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Effects of climate variability and human activities on
runoff variation of Ganjiang River Basin

YE Xuchun"*, LIU Jian’, LI Xianghu®, ZHANG Qi
(1. School of Geographical Sciences, Southwest University, Chongging 400715, China;
2. State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology,
CAS, Nanjing 210008, China;
3. Shandong Provincial Key Laboratory of Water Resources and Environment, Water Research Institute of

Shandong Province, Ji’ nan 250013, China)

Abstract: The Ganjiang River is the largest inflow branch of Poyang Lake. In this study, the characteristics of
hydrological and climate variability of the Ganjiang River Basin over the last 50 years were analyzed, and the effects
of climate variability and human activities on water resources variation of the river basin were investigated based on
a coupled water and energy budget analysis. The results show that, with the depth of runoff in the 1960s as a
reference value, the variations of depth of runoff in the Ganjiang River in other periods were mainly caused by
climate variability, while the effect of human activities was relatively small. The quantitative analysis based on the
evaporation rate function further reveals that there is a large difference between the effects of climate variability and
human activities on runoff variations in different periods, and climate variability always leads to an increase of

runoff, while human activities play a complementary role at different levels.
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2 C./% MK Ziiti A
B FES e X2 A
<O 2.3 2,327 0.94 1.51 2,18 3.25%*
ok Tl £ 15. 4 -0.65 1.56 -0.91 1.37 0.77
A 2.5 —2.22* -0.23 -1.32 0.09 -0.84
KO 0.1 -1.73 -0.03 -0.99 0 -1 11
ST 15.2 -7.25%* 4,87 —6.87"" -7.30** —7.65"*
H FE A4 9.5 -0.39 —4.20** -1.35 -2.54** -3.97*¢
WIEZE R i 5.2 0. 54 —3.49** -2.19* -1.65 -3.46**

TEeox M ow o+ 43515678 0.05 F10. 01 19 FEHAKT-; —FoR T B,

90 AEARAHXT 22,2000 4FJ5 (JLI: [ 2003 4E LS ) R £ B 8/ (1B 4 (a) ) o X9 38 RA W £ %) B Bt
PE TR B S T A T e B AR AR AR BR ROEE Al | 5B AL BRI, AEFE T I A) A2 f Y MK
PRI R, [ 20 g 70 AP TERIER & A AR DOk BR R KR EAEEIELL 20 22 90 AEARARE
iAW R BAEPFSE I BON MK RS gt it i oK e W MK (B 4(b) ) o BB EZE K B SRR T
Rk dA, S5 I AR AR S i, I ELAEBRIA] A S AR BN (B 4 (e) ) o MK KRB BT 08 fE 28 &
i 20 28 70 AR LR R REa S, IR TR A A 28748, H 1976 4T Rt s i 3, 2002 48 3 A%
(K4(d)).

2400 3
e 2
E 2000 o 1y
2 1600 20
= -1
= 1200 -
& 200 y=1.4285x+1541.1 :%
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
Ay oy
(@) B4R AR BR AR AL (b) B4 Ry MRS, 56 2 34 h 2%
£ 1300 3 ~—UF ~UB
£ 1200 o 1A i
oh R -~ e
e 5 -2 e dh
i et
o0 y=1.5579%+1093.9 - %
" 71960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
oy G
(©) I 2 R B R Ak (d) P AEZE R i MR 1 38l 2%

4 1960—2010 FEEFIIREMEKEMBEERLENFRELRERBES
Fig. 4 Inter-annual variations of precipitation and potential evapotranspiration and
their variation trends in Ganjiang River Basin from 1960 to 2010
2.3 SEMALEHZREL N
32 FURRR A R B SE IR, AR AR I SR B — & RS A 3, S e 173 1 A8 I 36 28 ) S A R A
MK - RE RSB R f BE R R AN R4 P,

