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Fig.1 Location of the Aksu River Basin and the distribution of hydrological and meteorological stations
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Fig.2 Change in runoff absolute anomaly of the Aksu River in 1960-2010



374

2010

2010

802 U
9]
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
S
1
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
J
1 I 1 1
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
5 T T T T T T T T T
o)
I
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
20 T T T T T T T T T
I ) e EEEEEEEEEEEEEEEERIEREEEEEEESE LR
-20 1 | I 1 I I L 1 I

1960 1965 1970 1975

K3 B g5 1960~2010 4423 B~ EEMD 734 SR
Fig.3 The results of EEMD decomposition of runoff anomaly for the Aksu River in 1960-2010

JXAE EEMD 43 94~ 31 IMF 43t 9 K58 43
PRSI, H O R B 9 SR AT A —
ERITTAR . 256 &I 3R 1A LA Y BT vd i) 42
it EEMD 43735 C) L G CRTCAM R
WE3 a.6~7 a fE 13 a FIE 25 a i JEIIPE A1, AT
() 7 22 BT Bk 2R 43 1 M 40.90% | 8.41% . 25.68% £l
23.60%, HARKFE , C\ o5 R 2 30 H /-1
K=Vl N B R S Bh AR AR, ELYE 20 20 70 4R AR A
90 AR AR T H M R I i = T LB T B L0 A 60
AEARAN 70 AR IR IR K 5 €02 90 AR
PAHT BAR IR AR XS 320N, 2 5 PRI AR R 55K 5 €02
1 1962~1973 4E 1 1999~2008 4F 2 N Be itk T 2
R, AR TR IRES . X T EEMD @ #35
R, BT 2 BTk 51k 23.60% , Hol sh 728 £k 5 ik
HH BT B R AR I R AR 1960~2010 4F B4 [ 52 3 HY
L ERMEAR S AR MR [ 3 L2, Ibsh, 8
R VAR B R FAEPR R (Co) X B AR AR
FEAERAE B M AR B (49.31% ) B2 i & TR R
P (Csa) HISEIAFLRE (27.08% ) , X — & B E— 4
FIRTA T A R A B AR AR TEH

SEBR AR PR AR LR K R G 24
B s ] R EE K EEMD X Bl 5 5 i) 40 ff 4% SR
FA RN AEBRAAEARER B L, FF X LR A% It 46 %
HESE RIS (K 4) o HAAERRAR I 2 AR
FAEPRAMERL KB C 5 CAINE R, Al A 2

#£1 BRRETVESRENRE . BERKE R ETRE

Table 1 Periods, significant test and the variance contribution rates

of Intrinsic Mode Function (IMF) components for runoff anomaly

IMF 431 G G G G R
Jil ¥ (a) 3 6~7 13 25
BEMERRE 90%~95%  <50% >95% <50%
DUHRA(%) 40.90 841 2568 140 23.60

DEE R RO IR G 45 5 AR BR AR fb 2 th AR AR BR AR
TR PR s C, 5 34T R (4055 48 o F 5% Bk B o
F s 1] RUBE 9 38 sh) AN A5 . vl AR, R
AR AR5 IR AR AR T T 13 81 1 A8 AL B A S A 2
— B, BERC AT M A A AR A T R T R S AR Y
309 N 1 0 SR 0, T AA 1 AR B AR A A A B
FERT B I S B 1 22 55 0/ [ H R I 2 5 1
(AR fb a3, BT LA 304 7 B 5 9] 44 3k 76 R[]
AEARE KI5 s HE B A RS o A AT e 2 Yl i
F R IAR bR FAE AR 1 2 i AN [a] RUBE I sz e
JEU AR AR TP B AE A 5 s 30 P 1) 38 SR B, LA B
FAEAR RS b B W A AR IR T . MO 25
TR , BT v S AR PR AR A 24 49.31%, 1fii4F:
RBRAZ ALK 50.68% , AF-ARBRARfb X 428 i B A4 AR 1k
() TR = AR PR ARl . ] UL R X A K SO
[P AT AT, 4 AN e Z AR BR AR PR 3 2
A FE A ] R



53 FEVEE A58 - VU AL 5 DX B s ST A8 O o S A 50 ) 22 IR Wi i 803

30 T T T T
—— JRIR R 4a X BE P
................. @ﬁ;ﬁ,ﬂ: i
20 ¢ bR 7
:
Z 10t ;
H_ .
z
e ot AV A S S = o g
%:
R _loc‘ ‘
._20 1 1 1 1 1 1 1 1

