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Abstract: Large inter-month variations of summer precipitation tend to cause
alternations or transitions of extreme drought and flood in China, but seasonal
averages may cover alternations on monthly scale, and affect the prediction skills on

seasonal scale. Thus, it is necessary to improve the forecast of monthly climate which



contribute to the enhancement of predictions on seasonal scale. This study focuses on
the real-time predictions of monthly precipitation at 160 stations in China during the
summer season (June, July, and August) with the year-to-year increment method and
the field information coupled pattern method, and further calculate the seasonal
precipitation with monthly predictions. The information from preceding observations
and simultaneous predictions from the second version of Climate Forecast System
(CFSv2) are considered. Consequently, the observed sea surface temperature (SST)
over the mid-high latitude of the South Pacific in December, the observed sea ice
concentration (SIC) in the critical region of the Arctic in January, and the
simultaneous SST from CFSv2 released in February are selected as predictors to
develop the downscaling model. Prediction models based on individual predictors are
established firstly to evaluate the prediction skills of different predictors, and then the
singular value decomposition (SVD) error correction method is applied to diminish
the errors of downscaling models. The optimized ensemble scheme is also adopted to
synthesize hybrid downscaling models for summer precipitation over China on
monthly scale with higher stability, and further seasonal prediction is conducted with
results on monthly scale. The re-forecast results during the period 1983-2022 showed
that the hybrid downscaling models derived from the optimized ensemble scheme
exhibit comprehensive prediction skills compared with single-predictor models. The
percentages of stations, at which the time anomaly correlation coefficients of re-
forecast results are larger than the 90% confidence level, count for 90%, 88%, and 82%
respectively for June, July, and August. The mean values of the spatial anomaly
correlation coefficients are respectively 0.39, 0.40, and 0.39, passing the 99%
confidence level. For real-time prediction, the hybrid downscaling models perform
well at both monthly and seasonal scales during 2020—2022, when summer
precipitation situations are anomalous and different from each other under similar La
Nifia events. The averaged Ps scores of real-time predictions are respectively 75, 75,

and 70 for precipitation in June, July, and August. The Ps scores for summer



precipitation derived from monthly predictions are 72, 76, and 73 from 2020 to 2022,
which are higher than the multi-year-averaged Ps score of real-time forecasts. Hence,
seasonal predictions derived from effective monthly forecasts would improve the
prediction skills of climate predictions on monthly—seasonal scale.

Keywords: monthly predictions of precipitation in China during summer, SVD error
correction method, optimized ensemble scheme, dynamic and statistic combined

method, real-time prediction
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Figure 1. Time correlation coefficients (TCCs) of precipitation anomaly percentage (PAP; a, b, ¢)
and its interannual increments (PAP-DYs; d, e, f) in June (a, d), July (b, e), and August (c, f)
between observations and CFSv2 outputs released in February from 1983 to 2022. The black dots

represent stations which TCCs reach 95% confidence level.
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Figure 2. The cumulative explained variance derived from the significant correlations larger than
the 90% significant level calculated by the DY's of SST in previous December and the leading 90%
modes of monthly PAP-DY's over China from the EOF analysis. Panels (a), (b), and (c) represent
June, July, and August, respectively. The blue boxes indicate the domains of the first predictor
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a) Precipitation DY in June-SVD1
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Figure 3. Spatial patterns of the first SVD modes for the DYs of SST (units: °C) over the
extratropical South Pacific (a) in preceding December and the PAP-DY's (units: %) over China (b)
in June during 1983-2022. Also shown are regression maps of (¢) DY's of SST (units: °C) over the
extratropical South Pacific onto the DYs of AAO indices, and (d) outgoing longwave radiations
(units: W/m?) and (e) geopotential height at 500 hPa (units: m) in June onto the expansion
coefficients corresponding to the first SVD mode for SST in Dec over the mid-high latitudes of
the South Pacific. Statistically significant values at the 90% confidence level (Student’s ¢-test) are

