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Prediction of climate change in Kaidu River basin under multi- ensemble GCM
ZHU ANG Xiao wen, LI Yong ping, ZENG Xue ting
(Institute of Resource and Environment, North China Electric Power University, Beijing 102206, China)

Abstract: A statistical dow nscaling model that based on the stepwise cluster analysis( SCADS) , was employed to establish a sta
tistical dow nscaling relationship bet ween the large scale climate variables from the multt ensemble GCM, and the regional clt
mate variables of the Kaidu River basin, as well as to calculate the prediction of dimate change in the future. The results indica
ted that the outputs of SCADS could model the dimate variables of Kaidu River basin with a satisfactory. The NSE for all clt
mate variables in the calibration ( 1961- 1990) and validation ( 1991- 1999) periods were larger than 0.55, indicating a good prect
sion of SCADS. Besides, in terms of the prediction of climate change in the future of Kaidu River basin, it was shown an upw ards
of monthly average temperature, and a larger amount of evaporation, precipit at ion, sunshine hour, and relative humidity in three
different periods ( 2011- 2040,204 F 2070 and 2071- 2100).
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(SCADS) , CHEIREE KRG o Mt AR i Tl v 45 81 1
BLIFPRIRE O o A I FH 3805 5 255 e P A5
K2 GCM BERES K REAR S AL &5 TFA
TR (DX 45 G AR i, AE ) SCADS B8 ) iy A
S th, L H Gk B R R &R, IR B GCM Han i
(YA SR 158 35 ek FRURE 21T Il i 4k ¥ F A, JFR
FHIT AT 468 58 5t 1) S ME 34T SCA DS A5 2Y
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FAGARAEARA R BB A2 4k, 4 IF AR AR
AR 7K S JSATE SR A A AR AN R B AFF 7 SRR R
AR

1

1.1 SCADS %it& R EAEA

ASCR NS K245 T 2013 4R TF R 1) —Fh
T BRI Gk W R B (SCADS) .
BRI Wik (stepwise cluster analysis) 72 AR 4
9558 TRIARUE, 0 — 2 AR A 20 B 28, sl 4 4 A
KA I, —0 0, BRI A AR EAA
Mz e RGO bR HE B — R AR 35
Wilks #EWIEAT (0 F RSB MS. h TRS A e A
FEARIZ D 2 B P2 e B (no+ np= m), AR
P Wilks BUSRZEAEN], fn 731 mide A, Wilks {5 A
(A= TWI/IT 1) Miizdm /e Ho T SOFEARE [
{ti ), | T SRR {0y ) BIAT IS W2 20 N B
{wi ) VW REHBEfwq ) BATHIR 14 A (EAEH
K, e FIf REEFF, DA IR E— gk
hhe 8IS F- 3l (R- et o) AT LA R

1- A Ze+S— P(K—1)/2+ 1
Al/s X P(K— 1) (1)

7= m- 1= (P+ K)/2 (2)

R=

_ _PYK-1)- 4
5= Py (K- 1= 5 (3

A Goilie R 2RISR A E V= P(K- 1)
M= P(K- 1)/2+ L[] F 73; K 2405 P
& R A H. FESL 7k K = 2, AR HiE Wilks #fE
WIEAT F A6 B

F(P.mi— P=1)= 1=

A np— P— 1
S (4)

BRI, 73 BN G IR E SR B T — R AW F
RIS o WRE T3 20 5 07 ¥ 0 5 v B R A R
(SCADS) A £ AHOC Wi (http: //env. uregina. ca/
sca) P2 E M . SCADS R ] = 38 iy A
AU R (1) i N R AR IR 2 (B RS 5 4
TS0 ; (2) RS AN ST AR (0 B ( 3) MRy 5
Hbr U, BT AFEA D NAHRL; (4) Az D K
P, AR H NS A (0] ) G VK R (5) 6T Uk
SRR, MR NS &, AL H () AR .
SCADS R GE AT 20 (1 A B 15 AR ST K AR 2 [
IR LRI R, LU A I 468 g B R (1) Bl AL
VS P 1 o S TR 1 A7 s A W= SO DR A |
SRAUHE) 1L, SCADS #5578 w] A7 2k R i 32 0 2%
I, RERZ AR MAB L ES BT EZWE
AR AR MESE R, ATHE Gl 1748 ) TR
1.2 AR R

