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Abstract The performance of the kilometer scale operational model (GRAPES-Meso 3 km) for short-term precipitation forecast
over complex terrain areas of the Sichuan basin, the Yunnan-Guizhou Plateau, and the highlands of the eastern edge of Tibet Plateau
in southwestern China has been carefully evaluated in term of the rainfall amount and frequency. The model forecasts are verified
against daily and hourly precipitation data observed in the summer of 2019 at thousands of surface stations in the same area. Results
show that: (1) The model can reasonably capture daily rainfall distribution and diurnal cycle of summer mean precipitation as well as
the key relationship between hourly rainfall frequency and intensity over the complex terrains. (2) Positive forecast deviations of
summer daily rainfall amount (frequency) are obvious in the whole research region, and the largest deviations are centered in Sichuan
basin with the bias of 1.1 times (0.3 times) of the observed values on average. Positive deviations of daily rainfall amount forecast in
the complex terrains are mainly contributed by the forecast amount of heavy rainfall (above 25 mm/d) events. Positive deviations of
frequency forecast are mostly caused by light to moderate rainfall events over Yunnan-Guizhou Plateau and by heavy rainfall events
over other areas. Areas of heavy rainfall from forecasts are often larger than observations, with the highest occurrence frequency of
82.8% occurring in the eastern edge of the Tibet Plateau and the lowest of 53.6% appearing in the southern Yunnan-Guizhou Plateau.
(3) In terms of diurnal cycle, positive biases of hourly rainfall amount (frequency) are the main characteristics, and large deviations
mostly occur around the peak time of observed rainfall in the night for different terrain heights. Large biases of hourly rainfall
frequency in areas below 1200 m elevation occur from the peak time of rainfall in the night to the noon time of the next day, which
indicates that the over prediction of daily rainfall amount was balanced by unrealistically long precipitation duration or by false
hourly forecasts within a day. (4) Based on the diagnostics, the obvious precipitation (amount and frequency) deviations of the model
forecasts over Sichuan Basin are induced by the special coupling of the over prediction of southwesterly winds in the lower
troposphere at the south-southeast Yunnan-Guizhou Plateau and terrain characteristics in the Basin and surrounding area.
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Fig. 1 Terrain elevation (a) in the study region (unit: m; A, B, C, D represent Sichuan Basin (28°—32°N, 103°—108°E), northern

Yunnan-Guizhou Plateau (25°—28°N, 100.8°—107°E ), southern Yunnan-Guizhou Plateau (21°—25°N, 100°—105°E), highlands of the
eastern edge of Tibet Plateau (28°—35°N, 100°—103°E; The area shaded in gray in the lower right corner is not included in the study)
and station distributions at different altitudes (b. 0—200 m, c¢. 200—500 m, d. 500—1000 m, e. 1000—3500 m, f. >3500 m;

the number in each panel refers to the number of stations at the corresponding altitude)
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Table 1  Station distributions in medium height mountains over Southwest China
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Fig.2 Averaged daily rainfall amount in the summer of 2019 over rainy days from (a) observations and (b) forecasts;
averaged deviation (forecast—observation) of daily rainfall forecasts in the summer of 2019 over (c) rainy days,
(d) moderate and light rainfall days, and (e) heavy rainfall days (unit: mm/d, dots represent stations, colors

show different magnitudes, numbers in the lower right corner of each panel represent regional averages)
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highlands of the eastern edge of Tibet Plateau; The percentage denotes (component / RMSE)?)
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numbers in the lower right corner of each panel represent regional averages)
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Fig. 7 Observed (a) and forecasted (c) relationships of hourly rainfall frequency-intensity described by dimensionless
variable o and f over the study region in the summer of 2019, and the corresponding spatial distribution of all stations
in a and ¢ for observations (b) and forecasts (d) espectively (In a and c, black dots denote the & and /8 values of all stations,

a and f reflects hourly rainfall frequency and intensity respectively; brown, blue, green, red represent high frequency weak

rainfall, low frequency weak rainfall, low frequency intense rainfall, high frequency intense rainfall)
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A1 LA K it b I 8 B2 00 728 Ak L /DN IR e K BT - iR BB O
Z . BRK B R AR R AE X AR 2 TR R 22 R T
Al RIS FE U 1 2 Hh R K T A A 3 I
ZHRA . RENA EE R

(1)GRAPES-Meso 3 km #5205 G A 0 74 R
I IX N B 21 1 H R K (IR ) 19 25 [8] 4
A FNH N RUEERE K B (B 56) AR RRAE, DL S/ INe
AKBRR FNGE E SC ZR o Gne H R K (305 76 00 )1 7%
KT UNTF) R IR AR 2 1L H, 78 = 5t AL 3R
T T ) B o /DN B8 7K1 AR 03 58 e 7K (i 400555
R oK) 2B B A F U I b . = 5 R AR R (FF

TR R AR . 2 SR SRR R L ) AR IR (7R ) Vi
PoAb o BEAK (U5 HAE 3 (0 50 W B4 I &, 75 7
1o 2R 2 L Hl DXL U )| 2 Ml DX R 7K ek R o K B
RH G0 FRIEEE R, 2 5t i IR X 38 O R
5t A X R K R H IR R S L | R K AR H A
Mo g

(2)BECE B 249 H Rk i (IR Fil i el ik
PR IE i 25, D 25 08 A6 4 4> 1 DX 43 900 Sk 08 0 {2 %)
0.3—1.1£%(0.13—0.30 %) , % Hb X 1F i 25 f1e 58
Ho 4T IX HEEKEIER2ZE FE % Tk H R
JK A TR A 22, (FU3T 5 1 i 25 507 43 R /e R AR 2%
Ly H 9 7 DX B, R R R OK H BT R I 2 5
B, W 2 5 S R G XU R INER B R
RZ R TTER . 4 A X R K (o INRRD) T4 7% X A
KAFRAE 53.6%—82.8%(22.6%—37.6%) , 75 Hi T
DX R 7K i DX Tt ) O K, 2 Bt v SR X R K 7
DX T A R K TR X

() FEA IR K G, 4k B b, BT 2
V35 H B K SRR 22 . BEUTR H R
K | R KOS i b R A A S ) T O 2 7
KA (1500 m AR ) B0 8 3, SIS H & K 5 (45
) (R B = B L P-4 1 (38 ) i 41 3 1 Bl 5
JE /N (WA /N ), 3 e 22 2 R s R K H O 22 48
EES,

(4) R K S (32 ) H AT R 25 B Uk 1004 8 A4 fig
K, LI i 25 B AR O A 7 I R B
JK R TE i 22 KA I AE 200—500 m X8 (4 4 K
T MR K H %R E R R B, A7 X H
Bk K 2 TR A R 1T BB 5 A 65 29 1200 m DL R X
355 (10 )1 A b R AR L 2R A e A 1L ) 1% A K A5
R E i 2 DAL 1) 06 {1 IX S 2 1) v 7, 3 I i 58 1 H
R K et TR T RE 5 H PN i 1 B4 B 7K R Bl B
K EE A R

(5) P01 Z2H 7 X 2 H 1 B 2 H R K 417 1 i
22 2 A5 Al 8 1 6T 2 AR Z (2= 5 0 D i - 7 el )
PO XU 5 G e b XRR R O 45 A 1 . AR
KAE = 5 JE R L A 000 e 7 A0 2 75 T XA 2
2R T BB AE A, T 7R IR M S i B e R
Y Wi e 22, B0 235 % 3 2 K2 A B X AR Bt
ShNEINT —AIE iR E AU A, IERE S
THE 1 164 e & Je N 7K VRT3, T A SO = 4 b T
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