J. Lake Sci.(#i8#+5) , 2016, 28(2) : 432-443
DOIT 10. 18307/2016. 0224
© 2016 by Journal of Lake Sciences

SIEZTAFA LB ERHRIBERIEZMNEES T

IR O S T B N P
(1Pl RKBIR S5 R )M 510275)

(2 iR X K AEER 5K % 4 /R4 38 AL E i e s, )N 510275)
(3 H IR R WA B IR BT 25 (R M B SE 0 =, T M 510275)

B OE. BRI SE T Sho s SCRE I R ot 3K 9 TR N R T R BRI SRS AR . SRR
SCASHRFN 2 76 0] U365 R k43 M S8 AR RN S35 20 %] 3808 BH I8 < 30 28 0 (9 B i, 3 2o 5 R B o0 BT i 0 L SR itk — 25
ISUEA TR . WF5EERIT,1970— 2009 4F S5 AR LA TE 310X 86 BH I 308008 T 384 I 1) Tk 238 43300k 73% 1 27% . <
AR AR e AR VLA LAR TG N B 2R IS SR B K AR TR N B 3R R AR s i F2 A
A AR AT AR AR A £ R R AR, SIS TR (11 A FIRAE 2 ) BRI IR 2 (4 —6 H) &2
W/ 32 2 HTTRR AT 1k 78. 9% I 82. 7% . AHIFFE AT Jhy 36 BH I I8 Bl TR R oK R R T i B L T R A
ficdE.

SR ;B ; AR s AT 3 5 AT 5 7K SRR § R[] e i) RS

Quantitative analysis the influences of climate change and human activities on
hydrological processes in Poyang Basin

LIU Jianyu'”*, ZHANG Qiang"**** | DENG Xiaoyu"’, CI Hui'* & CHEN Xiaohong'?*”

(1: Department of Water Resources and Environment, Sun Yat-sen University, Guangzhou 510275, P.R.China)

(2: Key Laboratory of Water Cycle and Water Security in Southern China of Guangdong High Education Institute, Sun Yat-sen
University, Guangzhou 510275, P.R.China)

(3 School of Geography and Planning , Guangdong Key Laboratory for Urbanization and Geo-simulation, Sun Yat-sen Univer-
sity, Guangzhou 510275, P.R.China)

Abstract: The streamflow processes of the Poyang Basin are significantly altered due to combined influences from climate changes
and human activities, which further triggers higher occurrence frequency of floods and droughts and hence serious water resources
problems. In this sense, quantitative evaluations of influences from human activities and climate changes respectively are of greatly
theoretical and practical merits in terms of planning and management of water resources. In this study, hydrological models and mul-
tivariate regression technique are used to identify quantitatively impacts of climate changes and human activities on streamflow vari-
ations of five tributaries of the Poyang Basin. Furthermore, the results are further corroborated by comparisons between the analyses
by hydrological models and multivariate regression methods and also sensitivity analysis technique. The explained variables of the
multivariate models are done using the adjustment coefficients with different explained variables, showing that the multiple regres-
sion models are the right ones with evaporation and the precipitation of the last month. The NASH coefficient for the AWBM model is
larger than 0. 842, being better than the modeling results by the multivariate regression models. Meanwhile the impacts modeled by
the above-mentioned techniques are similar, and are good for identification of the impacts of human activities and climate changes
on streamflow variations. It should be noted here that the sensitivity method cannot exclude the base-period human influences. Due