FEAR AL AT T8 84t B R BYE XOR LR RS
B b, KR TR AR B LR A R 2% R
FFL s 94, AR 1) P N NG IR A 7 b, 28
HiUJEE FBIFIRAE 2 400 ~ 2 600 m 2 Ja), HFA-F- 3
Rl L3R 4, (k4 000 ~ 5500 mo AR (1)
AR, PR, R Ll 2 R A AT A, M AR
%{17] .

WP DXL AT W) 2 (9 T R AE, 4E 1 3 B
A 273 mm, Ll XAFFERY 528 200~ 500 mm, 172 Hb
0k 50~ 80 mm' ™" A R A 4t A W)
i, IS 80% HIFER K AEAES H- 9 o 14
MZE KN 1157 mm, L7 = 45 B &, 520 b
DXAT T KA TR IR N AR € TR FRK
IR FIK )53 A, J8 S f TR, AP 38X
-4 16 C, KBRS TIE- 48 C*, A
SCIG FEIT AT H 1 RA b R PF X R, 4 A K T
B 19 x 10" km?.
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Tab.1 The basicinformation of the meteorology stations

il A 2 E2y)3 K/ m
Kb 85°44 4713 1340
(SRR 84°09 4302 2458
NE 86°34 47202 1058

(2) GCM #di. k¥E-T PCMDI 4241 TPCC
AR4 F1] 4 A~ GCM FEBLAE 1961 4F - 2000 4 Fil
2011 4= 2100 “EN BLAULE e 4> GCM AL 1)
R SR I BE 23 28 LSR8 T U 3 ) A A
K, MBI 2 . i, GFDL_CM 2 0 Sk iESEH,
e BRI 2 S A, R RTBE R 1961 4F -
2100 4F, KPR AN 25 x 2. OF (4 x 4
JE), FEAERIL 144 % 90 AP AL, 75 T #5387
BRI A 4 /N4 0 Ak, ARSCAX B TP CC 1 55t
(A IB (PR, 3 T4 SR K i A Bk IL R R i
T 0) ME R AR PN B AT 20 0. % GCM A 42
BT AT AL e R B AL K R AH
PR AN B S AT R AR A ST R R
i) KGR, 35 9 MR RE AR,

2 GCM
Tab.2 Introduction of GCM

KA B
(LR x 21

TFHRIT

BRAH % Vb s

I B

CGCM3T47 &K 3.75x 3.75 1961- 2100 2
GFDL_CM2 0 [ 2.5%x 2.0 1961- 2100 4
HadCM3 e [H 3.75 % 2.75 1961- 2099 2
NCARCCSM3 %[ 1.4x 1.4 1961- 2100 8
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Bl 1 2 T A0 T 38 ) $4 de mn A AE 2R W
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(RS MIMEFT SCADS 5% Y A% FE 1R 0] LE L, 1 2 02
B B URAE 2258 SYVRTBGATE 3P Ay S S TS 40,
B F38dm mrCRAE 2658 R S0E P9 (14l 197 22 4
(NSE) 2290 0 98 F1 0 96, H ¥ i il 48 % 5
SR A 1 NSE 235124 0,99 F10. 95, i &
g L R SCADS G vl [ RBE A5 R AR i 1 I 6
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T ¥ v AR SRR 3 SR A O IR M 38
DAL AR, JLVERIAF B 55 A ARt S0 45
B b b 5L

1 (a)
1990) (b) (1991 - 1999)

Fig. 1 Simulated and observed monthly average max imumr

(1961 -

temperature during(a) calibration(1961- 1990) and(b) validation
(199F 1999) periods in Kaidu River basin

2 (a)
1990) (b (191 - 1999)