@ 202160 44X @ 2014070 4248

ME AL EBRE—Er2ZR, K 50a) Ak 50 4 @ 20120804/ @ 20{AL90 44T
KWL P~ E, A B IR RAEACA ae ® 21t 2
1 DR 22 RIS TG 30 M KV RS 0 R 9 38R 14 K SR 034l 2 P

® 0.34 ®
BLALAE R, T RIGEIR BN, 1L 20 42 60 4 g 02 Z g ow K
PRI A IE SR 55 | D e I B 72 028) <2y 0281 50 @

0.26 0.26
SRR SR D0 HA AR AR S AN 21 sl 0 AR i A8 b 0.50 05}30540-56 0.50 05}3054 0.56
AT ER W 5 (b) . B S5 (b) nl WL, A F (@) 4 RE AL (b) HI%S 20 11H2¢1 60 44 sk

FEAEIT 20 20 60—90 AR Iz 21 22 H ik P, Al
E WZEATT B PR E, 380N, R T2 o
9, 33X LA B A I e A 3 A o 32 R R

5 mEP, ~E TN

g. 5 Variation of P -E, curve for Ganjiang River Basin



553 1 MR AR RIS S AR AL AR R I 23 # 201

G, AT BhAE AR X5
PA_E 23 B R3] AN [ IS0 e AT S A R (BB T ARV R TR RS | s i 750 5t
RO B SE . 7 B 3 Hr 2 T, AR AR 5 e S0 a5t Y i 3 ) S P K SO LR B, 3 5E w=0. 36, IF 7031l i
BEH B Ay 4 0.87 FI-0. 66, FEMEERN -, R H TH A [FRIAFA T U AN 30 A2 A2 R ) 5
oriE AR 2, R 2 R, A IHYPR AR R E Sh A i A AL A s M AR 22 R
x2 BIREARERSBEMAREHNRNERETLHRISE

Table 2 Contribution of climate variability and human activities to runoff variation of

Ganjiang River Basin in different periods mm
A 1A P E, Q Ey AQ i AQyum
20 42 60 41X 1495.0 1110.6 760.7 734.3
20 4t 70 AR 1579.2 1051.3 876. 4 702. 8 112.6 3.1
20 fH4d 80 4FAR 1564.0 1048.8 813.0 750.9 100.9 -48.6
20 &g 90 AR 1684. 1 1027.0 940. 9 743.0 219.9 -39.7
21 4w 1556. 5 1036. 9 817.6 738.9 102.2 -45.3

T - FR /MR i i AR

AR R R 2GR 35 3 AR I AR, T A 2S5 BBk 20 42 70 AFARAN 32 2R 25 s/ M it = /R
FERS T BEE AT R AR RS B e KR 20 HE22 90 4E4, 80 AEARHR/IN, A5 G ) I, AN [ Iy 301 1 i 4k
NI Bl 0K L BEIOT A M HIRR B2 25 S it iR A2 B AR A AN ] ARDOE T v, 20 28 70 ARAR RS
5 EARFIRIEIN 3. 1 mm, M2 80 -8, A SR HIRBER RN 0 2 i o ARG 1 20 {228 90 4F
AR 21 2250, AR5 S T B AR 0 AT B sisis , (EL SR AT SR L i o AN [l AR AR 2R3 s AU 2
BRI TR R BOAR XA P, AU R 5 DR A I e A i 2 R D R T3 s e —SEmf
BRI/ MR E R B

