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Abstract. The changes in streamflow and sediment dis-1 Introduction
charge in the middle reaches of the Yellow River are a fo-

cus. In this paper, based on the precipitation, streamflowstreamflow and sediment discharge provide useful informa-
and sediment discharge series data (1950-2008), the strearion on the processes of soil erosion and sediment delivery
flow and sediment discharge variation and its impact on pre-occurring in a basin (Siakeu et al., 2004). The middle reaches
cipitation/response to human activities have been analysisof the Yellow River flows through the Loess Plateau. Due
The results show that significant decreasing trends in anto improper land use and excessive exploitation, the Loess
nual streamflow and sediment discharge have existed sincplateau is counted among the most severely eroded areas
the late 1950s in the _middle reaches of the Yellow Riverin the world. Meanwhile, rivers in this region transport a
(P =0.01). Change-point analyses further revealed that trantarge amount of sediment to the Yellow River and, there-
sition years existed and that abrupt decline in streamflow andore, the middle reaches become the main source area of Yel-
sediment discharge began in 1985 and 1981, respectively, ilow River sediment. The water from the middle reaches ac-
the middle reaches of the Yellow RiveP & 0.05). Adoption  counted for 44.3% of the Yellow River streamflow, but the
of conservation measures in the 1980s and 1990s corrobaediment has accounted for 88.2% of the Yellow River sed-
rates the identified transition years. Double-mass curves ofment. Since the 1950s, many soil conservation measures
precipitation vs. streamflow (sediment) for the periods beforehave been implemented in the Yellow River basin, which
and after the transition year show remarkable decreases icluded the construction of terraces, dams and reservoirs,
proportionality of streamflow (sediment) generation. Com- conversion of croplands to grasslands and woodlands, and
pared with the period before the transition year, cumulativevegetation restoration (Lee, 1984; Yu, 2006; Zheng et al.,
streamflow and cumulative sediment discharge reduced re2007). The streamflow and sediment began to reduce in the
spectively by 17.8% and 28% during 1985-2008, which was1970s and there was a sharp decline since the 1980s in the
caused by human intervention, in the middle reaches of theniddle reaches of the basin. Compared with the period of
Yellow River. lItis, therefore, concluded that human activities 1950-1969, the average annual sediment discharge reduced
occupied a dominant position and played a major role in theabout 5x 10%t during 1980-1999, and the rate of decrease
streamflow and sediment discharge reduction in the middles 43.6%. The average annual streamflow reduced about
reaches of the Yellow River. 101x 108 mS, and the rate of decrease is 42.6%.

Recent studies have shown that streamflow and sediment
discharge of the Yellow River decreased since the late 1950s
(Yu, 2006). Fu et al. (2007) stated that climate variability
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Fig. 1. Location of the study region and stations in the middle reaches of the Yellow River basin.

temperature in the basin. Wang et al. (2007) found that a deen both streamflow and sediment discharge decline by com-
crease in precipitation is responsible for 30% of the decreasearing two contrasting periods before and after the transition
in sediment discharge at Huayuankou, while the remainingyears.

70% is ascribed to human activities in the river basin. Li et

al. (2007) and Gao et al. (2009) studied annual streamflow

and sediment discharge in the Wuding River (a tributary in2 Study area and data sets

the middle reaches of the Yellow River) and reported that

- The middle reaches of the Yellow River (MRYR), between
there was a significant downward trend.

L . Toudaoguai and Huayuankou, is the study region of this pa-
Although there have been many publications, especially, er. The region area is 344 000 kinetween 104E—113 E
in Chinese literature, that discussed the decreases in strearﬁhd 32 Ne42 N

flow and sediment discharge in the Yellow River over the A data set from 33 meteorological stations with long-term

past 50 years (Tang, 1993; Ye etal., 1994), most of them fo'annual precipitation data (1957-2008) in the MRYR basin

cus mainly on the despriptive amount of decreases in strean],—vas analysed in this study (Fig. 1 and Table 1). The precip-
ﬂO\.N and sediment d'SCharge recorded, rather than quantization data were provided by The National Meteorological
tative analyses. Th_e_ magmtudeg (.)f the decregses have ntto mation Centre (NMIC), China Meteorological Admin-
yet been fully quantified and statistically tested in a SysteM-ci tion (CMA). Two key hydrological stations in the MRYR

atic manner for neither middle reaches nor the entire bas'nmainstream (Toudaoguai and Huayuankou) were chosen to

