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Abstract :[Objective] The characteristics of runoff and sediment variations in Qinjiang River in
the past 50 years and the response of riverbed evolution to water and sediment variations are
analyzed. [Methods] Taking Qinjiang River as the research object, the long-term sequence of
water discharge,sediment flux and riverbed sections were collected, and the variations of water
discharge and sediment flow and their influencing factors were analyzed based on wavelet analy-
siss "3S" method and Mann-Kendall nonparametric rank test. [Results] The results indicated
that: (1) Since 1960s, the water discharges and sediment fluxes in the Qinjiang River had

shown a downward trend, especially the decline

N of sediment concentration was particularly obvi-
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% (2) The average water discharge and sediment
% flux in summer half year accounted for 58.62%
and 61. 77% of annual total, respectively. The
annual mean water discharge and sediment flux
showed oscillating periods of 4—6 and 15 years,
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respectively; (3) The middle reaches of riverbed showed erosions and accretions in sequence,

while the lower reaches were dominated by erosions; (4) The water discharge was mainly con-

trolled by rainfall, while the sediment flux was influenced by many factors including soil ero-

sion, forest conservation and population growth. [Conclusion] Therefore, it is considered that

the water and sediment in Qinjiang River generally show a downward trend,and human activi-

ties such as soil erosion, water conservancy projects and water consumption are the important

influencing factors of sediment reduction.

Key words: estuarine and coastal research,the variations of water discharge and sediment f{low,

wavelet analysis, Qinjiang River,Guangxi

0 3

[#R T EBE XA 1) 50 19 4% a2 4 BR AR W) b Bk Ak
SE6E PR H R AR AU U I W AR KUK T B AT
Y D I A N T T\ S L SR T R B a
S NG W] 2 A J , N FE Rl AR B2 B AT LUAE AR ] ik
IRAUD ARG VE I NS T Bl %t 30 R R SN 2635 3
() SCBH S A T A e A BRAS AR TR R, 3T I K VD 3
SR e S TN ES NN NS T I R R G S R B2 S St
S SE 2RI R, A ER SR YT K Vb aE R
R F H e R 2R 2 2 oo iy (B S AR A RN 2R
Bl E R A K YD AR A R R R (R
AFHRFRIA 20 242 30 AT, A& K45
fe o B NS Bl 1, 38 1R Y 5 VG VS LG TR A U TP Y
W S B O = AR EIR e B AR A
JRR A R e IR LA L RV A R v
IR Y 60550 PR, Ry 4 BRI R 9 K T
i it AR A BT o3 B HT N 22 R B R R
Beit A5 05 i /N 43 BT Fl Mann-Kendall 4F 2 $0#k
YRR I . /NI B B RAF iy sy 4 ey 8k
PES AT LSBT 40 11 I B H: 3 B EsF ) 3 A% 1) A% gtk
{90 T[] — B33 1) J) 3 2 AR I . /N I A A A s 3R
FFTE 22 J2 ORI [B) RUBE 25 04 A1 Ry AL AR AE , 78 T 3 /K 10
(7% A6 WF 5% v B A B Ok ) 321, Mann- Kendall
AE S BB YR A Bk CF AR M-K J5 7)) 7 L3 A
T8 U 1) AN 5 A P A B 5 I T 3 A I S L B, N
T E AR B S, BS54 K,
it 25 20 4R PR 56T M-K 5 3 3 FH#F 5% 69 552 4] JF
w2 T TR R K L R AR AR W
G IR SO G BRI oot BRI S IR T
RALK KW 5T b B FH A A /N 3, R )
Ly DX A J] 3 5 T A F S R A D . EARBFR VI =]
BRUT R AGER T AU A28 = M It A VT L, T 22—
— % A ] T VA A 3 T O T T AR
BT M E NG —F R, TEa2kmZk

410

il

AR ZL R AT 3h 15 5 F L L 4F Sk h 752 1)300%
Al KR T AR B AR N T v A H R AR 4
SN R I R [ S BRI RV R AR AR K AR . BTN
S RN I = S I AN 112/ N AN [ 2 & 1
W B H KU AR A AR A BIF 53 7 2 3 4 P R B 4
THRUGE PR A 1 % LK 7025 1k 5 70T R b 550 728 1 S Bk
SEFEQNEIWNEAN €8 3>3:0E 3 L1 BN VN
WAy M M-K 5 35 5 24 19 <387 (RS, GIS. GPS) #
GGV LEA AT ERTTAL 50 4F R TR K VD AR AL R AIE (52
M) PR 28 S S X YT A s 558 %) 52 W), %o o ik % [ Y i s X
F/INYAT I 8 U B3 9F 5 R A S T i 5 O e K