dotted.
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2006; G AT, 2006; Fan et al., 2008; X%, 2008; Sun et al., 2009; FM+4%, 2013; &5
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BEAKIAFAE R SR b, §2m 6 A 7 A [E BRI R X )y 300~
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SR, WOR BRI —RPAEREADE, szt E 6 K (B 3dy o). FR
PR E A R X IR T AT LN 12 ARSI 2 H, BRI TR,
PRItk AHFFCIEICL 12 H RS SR EEZE 6. 7. 8 HEE/KAIT
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FEEFME 72— (Li and Zeng, 2008; Wu et al., 2009; Gao et al., 2015; Fan et al.,
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and Guo, 2004; Lin and Li, 2018). Han et al. (2022) 5t 3% B 43 P9 41 AV 5 5 0K
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BEIR, AEAR TR X 22 R AR R 2 AR ) B Bl Sy, AR T
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Y I P A SR K o I AR 2R i g — i M S S M UK 5 AR T R PR K I
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X FE/K (Liu et al., 2020b). 17572 S RREEEE K 7 3 51 ke 2 2= LAl A Ak
TR, PR KSR AR A SR,k im s KT b T b
i B K AT, T2 X S oK O R TV R T Wit 2 2 A iy B KA B 0,
I B TN 2R (Tian and Fan, 2020).
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1 At v B 2 2= H bR ROERE K B, B 1 bk 5 E 6.
7. 8 HFEKH) ERRTT Z md X 7 T AR SOl —E hiilg (69.5°~88.5°N,
30.5°~100.5°E) i RIEF—ARIUAFILHE (72.5°~85.5°N, 80.5°~179.5°E)
FP IR (69.5°~86.5°N, 111.5°~150.5°W) =/NSCHEX ., Kk, AHFFH
¥ BIR =AACR GBI SIC fEFRBg & HIE NP 6. 7. 8 HFEKEEFH /3%
TR T R (P2-SIC-Jan).

(a)P2-SIC-Jan for Precipitation in June (b)P2-SIC-Jan for Precipitation in July (c)P2-SIC-Jan for Precipitation in August

B 4. [ 2, EHTIH] 1 ok SRR &, WO 6. 7. 8 JRRKEE-T 1 7- 4
PR S FME T 2 (P1-SIC-Jan) 5E X35k
Figure 4. As in Figure 2, but for the DYs of SIC in previous January. The blue boxes indicate the

domains of the second predictor (P1-SIC-Jan).
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(a) P3- SST OBS in June (b) P3 SST- CFSVZ in June

40°N Jone

40°N
EQ EQ T & ~
40°S o 4008 15 s T =
: . e . = s on
0° 90°E 180°  90°W 0° 0° 90°E 180°  90°W 0°
(c) P3-SST-OBS in July (d) P3-SST-CFSy2 in July
’ - 7
400N Jraens® - 4oNfes 7 . -

EQ
40°S §,

EQ T
40°8 ¥

40°N Jmpesnse 40°N I

EQR ¢ EQT:
40°S T4008 e L3
‘ 0° 90°E 180°  90°W 0°
7~ o Eaa——
10 15 20 25

B 5. EZEANE A A B K EEF 1 70 R HIAEBR IS & EOF 3T HT 90% A RE 77 22 AR S Xoh 82 F I
B RE S Ca, ¢, e) « CFSV2 il (b, d, f; 2 k4R R FERRG & 2 7 TCC
i 0% EFEKFRIRBREZ: @ b6 H, (¢ dDTH, (e D8 H. WEME
N6y T 8 A FEKERT 1 7> REPRIEETIA T 3 (P3-SST-CFSv2) E X IX I
Figure 5. The cumulative explained variance derived from the significant correlations larger than
the 90% significant level calculated by the DY's of simultaneous SST and the leading 90% modes
of monthly PAP-DYs over China from the EOF analysis. (a, ¢, ) observations, (b, d, f) CFSv2
outputs released in February. Panels (a, b), (c, d), and (e, f) represent June, July, and August,

respectively. The blue boxes indicate the domains of third predictor (P3-SST-CFSv2).

