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Climate Change Trend Analysis in Western Route of South- to-North Water Diversion Project
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(a.State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, China;
b. College of Water Resource & H ydropower, Sichuan University, Chengdu 610065, China)

Abstract: Based on the precipitation, temperature, sunshine duration, mean wind speed, average relative humidity, and average va

por pressure data at 13 meteorological stations in the Western Route of Soutlr to- North Water Diversion Project and adjacent re

gions over the past 60 years, the Manmr Kendall test, Hurst coefficient method, and wavelet method were used to perform the

trend, continuity, and periodicity analysis on these meteorological factors. The results indicated that (1) the temperature at each

station increases significantly, especially in the winter; (2) annual precipitation at 92% of total stations has an insignificant irr

creasing trend, but precipitation has a significant increasing trend in the spring; and (3) annual sunshine duration at 64% of total

stations shows a decreasing trend. Stations that have apparent variation trends of meteorological factors often belong to headw

ter catchment. Hurst coefficients of meteorological factors are were all greater than 0. 5, which indicated a positive long term

continuity and that the variation trend in future is similar to that in the past. Morover, each meteorological factor sequence had

an obvious cycle of 6 to 18 years.
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Table 1 Basic information of meteorological stations
. -~ fir B B PERHE B
G i /m Wt ¥ ik H i JX i W K

YRV 56004 9726 3413 4533 1957-2011 19572011 19572011 -

B} 56029 970  33°0f 3681 19532011 19542011 19542011 19542011 19542011 19542011

% 56033 9813  34°53 4272 19532011 1953 2011

ik H 56046 9939  33°43 3968 19562011 19562011 19562011 19562011 1956 2011 19562011

PEI 56151 10043  32°56 3750 1966-2011 19662011 19662011

iR 56038 9806  32°59 4200 1961-2011 196+ 2011  196+2011

HH 56146 10006  31°37 3394 1951-2011 19522011 19532011 19522011 19522011 19522011

SR 56176  10r07  30°59 2057 19582011 19582011 19582011

THA 56144 9834 31°44 3201 19572011 19572011 19572011

[ o 56247 9906  30°00 2589 1969-2011 1969 2011 19692011

ik 56152 10020 3217 3894  1961-2011  196+2011 19622011
UREE 56172 10214 31°54 2664 19542011 19542011 19542011 19542011 19542011 19542011

N 56178 10221  31°00 2369 19522011 19522011 19522011 19522011 19522011

HEFI HT BT 5 ARAZ A MK SR B8] 241 A2 4 R
AR EE TR KOG F G ST 5T R A — A K
P HEBRAAAERE W3 BRI %P St LT 2
TR KRG R IR M, A EAE TS oy, T H
U o) 7 B B AL R R, 2 LA 4R 8 ]
B N, BRI T I ) 7 41 A S A DG PR (Al mu KRR
P, BAIAZIE) T A, AR I R Rt K
RS RS HORUE K. B L, S H 2 i A i 2% —
PR 1] A S RV AT 1) JE AT 40 W, 3 5 0 1 3 A e sty 11k
BT 0T A S Fe 1 & 30t 50k A 2806850 Mann
Kendall ¥ 7347, 7 51 (¥ 5 S0 98 R Hurst R 8022047, 7K
SCR PRI SR /N B T3 03 A, T3 0 L 52 SOk Y
2.1 AL

Manrr Kendall #; 3952 F A K 305 Bodlié 555 b b
M7 ke —o HRIE: BE X1, Xo, o X, I
PP AN AR &, n IR A A, P AN et & S R

S= ;?:;ﬁ:lsgn(xk— x;) (1)
Hrbo, o 30Nk, j FRNEME B> .

1 xp— x;> 0
Xp— Xj= 0 (2)

-1 Xg— x,-<0

sgn(x— x;)=40

S-1
var(S) 5> 0
7=40 S=0 (3)
S+ 1
var(S) 5< 0

6 KK EIR

KA Z H—DIEEDANG & var(S) AT ZE. E4E a
MR AT L, Wi Z> Z1op, WHRL R, BITE o BA5 K
b, WP BB A A W R b TR e T R A KA
IR B TR, TR

B= Median(%) Vi< k (4)

#8> 0, Rox 5 ETHES 35 B< 0, Ron 2 FIEE S
ARSCH M- K700 v 5 53t AN R D7 R B R
KRR Z 8, 43 T SRR TEEN ERRAR
A a I [8) 73 A AR DL o
2.2 HGEHE
R/S I3 HT A& AR URR (H urst) $2 th ) — b s ) 2 51 e vt J7
1%, AT UL S5 Sk slBE HLIE . R/ S i ik, SCRRA
bR M 22 03 Al 3L B R F U8 - AN ] A
(X(1)), 1= 1,2 . %P TAR R IE 85 T2, 58 UM 51
Xe= +3X(1)  T=1.2.wun (s)
A& 1) 2om BB 2, :
§.T)= L(X(w- Ty

ez R & X h:
R(T)= 1mgaéTx(L‘, T - lrgggrx (t,T) T=12 -.,n (7)
Wit ZE S & K-

1< <T (6)

(U= [T X(X(1)- X 7T T= 12 e (8)
Mandelbrot 5% /& BT RS AREAE 148 5508 105>
BEESE T Hurst (B9, JFH L T 58032 R S, 0

_ In(R/S) (9)
“ In(n/2)



HRRE MALEARL TR ARAGLLAES

FR Y s e k), ik X (5) A (9) T Hurst REL H .