1 #H5FE

1.1 MR

BAOLERFEF R I B I, w2 R0 E
Jb-E AN T DX ZE RN TR LB B S I 43 2 S A
A6 CGF R . i B AR 4 108°30'~109°30",
b4 21°50" ~22°36", T &K 179 km, Ji 38 1
2457 km® . IR E PRI, RILE Kb Z
i BAR L TR 250~ 600 m, ] B R A Hb
R, BRI Z AR E 5 = 20. 3 X 10°m?®,
IR RE W R 582 mm ., AR 22°C L )38
Wl 0. 031%:% , BRI IR 2 A R iy, K
TR YEWAE 10 JRBR 30 . ARIL T AR K7 22 A
1 BT B o RV 32 K S Rl J&& 3 67 T 7R
£:108°57",db4h 22°16" , AE/KTH AL 1 400 km*, 1953
AR L Ol B R AK S L R A H R K AT 24 h
S 7K A7 B8k SR FBR VI L TH 5 85 Lk 5L (& D)
1.2 BEE5FE

WS HE 19652013 AF4R VLR )= 25 1938 H A2 3
AR 19712007 3% H & V0 5 di . DA K i Ay
il a5 DB TR SO . AR A A B D e RN T TR R SR DR T
(CHP R 7K SCAR S BR VT AL S8R K SC B R ) A 26 3B W (R T
KA ZE 320 FPTAECT PRI VO A 41D . PR 2 A

Guangxi Sciences, Vol. 25 No. 4, August 2018




HOBOR IR T T hep: //lip. geess. en/det/page. B
KRR I T o R B S G 0

:Z N
¢ 3
= L A
s - -
o U :
o Guangxi -“
z
o
n
8 [# fflLegend
IS
—— [ {fiRiver
Z
° -
o Reservoir
Q A KT
« Hydrologic statio
0100 450 830 m
e itton
108°20'0"E  108°40'0"E  109°0'0"E  109°20'0"E

Bl 1 KT H IR A

Fig. 1 Location of Qinjiang basin
o o T A R T (BRSO L TR I T B HE R A
BRITOK I 2% B2 2>, ik DEM B A9 J2 SRTM 90
m 73 AR v R B R IR T [ R A B T R
PO 285 15 5 O [ B B 2 B0 B AR M ot Chiep: // dat-
amirror. csdb. en) , o R A4S £b B 40 2 A T b [ R
= e B IR PR B A b0 1 A [ - R RS . A
K28 T 23 O J AR O T R L AR 03 1< P
THE%),

SR /NI T3 ¥ 4 B 0 i 7K P A8 Ak %) i 39 28
AR, SR Mann-Kendall 3F 2 5Bk Wk A 56 K 56 74
CRAR“M-K J5 7)) 43 H A8 Ui 1 40 58 28 1 46 4
IR /NI o BV M-KT7 3% 5 24 1 4387 (RS, GIS,
GPS) MG &85 70 v /Nl it 7K 70 742 4k K2 T TR
Hi 350

2 ERE5HMH

2.1 KiDERETWN

BV B 2l AR 7 2 0 A AR Ak 5 S e i
19651989 4F MAFEF- ¥ i &t T [ fa #4W] |, 1990 4F
G e T A A TR (B 2200 . B KAR 2 i
HMPLAE 1971 4E, K 58. 75 m® /s; fe /ME- Y &
PRAE 1989 4,0 11,21 m® /s, FFH &V EIRE
B R R %, 19711993 4E AR AL #A # R K, 1993 —
2007 4 TR B AR 0. 018 8 kg/m®, 4F
A4 v B R A2 0. 417 0 kg/m® (1990 4F) . # /]N
i 0.071 9 kg/m® (2007 4E) (& 2b) .,

MAEARBRE L 20 fih4d 70 440 3] 20 {42 80 4E4K
14 i 2 3 7 24 i 2R R R L 80 AR ARER 70 AR T BE
24.19% ., 20 thad 90 AFACH] 21 HamA LT, #t
SIS VDR L E A5 OF B AR Ak S . 20
2t 70 AE0F] 20 42 80 4FRACHISE 1 & v AR
FhL RN 28,14 %, 20 4l 90 AR Z G 2R T R,
FEASE 201848 A H25 K% 4

BRI 4711 (1B 3) . 2848 43 Hr 2R BH , i )= 3 4 7
Pt 1974 A RAERD B &V T 2004
R A G (I 4) o T v A8 Ik e U R ARt e )
T, 1979 4EFN 1995 4F 27K Vb A8 4k 1) 58 A8 4F Aoy, Hh
U AT R ROV K Y AR AR A 3 A B B, B3 B B
(19952007 4F) By 4F ) i Wb i AH X T 55 2 B Bt
(1980—1994 4F) F % 31. 64 % (& 5.1 6) .