3.3 CFSv2 Wil B ZFZ A R tigiR X

AR 1 2R AN[R) PR BE P 1 23 % R & EOF R 90% il B /7 Z A5
AN LA I 1A RS CFSv2 T (2 T2k ) [R50 i il 47 B 4 5 22 1)
TCC @i 90% BAE KT I RAMRE T 72 (Bl 5), ARCEHCT CFSv2 Fitlll (2 H
R 6 AL PR ESEHIX (40°~60°N, 150°E~150°W), 7 HiRiEH
RAFEEHLX (5°8~5°N, 180°~80°W) Fl 8 H #uify v A Fifth[X (10°S~
30°N, 80°~160°E) IR 7379 /F v B B 2= A8 [5) 4 B 7K B0 [R] 393 7 B 5
(P3-SST-CFSv2). UbAk, AL T CFSv2 X & 2% H iR i m sk se (F

Do FRIRH], CFSv2 il &#48 2 Ik i) R 232 7] R 5 W Z [\ #) TCC,

FEFTE B AL i o AR A AR OR ST DA R 3G P RSP 5 X , 35)38
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LT 90% A E K. Bk, BEEL CFSv2 T R4 2 HEr 6~8 HIGHIX
R A D P B R 2 B RUBE R 7K R F00M EAL 5 EAT i ) L0 22 i

(b) July
3 z O e N P
40°N 1 S S Sy PO ”

] = I\ G
EQy & i

1 = 4 -
40°s Tl T "—‘-‘J-f'{).; L e Sl (L
e o

a6 04 a2
Bl 6. 1983~2022 SERLM 5 CFSv2 (2 A4 B (a> 6 A, (b) 7H, (c) 8 il
TAEFRIG 82 W) TCC; 4T MRl 90% B A5 /K1
Figure 6. TCCs of DYs of SST in June (a), July (b), and August (c) between observations and
CFSv2 outputs in February from 1983 to 2022. Dotted areas indicate statistical significance at the

90% level.

MM E CFSv2 TN 6 FR 2w E 6 H B /K &35 3L R X 4oy bR
SRR AL (40°~60°N, 150°E~150°W). 4iZH X iFR 4 brit & 2 gk
AR A o A b (B 7D, — 0 THTIE 3 5 0 b RSP 3 v i 4 b XA (A R 7
FreRl T s (B 7es D, H— A ENSO (K 7 &), {#FHHE AR
JEhIX 6 HBEKE RZFEMD, SRR RGEE r H X K i —FEwmE (F
70D ZHL X IR ARG R A — B A, Gl R M R R A KT
PRI R S R E KRR, (AR E 6 H B KRR M IX R R L
R IX AL, HARMX AT —F e (B . X5CHEPA— SR
WX B 2R Z R AR AR, BT8R B X A KA INR , P bR P R AT 5 T
PEA AR, A R R P R BRI S B R YT R, i R TR R K R
%, rg. EALBEAK RS (ZEEEFEE, 2010). 1 E 2GR PR b 2 R o XU i
X B (V) St Al Il ok ORI — K F 3 BE AH O CRENA 50 28 YK v i
b X BH g (0 L AN R, VTR, PR R R X PR R (%), 1R
AGAGEE AR AL TR BE K 2 (b)) CRECAREE, 2000).
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(a) SST DY in June-SVD1 (d) P3-SST SVDI1 regressed SST
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Year

Bl 7. 1983~2022 4 (a) 6 FILAFrEd s X R FREE (AL °C) 5 (b) 6 A
E KR A% (RAL: %) ERREE SVD B — RS RIAA (c) Xf R [A]
REG L 6 HAER T m it X IR SVD 25— HLAS I A REEEM) 6 AR (D
Y,  (e) 500 hPafi#AmEEYy (BfAi: m) Al (f) 850 hPa KVl EYy (ML, Hfi: kg
b FUKFEERE (REREk: A 10° kg m? s 5 (D) ~ (O T SRR
0% BAFAFRIXIER, (O thRE Nl 0.1 & Mk e & 7>
Figure 7. Spatial patterns of the first SVD modes for the DYs of SST (units: °C) over the mid-
high latitudes of North Pacific in June (a) and the simultaneous PAP-DY's (units: %) over China (b)
during 1983-2022. Also shown are the corresponding normalized expansion coefficients (c). The
regression maps of anomalous (d) SST, (e) geopotential height at 500 hPa, and (f) water vapor
transport flux (shading; units: kg m™ s™!) and horizontal divergence (vectors; units: 10~ kg m™ s™)
at 850 hPa in June onto the expansion coefficients corresponding to the first SVD mode for SST.
Statistically significant values at the 90% confidence level (Student’s #-test) are dotted in (d)—(f).

The vectors below the 90% confidence level are not shown in (f).

