 % Jo 30 B 1 22 P B /K ) AR AN T AR AR AGE

B K FFE XS Yuetal. (2007b). 5 [/K TG 22 45300 (8] E Rl A BRE % 1 h,
JUPRE e B /K SRR A O — IR B S A s 25 B/ i Ja B TR BRGER T 2 b, JUDRE T 815 B K
TR KA o PR ARF SN 8] RIS P K SR IF a6 SR S5 RO TR), R AN T 3 h iRk
AR B K F

3 RFEREKIFE R TR ITAL

3.1 PEIKE=I8) S MR AFIER TR IS,
B 2 A 2020 4F 52 200 -5 TR (14 /NP 480 [ 7K R [ RO 3 A o8 7K 3 R R TR A 22 ( T
WIE MM, FED B==m04m. HE 2a, W K & AR X BT DY )1 250 75 6356

(e T ik A AR AR A R B LR S 2 s (0 R L ik, 0.7~1.0 mm b=t (KA Loz

el T ke By R B i AN R LLBK AL S o BT A B 7K B 2 [ 3 AT R I 5 W e A —
B, AERAE XA BAERIw S () 2b). HIE 2¢, BIFFEIX Sk B K B Tk DL IE w2200
FATE 0.5 mm h=L {1 2 A DX AT 75580 e J A e 4 2 0 ) 1 2 b e s — 5

TP 2d, L0 ) B A 23 [a) ) AT ARFALE S5 B K B O — B0 B 22% 915 RAE X 32
BT VU NG PUER S JLFFI AR AR R PR B = A L X, Ul BT AT ) T B K i B, (H %
Hhy R R LU X BRI AR, FIRKE S (2015) FRHX S ILAKER . 2w K R 55
A%, HZEEIACZE i R R 5 75 2 AL R PG B K e BT AR F R sig 46 71, BRI EE 51
P 7K o RS TR Y 72 G 350 PR B S Al R, A ) DR B L JB oMY s 1L Bk 1B 2 B R AL X
FrEMmEE (B 2e). WA 2f, TP LXK K2l DURE i X R B AR SR AR A, 0 3
AR DX A B K AT BE R AEAE o ity O HLAE 759 R T 45 2 110 )1 2 VG 50 1 v P S (TR
Wz I 12%) .

HI1E 29, LI A e 7K s P2 R AR DXL ARG B KPR KB XA T ds , £ BT ]l
Fik PAZR < R TS Lok DA R R e 1 ik 28 0K 248 L AR X, 3 BRI A L ks U PR st T 46 THE
AR T A& smREK, SEOLRTREAKR T g OFEYEE, 2020). $EAMY )1 i P /K 5 22
Bom, XMEZFEREREEINAR (FES%, 2009). BEXELFESE | KRR X
WAL E, EWHREEE MR (& 2h). i 20, PGB K 9 Tk S 99 i i 22 (2



=05 mmh-1), HARHIDEE R HERIEMmZ, &RIEmZE (44mmh-1) 2 THARE.
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Fig. 2 Spatial distributions of hourly mean (a, b) precipitation amount (units: mm h-1), (d, e) precipitation

frequency (units: %) and (g, h) precipitation intensity (units: mm h-%) from observations (first column) and
forecasts (second column), as well as (c, f, i) the forecast deviations (forecast—observation) in the summer of
2020. The black dashed line represents 500 m terrain height in the Sichuan Basin area and the area shaded in gray

is not included in the study
3.2 Pk BEWAFHERI TR TS

B 3 2y 2020 4 H Z= R0 5 TR K K B s B /ROARE I e K e FE ] A AU (LT [ 37 AH 43
Ao HE 3a, BFFTDCAR A UL B /K AR IS 1] 150G 1) 28 AAARZIR 23 ity J 22 7 H 65 s 20
B, X — AR S A2 K2R H A8 1E (Chen el al., 2010), F/KRGi7%:4% (Baoetal.,
2011; ZFR5E, 2017) FA K. HIEl 3c, FEAKSRAR WA I A ALAH 13 o REE ST 6B, 55



fe SR I 2 DY )| P R AT S RIS /R (23~05 B UE{E, AKX FENER
EHFE (05~20 i) WA H1E 3e, BE/KOSRFL G RO AH AT BORAREL, BT R
BT X R AR A 2235 R (20~08 1) IE(E N .