1960 1965 1970 1975 1980

1985 1990 1995 2000 2005 2010
F40

L4 AFBRAE BRI S R R AT

Fig.4 Inter-annual and interdecadal variations and comparisons with original runoff absolute anomaly

3.3 BRI BEAEIL R Z RN R
FEABRAE AR T 5t B 25 3] 8 XA
U AR A T A7 SR R A R AR R KR
TEZE & B RZ MR 2 3 el Xof B o 5 Tl A 3 o [ 3
AR AEA T 22 RUBE 43t 2 3, Bl o 09T I 80T
Bk F R TR IR A PR RS A7
FENES a FIUE 6 a 1R IAMEDE 3l ZEFEACPR R A7
TEUE 10 a FfE 22 a (YRR AR 1k . 5 RIS <R
AR AR EE , BT v il AR i e AR A S R R
A TR) P8 47 B RUJBE SRR A0E DA R0 ) AF A B RUBE R AE
HAEZA a3 B —3E . R, XF B 5 o5 ]
1960~2010 4FAF K 1 4 7 22 RUBE S A B, %0
K AR A B AR T I ik B, B AR R R AR
PR HAG YE 3 a FIVEE 6 a (i) ), ZEARAR PR R |
BAMEL10 aFfE33 a iy A5k, HILATLUE Y,
Bo] s 75 Y T S5 A R /K 1 2R A [ 0 ) AR AR I
AR AL ELA R L AF B ROBE4RAE , (E R AFEAR B RS
THEE—ENER . ARTAEMEEK, EEMD
ORI T TE 2R R VAR R BN T a3, ARk
TEAEPR N B [ AEAEUE 3~4 a FILUE 7 a AY JR 300 PE %
Bl , TEARAR R R A 7E U 43~44 a i R M2 1k
30 o X b AT o A YT G AR I R L R K R A
ZE I WA (& 5) A& B, Bi] o Sl 42 3 AR Ak 5
SR PR P e 25 ke B M R i AR e s, 53R
FBE KA AR AR 3 b AT — 30 | (HAE 28 S50 1]
M GESIE 04T SO AR 2201, 455 18 4 Fl A
5 7, Bl o SR AR i AE 20 1H40 70 4R 48K 80 4E AR
197 F SRR B i) TE AR T AR R K R AR 25

e 8O AFRAN AR S U A A T BT, Ul W Bl e AT A
Ui A AR AT DX A HAT — R WAL, L7 7 5
IR E A SE 2D

Rt — 2 5 R o M AR A PR R i
AR T AR PR ATARAC R | P K A A
AR BAEAL LA AR B AR A A2 AR R AT
it K AR 28 A 45 F BYAEBR A EAS e € 5
CARIMAT 2], AR QPR P 72 A ] e 4 A B
AR KR Co  Cu 5T R A4S 5 Fou, S (e
TR, SR R A e IMEAR HEAL T 1208 A TR R
JER AR R Tl | PR R e 2 R AT AR AL
fRe e R ARG o0 A e it — 2 8 /R EATT 0 425
F o JH I X B g SRR A I e | K R
AR IATZ PRI (L 6) , 45 R K AR AR P
RUEE A AR5 Ul PR R R 28 AR R I
IEASRR AR HRX MR RIFA L E , Xl fie s
-7k SR /N R R (R A T %
RGO A 5 . MAEARAUPR RS | 423
5 AR ERR BN B R IER KR, S
IBTEZR R AR B 0 0 28 I A SGSC R, HAEARUPR
RUEE AR SN ] A2 58 T AR B RUBE , W ARAUPR R
J B T RN AR AT U B Sl A mi

BeSh, i 6 Al UE H, G R AEAR P R ik
SEAFARPR R b, Sl AR IR F A G HE AR 2208 T [
IKFREAEZE A, UL WIAREL TR K A e 28 %, Ui
JSE RN SE TR B AR A A R PR AR X5
SEIMARTELAVR) R KMES Ry A 65, A T
ey L SE T MR DA RS AT R R AR



804 Hh H

37%:

N

RIBESF (C)