The dovynward trends need to be statistically tgsted N Ol calculate the streamflow and sediment discharge in the re-
der to discern whether they are random fluctuations or ten

q -~ if 2 d q d exi N gion for analysis (Fig. 1 and Table 1). Annual streamflow
ency variations. |t a downward trend exists, It IS IMpOr- o, gediment discharge data at the two stations from 1950 to

tant and necessary to fL.".ther check exactly when the _chang§008 were obtained from the Chinese River Streamflow and
_began and w_hat the d.r|V|.ng factors are. Unggrstand|ng th%ediment Communiques, the Ministry of Water Resources
impacts of climate variation and human activity on hydro- of PRC (MWR). All measured data used in this study are of

logical regime and sediment dynamics is useful for devel- ood quality and were checked for quality control by corre-
oping effective conservation strategies in the middle reaChegponding agencies

of the Yellow River basin. Therefore, the objectives of this
study are: (a) to statistically detect trends and change-points
in annual streamflow and sediment discharge in the middle
reaches of the Yellow River basin; (b) to analyse possible im-
pacts of precipitation and human activities on annual stream-
flow and sediment discharge dynamics in relation to change-
points or transition years detected in this study; and (c) to
further estimate the effects of the identified driving factors
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P. Gao et al.: Streamflow and sediment changes of the Yellow River 3

Table 1. The location and data series of the hydrologic and rain Firstly, remove any significant linear trend from the raw

station. time series using:
; X - - — Bt (1)
Station Longitude(E) Latitude(N) Series(Year)

- whereX; is the series value at time g is the linear regres-
Toudaoguai 1102 40°17  1950-2008 sion slope of the trend in the raw time seri@g,s the de-
Huayuankou 1130 35°54  1950-2008 trended series
Xiji 105°43 35°58  1958-2008 : . o :
Tianshui 10545 3435 1957-2008 Secondly, remove serial correlation if the lag-one serial
Guyuan 10616 3600  1957-2008 correlation coefficientr) of the de-trended series is statis-
Baoji 10708 34027  1957-2008 tically significant at the 5% level, using the pre-whitening
Huanxian 10718 36°35  1957—2008 method of Kulkarni & von Storch (1995):

Xifen 10738 35°44 1957-2008 /

Chan%wu 10748 35°12  1957-2008 Ye=N—rYia @

Wugai 108°1Y 36°50  1957-2008 whereY{ is the de-trended and pre-whitened series, which is

Wugong 10813 3415 1957-2008 referred to as the residual series.

Xran 108°56 34°18  1957-2008 Thirdly, add the linear trend that was removed at step 1

Tongchuan 10%4 35°05  1957-2008 back to the de-trended or residual series, using:

Hengshan 1094 37°56  1957-2008

Luochuan 10930 35°49  1957-2008 Y/'=Y{+Bt (3)

Yan’an 10930 36°36 1957-2008 . . .

yulin 10942 38°14  1957-2008 whereY,’ is the trend-free pre-whitened series.

Dongsheng 10%9 350  1957-2008 Z statistic was obtained from the Mann-Kendall test on the

Huashan 11905 34°29  1957-2008 whitened series from TFPW method. In addition, to confirm

Suide 11013 37°30 1957-2008 the results provided by the Mann-Kendall test, we also per-

Xixian 110°57 36°42  1957-2008 formed linear regression analysis.

Yuncheng 11307 35°02  1957-2008

Lushi 11Pr02 34°03  1957-2008 3.2 Change-point analysis

Lishi 111°06 37°30 1957-2008

Xingxian 11ro8 38°28  1957-2008 A number of methods can be applied to determine change

Hequ 11209 3%°23  1957-2008 points of a time series (Buishand, 1982; Chen and Gupta,
2000; Radziejewski et al., 2000). In this study, we used
the non-parametric approach developed by Pettitt (1979) to
detect change-points in streamflow and sediment discharge

3 Analysis methods time-series. This method detects a significant change in the
mean of a time series when the exact time of the change is un-
3.1 Trend test known. The test uses a version of the Mann-Whitney statistic

Ui N, that tests whether two sample sefs . .x; andxiyq, ...

