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Abstract The Copula theory was used to construct the joint distribution of precipitation in the flood season, the dry sea-
son, and the whole year between the water source area and the water receiving areas in the middle route of the South-to-
North Water Transfer Project. The effect of climate change on the synchronous — asynchronous encounter probability of rich
- poor precipitation was analyzed based on the General Circulation Models (GCMs) outputs in the IPCC Fourth Assessment
Report (IPCC AR4). The results show that on the flood season scale, the synchronous frequency of both rich and
poor exhibits increasing tendency in the Han — Tang (Hanjiang Water Source Area — Tangbaihe Water Receiving Ar-
ea) encounter and Han - Hai (Hanjiang Water Source Area— Hai River Water Receiving Area) encounter, and the
values are 3. 34%— 16.48% and 2.56%- 8. 21% ., respectively, under different emission scenarios; while the syn-
chronous frequency of both rich and poor exhibits decreasing tendency in Han — Huang (Hanjiang Water Source Ar-
ea— Yellow River Water Receiving Area) encounter, the value is in the range of —1.97%- 9. 57% under different
emission scenarios. On the dry season scale, the synchronous frequency of both rich and poor in the Han - Tang en-
counter and Han - Hai encounter decreases about —0. 21%- 9. 42% and 0. 99%- 5.54%. respectively, while that
in Han - Huang encounter increases about 1. 79% - 13. 28%. On the annual scale, the synchronous frequency of both rich
and poor exhibits decreasing tendency in all the three encounters, and the values for the Han - Tang, Han - Huang, and
Han - Hai encounters decrease about —2. 88%—10. 97%, —1.28%-5.05%, and —2. 33%-7.01%. respectively.

Key words South-to-North Water Transfer Project, synchronous — asynchronous encounter probability, Copula
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Fig. 1 The water source area and water receiving areas in the middle route of South-to-North Water Transfer Project
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Fig. 2 The calculated and empirical frequencies between water source area and water receiving areas for the flood season (left panel),

non-flood season (middle panel), and the whole year (right panel): (al, a2, a3) Han- Tang encounter; (bl, b2, b3) Han- Huang

encounter; (cl, ¢2, ¢3) Han- Hai encounter
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Table 3 synchronous — asynchronous encounter probability of rich — poor precipitation between water source area and water re-
ceiving areas for the flood season, non-flood season, and the whole year
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x4 SBERESTRKEXEEZKRAH., FRPREFERKEFHEBTENTH
Table 4 Changes of synchronous — asynchronous encounter probability of rich — poor precipitation between water source area and
water receiving areas for the flood season, non-flood season, and the whole year

DU DU DL 8

i B i fi] s ML R [l PR S ) A RGBT S [ A
Wi Bk 47.56%  25.57%  28.84%  31.34% 19.13%  21.37%  26.13%  16.55%  17.80%
21 4 Fofr Bl 4.19% 3.44%  —1.21% 0.43% 0.16% 0.17% 8.21% 5.75% 2.68%

AlB  10.60% 5.10% 0.59% 1.97% 0.70% 0.74% 3.19% 3.09% 0.24%

A2 8.70% 2.83% 2.64% —5.57% —2.13% —2.38% 2.58% 1.25% 1.71%

21 4 R Bl 3.34% 1.13% 1L.11% —0.44% —0.16% —0.17% 3.95% 1.90% 2.56%

AlB  16.48% 6.39% 2.02%  —9.57% —3.81% —4.42% 2.56% 2.72% —0.09%

A2 7.16% 4.25% —0.34% —9.11% —1.72% —6.31% 5.39% 2.55% 3.40%

T PR 49.53%  28.32%  26.91%  32.90% 19.85%  22.30%  31.54%  20.80%  19.60%
21 th#d Boprt Bl —8.38% —4.25%  0.22% 9.12%  5.67% 1.37%  —5.14% —2.23% —2.79%

AlB  —6.04% —3.49% 0.93% 3.96% 3.75% —0.56% —0.99% —0.41% —0.50%

A2 —9.42% —2.50% —2.68% 5.02% 4.17%  —0.14%  —4.91% —2.12% —2.65%

21 gl Fopr Bl 0.21% —1.60%  2.56% 1.79%  0.73%  0.87% —5.54% —2.42% —3.03%

AlB  —8.35% —4.24% 0.23% 3.19% 3.43% —0.88% —1.85% 1.15% —3.12%

A2 —9.10% —2.40% —2.58%  13.28% 6.98% 2.74%  —5.47% —2.38% —2.99%

AE PR 46.85%  25.33%  28.61%  35.88% 21.14%  23.92%  22.47%  14.45%  14.66%
21 thed Bofnt Bl —6.74% —2.17% —2.01% —2.22% —0.83% —0.91% —3.94% —0.86% —1.99%

A1B 2.88% 2.54% —1.80% —2.64% —0.99% —1.09% —6.37% —3.13% —4.29%

A2 —1.38% —0.43% —0.37% —5.05% —1.94% —2.17% —7.01% —3.47% —4.80%

21 el Mg Bl —2.06% —0.64% —0.56% —3.98% —1.51% —1.67% —1.35% 0.89% —2.65%

AlB  —4.48% —1.42% —1.28%
A2 —10.97% —1.47% —6.04%

1.28% 2.64% —2.04% 2.33% 1.04% 1.32%

—1.77% 1.52% —3.18% —3.27% —0.29% —3.68%

WHEA . PSRRI R, T 2 RK SOt
e N . BT Copula pR LA B B A XK
PE, SRR FE 5 F. B S P
R 8 8 A R AR A, AT A K X e
2K A AR 55 K U X AR AL 32 7K DX = 1 45 S A
RIS, X SR EMXE N (20000 &K
BRI A R R R TR R E A S R AR ALY
BRI BN 2 2598 2 — B0, BB AT RO .
F Copula At i AN [l 7K SCIX A = A 188 388 [ 51 S ]
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TiA . FETFREK TR FE A 8 AT IR R TR
T X B R BRI A BT o 3 TR K ) T Al 1
BT HRE RN UK IR B CkAD MM E
OB T MR S BRI R, TR B IIRR R K
SATRIG . B, TR K RS Sk 1
ot 3 A RN K L T AR A SRR R, SEPR
ERA—EHRAR,

G s ARSI IR B A AR A 5 R 1 7KL
PR TR K VR X 5 32 7K X e 7K 34 18 18 A5 1k
SEaE 7 7 IPCC rfr GCM #5545 iy J it -
M. HTFARIE SOR X AR AL, ok S
H AR RRE K I 2 AR B s PR AR SCAB 82 A R e 7K
Wl R Rt T B4 s 9 H . DO JEFAS [
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FH), R 22 X 45 0 2 ] R R AR K,
AR FH AR 0L A = A T 38 AR AR SRy A 56 ) K B
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