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Abstract: Previous results showed that the temperature of the intake area in the Middle Route of Soutlr to- North Water Diver

sion Project increases by about 1°C in recent 50 years. In order to analyze the impact of climate change on the future water regur

lation quantity in the water source area of the Soutlr toc North Water Diversion Project, the paper investigated the impact of clt

mate change on the intake area runoff in the Middle Route of Soutlr to North W ater Diversion Project using the WEP L distribr

uted hydrological model based on the CMIP3 data of WCRP. The results are of an important significance for the study of w ater

regulation quantity in the water source area during the operation of M iddle Route of Soutlr te- North Water Diversion Project,

provide a reliable method for the study of the impact of climate change on runoff, and lay an important foundation for the analy

sis of the impact of climate change on hydrologic cycle.
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Fig.1 Variation of annual average

temperature at the Chifeng station

2
Fig.2  Variation of annual average

temperature at the Datong station
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Fig.3  Variation of annual average

temperature at the Dongying station
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Fig.4 Variation of annual average

tem perature at the Laohekou station
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Fig.5 Variation of annual average
temperature in the intake area
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Table 1 Variations of temperature and precipitation in the intake area

e 2514 LS LS LI PN 3 ’i&%/}tﬂt nggé%
i o/ mm GBI %) WR(%) WEEE(C) IE(C)

2001- 2030  14. 46 1.9 9.2 0.97 1.63
AlB 2031- 2050 24.34 3.1 13.5 .39  2.61

2001- 2030 13.38 1.7 7.4 1.04  1.58
A2 2031- 2050 22.52 2.9 10.2 1.31 2.3
. 2001- 2030  27.39 3.5 10. 1 0.98  1.46

2031- 2050 36.31 4.7 12.5 1.19 1.83
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Table 2 Climate change scenarios

AR SRR EE( C) K 7K AR AL LE A (%)
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Fig. 6 Distribution of meteorological stations in the intake area
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Fig.7 Parameter zonations in the intak e area
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Table 3 Range of parameter values for the sensitivity analysis
P AR TR ER SR
HSSFCoef 0.1 5 BKEEMufE B R

R T
IR SR T

H R LR
SIS RN E R A
KRB Bk R B I R
1 AR I 1 T R
LB E R 2
TSI
P K T

1

2 W3DE1 0.1 1
3 W 3DE2 0.2 2
4 W3DE3 0.4 3
5 AKCoef  0.01 10
6 redtCoef  0.01 30
7 ATHKCoef 0.1 30
8 RCMIcoef 0.1 10
9 RivMNCoef 0.01 1
10 SubM NCoef 0.01 1
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Table 4 Sensitivity analysis results
K3k =AU S R
KEL(D AKCoef W 3DE3 W3DE]
SREB( ) ATHK Coef AK Coef rediC oef
B Ik ATHK Coef AKCoef W 3DE2
BEMRET(iE ) ATHKCoef W3DE2 redtC oef
BRI AKCoef redt Coef RivMN Coef
R redt Coef AKCoef W3DE3
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Fig. 8 Variation percentages of runoff in each parameter zone

with the decreasing of 5% precipitation

10 10%
Fig. 10 Variation percentages of runoff in each parameter zone

with the decreasing of 10% precipitation
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Table 5 Model calibration and verification
KEGER Bk & 1

JK 30k W %% Nash AMI% iwZ%  Nash H%
(%)  FE RZ¥ (%)  FH FH

KEHE(D) Wy - 23.12 0.75 0.89  7.10 0.46 0.71
RERB( ) W - 29.36 0.91 0.98  3.81 0.55 0.95
Pk HE - 22.63 0.94 0.99 -9.92 0.89 0.98
BEAK (08 =) W - 1.48 0.94 0.97 - 0.10 0.82 0.96
BT HEV] 15.33 0.88 0.94 - 10.22 0.81 0.93
]S W - 15.45 0.85 0.93 - 23.39 0.64 0.91