N
(=}

—— 4R Pt Annual average flow
e PRSI Linear fitting

W
W

@
E
EE 50 y=-0.2x+39.51
o 45 n=49,R=0.065
on
S 40
5 3
2
stV AT e
=0 Y r o\ VN T
2 30
<
Eg 25
:@ 20
B 15k
#
]0 1 1 1
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
445 Year
. (a) 4E FH i B Annual average flow
‘= 0.45
E — AR
;D Average sediment
=< 040 concentration
E e R
E 0.35 Linear fitting
g =-0.0033x+6.7
b5y y
iz 0.30 n=37,R*=0.1675
A3 0.25}F
u-Sttl I VA EARZ  E
72 )
E 020f
b=
&2
20.15
o
<
3 0.10
-
<
5 005 1 1 1 1 1 1 1
g 1970 1975 1980 1985 1990 1995 2000 2005 2010
<

445y Year
(b) 4E -3 4 Vb E Annual average sediment concentration

(&2 Bl o vl 4 X O i RN 2 5 P iR A
Fig. 2 The change of annual average flow and average

sediment concentration of Luwu station

0.32 I Annual avérage sediment[ concentration‘ 40 a
- S R S
= 0.30+ TR AR =
E"’g 028 < Annual average flow | 38 E
=] o W L =
@35 0.26- Y 36 2,
SN N
EDE 4] \ L5
XEE \ 2
25 022 \ 34 =
3 \ B
s g 0.204 \ L32 £
s N N
é S 0181 /\\. | m?:mﬂ
0.16 o0
T T T T ﬂ
1971-1979 1980-1989 1990-1999 2000-2007 o
K BtStage &
EiIEI S R MY S
Fig. 3 Interdecadal water and sediment changes of Luwu
station

2.2 KkbEFMEARPTL
1965—2012 4FJifi = ufi i) A S 39 3 8 S (H LR E 3R
411



WY, H P 200 SR 2T B 3, 1985—1995 4F Al
2005 4ELLJE AR X . H S 28 90 o 5 8 X 3 A
1967 4ERY 8 H L1971 4Ef) 6 H A1 1980 4Ry 7 H (A
Ta), 19712007 iz ul H -3 & 10 &t 55 (A 26 &
B, S 34 5 U0 BT R A A0 B 8 e X R AR A3
HBLTF 1980—1994 4Ef 4~6 A 13,1986 4£ 5 HJt

HHB(E b, — M, B EEEFE 4~9 H
Oy ABAEMNE 10~12 A 1~3 A, Sl R R
R AN -1 e G BTk IR TR u -
AP B i RAR S 2 U0 i 43 0l o A 4R Y 58. 626
61,77 % . WEZEF ¥ 42 U i R 2 v i 4 0 2
2R 3.5 M 18. 7 5 (F D,

3 ———r . 4 o : : ; i
(a) B3 B Annual average flow 5 | (b)FEF-3 & Vb BAnnual average sediment concentration|
2 4
1 -
¢
: £ ol
= 2ot
] [
i D-2F 4
5 3 ]
AT \\W/\
—UFk -5 —_.._UFk 4
-4 [ = UBK —= UBK

19651970 1975 1980 1985 1990 1995 2000 2005 2010 2015

AEA5 Year

-6 " L " " " s
1970 1975 1980 1985 1990 1995 2000 2005

4FEA3 Year

VA4S 6 443 I 5 9 0 2 4B

Fig. 4 Analysis of abrupt change of annual average flow and average sediment concentration of Luwu station

1200

5

£ 1000¢f
= 3L 1995
AT T 8007 g BB
§ 3 X ¢ The third stage
5%
gé? 2 600

- <

S h 1979 BB

g 400 1 The second stage

£ \

200 1
BB
0 The first stage
0 50 100 150 200 250 300 350 400
PRUERRE
Cumulutive annual runoff (X 10°m”)
5 vb AR I e SR ARk
Fig. 5 Double accumulation curve of sediment discharge

and runoff

> 354
(=)
° 31.21 30. 56
X304 7
2
[=]
@ 25 /
(=1 o,
W = 20. 89
AL 20
&5
/= 154
B2
¥ 5 10 A )
5 %
g 37 7
é 0 — - L
< 1971-1979 1980-1994 1995-2007
Ffr BtStage
&6 AR 3 B B Ay 4 - 24 iy 0 i
Fig. 6 Annual average sediment transport in three sta-
ges of Qinjiang River