to increase of streamflow as a result of human interferences, the influence component by climate changes is usually exaggerat-
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ed. Analysis of this study indicates that precipitation, potential evaporation and also human activities have the potential to increase
the streamflow of the Poyang Basin and the fractional contribution is 27% and 73% , respectively. Climate changes can increase the
streamflow of these five rivers considered in this study. Human activities increase the streamflow of the rivers except Fu River ba-
sin. In the Fu River basin, the streamflow decreases due to massive agricultural irrigation. Different influences can be identified for
climate changes and human activities on tributaries of the Poyang Basin. Climate change is the major driving factor for the increase
of the streamflow within the Rao, Xin and Gan River basins; however, human activity is the principle driving factor behind the in-
crease of the streamflow of the Xiu River basin and also the decrease of the streamflow of Fu River basin. Meanwhile, different im-
pacts of human activities and climate changes on streamflow variations are distinctly different on various temporal scales. On the an-
nual time scale, increase of streamflow is large due to climate changes and human activities during 1970s— 1990s and decrease of
streamflow during 2000s. On the seasonal scale, human activities can well increase streamflow during dry season ( December to
February of the subsequent year) and decrease streamflow during wet season ( April to June) with the fractional contribution of
78.9% and 82.7% respectively. On the monthly scale, different influences of climate changes and human activities can be detec-
ted. Climate change is the main factor for the decrease of streamflow during May to June and human activities for the decrease of
streamflow during February to May. The results of this study can provide theoretical ground for basin-scale water resources manage-
ment under the influences of climate changes and human activities.

Keywords: Poyang Basin; climate changes; human activities; runoff; hydrological models; different time scales
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Fig.1 Location of the hydrological stations, water reservoirs and irrigation areas in Poyang Basin
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Tab. 1 Summarized results of M-K test with Sen’s slope for the series of precipitation,

potential evaporation and runoff in Poyang Basin

M-K #56 Sen Y AL
s
tau p FEE] Q/mm Qpyer/Mm Q ypper/ mm
Bk P 0.011 0. 692 + 0. 647 -3.131 4. 649
PET -0. 086 0. 001 - -0.731 -1.339 -0.135
R 0.118 <0. 001 + 2.922 1.256 4.800
730 P 0.014 0. 605 + 0.730 -3.438 4.884
PET -0.101 <0. 001 - -0. 904 -1.495 -0.292
R 0. 089 0. 001 + 1.992 0. 489 3.653
/R0 P 0. 032 0.230 + 1. 894 -2.192 5. 897
PET -0. 098 <0. 001 - -0. 830 -1.491 -0.251
R -0.030 0.262 - -0.723 -2.478 0.956
fFiL P 0.010 0. 698 + 0.731 -3.943 5.180
PET -0.115 <0. 001 - -1.017 ~1. 644 -0.397
R 0.109 <0. 001 + 2.922 1. 096 4.870
BT P 0.022 0.416 + 1.078 -2.489 4. 655
PET -0. 067 0.012 - -0.578 -1.175 0.013
R 0.101 <0. 001 + 2.144 0. 685 3.653
A, P 0.023 0. 401 + 1.118 -2.581 4.762
PET -0. 083 0. 002 - -0. 690 -1.302 -0.114
R 0. 090 0. 001 + 1.974 0. 406 3.652
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Tab. 2 The adjust determination coefficients for multiple linear regressions by different explanatory variables

fif AT Bk 0] Py fRiL BRI R
P 0.752 0.776 0.782 0.878 0.733 0. 794
P+PET 0. 765 0. 783 0. 782 0. 882 0. 743 0. 801
P+PET+P’ 0.810 0.819 0. 833 0. 905 0.831 0. 865
P+ PET+P'+ PET"  0.813 0.818 0. 834 0. 906 0.831 0. 865

# P' PET' 4} BIFR 1A H TR B R KAt
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1 248 LU b F SEiHEXT R PAESA/N T 0. 01, IHAZCR W3« Tl e sl i) 22 50 [ H R .
2 3 BB i B CRE 0 AR 0 41 e A ] U 5 e