K Sc~d o, HE 7 HFEAKREEZ0 XN #a17 ob 2R KL IX
(5°S~5°N, 180°~80°W). C.H 5 e, ENSO mJJH 520 788 K F i b
TR I, T AL BT T8 R TPl e KRl X X mys s 7, FFEOR IR =
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S R, S AR PE AR B FA Y v s A B S 5 B AR A, 3 T s 3
HZ=[%/K (Zhang et al., 1999; Wang et al., 2000). £ ENSO & e B, EIT
MEHLIX 27N, R/ (Huang and Wu, 1989; S#HMERPEIFF, 1999), A ik
I CFSv2 Fitlll 48 2 HEEH 7 H #i h R ACHFFHBIX (5°S~5°N, 180°~
80°W) iR A Ay rh 7 H BRI 5

58 F b B KA S iR R AR T Z = H X (10°S~30°N, 80°~
160°E) L& T #G PU AP IAEBE  IPR M KRG X3 (8] Se~)o #iH IG R-F i
Bt R e (1K), FEEREMHE R AESNIGsE RS, FRHR R T —K P
A, AE P9I R G AL B AR AR, ORI KR, k.
HE S %K W% (Huang and Sun, 1992; Lu, 2001). #EEE Kb X2 p b
BN BLAE (¥ B B X, A2 B 2R A I 3 2 X B X e 1 K
b DX 1 v i S5 5 R R R IV g s T S A A PR R R, i X (i
T w5 R RE S e, s R R — KPR AR DG, s
¥ 2 2= B 70 A (Zhou, 2011)-

FT LA B AR SCIR I CFSv2 TR 6 H LR FHedh @i X (400~
60°N, 150°E~150°W), 7 H i K-F X (5°S~5°N, 80°~180°W) ,
PASZ 8 s DU OR-F Vet . e R RE X3k (10°S~30°N, 80°~160°E) i
T AE T 1
4 TS BY B 7 31 K SR TR A B8

AR EE AR T R, 2R ECT BT 12 5 R ORP s i
W BT 1 AU S X KRR 3 CRSv2 TR ¢ 8 X i E /E N TR A 7o 1
g6, AT W AN TR R 0T o B R T o RO K R TR 28k e R A A X A
A3yl E 6. 7. 8 H FEKEESFH - Z A L BA S (M-SST-Dec,
M-SIC-Jan il M-SST-CFSv2), F£X} 1983~2022 4E#E472C X ARG 46 . K,
K SVD iRZE IEJVENS LA BB PR BT IR ET IE, JERIBGRIRES T &
it BRI AR R AT B A, R ST A B 1 2 (K1 Bl S RN G4 A T
BRI R 36 LT Bhe, T8 2020~2022 4 [H 6. 7. 8 FFIE Z 4[4k
[ SEZ BN T RS 5 o
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4.1 XK IR R
4.1.1 BEFIRRY

SRR 6 A SCHRE 1) P L B 2R AN R H A B K TR B (e SR kR, S VR A
TN F B K B0 43 264 B 8 o g 3 ) B DR AR B () 58 SR 56 [l 4 48
(B 8). AT R HE X bE E T b 1983~2022 A <8 SUAG A [3] 412 1) B¢
IKEESF B 43 ZAE PR & TCC i 90% B AS KTk s i 4 Bl 1983~2022
PRI R BE P A R R (MACC) . tHE R BN, FETANE K 2 ar
F 52 2 ) o RS T A 255k o ] e 7K P T 280 B A7 AE % ] DX 3R H B 722 37t B
¥ 1% M-SST-Dec TR 6 7. 8 A E 160 /K 73 2 bRl &
TCC iE3L 90% & A5 Kl S80S H 2N 33%. 36%A1 40% (3% 1), Hik gl
FEERAERE P EHX (K 8a, b, ¢); MACC N 0.16. 0.21 fil 0.22, ¥

95% E A5 /KF. H M-SST-Dec #5845 i[5 5 Z= AN 6] H 3 e K B0 SRS
THET 1. 2 HFEDCEX R E 2 H bR R KA (GREE). M-SIC-Jan
TS5 5 TCC it 90% B A /K-l s b Le A 37% (6 D\ 42% (7 D
M 36% (8 H), FEERIERKITHE (K 8d, e, D, FHI MACC ¥t 95%
BIE/KF. LT M-SST-Dec Al M-SIC-Jan {7l % ft, M-SST-CFSv2 f Tl
BEEMEAE (B 8g, h, i), TCC i#id 90% BEZ/KF 1k %5 AE 25%%k 44,
6~8 H I MACC } 0.15. 0.16 f10.13, il 90%E 15 /K.