412

i B
Flow
12 (m*/s)
11 250
10 . I
=
£ 200
= 8
r 7 150
m 6
5 100
4
3 50
2
1
19651970 19751980 19851990 19952000 20052010
1 Year )
(a) H “F¥ i Monthly average flow *ﬁ{ﬁaﬁeﬁf'
sediment
12 (kg/m®)
11 0.9
. 10 0.8
£ 9 0.7
S 8
i : 0.6
RS
= 6 .
s 0.4
4 0.3
3 0.2
2 0.1
1
1975 1980 1985 1990 1995 2000 2005
Ay Year

(b) H “F#4& ypEMonthly average sediment

7
Fig. 7
monthly average sediment concentration
55U R IR RV B S 24 3 A 25 v
A2 RER MRS . FHREEHZ-D-2-
-2 - -Z DRSS LAY 15 AR 22 A R I Ik
DRHIE BT X v JA I AL R AR B R (1 8) .
H1968—1972 4F 19811985 4F,1994—1998 4 Al
Guangxi Sciences, Vol. 25 No. 4, August 2018

HAPRpp i A H S35 b i S5 2

Contour map of monthly average flow and



2002—2005 4F B B, S ¥ R £, /N R ECH IE
{8 571 1973—1980 4F .1986-—1993 4F ,1999—2001 4F
F1 20062010 4F B B F- 3 9 12w 2D, RECH A .
AN BV K VD R A 7E I 1Y 4~ 6 445 T8 W IR %
(K 8),

F1 HEWE . S¥EEREMHLE

Table 1

Runoff and sediment discharge in summer and winter

half year of Luwu station

. i i EAL SR EAK
Tim Runoff Percentage Sediment  Percentage
¢ (m®/s) (%) load(X10' 0 (%)
RS
Summer 39.51 58.62 11.7 61.77
half-year
Sop Ay
Winter 27.89 41.38 7.24 38.23
half-year
520 Coeff
o
Z15 0.5
2
E 10 0.0
£ QoW SO\ 03
g 1971 1976 1981 1986 1991 1996 2001 2006
44y Year
(a) 42 P35 1) ik
Annual average sediment concentration
o ! ! T ! Coeff
g
= l'} 0.5
= pontits
(=]
s 0.0
ol
2 (
¥ -0.5
% 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
{I

Sy Year
(b) 434 i #Annual average flow

8 AR 13 Vb i FIAR P 20 i /N 43 i
Fig. 8

centration and annual average flow

Wavelet analysis of annual mean sediment con-

> 60 3
o °
E 55}
z
é 50 y=0.03x-16.82 °
§45 n=49,r=0.21,P<0.01 ]
S 40 | H
z A
= 35 14
g 30 o
mﬁﬂ H_
B 25
ES
8] 20}
H_
w15t
10 1 1 » 1 1 1 1 1
800 1000 1200 1400 1600 1800 2000 2200 2400
AFSF-# % T B Annual mean rainfall (mm)
() 471 349 e T 42 5 47 P 349 300 R R ek
Correlation between annual mean rainfall and
annual average flow
Y
Fig. 9

oA E 201848 A F25 K% 4l

Average sediment concentration (kg/m®)

3 it
3.1 SBETHKDEIEM

A A A R I R A VD VR B AR AL Y B R
il P2 L 3 AT DA ek SRR S TR I s 1) 7 £ 1 o T
BRI, O A4 7 3 BT S A ORI
1970 4F 2001 4F 2002 4E 1 2013 4F Jy [ 1 f K H 4F
(i3t 2 000 mm) , Jj LERARKERI & 1 572. 46 mm 1
BAE 1987 47, 31X 5 1] Jii 1) it 1 5 Bk U0 vk B AR Ak — 3K
(2. 3) ., MM B, 457 B R W 2 5 4
B s AE 0. 05 B A5 /K P L BB A7 76 B AT 19 1F AH 56 56
2S5 E U RASR (B 9) . T 8 s 4R
Y 873 B R e I AR P 240 BE 3 il 2003 AR Y 23°C
1984 A 21, 1°C . Al 5 KV By 8K 41 B 2R W
RS R S AR B A Vb i 2 BRI 1 SR G R
(P <C0.05), SAE - it i 5 RN KB (& 10D,
W3 A L JE IR JE i (ENSO) 125 XU 1o 5% Wi 37 3 [
R E — 25 5 e e] )1 AR R SR A BT R
BT 30 JE IR JE 3 (R e W) 38 42 19 5 i A B &g (&
11) 0% P R 2 KA AN R0k (B 12) . ALt TA S B
W R TLAR AR T B0k sh I & L H B AT 4R 1
s AN ENSO F1VE R 2 KOG BT 7K VD 52 )
ENIRT
3.2 ANEFEHIKDHFIE

NG Bk 3 b R R AT I Y K SCHRAE . BT
TR F A0 28 B X UART o IR T —— 4O T, Bl
1t TR I VS I TR R KR W Y A L ARV
[T GREE BN PN 7 i i

IS2A
57

y=9.12¢-0.05x+0.11 =
n=37,r=0.3 e .

