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Trend and Driving Force Analyses of Streamflow and
Sediment Discharge in Jialing River

GAQO Peng, MU Xing-min, WANG Wei
(Institute of Soil and Water Conservation s Northwest A& F University s Yangling , Shaanxi 712100, China)

Abstract: The sediment discharge in Jialing River basin has decreased significantly over the past 20 years.
This change will have a major impact on the Yangtze River Three Gorges reservoir area of water and sediment
movement and changes in sediment yield and deposition. The objectives of this study are to quantify the de-
creasing trends of precipitation, streamflow and sediment discharge during 1956 —2008 and to statistically i~
dentify change points or transition years in the changing trends. Results showed that strong decreasing
trends in annual streamflow (P=0.05) and sediment discharge (P=0.01) have existed since the late 1950s
at Beibei hydrologic station of the Jialing River. Change point analysis reveal that more rapid declines for
streamflow began in 1993, and sediment discharge began in 1984 at the stations (P=0. 05). Two kinds of
methods, namely duration curve and double mass curves, were applied to analyze change of streamflow and
sediment discharge in Jialing River basin. The reasons for the trends and change-points in streanflow and
sediment discharge were analyzed finally.

Key words: Jialing River; streamflow; sediment discharge; flow duration curve

[2]
o , 1990
[ [4d 1982
[4]
b o
. 20 , , , o
b
1984 s s
:2010-02-01
: (973 ) « ”(2007CB407203)
(1976—), , s s . E-mail: gaopeng@ms. iswc. ac. cn

(1961—), , s , . E-mail; xmmu@ms. iswc. ac. cn



58 17
. Spearman Mann — Kendall
[7] o ’ b
1 .
Pettitt 1979
, . . 3 . B
1120 km, 16 km?,
N , ) 2.2.2
b b ’ :{):I b
, , » Clemens Herschel 1880
. , . (13 20
b [S G:I o Y
, 1988 s o
8.28 km?, 51.75%, 3
3.66  t/a, 4 419 t/(km? «
a), o 3.1 . .
3
2
1, 1956 — 2008
2.1 1, 1956—2008
N 2. 3,
,1956—2008 908. 0 mm,
{ Yo s 650.1 m?®, 1.1 t, ,
s 1980 , 1990 .
12 , . 1980 , 1990
2.2 1960 1.8 t, 1990 s
2.2.1 0.4 t. 2000 , 0.2 t,
1
/(mm=e+a ) /JC m®eal) JC tea )
908.0 1.8 0.1 650. 1 3.5 0.3 1.1 104.7 0.8
1950 846. 7 1.4 0.2 651.5 1.7 0.3 1.5 3.0 0.5
1960 970. 8 1.4 0.1 750. 3 2.0 0.2 1.8 3.2 0.4
1970 878.0 1.4 0.1 603. 3 1.7 0.2 1.1 2.1 0.2
1980 979.3 1.6 0.1 765.0 2.3 0.2 1.4 12.1 0.7
1990 841.1 1.5 0.2 555.9 2.4 0.3 0.5 16. 3 0.7
2000 893. 8 1.4 0.1 567.3 2.1 0.2 0.2 12.4 0.5
N 2 0.01