R 1. FE T BTN R 3 57 B0 e RURE AR Y |l i Y 1983 ~2022 4 v [ 5 25 H B ] F%
KB 43 R A B B ) A SR I 45 s sta-p 3RoR TCC I 90% 4 2 P50 )ik i 20T
Jrtt, MACC FoRZE-THM ACC; *, **, *+pHaRIHE 90% (0.13) 1 95% (0.16)
F199% (0.20) IHEAFEKF

Table 1. Cross-validation results of different single-predictor models in summer months during
period 1983—2022. Sta-p represents the percentage of stations which TCCs pass the 90%
confidence level, and MACC represents the mean ACC over multiple years. *, ** and ***

represent the confidence levels of 90% (0.13), 95% (0.16), and 99% (0.20), respectively

17



6/7/8 A M-SST-Dec M-SIC-Jan M-SST-CFSv2
Sta-p 33%/36%/40% 37%/42%/36% 26%/24%/22%
"LTIEE-Sta-p 86%/77%/96% 53%/51%/50% 94%/84%/39%

MACC 0.16/0.2177/0.22""  0.197/0.22"77/0.22""" 0.157/0.16"/0.13"
TIEfG-MACC 0.43"7/0.42"7/0.54™  0.26"7/0.27777/0.28"  0.50"7/0.5177/0.34™
(a) Jun: P1-SST-Dec (d) Jun: P2-SIC-Jan (g) Jun: P3-SST-CFS-Jun
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B 8. J T B AN PRl A v AR e RS TR ASS Y (|l 4 1Y) 1983~20224F 6 H (a, d, g) ~ 7H (b,

e, h) 8 A (e, £, 1) b piFE/KEET B 70 R EPRIE B S UNE W] TCC. HA TR,

M-SST-Dec (a, b, ¢) , M-SIC-Jan (d, e, f) , M-SST-CFS (g, h, i) ; MGk A%

BRI 90%- 95%F1 99% B A K - [k 15

Figure 8. TCCs of PAP-DYs at stations in June (a, d, g), July (b, e, f), and August (c, f, i) between

observations and the outputs of single-predictor models from 1983 to 2022. Single-predictor

models: M-SST-Dec (a, b, ¢), M-SIC-Jan (d, e, f), and M-SST-CFS (g, h, i). The shaded stations

represent, from light to dark, those with a confidence level of 90%, 95%, and 99%, respectively.

N T HE— B ST AT AR s X R SN AE R, 25 R AR AT [ 70
M RLRE R X IR ZE T 1, ASCRAT SVD iR ZE 1T IE 5 1350 B PR A5 B Tl i) e 7K
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PET B o0 RAEPRIG EHATITIE. 1983~2022 E48 XARH ) TCC il MACC 453
BoR: TIEJG, M-SST-Dec Tl TCC #EiL 90% B 15 /K -F 1k s 8 5 Ll 35%
FEARFEHIT 75%, H 6~8 H MACC 73l M 0.16+ 0.21 1 0.22 27+ F] 0.43,
0.42 F1 0.54, ¥Ji@ERE 99%E F/KF (£ 1. iT1EE M M-SIC-Jan TR A ik
— B RFR R E AT B K R TR, TCC @i 90% B 15 /K P Ih s % 5 b
M 40% LA 5T 50%LL 1, i H MACC 43 3IM 0.19. 0.22 F1 0.22 $&F+21
0.26. 0.27 f1 0.28, ¥yt 95%EFE/KF-. SVD i Z 1T 1IE )74 M-SST-CFSv2
T E 6. 7 H 4 FE/KEE T B 7 2R bR EUGE SUR 3%, TCC @it 90%
BERFRs SEa el 25% /44872 T 80%LL E, H MACC H 0.15
RTFE] 0.50 PA L

R 2. PIFSES 7 RIEHRAT 1983~2022 4F [ 5 25 A br—2 45 RS FRKEE P 17 43 R (128 X
MRS R, MMEL: SAEES TR, MME2: BREATE, »REET 99%ME S
7K

Table 2. Cross-validation results of PAP in different summer months and seasonal averaged PAP
from 1983 to 2022 for two ensemble averaging schemes. MME1: Equal-weight ensemble scheme,

MME?2: Optimized ensemble scheme. *** represents MACCs passing the 99% confidence level.