Hurst % H IETEE 0~ 1 210, 25 H= 0.5 It],
R AP HZBENL IR, FPHIAH R R EONE, o A &5 m
FHes H> 0.5 BN ERRBEE, RoR)7H1 I LAR i o) Rk
FEAE TR T I S A (IR RESERON) , BR A5 13 4 AE B — AN R 2
B F) Mk, W —AS W gk ki B F); 370
H< 0.5 RaFH0d FAR AT KK 774 [T 17 1) 5% Wi
( REFGN), RIS P AIAE R — AN ) B F) s,
WF— AR (B .

AR SO B W B R KU R B KR 1 AR
FITHE T Hurst FH, 6 J0 I IR) 7 90 0 45 22 1 AT 0 b
FIH o
3

3.1 AFGH
it B8R Gh E R R SIME K Manr Kendall 7 347
PTG BT, d R 2% 3.

2
Table 2 Trend analysis results for several meteorological factors
o Wi L H e 4 R S8 SERIKE
VA B A B A B A B A B VA B
VETEN 1.70% 0.99  4.52%%  0.03  3.56%* 4.9
A 0.26 0.21  4.93%  0.03 1.14 1.08 - 1.6 -0.002 -2.23% -0.07 0.1 0
Mz 2. 207 1.07  4.62%%  0.03
xH 1.19 0.74  5.18%% (.03  2.83%* 3.05 - 1.3 -0.004 -2.89% - 0.07 2.13%  0.003
Yr g 0. 30 0.31  4.42%%  0.03 -1.34 -1.60
VRS -0.22  -0.23  4.39%  0.03 - 3.29%% - 6.69
H# 0.59 0.28  3.41%*  0.02 - 2.52%% -3.26 1.08 0003 -1.10 -0.03 1.76*  0.004
SERE 0.91 0.78  3.08*%* 0.0l 1.46 1.71
T 0.13 0.15  4.14%x  0.02 - 4.49% - 10.07
R 0.96 1,76 2.20%%  0.01 -1.42 -2.01
ik 0.86 0.61  5.65%  0.03 - 3.46%% -3.64
IR g 0.95 0.69  2.33%  0.01 - 3.15%% —3.12 - 35% —-0.006 -0.30 -0.01 0.51 0.001
N 0.13 0.07  3.91% 0.0l - 0.8 -0.003 - 3.0 -0.06 -0.18 - 0.001
i 7 2 R IRIRTE 10% 5% W K.
3
Table 3 Percentages of stations for the trend and significance of all meteorological factors (%)
- Wik i 1 eI 2 S A SN SEBIRARE
LTt TR Tt N Tt TR Tt N LTE DL bTE TR
# 100069 0(0) R(75) 80 450400 55(67) 40(0) 60( 33) 20(0) 80(25) 100( 40) 0(0)
= 70(0) 30(25)  100(92) o0 27(0) 73(63) 40(0) 60( 33) 20(0) 80(50) 60( 0) 40(0)
# 46(0) 54(0) 100(77) 0 0) 27(33)  64(43) 40(50)  60(33) 00 100( 60) 60( 0) 40(0)
% 77(0) 23(0)  100(100) o0 450600  55(17) 20(0) 80( 50) o0 100( 40) 80(0) 20(0)
£ 917 8(0) 100(100) o0 360500 64(71) 20(0) 80( 25) o0 100( 60) 80(50) 20(0)
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1

Fig. 1 Trends of all meteorological factors at Yushu station

2 (ZAMABAY IR ETHEE, § R &R R R K= MR mE 5] 10% 15 % 7KF)
Fig.2 Trends of three meteorological factors at 13 stations( Up pointing triangles mean increasing trends,

down pointing triangles mean decreasing trends, and big triangles mean trends at the 10% significance level)

4 Hurst
Table 4 Results of Hurst coefficients and periodicity of various meteorological factors
. bt L H T3 S 389 S AR X KR
H urst JE 1A Hurst GE H urst JE 3 Hurst e H urst GE Hurst  JE#)
YETEN 0.7 6,18 0. 67 6,21 0.9 6,21
T 0.5 6,15 0.93 9 0.62 6,18 0.69 21 0.78 12 0.77 6,18
EEE 72 0. 63 6,21 0.9 6,18 - -
xH 0.57 9,18 0. 87 15 0. 88 6,18 0.96 21 0.71 9,15 0.82 12,30
PEI 0.65 6,9 0. 89 6,12 0.95 9,12
VRS 0. 56 12,21 0. 86 9 0.99 9
i 0.74 9,24 0.78 9 1 6,12 0.92 9,30 0. 81 6 0.92 12
SERS 0. 64 6,18 0.77 6,24 0. 86 12
T 0. 64 18 0.76 6,21 1 6
L3 0.77 9,24 0. 65 9 0.52 6,9
ik 0.54 6,12 0.96 9,21 0. 81 6,12
IR R 0.53 9,18 0.72 15 0.95 15 0.98 30 0.9 6 0.85 9,18
N 0.7 6,30 0.84 9,15 - - 1 9 0.7 12 0.77 6,18
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