Mann — Kendall

Spearman



4 59
O. 05 . o 4007
w | s 0.055 3 K F
—————————————————————————————— Oll_t 3 i
R y | § S00l BEKF
, —0.03 t/a, —3.50 m’/ 2
£ Of
a, o %
15001 — AR W i 2 200k
E — BAREHE P4 e e i o o e 0.18 % K
? 1200+ , gmmmee [y =E k= 400 . ‘ , , ‘ O?SEE{J(:F
E 1950 1960 1970 1980 1990 2000 2010 2020
= 900} - F b
v
S 4 Pettitt’s
# 600} y=-1.1589x+3204.9 s
& R=0:0120 T 0.05% # K
500 . . . . ) . g | mrmmmemmtmmrmnmvmimimrmrns 018
1950 1960 1970 1980 1990 2000 2010 g% 200F #RE
1 1956—2008 % oF
100r — o £ -200[ BB AT
o — R E A
= e 005&#%;1( T
o e B EESE -400 y : '
g 1000 1950 1960 1970 1980 1990 2000 2010 2020
) F 4
E 500F 5 Pettitt’s
& y=-3.4985x+7584.2 400r y
T":1" R1=0‘09 8 6 s .- :'—'-"—'-‘;‘-‘;'-'—':'—':'—'-"—'-“—'-‘;0 : 05 EE % jj( E‘Z
R ‘ . . . . : @ 200f 0.1% 3% KF
1950 1960 1970 1980 1990 2000 2010 e
T4 2
€
2 1956 — 2008 ; -200F
- = -400f
y=-0.0343x+69.095 — Hi b O A 8 sook
W, R*=0.4411 -— b B 2
T & -800 . : . . . . -
3 WY REHE 1950 1960 1970 1980 1990 2000 2010 2020
= 2t F 4
i n ARE -
2 "Aﬁ - 6 Pettitt’s
& 1
i .. _ 3.2 .
0 L L ,
1950 1960 1970 1980 1990 2000 2010
F 4 o
3 1956 —2008
2
Mann— Kendall Spearman 8, .
A t 3
5%.50%.95% . . 3
—1.289 — —1.297 —
b
—2.447 0.05 —2.341 0.05 3
—5. 845 0.01 —5.432 0.01 X
Pettitt’s N o s
4—6, H
., 95% ,1956—2008 .
; 3.3
1993 1984
b b
695. 4 m®.535. 3 , o -
m’, 1.56 t.0. 44 X t, — ,



60 17
9. 10, , .
s — °
p]soof _______ 195610034 160 < ar ) —1002\3
= 1200} —— 1994—2008% e = AN T {80 ®
I I o Il 2 R e 2
HE N ﬁﬁaﬁﬁ’)&f% 40 % 5 “'\\" ________________ A 1956_1993$ ﬁ
S 900 = g = —— 1994—2008F o0
B 600 = i 2[ el e XSRS | @
e ] 2 1
& 300 4 s s
¥ € W &
5 , , ) ) # B
20 40 60 80 100
B/ %
7 8
3 ~
/%
/ / / /
( mPeal) ( teal) ( mPeal) ( teal)
(P=5%) 993.1 2.8 739.2 1.0 25.6 64.1
(P=50%) 694.5 1.4 515.9 0.3 25.7 76.5
(P=95%) 491.4 0.8 359. 3 0.1 26.9 90. 9
_ AT I AR 4 B R A T AR 60T e s 4 3 3 (1] 1) 7 2
E y=0.7405x+242 .24 3 3=0.0016x+1.4607
S 3r R*=0.9996 =
o g 40
]E". 2tk e = [ = [A] 1
ey . & m A F A EEIE AR
@ Wi 715 53 J5 11153 75 # = 20 y=0.0005x+33.987
K1 y=0.6307x+4048.5 % R*=0.9400
B R*=0.9994
0 30000 20000 60000 0 20000 30000 60000
R EKE/mm ERFEAK R/ mm
9 1956—2008 — 10 1956—2008 —
. — - . 5—6,
o s , 1990 y
3.7%, , 2000 ,
28.9%C 4, , 72.35% ., 1990
. 2000 16. 0%
3.4 14.0%, .
4 s
, 80% . 1980 2000 ,
s , 46.2%.65.7% 83.9%,
5 ’ °
4 - ~
SIR=0.7384> P+263. 75(R*=0. 9993, N=230) 35797.7 34455.7 1342.0 3.7%
28=0.0016> P+1. 4607(R*=0. 9931, N=29) 78.5 55.8 22.7 28.9%

:R. ( m®; S: (

(mm) ,

;3 P:



