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Fig. 1 Map of major river basins and distribution of precipitation stations in Liaoning Province
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Fig. 2 Wavelet real part and wavelet variance maps of the Liao River Basin
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Tab. 3 Fitting results of the marginal distribution of annual precipitation of major river basins in Liaoning Province
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IR
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IR 0. 090 885 0. 062 885 0. 064 886 0.108 891 0. 636 1165
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Tab. 4 Comparative test of Copula functions for annual
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Fig. 3 Frank Copula distribution between Liao River Basin

and Huntai River Basin
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Tab. 6 Wet—dry encounter frequency of precipitation between any two major river basins in Liaoning Province (the higher

the frequency, the darker the color. )

Bk % XM

KNG

YLJ

I PGHIEE]

TTARAT BT

##% 0.00 0.07 0.17

[ SE 0. 07 [eRecsy 0. 07
i B

= 10818 0. 07 0. 00
E T A

F4 0.00 0.08 0.16

2 0.080,08

F10.16 0.08 0.00
ERE

##%-0.01 0.10 0.13

—‘F-O.100.10

4 0.02 0.09 0. 14

5F0V11o,09

== JUSSESRG A 0. 02
E

#5-0.00 0.11 0.14

£ 0,050v11

44 0.00 0.08 0.16

F 0.080.08

F10.16 0.08 0.00
E

#%-0.01 0.10 0.14

41-0.100.10

#5 0.01 0.10 0.14

F 0.100.10

#.0.14 0.10 0.01
* ¥ &

4% 0.00 0.08 0.16

b o 0.0B0.0B

K]
013 0.10 0.01 EF—'0.0ﬁ 0. 00 %-0.14 0.10 0.01 %10.16 0.08 0.00
E ) £ F E ] £ ¥ #
%4 0.03 0.13 0.09 %5 0.00 0.10 0.15 #5 0.01 0.11 0.13
j(/]\@ﬁ‘?ﬂ 5F—U.100.13 F-0.05 0.10 E3 0.110.11
103123010 0. 03 * 0.05 0.00 %*0.13 0.11 0.01
* T o £ T o4 = T
#4-0.02 0.13 0.09 #% 0.00 0.07
YLJ 3F0.090.13 310.070.07
#+.0.13 0.09 0.02 =005 0.07 0.00
= F oM@ E
+% 0.01 0.10 0.15
N VT Y = 0. 10 [BEeAN 0. 10
ALY T M
=%=.0.15 0.10 0.01
E o ]
SE 3k Gu Changye, Han Yichao. et al. Research on Joint Scheduling of
(1] BHYT, 228 R0, 55 . EZOKME 56 F IR TRETT XS Inter—basin Water Diversion [M]. Beijing: China Water & Power
ARG REL1]. AKRA RS ,2025,36(6) : 1042-1057. Press, 2014. (in Chinese)
Hu Jiang, Li Xing, Zhu Qingshuai, et al. Research progress on (4] WyksR,skaas, T2, 45 T S04FIT T4 AR M %K 228
operational risk assessment technologies for water transfer projects At 3 5 28 AR RRAE B [T ], K L BE TR B 2%, 2016, 34 (1) «
in the background of the National Water Network [J]. Advances in 6-9,39.
Water Science, 2025,36(6) : 1042-1057. (in Chinese) Cao Yongqiang, Zhang Liangliang, Wang Xuefeng, et al. Trend
(2] BRGE. 5 SR K Gz FE A2 K XK 9% U5 AR 5 T S e ) R A 9 and Abrupt Change Analysis of Annual Temperature and
[D]. K. REM T K4:,2012. Precipitation in Liaoning Province over the Past 50 years [J].
Zhang Qiang. Research on Several Key Issues of Water Resources Hydropower Energy Science,2016,34(1):6-9,39. (in Chinese)
Planning in Remote Water Receiving Areas of Inter—basin Water [5] F/E. LTAELATIK TSI HERE )] RAKF]
Diversion [D]. Dalian: Dalian University of Technology, 2012. JKHL,2019,37(3) :62-65.
(in Chinese) Yu Xiaowei. Research on the Operation and Scheduling of Key
[3] KM SO, 5% . BRI KECEREMR(M]. dtat.h Water Diversion and Regulation Projects in Liaoning Province