1000 1200 1400 1600 1800 2000 2200 2400
4 57 M) B W & Rainfall (mm)
(b) 47 - 34 W T it b5 41 P 3 5 v B R SRk
Correlation between annual mean rainfall and annual
average sediment concentration

800

A 35 I T 5 A T 2 O R AR T 3 v B A G

Correlation between annual mean rainfall and annual average flow rate and annual average sediment concentration

413



Average sediment concentration (kg/m®)

e y=-0.06x+1.61"°
6 n=37,r=-0.36,P<0.05

0.05
21.0

21.5 22.0 22.5
A5 HS i Annual mean temperature (C)
(b) 47 P340 5 477 348 b B S
Correlation between annual mean temperature and
annual average sediment concentration

23.0

B 10 ARSI AE S AR P U R AR S 3 v BEAR G

EFHED R

Annual average sediment

2 . 0
E 55
B e
= 50 F & y=—49x+140.11 .
=49,r=-0.22 .
8 45 LT aol ]
s . i)
2 40 : " 1%
= " 41
‘§ 35 ° 1 ﬂ
=1 ® ° 1
s B
< 30 f ° ,hﬂ-
L] ’ g -
8 25 o g
ﬂ °
H‘ 20 ° . e
o
e
¥ 15 F
10 i d i i s
21.0 21.5 22.0 22.5 23.0
A SFHS i Annual mean temperature (C)
()4 3 R 5 47 P 3 3 B A % ek
Correlation between annual mean temperature and
annual average flow
Fig. 10
@ 65
g 60 u > i~
z 55 = = === ERJEIEAHFEI Nino
E i .
= 50 . ! .
9.4 Rl h F
< 457 HE L 0
5 [y | 1 '
20y il .
s 357 - | |
g 30 .
= ]
5 257 : :
£ 20+ i :
2 s : :
5 0] s -
# 107 i :
5 T T T T T T T T T T T

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Correlatian between annual average flow and EI Nino

60

AR} Year
()4 F- 1 55 JE /R B i H 26 ik

M 11
Fig. 11

55t
50
45t
40
35t
30t
25t
20

o]

y=3.13x+35.34 w. . .
n=49 r=0.26 .

AESE 3 B Annual average flow (m/s)

151

10 . . . . . . N
-3.5 -3.0-25-20-1.5-1.0 -0.5 0.0 0.5

1.0

1.5

& 12

Fig. 12

74 F§ 2= 45 HSouthwost monsoon index
R W 5T 2 XU HE B0 R A DG R &R

The correlation between the South Asian sum-

mer monsoon index and the flow

414

concentration (kg/m®)

Correlation between annual mean temperature and annual average flow rate and annual average sediment concentration

0.45

0.404 b I.

4

(%)

[
1

e
-‘\
e

0304 |

’/‘I‘

i
0254 fm
0204 ®

H |
0154 i ft

0.10 1

0.054

T T T T T T T T .
1970 1975 1980 1985 1990 1995 2000 2005 2010
AEA5 Year
(b)AF P34 & Vb B 5 JE /R Je 3 AH 56 4k
Correlation between annual average sediment
concentration and EI Nino

TP AR 5 B IR JE T 4 B R IV G B

The correspondence between the changes of water and sediment and the EI Nino year

3.2.1 KEiAkbHE

BT W RAE 20 T4 70,80 4EAR K + 0 26 Ho 4 ™
. 1974 AR sk U 2 BoK R AR 3 120
hm?*,1980 4F 1 1987 4F 43 5 4% hn ] 5 500 hm* Al
214 100 hm*, FHN M, 7E 19741987 4, 4 ¥ %
YR TN 18, 82 % (& 2b) . {H 1995 4F LIk B i 4k 1
U FHAR AL 20 B s BE A 20 42 90 4EAR UG Ui
S bR i AS W8 D L AN 1995 4E ) 1 054. 86 km? 5] 2009
AEHY 982, 23 km” L 987> 6. 88%0 . 5 L[] A, B b T 40k
S AR RO b A W3S (& 13) . i 3k B ] AR
S E U R 73, 3% ( 2b) o 2 W& 3 S0 146 3
Bl K A R R P TR U L — AR L AR
ST,

Guangxi Sciences, Vol. 25 No. 4, August 2018



12007
10004
< 500, -1 995
£ I 2000
= I 2005
E 600 2009
&
400
2001
0_
Bl A iy K R T AR
Plough Forest land Grassland Waters FilJg B Hih Unused land
Urban and
tural land
A f B 2 Land utilization types
B 13 ARVT IR 4 R A8 £k
Fig. 13 Land utilization change in Qinjiang River basin
3.2.2 KA LA

