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Abstract

To investigate the spatiotemporal characteristics of summer nighttime precipitation in the Sichuan
Basin, this study uses daily precipitation data from 82 meteorological stations in the basin from
1961 to 2023, and employs REOF, Morlet wavelet analysis, and EEMD to analyze the spatial
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distribution patterns, temporal evolution trends, and multi-scale periodic features of summer
(June~August) nighttime rainfall amount, nighttime rainfall days, and nighttime rainfall intensity.
The results are as follows: 1) Summer nighttime precipitation in the Sichuan Basin exhibits a dis-
tinct spatial pattern of “high in the southwest and low in the northeast”, with the high-value areas
concentrated around the Ya’an-Leshan-Meishan region. 2) REOF results reveal a basic spatial struc-
ture in which nighttime rainfall is relatively stronger in the southwestern basin and weaker in the
northeastern basin. Based on this, the Sichuan Basin is further divided into three typical subregions:
the western basin, the northeastern basin, and the southern basin. 3) The linear trend of nighttime
rainfall amount over time is not statistically significant, with interannual fluctuations dominating
the variation. Nighttime rainfall days have decreased slightly, whereas nighttime rainfall intensity
shows an increasing trend, and high-intensity nighttime rainfall events have become more frequent
since the beginning of the 21st century. 4) Regional wavelet and EEMD analyses indicate that the
western basin is dominated by 4~8-year and 16~32-year scales; the northeastern basin exhibits
5~6-year, 13-year, and 22-year cycles; and the southern basin mainly shows a short 3~4-year cycle,
followed by 6-year and 22-year cycles.
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Figure 1. Spatial distribution of meteorological stations and topographic elevation over the Sichuan Basin
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Figure 2. Spatial distribution of summer nighttime precipitation over the Sichuan Basin
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Figure 3. Spatial patterns and time coefficients of the first three REOF modes of summer nighttime precipitation over the
Sichuan Basin: (a) REOF1 spatial pattern; (b) REOF1 time coefficient; (c) REOF2 spatial pattern; (d) REOF2 time coefficient;
(e) REOF3 spatial pattern; (f) REOF3 time coefficient
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Figure 4. REOF-based regionalization of summer nighttime precipitation over the Sichuan Basin
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Figure 7. EEMD decomposition of the summer nighttime precipitation time series over the western Sichuan Basin from
1961 to 2023: (a) original anomaly series; (b) IMF1; (c) IMF2; (d) IMF3; (e) IMF4; (f) RSE (residual)
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Figure 8. Wavelet analysis of summer nighttime precipitation over the northeastern Sichuan Basin during 1961~2023: (a)
real-part coefficients; (b) modulus; (c) squared modulus; (d) wavelet variance
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Figure 9. Wavelet coefficient series for the dominant periods of summer nighttime precipitation over the northeastern Si-
chuan Basin: (a) 4-year period; (b) 6-year period; (c) 22-year period; (d) 30-year period

E o mEZ#AILFESEREEZALNERBE: (4 EXAEINERE; 0)6 FEAHNERE; 022 F
ERHIE R (d) 30 FERRIINERE

DOI: 10.12677/0jns.2026.145066 638 ESREL 2


https://doi.org/10.12677/ojns.2026.145066

KB, B

M9 /N BB, VU Rk AR A6 5 2R 7E A 7] I [R) FRUZE b ) = Al 2 R A A7 A I (2 22
R
T 9(a) 4 FEFEAARIE L, K174 16 M=F/KMSHK RS, 1990 F51 5 F1 2020 57
Je EAT A AR e i, R WA AN I S B RS b I I iR 2 R IE A 9 o SRR I AE 2015 4R LS, 4 4F
PR IRRE B R IE5E. 7218 9(b) 6 FEEFMINE L, KEGET 1749 10 MFEKM SRRk, Hh
1E 1980 FFARH EIAZE 1990 AR, 6 4 RUBEHR IR FE i, 33X — B S 23 1 2= A S 48 I 4 o U2 A
HAERIE . TR 9(c) 22 SEEFIARE b, &1 749 3 MEKII SRR E, 2R TN R R
BT, IEAIARRREER K . E 1980 SEARK R 1990 FEACH G 1, 22 R 8 L B B350,
KL AR AT . 7EKE] 9(d) 30 FEJIHRE I, 1961~2023 9 REEA N 74 2 AN FKIHY
FK I FE e, G FRRCT T, AAREL S B AT SR AE

B8R INF1 (52Z: 66.0% FFTEHA: 5. 74)
100
(a) 401((b)
304
80 -
20
601 10
£ =
B B0
B 404
~101
20 A 20
-30
0
-40
INF2 (5%: 9.3%, FFTEHR: 7.94F) IMNF3 (FZ: 3.2% FFTEHA: 21.04)
() 7.54(d)
154
5.0
104
2.5 1
5
0.0
- [
&0 [
2.5 1
5
5.0
10 1.5
15 -10.0
INF4 (52 4.1% FFTREHE: 63.0%F) % RSE) (HERME: 0.4%)
15.01((e) =301(
12.5
-32
10.0
w 7.5 1 341
IS IS
5.0
36 -
2.5
0.0 381
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
E-20) Fi

Figure 10. EEMD decomposition of the summer nighttime precipitation time series over the northeastern Sichuan Basin
from 1961 to 2023: (a) original anomaly series, (b) IMF1; (c) IMF2; (d) IMF3; (e) IMF4; (f) RSE (residual)
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Figure 11. Wavelet analysis of summer nighttime precipitation over the southern Sichuan Basin during 1961~2023: (a)
real-part coefficients; (b) modulus; (c) squared modulus; (d) wavelet variance
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Figure 12. Wavelet coefficient series for the dominant periods of summer nighttime precipitation over the southern
Sichuan Basin: (a) 3-year period; (b) 6-year period; (c) 22-year period; (d) 30-year period
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Figure 13. EEMD decomposition of the summer nighttime precipitation time series over the southern Sichuan Basin
from 1961 to 2023: (a) original anomaly series; (b) IMF1; (c) IMF2; (d) IMF3; (e) IMF4; (f) RSE (residual)
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