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Abstract: In this paper, the existing criteria of EOF modes temporal stability are
improved, a scheme for electing stable high-correlated prediction signals is proposed.
Moreover, temporal stability of EOF modes, the temporal and spatial characteristics,
and the key signals to predictable modes of summer precipitation anomaly percentage
from 1981 to 2016 in Southwest China are analyzed. On that basis, multi-factor
descending dimension prediction model is established. The results show that the first
nine modes are stable within 3 years lead and in nearly 10 years for climate prediction.
They account for nearly 70% of the variance contribution rate and primary to summer
precipitation anomaly percentage in Southwest China. The optimal prediction signals
and correspongding equations for primary PCs are selected and built with the stable
high correlation concept and the Optimal Subset Regression method. These equations
have good skills for PC fitting. Their complex correlation coefficients are from 0.62 to
0.84, all passing the significance test of 99.99%, and sign coincidence rates are greater
than 69%. The prediction model built on that basis has a good hintcast skill for the
spatial distribution, variation trend and abnormal level of summer precipitation in
Southwest China. Its mean ACC score is 0.58. The TCCs pass the 90% significance
test in the whole region except for sporadic stations, and pass the 99.9% significance
test in most areas. While the mean PS score is 84, and the mean PS score is 87.1 for
precipitation in the most abnormal ten years. According to forecast test in 13 years
(1971-1980 and 2017-2019), the mean PS score of this model is 72. And the mean PS
score is 77, which is higher than that of published forecasts in recent 3 years.

Key words: summer precipitation in Southwest China, multi factors, temporal stable

modes, stable high correlation, prediction model
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AR 1971~2019 4F- 4 [ UG 6 0 178 B L X 80 il 5532 7K M I B
1970~2016 43 H F IR H 0> (NCEP/INCAR) % A B Hrif VA 5
(SLP) ,850hPa. 925hPa 1] U. V Rz Hik}l (2.59R.5°); 1970~2016 43 [EH%
RS R S A RR UK T 5050 508 A U %kl (1.0<1.09); 1970~2016 4F [E Z A fii
O E RS (https://cmdp.nce-cma.net/Monitoring/cn_index_130.php) LA A HiAth
19 NRRANUK S Fa%0 (Hkw LILEE D).

1 Hfth 19 MEHHIBIREEX

Table 1 Other 19 indices and their definition

F
_ B TE XAk
=
1 AAFESERE 40 N~60 N80 E~120' E REIAFIEFESEME, Hi#tITIREK.
2 BRRFTSE 35°§~25'S, 120" E~150" E X AE AR MR FEHEFESESLP).
3 SDHESE 35°S~25"S, 40 E~90" E XA EFR M FIIREFESE.
RIEFEX(FBEZE, 10 N~50°NSeEM, § 10 NEHE £ 110 E 160 E S FERSEE,
) 1985) BARFHEST shpa WREERIT, FHFITIREN.
5 ZHIAIEKFEFEEX U850 (5 N~15" N, 90" E~130° E) - U850 (20° N~30° N, 110° E~140" E)
6 FIFX, 10° N~30° N, 70" E~110° E (X5 [AJV(850hPa)-V(200hPa)
7 AIERFEEFEER U850(100° E~130° E,5° N~15" N)-U850(110" E~140" E,20° N~30" N)
8 ENEZEX U850(40° E~80" E,5 N~15" N)-U850(70° E~90° E,20° N~30° N)
Webster-Yang Z& X
9 (Webster and Yang, U850(40° E~110" E,0° ~20° N)-U200(40° E~110" E,0" ~20° N)
1992)
10 RAFILZFX, 110" E-130E, 15° S-5° S X115 850hPa &fal X .
11 SEERHERESR 5 S~5'N, 120° E~130" E X{BAE ML F 5 925hpa £ [E]/X .
12 ZMACEMFFESE 5 S~5 N, 80 E~90' E XM MR NI FEIAY 925hpa 2 @)X,




13 RBHRESR 5 S~5'N, 100" E~110" E XA E R MANEFREI 925hpa L [EK
14 RSBHMESRRE 5 S~5'N, 40" E~50" E XM EFR ML FE Y 925hpa 2= X,

15 FH/LATMARESK 5 S-5° N, 145 E~155 E XIG A EFRMILF I 925hpa Z1EX
16 RIREM@R http://climate.rutgers.edu/snowcover/table_area.php?ui_set=2

17 deEXFERE@R http://climate.rutgers.edu/snowcover/table_area.php?ui_set=2

18 FREEREER  FESR (ERZKUA 26~40'N, 74 E~104 E) HREER
19 #FHEILFREER FEEILER (EBELZLLA 40~50' N, 74 E~96'E) WIFAE @R
E: RPRAFICHALAIERIISI8 2010 Fhi (SIERGINISEFR) CREESF, 2011
2.2 75k