T 8 A I T BN Ve VDU /0 1 32 B, R
NIRRT S NN R G =R GG SR |- T A N N DR T S
Y E AT 0 A v ok B A2 B b R LAY B Y
Mg 2015000 RV AT 1 2 KR TR R ALK
JIE—JAE CRAR KD i B K P = 5 B 7K T ot K
VTN K b K D | rh ALK ) — JAE (AR K D, Horp R
HIKIENL FARITIE L (B D 554K W —Fe T
20 20 60 AFAR, HoAth K PE XA F 32 L 1 60 4FAR LA
RARLAR -2 i FOF 38 & 10 1R B W 9 B
LR 53 BAR B HT BB 1970s—1990s 1]
(] - 35 5 v m AR AR KA B TE, 1990 A H B0 2R
R4 (E 2b) . WAL, 5 RV KR — L K
FI TR R R K V0728 Ak 1 5% 1 A B
3.2.3 #RELZFHLSLE

BRVT 3 ) AR T HE K S R K R T RO T
1999—2014 AE R HAK A A K . E 14 B, %
7T A0 AR 3 T 7K B 3 55 T Rl K g BT B
SRSk 1 R K S JLAR SR AR b /0N BRI oA S ROV i )
(89 FH A S RT3 B 7K VD AR A 2 e N B A Tk
il wonir 10 4Rk R L GDP A1 A 0 B BUER 7E A B
27,2014 4F 49 GDP LA H B4 1 & 2000 4E R
6.5 MR 1. 2 A%, i Bt b | 3% 1) AR 72 R T £,
25 WS AR SRR A R AR K R I, XTI K U R )
S NG VD 7= A 1 5 W A 25 20
3.3 AR Xk K B I R

T R Y8 AR K EL ] 0P R 0 BT A2 e YRl 3 A K 7
3 H A Ak YT DR U8 T T 2 7 Ak SR T PROXT K VA5 Ak 1 i)
N ARFAE Z — T A B S A T R AR, S A
03 il J2 0l LS 35 3 FRBR M ) sl 4y s 2 ] AR K T T 75
BRI BE R S 1965 4F & 2005 4F B AR & wlkiiR
FEASE 201848 A H25 K% 4

A5,2005 4F 2 2010 4F AR T, 78 1 IR AR A R
2 (18 152) , 3 55 i J8 o 44 98 v 3 2 78 Ak 2 LA —
HOHY BRI PR i R P R 2 B2 4R il A 9T R U
VOGRS | SF- X 5 vb B A DU SR AE Ay s SR R T
AT AE F TP 24 3 AR L PR VD BE T T B TR 32 i
AR AR, XA 5 RTIR Y 2005 4 25 B UMK b A
T AR 2 K B (TR 13) 9 5% e 2 — 300, TR SR Ak
R P S T T RE S B0 AR IR A A I 2
A iR AR Al B 2 9 L PRV BE D B, Al
IRV BRI 3o of T B A9 SF 35 i o) PR 288k 52 e
RARZS A R R e 7 R E AR, T i B BN (0 il 55
i TE DL L 15b o), X AR Al fE 5 0 3 R 10 A

NETIWE AL
~18
= 16
14
=
Ag 12t
=%
o0t
wi
S 8
S —— & Fil /K  Total water consumption
5 6 —— 4%l il Ak Agricultural water consumption
= —— Tl f{ZKIndustrial water consumption
HI]BEH 4+ —— 3% flJk Water consumption for living B
% 2t \
i

1998 2000 2002 2004 2006 2008 2010 2012 2014
445 Year

Bl 14 1999—2014 44K M 15 FH K B 25 1k
Fig. 14
from 1999 to 2014

Changes of water consumption in Qinzhou City

= 30
= — 1965 ——1980 ——2005——2010
= £ 25 1965 2005 /,
s
0 25 50 75 85
i 72 /i B{Distance from the left bank (m)
(a) i B ¥§Luwu station
=30 T T - .
520 —2005 —2010
8
23101
5 0
B0 100 200 300 400 480
Wi A 5 B & Distance from the right bank (m)
(b) F# #Pingji station
E15 - .
= ——2005——2010
K510
8 2 st
D 0

0 50 100 150
Bfi 45 j3* J 8§ Distance from the right bank (m)

(¢)B M ()% Qinzhou II station
P15 UL SR T AR Ak
Fig. 15 Changes of typical section of Qinjiang River
S WS AR QI SRR A IS STHIR
HENMKRRBEY, 52 R 2 3K 3h #0428 i A2
415