The rank-based, non-parametric Mann-Kendall statisticai’N are from the same population. The test statisfig is
test (Mann, 1945; Kendall, 1975) is commonly used for trend9iven by:

detection due to its robustness for non-normally distributed N
and censored data, which are frequently encountered in hyt; N = Ut_1.N +ngn(Xt—X,) for r=2,..,N (4)
droclimatic time series (e.g., Hirsch et al., 1982; Burn and j=1

Elnur, 2002; Yue et al., 2003; Yue and Pilon, 2004). and
e e el (K1) -0, son(xi— ) =1

ydrological vari-
ables exhibits a trend that is statistically significant from a .f (Xt Xj)=0, sgn(Xy—Xj)=0 ®)
trend that could occur by chance; and to do this, it is nec-T (Xt= X)) <0, sgn(Xi—Xj)=—
essary to test the serial correlation of the data (Jenkins an@he test statistic counts the number of times a member of the
Watts, 1968). However, the presence of serial correlatiorfirst sample exceeds a member of the second sample. The
can complicate the identification of trends, in that a positivenull hypothesis of the Pettitt’s test is the absence of a change
serial correlation can increase the expected number of falspoint. The test statisti&y and the associated probability
positive outcomes for the Mann-Kendall test (von Storch and(P) used in the test are given as:
Navarra, 1995). Thus, any serial correlation should be re-
moved before conducting the Mann-Kendall trend test. In
this work the trend-free pre-whitening (TFPW) method of
Yue et al. (2003) was used as follows.

KN_maXl<t<N|UtN| (6)

p= 2exp{—6(1<N)2/ (N3+N2>] @)
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4 P. Gao et al.: Streamflow and sediment changes of the Yellow River

Table 2. Characteristics of precipitation, streamflow and sediment discharge in different decades in the MRYR basin.

Precipitation (mm) Streamflow ($en3) Sediment discharge (£¢)
Series Average Extremum C| Average Extremum ¢ | Average Extremum (o
ratio ratio ratio
1950s 564.21 148 0.20 240.06 240 0.2 14.08 3.76 047
1960s 561.28 2.05 0.21 234.97 36.98 0.5 9.31 10.47 0.61
1970s 510.12 145 0.11 148.38 243 0.2 11.21 3.25 0.39
1980s 515.55 1.64 0.14 172.62 3.01 0.3 6.77 5.39 049
1990s 474.52 1.64 0.15 100.14 3.95 0.3 6.43 2.87 0.37
2000s 488.87 160 0.1 87.28 6.26 0.44 0.72 1452 0.88
1950-2008 511.41 2.05 0.1[7 165.21 36.98 0.5:{ 8.21 21266 0.72

Table 3. Results of trend analysis for annual precipitation, stream-4 Results and discussion

flow and sediment discharge in the MRYR basin during 1950—-2008. . S
g g 4.1 Trend analysis of observed annual precipitation,

streamflow and sediment discharge

Mann-Kendall Linear regression Lo L .
Variable Z statistic  Sig. level| ¢ statistic Sig. level The characteristics of precipitation, streamflow and sedi-
Precipitation 34 005 2235 0.05 _ment discharge in different decades in _th.e MRYR are given
Streamflow _5071 001 —5806 001 in Table 2. The annual average precipitation, streamflow
Sediment discharge  —5.474 0.01] -5.735 0.01 and sediment discharge is 511.41 mm, 16521° m3 and
8.21x 1CPt, respectively; and the coefficient of variation
A negative sign indicates a decreasing trend. (Cy)is0.17,0.53 and 0.72, respectively, in the MRYR during
1950-2008.
The observed annual precipitation, streamflow and sedi-
3.3 Double mass curve ment discharge during 1950-2008 in the MRYR are shown

in Fig. 2, and their corresponding Mann-Kendall test results
are given in Table 3. The streamflow and sediment discharge
decreased significantly, with average annual decrease rate be-
ing —3.21x 108 m3/a and—0.21x 10°t/a, respectively. The

Double mass curve is a simple, visual and practical method
and it is widely used in the study of the consistency and
long-term trend test of hydrometeo-rological data (Mu, et al.,
2010). .T.h|s'method was first used to analyze the cqnsstenc recipitation showed a downward trend, with average annual
of precipitation data in Susquehanna watershed United Stat Secrease rate being1.69 mm/a.