9 5%
Fig.9 Variation percentages of runoff in each parameter zone

with the increasing of 5% precipitation

11 10%
Fig. 11

Variation percentages of runoff in each parameter zone

with the increasing of 10% precipitation
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12 1 C
Fig. 12 Variation percentages of runoff in each parameter zone

with the decreasing of 1 C temperature

14 2 C
Fig. 14 Variation percentages of runoff in each parameter zone

with the decreasing of 2 'C temperature
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Table 6 Variation percentages of runoff in each parameter

zone under climate change scenarios

AL ARALIEE( C) B 7K AL AL L5 (9% )

/:‘[/‘{,f/tlﬂ—_‘%
RERER 2 -1 -5 5 10

AR %) 11 6.6 — 7.3 - 13.4- 15.6- 9.2 11.1 20. 1

13 1T
Fig. 13 Variation percentages of runoff in each parameter zone

with the increasing of 1 C tem perature

15 27C
Fig. 15 Variation percentages of runoff in each parameter zone

with the increasing of 2 C tem perature

SRR, IR AR, AR A3 I 9e b A Y T v
RS DA B (1 e, A AR e A< AR g il P2 AR A A AH Tl o 7K
A i, ARV AR A S K AR AL S B — B 3, AR AL L 41
B KA LA K, 23 AL B A 5 B R AL R AR ]

3

AALIRTE T (KK AE AT 77 OG0 Hh Bk A W 1) A Bk AR Ak LA
JNZH S5 B0k ARG A B0 5 1, e F o 7K S 2 5 7K 0 s 2 Rt
MR A S A 2 SRS X RTI PE . ARSC AT T K
XK RIS B T 32 K X AR 55,

(T#% 145 0)

ok db @ e 141 -



g mALE T & TRLE T RA EIL G KL R

AN TE) R BE R BT VD i A I VE L A 153~ 226 m/s, FFEE X (1)
SRR TG N 167~ 297 m/ s. FrE5 X I 2 BT
T T B D ) 2 BT e

5

T IS B A A B R LI b v TN SR RS AL
BHGALS, F BT 4k

(1) fh B BUATE 54 B 0 A B S0 A 1) - vk 30 5
AEIA) BEA 1.7 m 18 m Ab R Ji5 Hb 3 - AN A7 R AL, A (R B
1.9 m Ab B Ji5 b 3 4 A7 70 AL

(2) MR (K938 56 3k RS I 45 ST L 73 R AL B
K R AAY HEHL(EHE 3 500 kg, HEFE 355 mm), BEIEE!
FRHILE 0.2~ 0.25 m® ZIHIF By R T A KT 1~ 2
m/ min P, i BENEA KT 15 em (W T 05 %, B 9514 2
MR B2k

(3) S5 FL BT it TR 6 45 L, A 1) = (R B ) gt
Lo L K S LS R 7 et W W IR gV R

(References) :

(1] PR, FMESR, XK B, & 59 Sras il e i w2
Y L AL R N [ ] . Bkl @A, 2007, (4): 66 67. (XU
Yurryun, SUN Zhong giang, LIU Ya chang, et al. T he Applica
tion of Ramr compaction Gravel Piles in Sand Liquefaction Im-
proving of Coastal Express Way [ J]. Rallway Engineering,
2007, (4): 66 67. (in Chinese) )

[2]  FAEAR. S Re A0 JE 5 o LR AE A n8) 2 BUB IR AL PE TR
RN )], TR 22, 2009, (H9 1): 14F144. ( HAO Shur
lin. T he Application of Equal Energy and Deformation Compac
tion Muck Pile in Bejing Higlrspeed Train Section[J]. Engr
neering Investigation & Surveying, 2009, (Supp. 1): 14F 144.