AT FEAER AR BN 1 Fros . @A By 1981~2016 4, Fiidk ka4
I BN 1971~1980, 2017~2019 4F, &1 ¥45 1981~2010 4. EWFFLHIIEFE S,
FEF AL EAS 5% (Empirical orthogonal function, EOF). Morlet ZNE 7 #7 «
5} 1A] 4 2% (Temporal correlation coefficient, TCC)). i *F-AH5< (Anomaly correlation

coefficient, ACC).
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Fig 1 Research and establishment scheme of multi—factor descending dimension

prediction model for summer precipitation in Southwest China
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NLE, RoRFEGAMTEE . TCC AKX R, -1<TCC<1, TCC #&
K, I TR 9% BE ik vy, AR AL A #—3. PCR N5 S M R HE S, 0<SPCR<<100%,
PCR K, IEfimiiEfE—8. EHRRELEEIFS (PS W, WAk D 2
i ] 2R A0 Hp 0 ) 2 119 RS 3 TR 25 VP o b, BB A AL 36 TN 45 T %o 5+
HERaAIAEEE. Hd, NO NS EAEE, N1 A 1 9555 0 IE ARG 4L,

N2 2 2 2% 55 TR IE RS EL, MR 2 B IR 5, N oSSz e ili%, a.
b.c AMEZREL, 73 HlH a=2, b=2, c=4. fEFF KT, — 2 7% :50%>PAP>20%,
20%>PAP>-50%; —Z 5% : PAP>50%, PAP<-50%.
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WA . 2 10 SRS HIARE I A 4 4, RSN 1998, 1999, 2000
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S S1=0.27, ELARK . 5 8 BIAA M ARES, 707l 2010 AT 2015 4.

% 10 SRR E SR 34, & 1998, 1999 fil 2010 4. 0 #r kI,
FE5F LA 2010 A1 2015 Jyi2 455 1 4 FEAEASIN, 28 8 a5 A S 733 0y 0.26 #110.22,
AR TR Bl S (B 2d).
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Fig.2 Stability indices for 1(a), 2(b), 3(c) and 4(d) samples removed of the first
ten EOF modes of summer precipitation anomaly percentage in Southwest China during
1981-2016. The abscissa is the start year of samples removed and the ordinate is
the EOF mode.
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Fig. 3 Stability indices of the first six modes of summer precipitation percentage in Southwest
China from 1981 to nearly 10 years. The abscissa is the year and the ordinate is the order of EOF

modes.
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Fig. 4 Variance contribution rate (black solid line) and its gradient (gray solid line) of the EOF
modes of summer (June, July and August) precipitation anomaly percentage in Southwest China
from 1981 to 2016.
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(a) EOF—1(16.1%) (b) EOF—2(12.62%) (c) EOF—3(9.92%)
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Fig.5 Spatial fields(>X10?) of the first nine EOF modes of summer (June, July and August)
precipitation anomaly percentage in Southwest China from 1981 to 2016.
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Fig. 6 ACC(a), PS score (b) and TCC (c) of the first six EOF modes reconstruction values and
observation values of summer precipitation anomaly percentage in Southwest China (in fig. a and
b, the gray bar represents the value, and the black solid line represents the average value; in fig. c,
the shaded area represents the value,#0.271,40.32,40.413,40.446,4).513 are 90%, 95%, 99%,
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Table 2 The optimal prediction signals elected for forecast in March of the first nine modes of summer precipitation anomaly percentage in Southwest China
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X5 850hPa % A T f5 K8 3 3 X3 ATl E EAE XA 5K 3 X7 SNOWCOVER_XINJIANG 1
X6 NINO 1+2 [X #f % i £ ¥ T 45 % 12 X4 il R oK F 3 200hPa S R ds 4 3 X1 ARFHETHATERK 3
PC1
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W R TEERIE (OSR) J5ik43 B S HAS MR A 155 F
@ PC1=5.6-17.9X1+5.8X2-15.1X3-35.9X4+23.7X5-57.5X6+36.3X7+21.7X8-1
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Fig7 ACC(a) and PS score(b) between the hintcast and observation values of summer
precipitation anomaly percentage in Southwest China(in fig. a, b the gray bar and the black

line represent the value, and the dotted lines represent the average value).
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Fig. 8 TCC (c) between the hintcast and observation values of summer precipitation anomaly
percentage in Southwest China (£0.271, £0.32, £0.413, £0.446, +0.513 are 90%, 95%, 99%,
99.5%, 99.9% critical values of significance test, respectively).
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Table 3 PS scores of forecasts for summer precipitation in Southwest China

SEgy | 1971 | 1972 | 1973 | 1974 | 1975 | 1976 | 1977 | 1978 | 1979 | 1980 | 2017 | 2018 | 2019 | i& 3 FFi44)
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