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Fig. 1 The canal route of the Water Transfer Project in Central Yunnan.
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Tab. 1 Basic information of 4 modes in CMIP 6
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Tab. 3 Classification for wet year, normal year and dry year
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Fig. 2 The real part time-frequency distribution of wavelet coefficients for precipitation series
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Tab. 4 Estimated parameters for precipitation distribution in the water

source area and the water receiving area
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Tab.5 Goodness of fit for each Copula function

FRAE AT . VI 2 AR IR TR B [a] RUEE () Copula
PR, A58 T ORA A B A A IR . ek 61l
R SRR ) ROBEE b, KU IX A2 K X R A
WHRIRE] 36.7%, Wi H 7] 45 A 25.3%, [ SF-40 %
N 9.7%; IR, K 5 DX RN 72 7K XA ST A 00 R 0k

WRIRE i3858 Clayton  Gumbel-Hougaard — Frank
OLS 0.34 0.37 0.33
KGR
AIC —44.81 -41.29 —44.41
R OLS 0.36 0.40 0.39
pii|
AIC —27.02 -35.91 —41.90
N OLS 0.37 0.44 0.60
04
AIC —60.41 —43.26 —55.56
KxKAF®R <1101



£20% %o ARG ARABHCFHEO

2022 £ 12 A

1.0
0.8
0.6
0.4
0.2
0
16001 oy 1 400
}k”f’lx S0 400 400 !:;(‘)0
Y jg/%? 0 A \%ﬂ&%
B3 KEXS5ZKXEXKEZHEBEESH

Fig.3 Two dimensional joint distribution of precipitation in water

source area and water receiving area
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Tab. 6 Frequency of wet and dry precipitation in water source area and receiving area %
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Tab. 7 Estimated parameters for precipitation distribution in water

source and receiving areas under SSP1-2.6 and SSP5-8.5.
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Fig. 5 Two-dimensional joint distribution of precipitation in the water

source and receiving areas under SSP1-2.6 and SSP5-8.5
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in the water source and receiving areas under SSP1-2.6 and SSP5-8.5
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Tab. 9 Frequency of precipitation abundance encounters in water source and receiving areas under SSP1-2.6 and SSP5-8.5

T HE BT R/ % AR AR/ % (L5 N HE BT /% AR AR AR/ %
[HES 247 -0.6 [HES 222 -4.5
IR 6.2 -35 [ERS 8.4 -13
[ A 20.1 -8.2 [EE 25.0 -33
RS 8.3 2.0 RS2 9.9 —0.4
SSP1-2.6 e 4.9 +3.0 SSP5-8.5 P2 A 49 +3.0
P32 A 9.9 +3.6 P32 Ak 6.2 -0.1
B2+ 9.9 -0.1 B2+ 123 +2.3
A3z 3.7 +2.3 PR32 4 2.5 +1.1
IR 521 123 +5.5 TR 521 8.6 +1.8
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Tab. 10  Frequency of precipitation abundance encounters in water source and receiving areas during different time periods under SSP1-2.6

AT B e AT % FEXTAELR/% AT B HeE AT/ %% FAXSAEAL/ %

[HES 19.4 -5.9 P22 A 72 +0.9
[ 3.9 -5.8 v+ 4.5 -5.5
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2022—2049 R4 33 +1.4 [HES 143 -11.0
UF-SZ A 13.9 +7.6 [ERS 58 -39
Bz 112 +1.2 Al 28.1 -0.2
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CIES 30.0 +4.7 205072100 PESF-3Z A 13 -5.0
[~ 7.4 -23 B 17.7 +7.7

2050—2079 Ak 26.3 -2.0 Pk 2z £ 4.1 2.7
BREZF 5.9 —4.4 PR s2F 48 -2.0
VA 5.7 +3.8
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Tab. 11 Frequency of precipitation abundance encounters in water source and receiving areas during different time periods under SSP5-8.5
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T 273 20 0O g 05 32
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Synchronous-asynchronous encounter probability of high-low precipitation
between the water source and water receiving area in the Water Transfer Project
in Central Yunnan under climate change