3 & iE

T 50 AF AT LIIAR I A8 A5 A A 5 A2 1 e A 285 DD A G, 8900 38 9 N 28358 sl FH 1 5 it R 25 22
PR, LR INAE N [R) A e Sl b 2 B 0k 1 28 Ak LA BOK B8R A F R R, ST — B VTS & K Rk )
FICX, TR 2K 5™ H A B 2 20 20 70 ARAR T R 80 AEAR . (HUE A M 1983 4EHEAT LTI T
P IR |, TARAREE 25 R IR 5, K T SO O BT E A, WF R R AR 5 R I BRI S BUE AR
T IN ;S s N R AR T T, I 20 28 70 AR NZETE B S B0 AR TR AR, 5 AR AR
T W78 55 R BRI K R AR EARAE—E ARG D3 dh B+ S8 0 R R I K 5 SRR
SR 20 g 90 AEAC LIRS Tolk /K S A 3G, BEVTIER A 20 4l 50 ARACH R 08 i 45 2 A K e
JEZRKT5 A2 ) K PERT R AR ARSI AT IR E , AR ] X /K b AT B, AR B K Tl B
7K, TR/ N T YR B bR AR i i . AR VLS4 K FIT 1997—2010 4F (7K IR A, VI PE A 2423 T
Al 7K i 7 I ZROK BRI 7. 7% ~22. 4% , Hor 53 % MY 7K e 238 10 25 & S A FE UM A B [l T3
P T AL ek B R 4 I & R FH R AT Sl sl b A I e i BRI

a. DI A R B IS S R 2 5% W 7K AT B i B B FLAR AR ety ISR B, AHN T 20 4D 60 4R
AR, FEA AR VLI 38 2 I T A K S 0 TR A e S0/ N AR AL R B et sk LA B B O AR I R 1
A Al R ARSI, T ACETG S A X485, (HJE | X RP 286 7 vk H S K AR H WA [A] I <
A5 RN 2835 S (AR, O HL S5 5 0 T X b o i VAR 2R ki PR 2R R IR A, AR SR
ANTRIAEAR S B 28 & et R FHTRT BRL 04 7K A VR A A B, I T A AR A1 2% SRR TR AR A R R i 4 5 7K i i 224k
R R R E K TR, BT LI B 25 RA 1 —E AN 2 1

b. E RS I BRI [R) 3 A A ST 3 X A2 It 20 Ab 1) 52 i 43 i AH 22 30K (AU R R
ARG RART R AVE A . AR T 3R ER], 20 20 90 4R AR 45 X 42 3 0 B9 388 I 4 A IR &, Tfi 20 fit 42
80 AR SR FH AU i R4 g fe R 5 i

. ST RBERA A TR UL, AR st K SR i 95 SR B AR 2R A0 224 i duk - i ) F o 2R A
FEOR/D K ] REXE I ) b e 77 7K i 5 AL B 22 1 /KR T A0l o DB 5 J3E A S B, T B o /K 0 R



202 ERCPNE N B4

FEMTIR/ N KA, R AR URIOR U, — 7 5 1] A AN [R) I35 SV T A8 7K SC800E AT REAR EL A8 I a4k , M
T 7K AP S R B D AR SR 2R fiE . R SCER T B N ST Sl 0 AR I A2 2 4% A
S S K SOV I 2 A R

S Xk

[ 1 ] DOUGLAS A B,JULIAN K,MICHAEL R M. Recent climate trends and implications for water resources in the Catskill Mountain
region,New York ,USA[ J]. Journal of Hydrology,2007,36:155-170.

[ 2 ] STOCKER T F,RAIBLE C C. Water cycle shifts gear[ J]. Nature,2005,434 ;:830-832.

[ 3] VLR AT R 700, 5. RS AL AN 30 2 0 o i el A2 i i 32 [ 1] K B2 AR 47, 2010,26 (6) : 14. (JIANG
Shanhu, REN Liliang, YONG Bin, et al. The effects of climate variability and human activities on runoff from the Laohahe River
Basin in Northern China[ J]. Water Resources Protection,2010,26(6) :1-4. (in Chinese) )

[ 4] 208, FE IS, A1, P AR AR Bosg ma BRI 240 [T ] KSR ,2011,27(3) :16-19. ( CAI Juan, XU Youpeng,
SHI Yi. Analysis of characteristics and influencing factors of runoff variations in Xitiaoxi Basin[ J]. Water Resources Protection,
2011,27(3) :16-19. (in Chinese) )