[3]

[4]

[5]

[6]

[7]

(in Chinese))

PR AE R A BTN B I 5 2 WE A REL T ] . P 3R, 2007,
33(112): 122 123. ( FU De jun. Control of Compacted Gravel
Pile with Equal Energy and Penetration[]J]. Shanxi Architec
ture, 2007, 33( 12) : 122-123. (in Chinese))

BAE . S5 RE R SRR I3 3 5 L o Bt R Ak B e g
M. 2 bsdEdk, 2007, (4):69-71. ( HU Curr liang. Applica
tion of Equal Energy and E qual Distortion Ram ming Expanded
Pile in Expressway Foundation Treatment[ J]. Comunication
Standardization, 2007, (4) : 69 71. (in Chinese))

B, Brrest. AR R SRR B SR AR BRVBLIG RD h IAL
JJ]. TR 52, 2009( 1 1) : 145148, (ZHANG Jirr cheng,
DUAN Liang liang. T he Results of Equal Energy and Deform &
tion Compaction Pile Treating Liquefaction Sand[J]. Engineer
ing Investigation & Surveying, 2009, ( Supp. 1): 145 148. (in
Chinese))

B S A BEAE O AL B R R A ()] B T AR,
2008(8): 128 130. ( FENG Yar qin. Analysis of Superiority of
Ram Replacement Stone Column to Treatment of Weak Fourr
dation[ J]. Northern Communications, 2008( 8): 128 130. ( in
Chinese))

AT ut, 2 AR, R, S5 95 T B WA BEAL B A it
[J]. PP 3R K55 0 HARER32hE) , 2010, 26(2) - 282 285.
(FU Diarr wu, LI Feng qi, QI Yirrsheng, et al. Study on Comr
pacted Crushing Stone Pilein Treatment for Saturated Sand af
ter Liquefaction[ J]. Journal of Shenyang JianzhuU niversity
(Natural Science), 2010, 26( 2) : 282-285. (in Chinese))

ST P 585 A A T m] A i R BT 7 ) ek
T F, 2008, (3):8688. (LIU Zherr jing. Experimental Study of
Com paction Gravel Piles Treating Liquefiable Foundation[ J].
Subgrade Engineering, 2008, ( 3) : 86 88. (in Chinese) )

(LE#EFE 14 W)

THEE T AR A A 52K DA IR S, BF 5 B SR T
AR X KA I 1R 5% 90 7 BT RAT FE B BE {2, X TSR
KA SR S OK R RK B R A BRI

(References) :

(1] YRR ZR Gy 2 VT B IR Be v T 5 e F 7K AL rp 22— 3]
THEIH WA [ R]. 2004. (Yangtze River Water Resources
Investigation Planning and Design Institute Board. T he First
Phase of the Middle Route of Soutlrtoc North Water T ransfer
Project Proposal[ R]. 2004. (in Chinese))

[2] KU, BRgeAk, B 0, 4. Ak R REE MBCBTA T .
ALY B, 2007, 3(2): 6373. (QIN Da he, CHEN Zherr
lin, LUO Yong, et al. Updated U nderstanding of Climate
Chang e Sciences| J]. Advances in Climate Change, 2007, 3(2):
63-73. (in Chinese))

[3]

[4]

[5]

[6]

[ 5 . v TR X SR AL TR AL Bl 4 Version 1. 0 f#
JUEWI[ Z]. 2008. ( National Climate Centre. China Regional
Climate Change Forecast Data Set Version 1. 0[ Z]. 2008. (in
Chinese))

Gleick P H. Climate Change, Hydrology and Water Resources
[J]. Reviews of Geophysics, 1989, 27(3): 329 344.

XUFFZE. S AR S 5 AR A X KA BRI B 5T £k [ ] K
,2003,23(4): +7. (LIU Chumrzhen. The Review of Impact
Study of Climate Variability and Change on the Water Cycle
[J].Hydrology, 2003, 23(4): 7. (in Chinese) )

SIS, s, T, S S A s s R SRR B ST i
[M]. dbxt: o B K R 7K B H R AL, 2005, (JIA Yang wen,
WANG Hao, NI Guangheng, et al. A Distributed Watershed
Hydrological Model Theory and Practice[ M ]. Beijing: China
Water Power Press, 2005. (in Chinese) )

ok db i@ e 145 -