Jun Jul Aug JJA
sta-num-MME1 76% 73% 57% 73%
sta-num-MME?2 90% 88% 82% 88%
MACC-MMEI 0.34™ 0.34™ 0.32" 0.35™
MACC-MME2 0.39™ 0.40™" 039" 0.41"
412 ZRFRREEGH R

DR TR A AR e M, AR SCHE T RL AT IR JE AR DR TR Y, —
S RZ R TEATM, B EEZE 160 3 H s RERKS Mg 4is
TR . AR T WM TEEG TR, —MRESRNEREES TR
(MMED), H—F2FMESTE (MME2). MME2 £1%f 160 344 3 54,
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@Jup-MME1__ __(©) June-MME2
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Bl 9. PiFh ARSI R BRI 1983~2022F 6 H (a, e , 7H (b, D, 8 H (¢, @),

HZEFEN (4, b wi Bk g2 2 5WNEZ ) TCC. SHMELEGTRER (a~

d , FREGTTRER (e~h) 3 B R HRERD KA 90%. 95%1 99% E1F
K FR) 3 A

Figure 9. TCCs of PAP-DYs at stations in June (a, ), July (b, f), August (c, g), and JJA (d, h)
between observations and the outputs of different ensemble schemes from 1983 to 2022. Equal-
weight ensemble scheme (MMET1; a—d), and optimized ensemble scheme (MME2; e—h). The
shaded stations represent, from light to dark, those with a confidence level of 90%, 95%, and 99%,

respectively.

20



MU TCC 3 I I 25 PR 560 14 5 A1 7 B 25 IR A (AR Dy A 1 [ R 2
A TG I S PR ) SR PR R, DL = A AR AR A (1 SR R 4 A i
b R R 2 IR R . 18] 9 PR WA EE ST SR, 1983~2022 F N5 £ [
TR A SR g Rl (B 2R H bR — 2= R 160 i B/ BE P 1 43 R Z 1] 1)
TCC. S5 EKH, MMEL J5 &5 5 7% H K Tl 8oae B8, 6 A 7 H
TCC 8 2 Z PR I0 B0k R8s E 0 el e 76% 0 73%, MACC I3k 3| [
0.34, HId 99%EE/KNF-, (HX} 8 HFE/KHITIN TCC it 90% & 15 K1 Huki s
HE AL 57%, MACC N 0.32 (% 2). 5 MMEIL &M, MME2 J5 &%t
o [ 5 ZR38 T [ K R T A B 22T BB T, TCC aiad (2 35 A 56 (10 3l r0 80 B
£ 6. 7 AT 15%, 8 AT 25%, &H MACC ¥J#E7t3] 0.39 L L.
MME2 J5 %5 5 22245 R oK Bl s A T MMEL, TCC il 2 2 Mk 5
sk S BE N 73%32 71 88%, MACC M 0.35 #2743 0.41. kAl L,
MME2 85 75 S0 3 2 28 A br—Z= 15 REEFK T 58 7108 T MMEL.
4.2 SERTFRR G

2020~2022 FIEG=AFLTREIFE T, HEFIEEESR, =FRRE
H bR Z P 35 B K T 35 22 TR, 4 TR /K B 300 s Sk i Bk ik . 2020
F6~T7 H “HEHEIIMT. 2021 £ 7 A ERERREN . 2022 KR AN
JAh” o Rk, ASCEST 2020~2022 FH ZFE H Br—2 T R R K IR T S
T, AR b 2R H B2 R K S A G v 45 S T s A
3%