by Merriam at 1937 (Merriam, 1937), and Searcy made a the-
oretical explanation of it (Searcy et al., 1960). The theory of4 2 change-point analysis

the double-mass curve is based on the fact that a plot of the

two cumulative quantities during the same period exhibits aSince the Mann-Kendall tests showed significant downward
straight line so long as the proportionality between the twotrends in precipitation, streamflow and sediment discharge,
remains unchanged, and the slope of the line represents thfie Pettitt’s test was further used to detect the change points
proportionality. This method can smooth a time series andor transition years (Fig. 2). For annual precipitation, there
suppress random elements in the series, and thus show the no change-point year could be detectedPat0.05. For
main trends of the time series. In recent 30 years, Chines@nnual streamflow, the change-point year was detected in
scholars analyzed the effect of soil and water conservatiorni985 (P =0.01), it was 205.% 10 m3 and 101.5¢ 108 m?
measures and land use/cover changes on runoff and sediespectively in the periods before and after 1985. For an-
ment using double mass curve method, and have achievedual sediment discharge, the change-point year was detected
good results (Mu, et al., 2010). In this study, double-massin 1981 (P =0.01). Sediment discharge was 1%.30°t and
curves of precipitation vs. streamflow and precipitation vs.4.5x 108t respectively during 1950-1981 and 1981-2008.
sediment are plotted for the two different periods to estimate

changes in regression slope (proportionality) to quantify the

overall efficiency of soil conservation measures before and

after transition years.

Hydrol. Earth Syst. Sci., 15, 1.6, 2011 www.hydrol-earth-syst-sci.net/15/1/2011/
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Table 4. Linear regression equations between cumulative streamflow and cumulative precipitation for the period before the transition years
in the MRYR basin.

Regression equation Rc(108m3)  Ro (108 m3)  Re—Ro (108m3)  100x (Rc—Ro)/Rc (%)
"R =0.36013_ P +20321(R2=0.9891,N = 29) 9779.41 8040.30 1739.11 17.8

¥ R: cumulative streamflowy P: cumulative precipitationRc: extrapolated cumulative streamflow till 2008;: observed cumulative streamflow till 2008.

Table 5. Linear regression equations between cumulative sediment discharge and cumulative precipitation for the period before the transition
years in the MRYR basin.

Regression equation Sc (10%t)  So (10Bt)  Sc=So (10Bt)  100x (Sc—So)/Sc (%)
ZS=0.0207ZP+1.2069(RZ=0.9915,N=25) 551.69 397.23 154.46 28.0

¥ §: cumulative sediment discharge;P: cumulative precipitation$c: extrapolated cumulative sediment discharge till 2088;0bserved cumulative sediment discharge till 2008.
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L Fig. 3. There existed clear breakpoints between the two re-

1950 1960 1970 1980 1990 2000 2010 gression lines for both streamflow and sediment discharge in

Year the basin, suggesting that the transition years, identified by

Pettitt’s method, are correct and meaningful. The slopes of

Fig. 2. Observed annual precipitation, streamflow and sediment disthe regression lines were lower after the breakpoints or tran-
charge during 19502008 in the MRYR basin. The black arrow isgjtion years (j.e. at higher cumulative precipitation values)
change-point year. than before for both streamflow and sediment discharge in
the basin. To estimate the relative reduction of total stream-
flow and sediment discharge for the period after the transition
years, the information of these two factors and precipitation

M | "
\/\( Uv\f\/\/\/\ ean value changes before and after the transition years, double mass
? curves, along with the linear regression lines, were plotted in
t T T
1985
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6 P. Gao et al.: Streamflow and sediment changes of the Yellow River

Table 6. The impact of precipitation and human intervention on annual streamflow decline in the MRYR basin.

Period Rao Rco AR Impact of precipitation| Impact of human intervention
(18m3)  (10°m3)

Amount Percentag# Amount Percentag# Amount  Percentage

(1B md3) @) | (10Pm3) @) | 1Pm3) (%)
Before 1985 196.77 199.70
1986-1989 136.80  173.72 59.97 305 23.04 38.4| 36.92 61.6
1990-1999 100.14  170.87 96.63 491 25.89 26.8| 70.73 73.2
2000-2008 87.28  176.04  109.49 55.6 20.72 18.9| 88.77 81.1

Rao: observed annual average streamfl&yg: calculated annual average streamflawg: reduction in observed streamflow comparing with the period of 1950-1985.

Table 7. The impact of precipitation and human intervention on annual sediment discharge decline in the MRYR basin.