-2 1 1 1 1

1960 1965 1970 1975 1980

1985 1990 1995 2000 2005 2010

— 13
(=3 =3
=] S

F% 7K B F(mm)

I

_

o
RS
o
N
=]
—
el
N
W
—
o
2
=]
—
O
2
W
—
O
o0
=]

|
1995 2000 2005 2010

I
—_ —_
o o o
S o & S

=200 L 1 1 1

W 7E 7% K BE F-(mm)

1960 1965 1970 1975 1980

1985 1990 1995 2000 2005 2010
FE

5 EEMD 43 1960~2010 4= B o 53] it bk iR Bk R AE AR A i 44

Fig.5 The temperature, precipitation and potential evaporation change tend decomposed by EEMD of the Aksu River Basin in 1960-2010

r=0.151,p>0.05 7=0.020,p>0.05 7r=0.026,p>0.05
1.0F , 1.0 F
I &%
o 05k o 05
& : &
0.0 0.0 -
Iiﬁé?}:ﬁ ******** Iﬂ%Ef&?ﬁ
r=0.767,p<0.01 r=0.741,p<0.01 r=-0.638,p<0.01
1.0 - ! 1.0
¥ 05k EY 205k
& & &
0.0 0.0 |- e
|7?uém ----- - 5N | ,_&”Ti -------- 1@2{?7&
1965 1980 1995 2010 1965 1980 1995 2010 1965 1980 1995 2010
F oy SE 4y Efr
Bl6 Bl sg Apinf AR i A 7 AN AN AR DG &
Fig.6  Correlations between runoff and climate factors for the Aksu River at different time scales
4 rEp TAF PR AR T KA A i T Lz
e

BT e TR AR TR A AR PR R | 2R ES a
FIE 6~7 a fR 5 JE PR 57 , M AEAFARBR ROEE )
TR 13 a R 25 a 155 SRR AR AL, HAR A
BEAWITE BON R B — A L2 P E S AR 2
VA3 2 A2 A e s TR AR IR AT P A 2]
B 1 AR SR P R SRS E I N B sh AT
A QPR S AU AT 280 i 7 H ] 5 SR T4 37 A
[RIAFEACE KIS BRAPIR DL 5 HeAh ik K AR

A 5 ] A X [R)30) A K AIE AE 78
TEAFBRAAEACPR RO B AR A E R B 2 5 .
PRI S, R4 PR REE b AR 05 UL B K R 7
2R PPRI N A B F W IEM SRR MAEAFAPR
RUEE b A2 -5 =l AR 7K 0 Ay S 25 ) TR D %
F, SR A R I B G AR, B
BRI 5 I TR A A A B0 A i 1 R IR ARAT
PRNE o sk — &8, Al o YL 52 DX P R
SR BEAH ST TAR SRR 1 R A B o



541

FEFE 55 VU AL 5 X B 5w

TR RN AR Bl 1) 22 I RE I

805

2% 3CHR(References):

(1]

[2]

[3]

[4]

[3]

(6]

[7]

[8]

91

[10]

[11]

[12]

IPCC. Climate change 2013: the physical science basis[M].
Cambridge: Cambridge University Press, 2013.

Ji F, Wu Z H, Huang J P et al. Evolution of land surface air tem-
perature trend[J]. Nature Climate Change, 2014, 4: 462-466.
WRIE 77, 2 HE, S, 45, PR b 5 XA UB AR A K SOk
TS AT 5T R R [T]. HbEE2E40, 2014, 69(9): 1295-1304. [Chen
Yaning, Li Zhi, Fan Yuting et al. Research progress on the im-
pact of climate change on water resources in the arid region of
Northwest China. Acta Geographica Sinica, 2014, 69(9):
1295-1304.]

Shi Yafeng, Shen Yongping, Kang Ersi et al. Recent and future
climate change in northwest China[J]. Climatic Change, 2007,
80(3/4): 379-393.

EENE, AT, R, 45 1956-2006 4B 5 i i 72 i A5 1L
T H X XAk B8 22 4x 1 7T RE 2 WA [T]. pKJ1TER £, 2008, 30
(4): 562-568. [Wang Guoya, Shen Yongping, Su Hongchao et
al. Runoff changes in Aksu River Basin during 1956-2006 and
their impacts on water availability for Tarim River. Journal of
Glaciology and Geocryology, 2008, 30(4): 562-568.]