Fig.2 Simulated and observed monthly average minimunmr

(1961 -

temperature during( a) calibration (1961- 1990) and

(b) validation( 199F 1999) periods in Kaidu River basin
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P SIENAEFI AU o ) 2 7K i A6 o 1) R i 30
W NSE 435125 0 75 F10. 620 (& TRl LLE H,
KH SCADS vt [ ) REASE 28 A= B F #R W) H B oK
HBME, 5 ME SR L, H KR B
AR AT BB U S . TR BTN, 1971 4F 8
HF 9 H 4 A B K 51 s MAE 43 7 4 40 06 Fl
45. 83 mm; H X WAL AE 73 Al 42 61 AT 22. 09
mm . A, 1971 4F 8 A4 (1 H /KA (E 5 5K
DMEAHZE AR, T 9 HA H B 7K B AL 5 52 DU
EAH 228 K. I R Dy, TF B30T 38 3ok H 487 B 7Kt 5K
MHEAE 9 H 3 24 FIE 4 24. 54 mm, 1] 1971
9 H 0 H B K B I S T I . W
I, SCADS HE R Ge VRS, T 7 22 AF 404 1) 2
THEREE, UL 1971 4 9 43 H Bk S0 B E /S
TS MAE. 725 UF A, BB E H, 1995 5
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1999 4F 18 H 7K B V(R S50 15 BUHE i A 4D, TX 4,
SR, SCADS AL ZAR 4 o B H Bk i) b s2
Hll A G T OC R, R T BB I WA, A5 2T
REEUERIC AR AN, TF A i H 4728 R e %
S A BeE B ) NSE 43510 4 0095 #1°0. 91; H H
RN 257K NSE 43 %120 Q70 F1 Q0 66; FJ 35 AH % i
) NSE 43724 0 80 #1 Q 56.

3 ()
1990) (b) (1991 - 1999)
Fig.3 Simulated and observed monthly precipitation during

(a) calibration( 196 1990) and( b)
validation (1991- 1999) periods in Kaidu River basin

2.2 FRARTTIRBAK AR AT
ACKHZ GCM BERYE SRAIB 15 F 9 4
KPR G AR B (7 30T e o L R (/L P
KR HHRTRE (L W 2 R AT R AR T 3
JRE K 26 i) R, 7E AN AS TR IE3 P (2011 4F -
2040 4, 2041 - 2070 4EF1 2071 - 2100 4F) 1)
BB R f N, FIH SCADS A5 78 A= Bl I 46
TR 6 ML AR R (H B m il H B
i 7k Rk R ) H RS EORT F) S8 )
TREE) TG . 18] 4 2 TR Tt 3l H 38 d5e B M1
AU A B K B AE 2011 - 2040 S TAN{E .
H ¥ B S AL AN BE7K R T nT UG H
H ¥ i A AT ARIR] (AR B i AR s,
TERR AR /N, H B K B AR B AR . 2R3 41
JIZ R TR A &R AR BEAEAE 2011 - 2040
SEWNI ZAE P H Al R 3 & H, JF AR
T &S AL B T (L SR AR Th B IRAE 6 1.7
Ay, e /AMESETHBIE 1 A2 A6y, 755 1483
DR i N i o N W /& (T 17 B VR R /= 1)
BAAEA 53 28 mm, HILAE 7 A4, 55X FEK
S AR R R AE— B 3E— 2k W, T AR e
KN ECA B, eAh, TFAR L AL P, = &
b, H R, KBHAEE PR 6 o 3 3 v T H R £
TA(E A 1 3] 12 H, 5 184. 84~ 297.72 h 2

(1961 -

VAR 4K, A55Er A T R ISP ) 1 R

4 ()
(b) 2011 -2040
Fig. 4 Prediction of (a) monthly average maximum
and minim unr temperatures and (b) monthly precipitation during

201F 2040 in Kaidu River basin

3 2011 -
2040
Tab.3 Monthly average of the prediction meteorological variables
during201F2040 in Kaidu River basin
Ak
i) H¥E R¥E A HBE AHKE A3

AR RO AR KR W R
(C) (C) / mm / mm /h (%)