[ 5] sk, ERPS, BUEEL, 5. BT v i K SO Ak 3 R 0 g A8 Al ity 137 [ ] K B2 9E Ji€, 2009, 20 (2 ) £ 153-158.
(ZHANG Jianyun, WANG Guoging, HE Ruimin, et al. Variation trends of runoffs in the Middle Yellow River basin and its
response to climate change[ J|. Advances in Water Science,2009,20(2) ;153-158. (in Chinese) )

[ 6 TR T IR AR AR ME, 45, BT 87K SOOK B IR Ak B DX e A2 A iy 1oz [ ] 3 2827 42,2009, 64 (11) : 1331-1341.
(CHEN Yaning, XU Changchun, YANG Yuhui, et al. Hydrology and water resources variation and its responses to regional
climate change in Xinjiang[ J]. Acta Geographica Sinica,2009,64(11) ;1331-1341. (in Chinese) )

[ 7] AIZEN V B,AIZEN E M,MELACK J M, et al. Climate and hydrologic changes in the Tian Shan, Central Asia[J]. Journal of
Climate,1997,10:1393-1404.

[ 8 ] ZHAO G,GEORG H,NICOLA F,et al. Streamflow trends and climate variability impacts in Lake Poyang Basin, China[ J]. Water
Resour Manage,2010,24 .689-706.

[ 9] XEM, W7, R T WWHR R T F A 0[], HBi2E4Rk ,2000,55(3) :257265. (LIU Changming, CHENG Li.
Analysis on runoff series with special reference to drying up courses of lower Huanghe River[ J]. Acta Geographica Sinica,2000,
55(3) :257-265. (in Chinese) )

[10] XBEF-, 2502, MR A0, 55 Ui -t 7 i A K SCOSON AOASEAEL . A YT B ek DR BT S (9] [ 7] M BEAL7 2003, 58

(1) :53-62. (DENG Huiping, LI Xiubin, CHEN Junfeng,et al. Impacts of land-cover changes on basin hydrology : a case study of

the Suomo basin in the upper Yangtze River[ J]. Acta Geographica Sinica,2003,58 (1) :53-62. (in Chinese) )

ARG SRR NIEERS, 2. S BRI IR 1967—2000 4F - b A F AR 0 W AR A 52w [ 0], P E RN D 3 sk By,

2005,35(7) :671-651. (WANG Genxu,ZHANG Yu,LIU Guimin,et al. Effect of landuse change on stream flow in Mayinghe

River basin during 1967—2000[ J]. Science in China D;Earth Science,2005,35(7) :671-681. (in Chinese) )

CI2] E R, s 22, B . R85 A8 A0 BT b 305 T A0 S A8 3 6 38 R 2 e I 7 [0 ] KRk 27 0E Ji8 , 2006, 17 (6 ) : 853-858.
(WANG Guoqing,ZHANG Jianyun,HE Ruimin. Impacts of environmental change on runoff in Fenhe river basin of the middle
Yellow River[ J]. Advances in Water Science,2006,17(6) :853-858. (in Chinese) )

[13]EFGE, sk, skHess B B RRE IR S AR S5 A M E R EmTTakE ()], A E =4, 2006,21 (6) :981-
990. (WANG Xiqgin,ZHANG Yuan,ZHANG Yanhui. Change of natural runof and contribution of the natural and artifical factors
to the upper reaches of Wei River[ J]. Journal of Natural Resources,2006,21(6) :981-990. (in Chinese) )

[14] ER, SRR, 22005, B/EBHH X 8E 57 7 F A AT [ 1], WA RN ,2008,20 (4) :500-506. ( WANG Feng, WU Dunyin, LI
Rongfang. Analysis on flood disaster characteristics in Lake Poyang region[ J]. Journal of Lake Sciences,2008,20(4) :500-506.
(in Chinese) )

[15] S84 IpAmik, EHOR 45, BERTMIAER 1955—2002 4E4200 RECE LG H X S AE 7R ], WA ,2007,19
(2):163-169. (GUO Hua, SU Buda, WANG Yanjun, et al. Runoff coeficients change and the analysis of the relationship
between climate factors and runoff coeficients in Poyang Lake Basin( China) ;1955—2002[ J]. Journal of Lake Sciences,2007,19
(2):163-169. (in Chinese) )

[16] ZHAO G J,HORMANN G,FOHRER N, et al. Streamflow trends and climate variability impacts in Poyang Lake basin[ J]. Water
Resources Management,2009,24(4) . 689-706.