Tab. 3 Optimal multiple linear regressions for the series of monthly runoff

during baseline period in Poyang Basin

T EYEpiy R? F 5 [TEdvien
Bk (=0.715P+0. 168P'-0. 009E-0. 949 0.810 248 P<0. 0001
Tin] 0=0.697P+0.221P'-0. 100E-1. 114 0.819 314 P<0. 0001
e (=0.564P+0. 209P' 0. 054E-0. 619 0.834 340 P<0. 0001
fFIT. =0.715P+0. 168P'~0. 100E~1. 000 0. 906 473 P<0. 0001
BRIL 0=0.445P+0. 274P'-0. 169E-0. 340 0. 832 279 P<0. 0001
eI 0 =0. 533P+0. 209P'-0. 235E-0. 570 0. 866 369 P<0. 0001
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Tab. 4 NASH coefficient for AWBM during calibration and validation period
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Fig.3 Comparison of simulated and observed monthly runoff depth during calibration period and validation period
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Tab. 5 Climate and human impact amount for annual runoff in the Poyang Basin

itk AQ./ AQ o/ B frAE L BTRkR AQyum/ PN ST iy &
(mm/a) (mm/a) % (mm/a) %
Bk 196 65 33 131 67
ey 157 94 60 63 40
e 2 112 50 -110 50
fHiL 151 93 61 58 39
BT 115 70 61 45 39
A 110 80 73 30 27
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Fig.4 Climate change’s impact on runoff depth for Poyang Basin

3.3.2 FWRETHHE KEBHMIRBEEK ERIH) 4— 6 HE CORE MK E/NY 11 A4 1
HRE SCR 2 3 A U A 5 ARG s+ JBAR AR LI (R 6) . T3, AR AL K15 3)
YHEIMAR T, P X T AR e AR T AN TTRR R 0 21, 19% F1 78, 9% . B SRR 5 AR 3l
PR LD AR A A, A AR YD ) SRR 500 17, 3% A 82. 7% . NI xR AR Y
SEANAE AT 2 A U b s/ M 20 o 2 S o

333 ARET®ME ARAMURAMMASIG SZ M BB R ZES (£ 7). 2—4 Ah, T4
R 18.3~55. 6 mm , e AR LI AR IR 41. 8 ~71. 0 mm, BRAEIKHM , AZETH S HE
VU (I AR AFVE ) AR A IS AR L 5 6 A, T AR TR/ N =32, 2~ = 7. 0 mm, Hip
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AR INR TR =57, 2~ =29. 0 mm, BRELIIHM , T PUiar™ A& sl AR iR 2. 1~25.0 mm. 7—9 J
By, T BRIRIRAR AL 2 F43 5A 23. 6~129. 0 mm , H A S AR L8 AR IR 24. 7~ 68. 1 mm, BREFLH S5, H
TV ARG BB AR I 4. 5~60.9 mm. 10 H BRAE 1 H ,« A" B REA SR 25.1~56.5 mm,
o SRR AR TR ST K 9. 3~30. 1 mm, AZSTHShIG AR IR 15. 8~43. 5 mm, B ASGZ)
JEIR B INFETEUR , NG SR it R F A AR R i

6 URARMFNAZEE Sx -+ FR AR TR AL AL 5

Tab. 6 Climate and human impact on runoff depth in dry and wet season

Bk et e {1 BT EoelkL Y
T AQ/mm 40.3 39.1 21.3 43.9 31.9 32.7
AQ 4,/ mMm 10.5 22.1 7.1 29.1 2.1 6.9
AQ,,,,/ mm 29.8 17.1 14.2 14.8 29.8 25.9
BT AQ/mm -20.9 -21.9 -53.6 23.2 -0.5 -5.9
AQ i,/ mm -43.6 -40.9 4.5 -7.4 1.8 -1.0
AQ},/ mm 22.7 19.0 -58.0 30.6 -2.3 -4.9

R T RTINS Bl %24 A AR TR 52 R

Tab. 7 Climate and human impact on monthly runoff depth

AQ i/ mm AQ, ./ mm

P} ]