1] -2.87 - 18.37 0.43 068 196.86 56.89
201 2.61 - 15.84 0.42 045 204.56 55.54
3H  5.68 -8.82 1.13 150 242.07 51.52
47 14.73 -0.09 3.88 555 261.37 44.47

SH 23.26  9.02 5.72 37.27 274.51 51.79
i,gil 6H 2539 10.57 6.19 2493 297.72 51.14
20400777 24.85  10.82 5.73 5328 288.57 56.00
" 8H 24.93  9.70 5.40 2877 268.30 57.67

9/ 19.88 4.60 4.50 2209 259.61 56.11

10 12.61 -2.84 2.42 4.45 244.56 55.54
11 H 2.91 -10.48 0.78 1.85 186.82 61.55
12 - 4.06 - 18.18 0.45 2.01 184.84 60.29

Bl 5 2 TF BT I3 B K B A AR SR A [R] 9
(2041 4= 2070 4EF1 2071 4E— 2100 4F) B A {H.
RILBE/KBAE 2071 4E— 2100 4E A (R T4l 45 3, /)
THAE 2041 - 2070 4F N (1 A, S0 FRGE
P, filhn, HFEKBEAE 2076 4E 8 H I AL 1H A
28. 77 mm, /T HAE 2046 4E 8 H 431 T A% 45
(53.28 mm) o & 4 735l B TR S R 5
HAE 2041 4F— 2070 4E M1 2071 4F- 2100 4 £ 4F
SR PSR o HH AT AR S TG (B Een] DU
Hh, JFERITAL 38 H ¥ 5 e AT AR AL AE 2071 -
2100 SENFEAZE( 12 H=- 2 A) MTifhdE K+ L7
2041 F- 20704 AL 45 . H 28k 45 I

KL KEIR < 27
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5 (a)2041
(b)2071 - 2100
Fig. 5 Prediction of monthly precipitation during (a) 2041-
2070 and (b) 2071- 2100 in Kaidu River basin

- 2070

4 2041
2071 - 2100
Tab.4 Monthly average of the prediction meteorological variables

during 2041- 2070 and 2071- 2100 in Kaidu River basin

- 2070

AR

i PR BB AW AK AOE A
AR R AkE KE W WRE
C (C) / mm / mm /h (%)

1H -7.62-20.28 0.30 1.07 171.53 52.83
2H -570-19.57 0.39 1.58 197.37 57.88
3H 566 -9.46 1.37 2.80 252.00 50.74
48 1473 -0.09 3.88 5.55 261.37 44.47
SH 2326 9.02 572 17.27 274.51 51.79

2041

o 6 2539 10.57 6.19 24.93 297.72 51.14

2070 7 5 2557 10.92 6.40 21.67 283.90 54.83
8 2521 10.84 5.62 37.58 288.55 55.04
9H 19.88  4.60 4.50 22.09 259.61 56.11
10 12,61 -2.84 2.42 4.45 244.56 55.54
11H  2.91 -10.48 0.78 1.85 186.82 61.55
128 -5.14-17.22 0.23 1.08 153.72 68.18

1A -4.06-18.18 0.45 2.01 184.84 60.29
2H  3.41-10.07 0.84 0.94 190.39 64.86
3J]  5.66 -9.46 1.37 2.80 252.00 50.74
44 1580 1.80 4.00 14.23 268.73 49.00
SH 2326 9.02 5.72 17.27 274.51 SL.79
;011 6J1 2539 10.57 6.19 24.93 297.72 5l.14
21000 7 9 2493 970 5.40 28.77 268.30 57.67
8J] 24.87 9.70 5.45 17.73 287.98 52.50
9H 19.91  3.85 3.72 I5.11 269.86 54.53
1071 12.61 - 2.84 2.42  4.45 244.56 55.54
11/  2.91-10.48 0.78 1.85 186.82 61.55