E KK R, 2014,

[J]. Water Resources and Hydropower of Northeast China, 2019,



8 N ERERIT

37(3):62-65. (in Chinese)

(6] TMMmZES. LT WHIIM]. L. P EZRFIK R S AL,
2021.

Liaoning River and Lake Compilation Committee. Liaoning River
and Lake [M]. Beijing: China Water & Power Press 2021. (in
Chinese)

(7] RCh Ik B . 31748 K R A T 5 TR R G A
ARVEL) ] KA S B3, 2016(1) : 57-59.

Zhang Xinyi, Feng Lin, Zhao Lin. Discussion on Key Issues of
Water Resources Optimal Allocation Project Scheduling in
Liaoning Province [J]. Water Resources Planning and Design,
2016(1) :57-59. (in Chinese)

[8] =Fxlf 2Ryl B K TR K BE A B ] i o (). 3
KA, 2006(S1) :30-32.

Xin Yunfeng, Li Bo. Research on Water Resources Management
Issues of Inter—Basin Water Diversion Projects [J]. Jilin Water
Conservancy ,2006(S1) :30-32. (in Chinese)

(9] M. LT A RAK T IR BT I (4 R AL A —— S g 4T
RAKPYIRLY ). IR B (A AR ) , 2007(1) : 17-21.
Cheng Yan. East—to—west Water Transmission of YaluRiver :
AStrategic Vision to Address Fresh Water Resource Problems of
Liaoning Province [J]. Journal of Liaodong University (Natural
Science Edition),2007(1):17-21. (in Chinese)

[10] SR . ARG AR BRIRK S 5T AL 745 v it XK B U 3t
WP HTLI]. MoK, 2016(4) :32-34.

Han Chunlei. Analysis of Water Supply and Demand Balance in
Central Liaoning Province under the Background of Water
Diversion from Dahuofang Reservoir [J].  Jilin  Water
Conservancy,2016(4) :32-34. (in Chinese)

[11] R E . L TAERIEAR M [Clrh ER A 22 h
[ KR 225 2015 R AFE 21 SCEE CRE) . 20774 KR K H i)
MBHBTFERE , 2015 :305-308.

Li Zhihui. Analysis of Inter—basin Water Transfer Conditions in
Liaoning Province [CJ// Chinese Hydraulic Engineering Society.
Proceedings of the 2015 Academic Annual Conference of the
Chinese Hydraulic Engineering Society (Volume 2. Liaoning
Provincial Water Conservancy and Hydropower Survey and Design
Institute , 2015:305-308. (in Chinese)

[12] 1L FHKICR . AT AT ER A R S R M. %
FH AL T AR HOR R, 2018.

Liaoning Provincial Hydrological Bureau. Research and

Application of New Methods for Rain and Flood Calculation in

Liaoning Province [M]. Shenyang: Liaoning Science and

Technology Press,2018. (in Chinese)

[13] F—F. LT R /NG /N AR LR 734 [T 1. K5 7K
7K,2025(00) :28-32.