(177 WA, akaT X, 25 A R ARSI S0 28 BH 380 i Sk R AR AR B A s2 i [0 ). K11 £ ,2009,31(5) :835-842. (YE

(1

[



553 1 Mg, 4 SRR ZEIE S BT AR AR RV R A0 203

Xuchun,ZHANG Qi,LIU Jian, et al. Impacts of climate change and human activities on streamflow of Poyang Lake Catchment
[J]. Journal of Glaciology and Geocryology,2009,31(5) :835-842. (in Chinese) )

(18] FEME BT, 2, 4. AL 50 4738 FHA TR J s T AR AR AE RS [ ). VLT IR 5 21058, 2009,18 (7)) :615-619.
(WANG Huaiqing, ZHAO Guannan, PENG Jing, et al. Precipitation characteristics over five major river systems of Poyang
drainage areas in recent 50 years[ J|. Resources and Environment in the Yangtze Basin,2009,18(7) :615-619. (in Chinese) )

(197 UG, 5KER , BRIGE 2, 25, 5 BH ) 0 oK v s 28 AR R A SO HLER [ ) ], b P22 412, 2010, 65 (7) : 828-840. ( SUN Peng,
ZHANG Qiang,CHEN Xiaohong, et al. Spatlo-temporal patterns of sediment and runoff changes in the Poyang Lake basin and
underlying causes[ J|. Acta Geographica Sinica,2010,65(7) :828-840. (in Chinese) )

[20] BURN D H, ELNUR M A H. Detection of hydrologic trends and variability[ J]. Journal of Hydrology,2002,255:107-122.

[21] BRI ARG TS W S E AR M. b st A4 Rt ,2007.

[22] MONTEITH J L. Evaporation and environment[ J]. Symposia of the Society for Experimental Biology,1965,19:205-234.

[23] MILNE B T,GUPTA V K,RESTREPO C. A scale invariant coupling of plants,water, energy and terrain[ J]. Ecoscience 2002 ,9
(2):191-199.

[24] ZHANG L,DAWES W R, WALKER G R. The response of mean annual evapotranspiration to vegetation changes at catchment
scale[ J]. Water Resources Management,2001,37(3) :701-708.

[25] KOSTER R D,SUAREZ M J. A simple framwork for examing the interannual variability of land surface moisture fluxes[J].
Journal of Climate,1999,12. 1911-1917.

[26] LI L J,ZHANG L, WANG H,et al. Assessing the impact of climate variability and human activities on streamflow from the
Wuding River basin in China[ J]. Hydrological Processes,2007,21:3485-3491.

[27] GUO H,HU Q,JIANG T. Annual and seasonal stream flow responses to climate and land-cover changes in the Poyang Lake
basin, China[ J]. Journal of Hydrology,2008,33:172-186.

. T -
ENBEARKIHFRTRKKAEEZRTRALGEZAHRT LA L FA

2013 4F 4 H 21—26 H 55 /i E PRk SCRFF T KK BUFARTTHE 2 (TAHS) 78 36 [ 6 2
INREFRAT I TR R K B (GQ13) , KfilE 200 443k [ 57 30 24 % Fil
XIW2EE SN T ARK S, P A Inifg 2 | v B i o K2 | pg o K2 v B R b R
P BE BT A MBS I AR B Y 10 A7 H LA T R A R A A O T ¢
= B IR KRN P E DT T R B
Sl ARENSUT 2 Bk Jllyk/)?ﬂﬁﬁ’]ﬂﬂ SBEWR I, 5T IR
KRR X, LA o S0 X b T A ) 5 T
(KT 2 45 3R A5 )