127 -5.70 - 19.57 0.39 1.58 177.37 57.88

gty 4 B WA, (H SR AR AN K. H B K S
2071 5E- 2100 £ 4 F 12 A4 rFish e, KT 3

e 28+ KXKER

7E 2041 4F— 2070 4 ]I Tifil 45 5. T 1 BN 2iofe
A2 [T 45 AR 22 0K, AE JoA 2T A 22 AN K
HEE ARG A SIS 0

Kl 6 b JF#T T 2% U5 AR B AR A [A] IR 38 (2011
- 2040 4E. 2041 5E—- 2070 4EF1 2071 4 - 2100
AF) AL S5 5 I Le A BT . B 6( a) Rom HI B
IR PN ER A A . HE 6(a) HHL, 2 A A
B i SR AE 2011 4E - 2040 4E N (014 A8, KT
752041 4F - 2070 4 (1) A% E, (R4S /N T 3 78
2071 4F- 2100 F N B FMh &5 K o tbah, H Bk
AR AEAR KA A I B 1) Tigil 45 AR A 2= (12 H
= 2 H) HZEEOR, A8 H A== 5 P ) T Al 25 500 A
ZEA K. B 6(b) 2 6(f) 73l ¥ A<l H
Y7 ke KR H H I £ H 35 40 0 W B
1A RAN [R] i) BN FiUAk &5 SR 6E e 43 B 1. el 2%
BRI LA th, H FEK S R H YA TR Rk A
[ B Be P 1R T &5 R A Aok, < 5 A =
B AR A T 328 S i 0T L RS £ (%) T Aty
SE SR A ZEAN K. SR, 5 T AR TR I
FAGAR AL AR NI Z 4 ME, 5 TR 5
o ITLVEH, PRI S A S A, DA R
AT, A7k H KR H H B4
Hn, H YAE X BE T i

3

AN B AR Gevt B R SRR SCADS, £
ARG 48 H 5 BRI K I 2R i) 15 30
T, ARG AT GCM ALy R R EE R R AR &
BRI X A AR = g R, ¥ GCM i
HE PRI R A 5 5 ROBE BT AR, FE b T
T AR R A5 AR a3

YEN SCADS R ¥ i N A it B dl 4, £
GCM RIS TS H Y 1961 4E— 1990 4E 11 9 >k
JRURE ARG A (R R B AR it B /K L H
SF s o A B A T S B S RGHE) , 5 TTAR
T 6 A2 I AR e () i A e Kl H B K
7R BT H I R AR , REp
VA BRI R 6 MR AL EAE T W
(1961 4F - 1990 ) W 1] NSE Z £ 75 7 XJ v 24
0 98.0. 99.0. 95.Q 75.0 70.0 80, 7F K il (1991
- 1999 W) W NSE R H 517 4 Q 96.0. 95,
Q 91.0. 62.0. 66,0 56.

SCADS 4 1R ROBE SR A Bl 1 I #3mT H B 7K
S RLE 5 SN KA B 4 N AR L A & 8
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6 : (a)
(9 2011

Fig. 6 Comparison of the prediction of (a) monthly average maximunr temperature, (b) monthly

(b)
12041

(¢)
2071

(d)

- 2040 - 2070 - 2100

average minim unr temperature, (¢) mon average evaporation, mon recipitation,
g temperat (¢ thly g porat (d) thly precipitat

(e) monthly sunshine hour and (f) monthly average relative humidity during 201F2040, 2041-2070 and 207F2100 in Kaidu River basin

5

Tab.5 Multiyear average values of the prediction meteorological variables in Kaidu River basin in different periods

AR b
e A¥EE R C)  A¥BMMAE(C) A¥ZERE/ mm  ABKE/ mm  AHENH/h AR (%)
2011- 2040 4F 11. 48 -3.12 2.98 13. 60 248. 67 55. 14
2041- 2070 4F 12. 31 - 1.91 3.12 15.36 246. 05 57.08
2071- 2100 4 12.57 - 1.97 3.07 13.73 249. 38 55.62
U, HUEAE () B R A 22, X2 R SCADS fi 78 Basin in Central Italy[ J]. International Journal of Water Scr
HGETHERY, JE AL AR 2 A ) A g VR AL m“mm””ﬂ4..‘ _
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