R EE S T R E AR S A A, +
b 75 A A R SR LD A5 3 2l 0 AR VLK VD Y R e 25
AL B2 TR T — B E AR N

4 Hit

AL AL 7K U AR Ak O SF- il 1 ) 5T R i ek A8 4 K 1
WAR A AR Hl DX ROV bR 5 = K i
RT3 5 2 TR [ G g b XA TR Y] 3 G il A 3 2
—, HAK D78 Ak 5 Z2 U 48 39T 149 B U I B im] 1 b 3
WA, ARMFR FEMBE LT 4 84518

(D LA 4 SRR VT 3t B A V0 i 35 22 F R
PO R PR B . 1979 4E A 1995
AR LKV AR A 58 AR 41y

() BRILK SCREAE LA B i 5 1 B4R
-4 5 OF S VD & 4y B S A AR R 58, 6206 il
61.77% . [FIE, 2493 FE 38 S v AP AE 4~6 4F
F 15 AR 1 IR 5 R AE

(3) Z2AF YT IR Hb 350 X K VLK V0 A8 Ak B A A0 B I
F8 ) 7 AR v A 2 S bR S IR AR R R A2 N A
WERREZmME K,

(ORI AR I3E 32 2 32 [ W 42 11 T i 0> & ) 32
BB TFEZMEE, R SWP RN RN EEZ
£ PN SR8 A I e e b/ e < 3 N = 1 D NS
KA.

IKID 7S Ak A K FL K By PR 3R 02 T A VAT I K SRR
TEMEE BN 2% . 7E 4 3R AR fb R St 7K SCS 10 1 75 5%
s R /INTAL I K U AR Al R A A A RN S B A i )i
AR, AR K Vb A8 Ak X VAT T = A W B 5 e AL o 5 R
[ R T — WS A

SE .

*/

Ay
4
N
Z

[1] DAI Z,FAGHERAZZI S,MEI X, et al. Decline in sus-
delivered by the

pended sediment concentration
Changjiang (Yangtze) River into the East China Sea be-
tween 1956 and 2013 [J]. Geomorphology, 2016, 268
123-132.

[2] SYVITSKIJ P M,VOROSMARTY C J,KETTNER A
J,et al. Impact of humans on the flux of terrestrial sedi-
ment to the global ocean[ ] ]. Science,2005,308(5720) ;
376-380.

[3] MILLIMAN J D.FARNSWORTH K L. River discharge
to the coastal ocean: A global synthesis[ J]. Oceanogra-
phy,2011,24(4) :143-144.

(4] WEPCE. = TRJV RO 60 4 mIB[T]. ARK
11.,2017,48(21) :18-22.

PAN Q S. Review of sediment research in Three Gorges

416

[6]

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

Project in recent 60 years[]]. Yangtze River, 2017, 48
(21):18-22.
WIEGEL R L. Nile delta erosion[ J]. Science, 1996,272
(5260) :338-340.
DAI Z,CHO A,STIVE M, et al. Is the Three Gorges
Dam the cause behind the extremely low suspended sed-
iment discharge into the Yangtze (Changjiang) Estuary
of 20067 [J]. Hydrol Sci J,2011,56(7):1280-1288.
YANG S L,LIU Z,DAI S B, et al. Temporal variations
in water resources in the Yangtze River (Changjiang) o-
ver the Industrial Period based on reconstruction of
missing monthly discharges[J]. Water Resources Re-
search,2010,46(10) : W10516.
DAI Z,LIU ] T,WEI W,et al. Detection of the Three
Gorges Dam influence on the Changjiang (Yangtze Riv-
er) submerged delta[ J]. Scientific Reports, 2014, 4.
6600.
WALLING D E,FANG D. Recent trends in the suspen-
ded sediment loads of the world’'s rivers[J]. Global &
Planetary Change,2003,39(1/2):111-126.
FICEL T AR, K SONE ST M. dE s A2
Tl Hi L 2005,
WANG W S.DING J.LI Y Q. Hydrologic wavelet a-
nalysis[ M]. Beijing : Chemical Industry Press,2005.
FEMFS . BB, AR, T 50 £F B 40 37 I I AR U B A
MAHEFE LT, T 5 KB 5 358, 2011, 25(5) - 124~
129.
TANG X L, LV X, LI J F. Runoff characteristics of
Manasi River basin in the past 50 years[]J]. Journal of
Arid Land Resources and Environment, 2011, 25(5):
124-129.
Ao, R RS AR I SCRRE I D7 kLT, AR
#,1992,16(4) :482-493.
FU C B,WANG Q. The definition and detection of the
abrupt climatic change[ J]. Scientia Atmospherica Sini-
ca,1992,16(4) :482-493.
BB 2 R AL A7 BT BT A S R U U R K
W], ZRe 2%, 2010,38(7) :3671-3672.
LISS.LUL X,YANG M H. Study on ecological econ-
omy coordinated development in Qinjiang River valley
[I]. Journal of Anhui Agricultural Sciences, 2010, 38
(7):3671-3672.
KIEM A S,FRANKS S W. On the identification of
ENSO - induced rainfall and discharge variability: A
comparison of methods and indices[]]. Hydrological
Sciences Journal,2001,46(5) :715-727.
XUE Z,LIU J P,GE Q. Changes in hydrology and sed-
iment delivery of the Mekong River in the last 50
years: Connection to damming, monsoon, and ENSO