4 61
5
/ / /
o % o % o %
( mea ) m’eat) ( m*ea")
1993 695. 44 694.13
1994—1999 487.23 580. 08 208. 21 29.94 115. 36 55.41 92. 85 44,59 16.0
2000—2008 567.29 660. 01 128. 15 18. 43 35.43 27.65 92.72 72.35 14.0
6
/ UO / UO / %
( tea®) tea ) ( tea )
1984 1.56 1.54
1985—1989 0.77 1.43 0.79 50. 6 0.12 15. 8 0. 66 84.2 46.2
1990—1999 0.46 1. 35 1.10 70.5 0.21 19.4 0. 88 80. 6 65.7
2000—2008 0.23 1.43 1.33 85.3 0.13 9.7 1.20 90. 3 83.9
3.5 R 79 445 km?,
49.65%. 1988
[11] . . . s 4. 09%113]
( ) ; 20 a .
( ) .
, 1956—2008 ,
H @D \
1) 1) 1956_2008 °
Pettitt s
20 80 , 1993
. 1989 , 1984 .
(2) , 3
s 50 C o ,
(“ ” ) 16. 7% ~33.1%;
. . . . . 60.3%~94.5%,
, 1989—1996 (3) .
2. 14 . 2008
km?, 25.8%. 17.9 hm?, 3.7%;
533 900  hm?, 226 500 28.9%,
hm?, 96 400 hm?, 585 600 (4
hm?, 518 700 hm?, . 1990
\ 70 793 3828 44.59% 2000 72.35%,
908 94 998 2.79  km, ;
9 678 km, 1567 756 %, 2000 , 0% ,
3.32  km*C 1996 .
55%), 1999—2000 ( 66



66 17
, [4] ; ,
50%;(2) , : [Jl. ,
, 1999, 17(3):193-199.
\ X [5] . , . .
(3) ’ [Jl. ,1987,1(1) :36-48.
[6] . L1
’ » 1966(1) :51-60.
’ ° [7] . . y
’ R . 2006, 26(4):438-442.
o [8] , , ,
. » 1999,5
C 5. e (2):23-29.
, [9] .
20 cm ,500 em( ) Lelr
(3] : ,1999.:51-56.
° [10] TenBerge HFM, Stroosnijder L, Burrough P A, et al.
’ Spatial variability of physical soil properties influencing
’ the tempreture of the soil surface[J]. Agricultural Wa-
’ ’ ter Management,1983,6(2/3): 213-226.
C 3, [11] , , -
o (1. »1990,10(2) :16-20.
[12] ; , .
[, +2006,17(1);74-81.
[1] : [13] , , .
[M]. : » 2001:1-7. [1].
[2] Ng Sai Leung, Cai Qiang Guo., Ding Shu Wen, et al. »2006,22(4) :8-13.
Effects of contour hedgerows on water and soil conserva- [14] s
tion, crop productivity an nutrient budget for slope [Jl. ,2004,18(1) 22~
farmland in the Three Gorges Region (TGR) of China 26.
[J]. Agroforestry System,2008,74(3):279-291. [15] s , s
(3] . . [Jl. ,2006, 4
. » 2003,19(6) :5-9. (3): 6-10.
( 61 ) [7] .
[DJ. : ,2002.
[8] Pettitt A N. A non-parametric approach to the change point
[1] problem[ J]. Applied statistics,1979,28(2) :126-135.
[Jl. ,1999(2) :22-24, [9] Vogel R M, Fennessey N M. Flow Duration Curves I: A
[2] . . New Interpretation and Confidence Intervals[J]. Journal
[Jl. ,2002,27(4) :56-59. of Water Resources Planning and Management,1994,120
[3] s s . (4):210-215.
[Jl. ,2009,29(2) :55-58. [10] Foster H A. Duration curves[ ] ]. American Society of
[4] . Civil Engineers Transactions,1934,99:1213-1267.
[Jl. ,2006,26(4) :432-437. [11] , s .
(5] . . [0, (1] +2004,29(7) ; 420-426.
: ,1999,20(2) :105-108. [12] ,
(6] , ; .50 I : +2005,24(3) :37-40.
[J1. . [13] , , ,

2008,25(3) :23-27.

[J]. ,2008(2) 1 1-8.