AL AFACIR T B KRNI VAR (8] AR B P4 17 2R 320 e I G, X 75 e SR AR 3
VYN “BCR” FFAEA P ABL,  (HTUR A R RS AT 2 3 hy X 2 AR ARG
WA A P 1) (S AH A AR B, (BT AR e 28 5 (14~20 I ) W DX Y FRl B 2 K (&1 3b D
% IR ) ok 7K 5 B8 P 8 1) 28 37 R VAR IX VS TRl /D VA 22 R BT Jim R B, JCLAE DY 1|
I UR AT LA R X R I B (] 3.
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Fig. 3 Spatial distributions of the diurnal peak phases of (a, b) precipitation amount, (c, d) precipitation

frequency and (e, f) precipitation intensity from observations (left column) and forecasts (right column) in the
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summer of 2020. The area shaded in gray is not included in the study
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Fig. 4 Diurnal variations of observed (blue line) and forecast (red line) regional averaged (a) precipitation

05 08 11 14 17 20BT

amount (units: mm h-1), (b) precipitation frequency (units: %) and (c) precipitation intensity (units: mm h-1) in the
summer of 2020
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Fig. 5 Diurnal variations of contribution rate (units: %) of regional averaged precipitation forecast deviations
with different intensities in the summer of 2020
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Fig. 6 Diurnal variations of regional averaged precipitation forecast deviations (black solid line, units: mm h™1)

and day-to-day evolution of regional averaged hourly precipitation forecast deviations (colored, units: mm h™?) in
the summer of 2020: (a) Effective rainfall; (b) general rainfall; (c) heavy rainfall. The gray dashed lines in Fig. b
and Fig. c respectively show diurnal variations of contribution rate (unit: %) of forecast deviations for general

rainfall and heavy rainfall
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Fig. 7 The number of regional averaged precipitation events with different durations observed (blue bar) and
forecasted (red bar) in the summer of 2020: (a) General rainfall events at night (21:00-03:00 BT); (b) heavy
rainfall events from afternoon to evening (14:00-20:00 BT)
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Fig. 8 Spatial distributions of general rainfall at night (21:00-03:00 BT) (left column, units: mm h-!) and heavy
rainfall from afternoon to evening (14:00-20:00 BT) (right column, units: mm h-1) in the summer of 2020: (a, b)
Observations; (c, d) forecasts; (e, f) deviations (forecast—observation). Line AB in Fig. e denotes the position of
the cross section in Figs. 9a—c. Line CD in Fig. f denotes the position of the cross section in Fig. 10d, with an
asterisk indicating the location of Wulingshan Station. The black dashed line represents 500 m terrain height in the

Sichuan Basin area and the area shaded in gray is not included in the study
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Fig. 9 Vertical cross-sections of specific humidity (colored, unit: g kg™), zonal wind and meridional wind
(arrows, units: m s~%) and vorticity (contours, units: 1077 s, solid lines represent positive values and dashed lines
represent negative values) along line AB in Fig. 8e from (a) ERA5 and (b) CMA-MESO, as well as (c) the forecast
deviations (CMA-MESO—ERADS) at 21:00 BT composed of 18 precipitation cases in the summer of 2020; (d)
forecast deviations (CMA-MESO—ERAS5) of wind field (arrows, units: m s=1) and specific humidity (colored,
unit: g kg) at 850 hPa. The area shaded in gray denotes terrain, and the black box in Fig. d represents the area
with large forecast deviations of general rainfall at night
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