Guangxi Sciences, Vol. 25 No. 4, August 2018



[J]. Earth Surface Processes & Landforms, 2011, 36 [18] NILSSON C,REIDY C A,DYNESIUS M, et al. Frag-

(3):296-308. mentation and flow regulation of the worldss large river
[16] MISIR V,ARYA D S, MURUMKAR A R. Impact of systems[ J]. Science,2005,308(5720) :405-408.

ENSO on river flows in Guyanal J]. Water Resources [19] YANG SL,XUK H,MILLIMAN ] D,et al. Decline of

Management,2013,27(13) :4611-4621. Yangtze River water and sediment discharge: Impact
[17] WEI W,CHANG Y,DAI Z. Streamflow changes of the from natural and anthropogenic changes[ ] ]. Scientific

Changjiang (Yangtze) River in the recent 60 years:Im- Reports.2015,5:12581. DOI:10. 1038/srep12581.

pacts of the East Asian summer monsoon, ENSO, and
human activities [ J ]. Quaternary International, 2014, GRIEHME . CKED)
336(12):98-107.

EERAIZmEFNZREEF S FXIRABERFA

MFBAFRPAHaEFFMRARHTE TEBLR 2018 M) )RFHTHAHEHF 4. b BH TR EH65(
BAFZIT BAFRFZR),. LB FRFHESA SR EREERT . AAANDHHFANALE 420 # 8 AHF
ZAEEBAGELAN L P BHFI)EREFAO0T8.FHBEFAL 124 BHFRFBRIZ WA F
H0.697. FHHEFAF L L., HAA(T OHFRFRIVELFI MR TMT — o9l b, S F %4504
I EY - N

BRH A THRBERABRFHFETRZFDUEE, TP A %HHERARIE S LR E A 45T G
BERERBMBWHANBL  REFHHAGTAHAAERGFDHREXN AR EERRAFE, B5 Rk, HAE
HEIFEERGFDRNGHANEH HCUR—RANER AR BE BHEFTHO LB, R
Tt &, B AR I BT 69 ea A, IR,

A Hra R T KM@ ERITBE R TR TR R T, HFERR 2SO R T4, & LEK ARG
PPalE sk LT MB R A GEEFGARRES — A Bk F, AEd M P L ., mARLHKFR
s B B BARAT KR F S Aoy KA A, ikik F ab A R A2 6 B 1) A, A SRAR R 09 o KR B ) 8 S, #
HLH X EE. ERBIHAGZAN,

A HaE FHORGERABERFARZENERANL, ARAZEEH BOHRER, AT BE2FALR
5 XARANSFNZGOHET, T EAELE . FMHH EADRR EFHZFSLELRA—ZH YR 2
A OSHRBEZ HRARFRG, A BOFET LIRS ARE S LREZHAEAR . AMI FHEH LS
PR ALK, XAFALEFRAFRGRLE, Fral T FAMEFO R ERIHENT HA A7) TG LML,
WA TFT—IF L IPRRET T EERLR,

BRI HAGRGERFTEBAFESELG I, BFRRTHAEHIFIER AR BRE, 2R LA,
EABARE LT THHAANIBZ A5 R ETHAINE BZIREHHFI LT ERASFNARE, AFAGHET
RETHAFG AR TR, OBERETEL T, HHEPEL LG XLFTAT A BRFIBARKY
o) P 2%  RBIRERFLERORT . F4 48 — AT,

FTAGRE . L THRTHE ARTEETH, XLZSAAANTR, ARAIAREDABIER! 245K
QAR WG RCE T AR SR AL T AR B TR A A S £ SR R AR R AR Z 5B AP AINE KT B R
BA—RARBAFFZRBAKEM, 5] £3E,42 8 57 BR A5 A xF £INE 5, T3, A28 KX %)
A HFER BRAAFF, ——REHNSRAF G ZRET L LA, RABFT RS HT R 2
BRI =R AZFNEACERA DR BER,PRER—RBHAF .

JEAE 20184588 H25EFH 44 417