HE Jing', LYU Aifeng”’, ZHANG Wenxiang'

(1. Yunnan Key Laboratory of Plateau Geographic Processes and Environment Change, Faculty of Geography, Yunnan Normal University, Kunming
650500, China; 2. Institute of Geographic Sciences and Resources Research, CAS, Beijing 100101,China; 3. University of Chinese Academy of
Sciences,Beijing 100049, China )

Abstract: The analysis of synchronous-asynchronous encounter probability of high-low precipitation between the
water source and water receiving area is an important basis for regulation of water resources project and rational
water resources allocation. The inter-annual precipitation variation cycles and trends were analyzed by Morlet
wavelet analysis of water source and receiving area of the Water Transfer Project in Central Yunnan (WTPCY) from
1960 to 2021. A Copula function was used to construct a joint distribution model of precipitation between the water
source and the receiving area of WTPCY based on the historical measured and the shared socio-economic path
(SSP1-2.6 and SSP5-8.5) of the International Coupled Model Comparison Program Phase 6 (CMIP 6) precipitation
data from 2022 to 2100 . The probability of asynchronous or synchronous precipitation was calculated in the two
regions. The results show that: (1) annual precipitation in the water source area of the WTPCY was larger than that
in the receiving area, the inter-annual variation of precipitation was relatively small and the intra-annual distribution
was more uniform than that in the receiving area. The precipitation sequence from 1960 to 2021 had periodic
changes on three time scales of 26 ~39 a, 18~25 a and 4~7 a, respectively, and the precipitation sequence from 2022
to 2100 has periodic changes on three time scales of 38~55 a, 18~30 a and 5~12 a. The precipitation showed a cycle
of "more-less-more" alternately. It is expected that the next 10~20 a will continue to be a period of high
precipitation. (2) In the past 62 years, the precipitation asynchronous encounter probability between the water source
area and the water receiving area was 36.4% and the precipitation synchronous encounter probability of high
precipitation years was 25.3%. The precipitation synchronous encounter probability of low precipitation years was
less than 30%, and the WTPCY have complementary water transfer conditions. (3) Compared with the baseline, the
probability of precipitation synchronous encounters will decrease but asynchronous encounters will increase by
different degrees in the SSP1-2.6 and SSP5-8.5 scenarios. Especially, the precipitation synchronous encounter

probability of low precipitation years showed a decreasing trend, and the water source area had low precipitation
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years but the water receiving area had high precipitation years and encounter probability showed a decreasing trend.
In summary, the probability conducive to water transfer of synchronous-asynchronous encounter probability about
the WTPCY will increase obviously by 3.75%. (4) With the increase in economic development and intensity of
human activities, it will lead to climate instability and more uneven spatial and temporal distribution of precipitation.
In the near, medium, and long-term projections, the transition from the SSP1-2.6 scenario (sustainable development
model) to the SSP5-8.5 scenario (high-intensity development model), the probability of precipitation asynchronous
encounter under the SSP5-8.5 scenario may larger than SSP1-2.6 scenario, indicating that the regional differences in
precipitation between the water source area and the water receiving area become larger and the spatial and temporal
differences in precipitation become more significant. In the future, the precipitation and the probability conducive to
water transfer of synchronous-asynchronous encounter probability about the WTPCY will increase obviously. These
characteristics are conducive to the operation of the WTPCY. Through comprehensive analysis, quantitative
assessment, and simulation prediction of the synchronous-asynchronous encounter probability about the WTPCY
under climate change, it provides data support and a reference basis for the synergistic integration of water resources
regulation in the WTPCY.

Key words: Water Transfer Project in Central Yunnan; Copula; synchronous-asynchronous encounter; CMIP 6;

wavelet analysis.
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