Bk 730 /RG] RN B AR Bk 730 /0] fFiL BT
1 A .6 9.1 5.0 13.2 3.8 5.3 7.5 0.5 -0.2 0.1 6.5
2 A 9.9 13.8 6.5 5.8 13.5 11.3 1.0 -9.5 -9.7 -6.8 -4.0
34 18.4 29.9 29.3 30.8 29.4 29.4 2.8 =-5.1 -18.8 -8.7 -9.5
4 H 13.5 3.7 35.2 29.4 30.8 30. 1 -2.3 -1.0 -24.3 0.8 -4.6
5H -38.3 -70.9 -22.2 -54.8 -3.8 -16.2 10.0 2.6 -19.2 .5 -1.1
61 -18.9 26.2 -8.5 17.9  -25.2 -14.9 15.0 17.5 -14.6 24.3 3.3
7H 38.2 26.1 21.5 19.4 11.7 15.3 18.4 14.8 -17.6 3.0 1.4
8 H 16. 6 22.8 27.6 18.4 13.4 16.5 19.8 2.5 -15.6 -0.6 6.1
9 H 13.3 11.7 13.2 2.3 -0.5 2.7 22.8 15.1 -5.5 12. 1 11.7
10 A .8 8.1 2.2 -5.3 -1.5 -0.8 13.7 9.3 1.5 13.8 12.2
11 H 6.9 13.0 3.3 11.4 -0.1 2.4 9.6 5.4 5.5 5.9 11.2
12 H -1.1 -0.1 -1.3 4.5 -1.6 -0.8 12.7 11.1 8.9 8.9 12.0

4 ERGESTIEXILL

FAGPE ST T UAL AR R ANAR 3L 2 Bl 7 ik P sk Ao A2 A 52 mi 28 A SR AR — B, o — P B UE
TARSCHIREE R B IEHITE (& 4) . XL 3 FhO73E T UL R i i 28 T LU Y, R 70 Mk T U2 ik
SN R AR TR 2 Bl R AU £ . R T ik AR AR A < T AR AR A B R R
R R TFT A ik PR R R (£ 8)

FAGPEITIE MK TR 28 R 2R B0 B T BE U] sl A A 1 TR A% a5 2R R 73
M AL PO B8 AL A M) B S B SR MR A 2 P AR T SR U] Aok 26 AR N 0 B 7 R g AR i A2 A,
BV A i ke B0 5 B I 2T s . R, B 4 A0 Sl AR I, D) T SR A A
ARSI Bk i R 5 5 VU ) NI TG I/ N U W) P SR AT B8 A AL A B e B i /) . TR YT P R W XA
T Sl AR TR I SR ARG 0 A 30 A 20T DR b SR AR 43 A T SR A5 14 A A R TR AR PR AR K. Ye
AT LA 1960 — 1970 AF Ay Kk, SR FH R AHRE 43 W12k dek A S8 AR 2K 5% 3l oxd 980 B 8 VA S T 5 4
T S0 AR YR , < =) AR A R ) 3 O T A SCRE RS TSR A AR e e, Ty BRI B
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75 A% SCRBHURE S Bk IR 45 A A 22 00 B4 DL DR AT BB | 32 AN [R] ke v ST 3l T 7 B B A 7 22 S R 2
1, ARSI SRR S Wi I AN & 7E RIS s B 0 S5 e Lz .
* 8 RIGEIIHTIE T URASACRE N 5 AR 3CT5 3k P sk A ASAL R 2 A1 FE 4 (mm)

Tab. 8 Comparison among the results of sensitivity-base method, hydrological models and regression analysis

Jrik Bk 530 e T BRI Etie=
IR AR 75 99 118 95 70 84
[EVEF R 55 88 106 91 70 77
RARE ST 77 104 131 100 91 98
5 318