Period Sao Sco AS Impact of precipitation| Impact of human intervention
(10%) (10°%t) Amount Percentage Amount Percentage Amount Percentage
(1% (CONNEI) %) | 1) (%)
Befor 1981 11.00 11.05
1982-1989 6.42 10.76 4.59 4117 0.24 53| 434 94.7
1990-1999 6.43 9.82 4.58 4116 1.18 25.8| 3.39 74.2
2000-2008 0.72 10.12 10.28 93}4 0.88 8.6 | 9.40 91.4

Sao: Observed annual average sediment dischafge;calculated annual average sediment dischatgge;reduction in observed sediment discharge comparing with the period of
1950-1981.

before the transition years were used to establish regression For the streamflow reduction, the impact of human activi-
equations (Tables 4 and 5), and to further extrapolate the cuties showed an increasing trend from 61.6% in the 1980s to
mulative streamflow and sediment up until 2008. The ex-81.1% in the early 21st century (in Table 6), and it had been
trapolated cumulative streamflovR{ in Table 4) and sedi- the dominant factor ever since the transition year. And the av-
ment discharge$ in Table 5) were based on the assumption erage human activities contribution rate is 72.0% from 1986
that environmental conditions, including human impacts into 2008, which is significantly stronger than the contribution
the basin in the first period before the transition years, rerate of precipitation (28%). On the other hand, the impact
mained unchanged in the second period after the transitiof human activity was also the main factor in the sediment
years. Compared with the extrapolated cumulative streamdischarge decline after the transition year; although this ef-
flow (Rc), observed cumulative streamfloRd in Table 4)  fect weakened in the 1990s. The average human activities
reduced by 17.8% in the basin (Table 4). The correspondcontribution rate is 87.8% from 1982—-2008, which is still
ing reduction for sediment discharge was 28.0% in the basirsignificantly stronger than the contribution rate of precipi-
(Table 5). It should be noted that the percent reductions irtation (12.2%). The analysis showed that: human activities
cumulative sediment discharge were greater than those in ciyplayed a major role in the streamflow and sediment discharge
mulative streamflow. reduction in the MRYR basin.

4.4 Impacts of precipitation and human intervention 4.5 Influence of human activities on streamflow and

) ) sediment discharge decline
We can calculated the annual streamflow and sediment dis-

charge for the period after the transition years using the répany studies have documented that human and economic
gression equations established from the double mass Curvgetivities (especially after the 1980s) might play an important
of precipitation-streamflow and precipitation-sediment be-(qe in streamflow and sediment discharge reduction in the
fore the transition years. The difference between the calcuvyg|iow River basin (van den Elsen et al., 2003; Xu, 2003;

lated values in different periods is because of the impact ofyang and Zhang, 2004; Mu et al., 2007; Gao et al., 2010).
precipitation changes. However, the difference between thernose activities can be summarized as follows:

calculated values and measured values in the same period is
the result of human activities. The results were shown in 3. Increased demand for water resources in the Yellow

Tables 6 and 7. River due to national economic development. With

Hydrol. Earth Syst. Sci., 15, 1.6, 2011 www.hydrol-earth-syst-sci.net/15/1/2011/
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Table 8. Land areas of major conservation practices and percentage area under control measures in different periods in the Loess Plateau i

the MRYR basin.

Increment in controlled area in different periods

Control measures 1950-1955 1956-1965 1966-1978 1979-1989 1989-1997
Bench terrace (kf) 868.3 4540.5 19892.3 11124.3 22816.3
Farmland in check dam (k‘?fm 33.3 318.6 1563.7 822.6 763.0
Afforestation (knf) 490.8 6090.3 19443.9 32622.7 37587.3
Grass planting (kl%) 689.7 1579.2 2731.3 13979.5 2858.5
Total conservation area (I@)w 2082.1 12528.7 43631.2 58549.2 64 025.1
Cumulative conservation area (Rbn 2082.1 14 610.7 58241.9 116791.1 180816.2
Cumulative area under conservation (%) 0.5 3.3 13.2 26.5 41.1

Table 9. The results of sediment discharge and streamflow reduc-
tion through soil and water conservation measures in different peri-
ods in the MRYR.