Li Hongjun, Jiang Zhihong, Yang Qing. Association of North
Atlantic oscillations with Aksu river runoff in China. Journal of
Geographical Sciences, 2009, 19(1): 12-24.

Sun Xian, Lin Zhenshan, Cheng Xiaoxia et al. Regional fea-
tures of the temperature trend in China based on Empirical
Mode Decomposition. Journal of Geographical Sciences, 2008,
18(2): 166-176.

Xu Changchun, Chen Yaning, Yang Yuhui et al. Hydrology and
water resources variation and its response to regional climate
change in Xinjiang. Journal of Geographical Sciences, 2010, 20
(4): 599-612.

FOF2, PR TE, F AR, 45, 1980-2013 AP w28 R B A2
ALHFAE[J]. Mo FE R 22, 2016, 36(3): 458-465. [Bai Ling, Chen
Zhongsheng, Wang Zujing et al. Upper-air temperature change
of Xinjiang during 1980-2013. Scientia Geographica Sinica,
2016, 36(3): 458-465.]

SRIEAS, HAE, IR, . JLIIBIX 1961-2010 4R M il
5 AR AR HRAE (7], B FRRL 2, 2016, 36(2): 296-302. [Zhang
Yanwei, Ge Quansheng, Jiang Fenggqing et al. Evolution charac-
teristics of the extreme high and low temperature event in
North Xinjiang. Scientia Geographica Sinica, 2016, 36(2):
296-302.]

BREE. PURARGE T2 W 5 TN AR (B 2 )M AL 3 R
% L, 2007. [Wei Fengying. Modern climatic statistical di-
agnosis and forecasting technology(2nd). Beijing: China Meteo-
rological , 2007.]

st =[RS, KA, 45, 1933-2012 4F JCE I AR i 2848 5 JH]
BRI Wr D). HUBERL2, 2016, 36(3): 475-480. [Zhang Jian,
Li Tongsheng, Zhang Junhui et al. The runoff abrupt change

and periodic characteristics of the Wudinghe River during

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1933-2012. Scientia Geographica Sinica, 2016, 36(3): 475-480.]
Xu Jianhua, Chen Y, Lu Feng et al. The nonlinear trend of run-
off and its response to climate change in the Aksu river, west-
ern China[J]. International Journal of Climatology, 2011, 31(5):
687-695.

MG, SRR, 112 B, S, B LR g A I o ) R B
S [R 2% ()], o E R 2, 2013, 33(2): 216-222. [Sun Peng,
Zhang Qiang, Bai Yungang et al. Periodic properties of runoff
changes of the Tarim River Basin: possible causes and implica-
tions. Scientia Geographica Sinica, 2013, 33(2): 216-222.]

Wu Z H, Huang N E. Ensemble empirical mode decomposition:
a noise-assisted data analysis method[J]. Advances in Adaptive
Data Analysis, 2009, 1(1): 1-41.

Huang N E, Shen Z, Long S R et al. The empirical mode decom-
position and the Hilbert spectrum for nonlinear and non-station-
ary time series analysis[J]. Proceedings of the Royal Society
A-Mathematical Physical and Engineering Sciences, 1998, 454
(1971): 903-995.

Wu Zhaohua, Huang N E, Wallace J M et al. On the time-vary-
ing trend in global-mean surface temperature[J]. Climate Dy-
namics, 2011, 37(3/4): 759-773.

IR, BN, BRI, 55 B T MR B IR MR MK SOUF
) 28 RS A [J].48 TR R 224 A ZR B, 2011, 39
(11):105-108. [Shao Jun, Lv Sunyun, Qian Xiaoyan et al.
Multi-scale analysis of hydrological series using ensemble em-
pirical mode decomposition. Journal of Huazhong University
of Science and Technology (Nature Science). 2011, 39(11):
105-108.]

XIRIE, XK. 5 A BT T b R B oK 2t
P X B [I]. VD35 5 R4, 2015, 9(4): 17-24. [Liu
Tianhu, Liu Tianlong. Regional features of precipitation varia-
tion trends over Xinjiang in China by the ensemble empirical
mode decomposition method. Desert and Oasis Meteorology,
2015, 9(4): 17-24.]

Pt J R, FRAE] . TR 5 S U SRR A YA I [ 8
AE 43 B [7]. Hb BERL 27 2E 2, 2005, 24(1): 87-96. [Jiang Yan,
Zhou Chenghu, Cheng Weiming. Analysis on the characteristics
of runoff time series in Akesu basin. Progress in Geography,
2005, 24(1): 87-96.]