AR SCH T AWBM BB 22 ek i [0 05 07 5, LA 1955— 1969 4E Sy 3 vl A2 M ] 1970— 2009 4E4%
T Q- Qi FEAETL MM AR S A AT S LA AT R IE | HAE R M A (MK TS AE 28 %) A8
R4 T RS R AR T, T DL Q082 Q. TR B S AR Tk S e i AR KRR B 1 HEBR T S i) 205 3
FEM | FIT A A A 5 W R RS A T (R 4 RIS B R . R S S AR TR Q.. 2 HE I AN
R NS sh AR AR AR VR T = 2R S5 30, L QL i 2R T Q13 B AQ,.,., R I
BT Bl X AR R AR

1956— 2000 45 &K 3 i) =B 5 R R AR VT DL M X & 2 5 5 R [0 24 a3 | H & 4ERoK &
PRIEAE S IR 1990s B hn B Jy B2 . 1955— 2002 4EHS FHWIEZEZE R B % 3 E Bl
I P O FE R R XU 1) T R . AR IR B 1961 — 2000 47 [ T e 521 18 i 3 ] I 300 O 4k P 26 0%
BB/ H I 1970s— 1990s SARAR RIS InAR i i, IF ELAE 1990s 38 hndse B & . R B ok A8 1k
AR 2N EN AR B Mok ER4 P E 220005 B R/ 5 E DY %4 ok
B SRR A R TR, A AR LD A AR AR B B . Zhang 25U 38 b X BEOAS [R] e 17K 908 B AR
b, IR A ZEAK IR B RSP B B VAt L 380 Jim - S50 81 8 O dok A 2 e K 38 i, S5 7R SO AR 3 o+ 2
BB —E . B, B BRI m b 2% B8 0, K R e R Sk R B R, K
T THE SIS, FECK VLR 2Rk i 08 T A AR B AR i i . B A S AT
A & R AN 3G ) NS TG SR AR AR (L B M R fe e o8t . AN 28355 2 vl 3 ol Yol A Bl B Rkl s S0
H AT | K TRRA 5 3 B e s R R R AR 3 VR TR W O AL R 1950s FTAY 17198 k'’ U6k
DEBAERIA B 6600 km? | WA R HE A 61. 6% . 3 30 4F, AR FH IR T 1.0 km® R _E IR AL
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B IAEF . FEZ207 1998 4E4F R /K 2 )5 , 80 PH IS I3 J 1 RIS AR T T8 18 i Y VAT i) 46 T, s Py
KSR RBLZ BN . PEGETT,2000— 2008 AF KRB 8. 0% . K 3ok v AL (5 A 30 38 5 B 2% kA
K, —ERRE LB/ NARAR R R . AR K & R KR DL R3S RS K R TR Y. BRBHIR
IR 55 R M 1949 4E 1 40. 4% T3 1980s W10 31. 5% , %I I ZRARTE 25 R [ S 2500 PH ) o el 2500
BBAL K R E R 2277 19805, 1990s ZRARE 35 R B IR, (8 LTS L T ARET s gl bk ok
X BRGSO G TR 5 T ARSI AL . HEA 21 2 AR S R F 60. 1%, JFA T AIARE R
R FBRAARORRK + SRR IR B FE A R, — B RAR S T IH AR I AR .

1990s LART , ARARBEIR K ST B8/ K fl 550 FH i v 38 00 o 0 82 & i s/ Rk R B s i, A2 3h
B IAR T . 2000 4F 25 , FRAKE A LAV, 2K S i AU I, — s B BE LN AR 0 IR B %R 30
TIPS ST PR (4 T 7 358 PSP b S i | K T B S8 R AR TN, Rk 2 PR R (1 45
AVERR I GG SR T AR MR . 5 KR/ N 1 28 35, 330 ol v 7 3] Oy B 8 VTP A
TR T PR R B T SR IR S AR M HET B 7K 37, 6x10° m® , (TR AR AR TR 19 29. 6% . A HAR
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X R DU AR U A S AR IR R BRI 2— 5 H . AT S0k 385 FH 180 It el A O A2 Al S i 52 A,
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