Wang Yiping. Similarity Analysis of Small and Medium-sized
Basins of the Big and Small Linghe in Liaoning Province [J].
Water and Water Technology,2025(00) :28-32. (in Chinese)

[14] BERLER 3L T 48 P I0 R 100 v /NI 3K SRR AR A AL 43 A

[J]. ZRALAKFIK e, 2025,43(2) :20-22.
Liang Zhuoran. Analysis of Similarity of Hydrological
Characteristics in Small and Medium-sized Basins of Hunhe and
Taizihe in Liaoning Province [J]. Water Resources and
Hydropower of Northeast China, 2020, 43 (2) : 20-22. (in
Chinese)

15 X4k, £ 5, IMEEE. FTFARXIFR Copula PRIEE K A2 3

R 5[], KL HEIERLY: , 2025, 43(4) 1 12-16.
Liu Yixiu, Wang Jingwen, Sun Renhao. Research on Wetness—
dryness Encountering of Rainfall-runoff Based on Asymmetric
Copula Function [J]. Hydropower Energy Science, 2025,43(4):
12-16. (in Chinese)

[16] LR, BRI A i o , 55 . me/KIEIR A2k TR /KR X AR L F Ak
T N e R LR (D], R K LT 5 K FIRHE (FR3ES0) , 2025, 23
(5):1059-1067.

Ye Jinchen, Chen Juan, Fu Ruping, et al. Runoff wetness—dryness

encountering and transfer laws in water source area of East Route
of South—to North Water Transfers Project [J]. South—to—North
Water Transfers and Water Science & Technology, 2025,23(5) :
1059-1067. (in Chinese )

[17] BUarsl, ez, IR, 5 RULAER oK A 18 K
AESED T ], KBLETERE,2024,35(6) : 865-876.

Ruan Yuli, Zhang Jianyun, Wang Leyang, et al. Analysis of
Precipitation Wetness—Dryness Encountering and Its Uncertainty
in the Yangtze River and Yellow River Basins [J]. Advances in
Water Science, 2024,35(6) :865-876. (in Chinese)

(18] Rk, B A, MM, % . Bldb—3¢ b~k vl = A 0 3 v 2 3
78 N X K A SR s (). AR AR (), 2025,
56(10):165-178.

Wu Maolin, Huang Shengzhi, Zhou Wei, et al. Spatiotemporal
Evolution of Wet=Dry Encounters in Northern, Central, and
Southern Shaanxi and Their Effects on Water Network layout [J].
Water Resources and Hydropower Engineering, 2025, 56 (10) :
165-178. (in Chinese)

[19] LATIF Shahid, MUSTAFA F. Copula—based multivariate flood
probability construction: a review [J]. Arabian Journal of
Geosciences, 2020, 13(3): 132.

[20] B3 R, IR, 2K, &5 . BTl = AR oA I 25 3l 2



N 9

A2 HLAEI [J/OL]. K BE IR AR 4, 1-15[2026-01-20]. htps://
link. enki. net/urlid/32. 1356. TV. 20250407. 1608. 004.

Ren Lilaing, Wan Yixin, Yuan Shanshui, et al. The Mechanism of

Spatiotemporal Dynamic Evolution of Three-Dimensional Extreme
Precipitation in the Yellow River Basin [J/OL]. Water Resources
Protection, 1-15[2026-01-201. https://link. cnki. net/urlid/32.
1356. TV. 20250407. 1608. 004. (in Chinese)

[21] E5 Wk, 70, %5 . ZETF Copula PRELIT RN IR RS
TERARRAEDF ST [T ] KRR L BOR (PR 3E30) , 2024, 55 (11)
26-38.

Wang Yi, Yao Rui, Sun Peng, et al. Characterization of non—
stationary meteorological drought in Huaihe River Basin based on
Copula function [J]. Water Resources and Hydropower
Engineering, 2024, 55(11): 26-38. (in Chinese)

[22] TRIH, K, BB, 45 . Copula BRELE /K SCZ2 043 Hr 149 17 FH
b RELT ). BB TR BE s, 2025,44(3) : 1-9.