[21] Allen R G, Pereira L S, Raes D et al. Crop evapotranspiration -

[22]

[23] &

Guidelines for computing crop water requirements[M]. Italy:
FAO, 1998 .

Wu Z H, Huang Ne. A study of the characteristics of white
noise using the empirical mode decomposition method[J]. Pro-
ceedings of the Royal Society A-Mathematical Physical and En-
gineering Sciences, 2004, 460(246): 1597-1611.

BEAR Y, R, IR IR, A5 S5 RIS S AR A DX Ik A
ﬂ:éiﬂflﬁﬁ&ﬂx%ﬂ:ﬂfﬂﬂjﬁﬁﬁf'llE’JKJH%[J YA,
2013, 62(10): 496-503. [Xue Chunfang, Hou Wei, Zhao Junhu
et al. The application of ensemble empirical mode decomposi-

tion method in multiscale analysis of region precipitation and



806 S | B = A 37%:

its response to the climate change. Acta Physica Sinica, 2013, [25] Li Baofu, Chen Y, Xiong Heigang. Quantitatively evaluating
62(10): 496-503.] the effects of climate factors on runoff change for Aksu River
[24] 3%, WRBTE, AR, R A S IO MES i AE KT b Ui RN in northwestern China[J]. Theoretical and Applied Climatology,
AR ROEE A3 HT P R R (0] VT 8 I 5 3R, 2015, 24 2016, 123(1/2): 97-105.
(3):82-88. [Bai Ling, Chen Zhongsheng, Zhao Benfu. Applica- [26] #AME, BEIET, 25 TL4L, %5, 2003-2012 435§ b4 BLACT 44 0 4
tion of ensemble empirical mode decomposition method in mul- AR AR 55 W 4 BT[], BEURER2E, 2015, 37(3): 485-493. [Yang
tiscale analysis of Meiyu in Middle-Lower Reaches of Yangze Peng, Chen Yaning, Li Weihong et al. Analysis of changes in
River. Resources and Environment in the Yangtze Basin, 2015, runoff and drying in the Tarim River from 2003 to 2012. Re-
24(3):82-88.] sources Science, 2015, 37(3): 485-493.]

Multi-scale Response of Runoff to Climate Change in the Aksu River
Basin in Arid Area of the Northwestern China
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Abstract: On the basis of the hydrological and meteorological data in the Aksu River Basin during 1960-2010,
the multi-scale characteristics of runoff variability were analyzed using the ensemble empirical mode decompo-
sition method (EEMD), and the aim is to investigate the oscillation mode structure characteristics of runoff
change and its response to climate fluctuation at different time scales. Results indicated that in the past 50 years,
the overall runoff of Aksu River in northwestern China has exhibited a significant non-linear upward trend, and
its changes obviously manifested quasi-3 and quasi-6-7 years at inter-annual scale and showed quasi-13 and
quasi-25 years at inter-decadal scale. Variance contribution rates of each component showed that the inter-annu-
al change held a dominant position in the overall runoff change, and the inter-decadal change also played an im-
portant role in the overall runoff change for the Aksu River. The reconstructed inter-annual variation could de-
scribe the fluctuation state of original runoff during the study period; the reconstructed inter-decadal variability
effectively revealed that the runoff for the Aksu River changed over the years, namely the state of abundance
and low water period appear alternately. In addition, we found that runoff has a positive correlation to precipita-
tion, temperature and potential evaporation (PET) at the inter-annual scale, but not significant in statistics. The
runoff has a significant positive correlation to precipitation and temperature whereas a negative correlation to
PET at the inter-decadal scale, furthermore, they are more significant and relevant at inter-decadal scale, indicat-
ing that the inter-decadal scale is more suitable for investigating the responses of runoft dynamics to climate
fluctuation. Meanwhile, the results also suggested that EEMD is an effective method to distinguish the non-lin-
ear trend from multi-scale variability of non-linear and non-stationary signal and can be helpful to deepen the

understanding of the multi-scale characteristics for runoff in arid area of the northwestern China.

Key words: the Aksu River; runoff anomaly; ensemble empirical mode decomposition; intrinsic mode function
(IMF); multi-scale response