an
[aYay

o

10 Ay 2020~2022 A [ B 2= ] n RUBE Bk 50 79 AN G v 455 S Tl
RUFIN 2538 =15 P 3 BK K Ps $P4r . BB T =4F 5 2238 H Bk B4k B
FEIL T B I T 2R, AXT T 1997 ~2016 £EFRE B =B 7Kl 45 T ~F 24 4>
66 75, 2020 FERE ZFIZEF K Ps o300 764 72 F1 80 73 2021 4 7 H ¥y
IEET 78 435 20224 6 HiFAE T 8048, 7 A4 N 76 435 2020~2022 4
6+ 7+ 8 HIZH /K Ps P58 75+ 75 Al 70 430 M4 LA bR R FK T
S5 RAFE) 2020~2022 FEE Z=FBIREK Ps 1R 23l 724 76 A1 73 43, A
Tk TN 2 T2 58
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Figure 10. The PS scores of real-time predictions for monthly precipitation in June, July, August
and seasonal precipitation averaged with predictions on monthly scale over China during 2020-
2022.
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B 11. 2022466 A (a, b, ¢) ~ 7H (d, e, ) < 87 (g, h, 1), EEVFHN G, k, D
o ] B KBRS 1 2 RIS [ Ao W Cas d, g, ), CFSv2 2 HEIRFN (b, e, h,
k), BREEMEN (¢, f, i, D o Ps RonHUNEIT1E5

Figure 11. The spatial distributions of PAP in June (a, b, ¢), July (d, e, f), August (g, h, i), and JJA
(, k, ) 2022 over China. PAP from observations (a, d, g, j), CFSv2 forecasts initialized from
February (b, e, h, k), and downscaling model forecasts (c, f, i, 1). Ps stands for the prediction skill

score.
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2022 AR [EE ZERE K H L 2 H BRAR AR B K. Bl 11 SR,
2022 FEZFEREFKEA R “IL2 7 Kot ZWKATRE L HIX,
DR XA TR R PR . 2022 FEZFEFKMA bR ZERIEE RE: 6 HRE
b, AL FIAERG I M X K R 2, VTR IEORT Hh G 3 X B K B D (]
1a); 7 HZ W XAELILMZRIEE X (& 116); 8 /DM IXAETTHR. VL.
eFg. PURHLIX, HATLRE A E, 20 XA TRED X (& 110,
CFSv2 (2 Hja) BESRIEARTNHE T 2022 43 7 Hh X B K /> R B
ERAE AR E TP AR ARSI “Abdig 77 KR IR (Bl 11b, e, h, D
FHLE CFSv2, MME2 J7 RAMY BeH i Tt 2022 4= 5 Z= 38 ] 76 350 B /K fh /0 1
T, T HXE 6. 7 H R b AR b X B K S 20 A (0 T 45 S A & (]
e, D, Ps P57l mlik 80 Ml 76 7. ARHE H bR RUEREK TSR, 2022 45
ZP K Ps PR BIA R 73 3 oA . 8 H IITRINGE AL AE — e FEE EIEdR T IR
] b 7 3 X Bk A 2 1 e W AE oL (B 110D
5 SRS

e A AR 2 R 2T — 2 RUBE U 00 A >k 1B Bk, bk
5 ) B R AR A s e A AR AR W P RS o8, B i 270 R 5000 v 1
FEo BRBG, mxd B bR R AGH, JTRE REE AT, #Emig st A
BR— 2P 2 A TR AL A 2

AR FAE bRl S A3 (5 SRR A BLT0N 77 vk, BT A IS SR 56 [E 2R
“ARAMETIN RS (CFSv2) TEE R, JEHCATI 12 H WL rE A v i
KEEX IR 1 H AL X SIC LA K CFSv2 Tl R4t 2 H etk i3 Z=[F 156
SR IX IR O H B RE A K TN (A 1 o 3 et 0 B DR SRR AR e, A
ASTE R - TR AL RE P X3 2 e, 2 ERFAZ B FRMMEG TR, Bkl T E
575 F b R Bk B SR Gt 55 45 1 S AR Y, T i 22 ¢ (B4R 56 A sz ek
kG . FFAAE REH, S TRMAES KN IFIG 45 & B AL [
80% LA _Luli i R 2= H B REE Bk R Ba il =2, H 6, 7, 8 HiEN
MACC #Ji#id 7 0.39, Eid 9%EEKY. ZJa, W¥E 6, 7, 8 b REERK
T, 3R1F 6~8 HZEATFIYTIM, 255K IE 88% ki £l E Z=Z=4T-F 44 K
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