44(3):1-9. (in Chinese)

(23] 4, B o, B A 3T =4k copula BRZ Y 22 /K 3C X A 8
WAMTLT ] KELEIERE, 2012, 23(2): 186-193.
Xie Hua, Luo Qiang, Huang Jiesheng. Analysis of the encounter
between abundance and drought in Multiple hydrological regions
Based on three—dimensional copula function [J]. Advances in
Water Science, 2012, 23(2): 186-193. (in Chinese)

[24] Btk . T Copula BRI SO F AR AR [T]. AR
PRYL,2017,38(7):55-60.
Lyu Fushui. Analysis on Drought and Flood Flow Probability in
Hanjiang River Tributary Based on Copula Function [J]. Pearl
River,2017,38(7) :55-60. (in Chinese)

[25] KB %, e, ARAE R, 55 2T Copula PRETHYERIT =M £
TR A T[], AN RERIL, 2021,42(12) :30-41.
Zhang Zhaoyi, He Yanhu, Lin Zhuliang, et al. Copula-based

Wetness—Dryness Encountering Analysis of Upstream Runoff in

Xu Pengcheng, Zu Tong, Huang Xu, Research Progress on the the Pearl River Delta [J]. Pearl River,2021,42(12) : 30-41. (in

Application of Copula Function in Hydrological Multivariate Chinese)

Analysis [J]. Journal of Nanchang Institute of Technology , 2025,

Analysis of Precipitation Characteristics and Wet - Dry Encounter in Major River Basins of

Liaoning Province
YE Tianshu

(Liaoning River and Reservoir Management Service Center, Liaoning Hydrology Bureau, Shenyang 110003, China)

Abstract: To systematically explore the variation characteristics of annual precipitation and the interaction between different river
basins in Liaoning Province, this study employed multiple scientific methods including linear trend estimation and wavelet analysis.
Prior to investigating the wet-dry encounter relationships between basins, a critical step was taken to determine the optimal marginal
distribution function for each individual basin—this function mathematically describes the probability distribution of annual
precipitation in a single basin, laying the foundation for subsequent bivariate analysis. Additionally, the Copula function, a powerful
tool in multivariate statistics for modeling the dependence structure between two or more random variables (independent of their
marginal distributions), was calibrated to capture the correlation between precipitation series of any two basins, which involved

classifying precipitation status into "wet," "normal," and "dry" categories for each basin and calculating the probability of synchronous
(e. g., both wet or both dry) and asynchronous (e. g., one wet and the other dry) occurrences between pairs of basins. The main
conclusions are as follows: Except for the Liao River Basin and the Daxiaoling River Basin, the annual precipitation of other major
basins in Liaoning Province shows a decreasing trend, among which the YLJ River Basin and the coastal rivers in eastern Liaoning in
the eastern region have the most significant decline, with the rates of -0.545 mm/a and -0. 753 mm/a respectively. The annual
precipitation of each major basin presents three periodicities, namely 4-5 years, 9-14 years and 30-35 years. The Gamma function is
selected as the optimal marginal distribution function for the Liao River Basin, the Daxiaoling River Basin and the coastal rivers in
western Liaoning; the GEV (Generalized Extreme Value) function is the optimal one for the Huntai River Basin and the YLJ River

Basin; and the Log-normal function is the best fit for the coastal rivers in eastern Liaoning. The wet-dry encounter characteristics of

precipitation between any two major basins in Liaoning Province show obvious regional differences. The wet-dry synchronization rate
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is relatively high in adjacent basins, with the rate reaching 0. 72 between the YLJ River Basin and the coastal river basin in eastern
Liaoning. In contrast, there is a large asynchrony in precipitation wet-dry conditions between the basins in the eastern region (the YLJ
River Basin and the coastal rivers in eastern Liaoning) and those in the western region (the Daxiaoling River Basin). The research
results can provide a scientific basis for the construction and planning of the water network in Liaoning Province, and also offer
technical support for the three-line water diversion scheme of "Transferring Water from Eastern Liaoning to Western Liaoning. "

Keywords: Precipitation characteristics; trend; periodicity; wet-dry encounter; Copula function; Liaoning Province
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