Period Reduced water (3n3/a) Reduced sediment (8i0a)
1970-1979 4.54 1.99
1980-1989 5.70 2.23
1990-1996 6.41 2.61
1970-1996 5.46 2.24

the rapid development of China’s national economy,
water extraction and diversion has dramatically in-
creased for agricultural irrigation and urban and indus-
trial use, especially after the 1980s (Liu and Zhang,
2004). The average annual water extraction and diver-
sion was 64.0k 108 m2 during 1998-2007, accounting
for 38.75% of average annual streamflow in the MRYR
basin.

. Impact of soil and water conservation programs and
ecological environment rehabilitation campaign in the
Loess Plateau. The Loess Plateau, situated in the c.
MRYR basin, is the major sediment source area for the
river. To reduce water and soil erosion, some water and
soil conservation measures were implemented between
1950 and 1978 (Mu et al., 2007). However, a large-scale
of soil and water conservation measures were carried
out between 1979 and 1997 due to various government-
sponsored conservation programmes and environmen-
tal rehabilitation campaigns in the MRYR basin. Un-
til 1978, different types of conservation measures cov-
ered 13.2% of the basin, and the percentage increased
to 41.1% in 1997. Based on the average area that re-
ceived conservation measures per year, the increasing
rates of terrace building, check dam construction, af-
forestation, and grass planting during 1979-1997 were

www.hydrol-earth-syst-sci.net/15/1/2011/

2.1, 1.3, 4.1 and 5.1 times the rates during 1950-1978
(Table 8) (Gao, 2010). By 2006, about 49% of eroded
land had been control, with sorts of soil and water
conservation measures (including 52 72%kof prime
farmlands, 94613 kfof soil and water conservation
forest and 34 938kAof grass planting), more than 2700
structures of key projects for gully erosion control and
more than 4 300 000 structures of assisted small- scale
projects in the Loess Plateau. Undoubtedly, the rapid
adoption of soil and water conservation measures and
engineering structures in the 1980s and 1990s played
a significant role in streamflow and sediment discharge
reduction in the Loess Plateau in the MRYR. The re-
sults of sediment discharge and streamflow reduction
through soil and water conservation measures in differ-
ent periods in the MRYR were shown in Table 9, and the
effects of those measures showed an increasing trend
over time (Ran, 2006). This rapid adoption period is in
good agreement with the transition year of sediment dis-
charge (1981) identified by the change-point analysis,
suggesting that the conservation effects on streamflow
reduction may have a time lag in such a large basin.

Impact of the construction of water control projects.
Construction of large/medium-sized multi-purpose wa-
ter control projects has some effect on streamflow
and sediment discharge decline in the Yellow River
(Tian et al., 2005; Wang et al., 2005). The evapora-
tion and leakage losses from the reservoir was about
10.04x 10° m¥/a, accounting for 6.08% of average an-
nual streamflow in the MRYR basin. Reservoir siltation,
though undesirable, has reduced sediment discharge in
the MRYR basin. There were four large/medium-sized
multi-purpose water control projects including Wan-
jiazhai, Tiangiao, Sanmenxia and Xiaodangdi in the
mainstream. These reservoirs, facing various degrees
of siltation problems, had reduced sediment discharge
in downstream region. In almost 50 years, these four

Hydrol. Earth Syst. Sci., 150,12011
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Table 10. The results of reduced water estimated in the MRYR basin.

Calculated reduced Human activities impact on reduced water
streamfllow (16m?3/a)
Total Water extraction Soil and water Evaporation and
(108 m3/a) and diversion conservation measures  leakage losses
(168 m3/a) (1P m3/a) (163 m3/a)
72.5 61.0 45.0 10.0 6.0

Table 11. The results of sediment reduction estimated in the MRYR basin.

Calculated reduced Human activites impact on sediment
Sediment (18t/a)
Total Water extraction  Soil and water  Reservoir
(168t/a) and diversion conservation siltation
(10%t/a) measures (fova)
(10%t/a)
5.7 5.1 0.6 2.7 1.8

large reservoirs had to tally deposited 89:440° mq, The change-point or transition year was 198550.01) for
approximately 134.16 108t sediment, and the sedi- streamflow, 1981 # =0.01) for sediment discharge in the
ment deposition rate was about 2:80.0°/a. MRYR basin.

. o Human intervention was largely responsible for the down-
Through the above analysis, we can roughly quant|tat|velyward trends of streamflow and sediment discharge after the

estimate thg impact of h“‘T‘a”. activities on strgamflow an(z,ransition years in the MRYR basin. The effects of human
sedlmeqt discharge reduction in the MRYR b3asm. Reduce ntervention on streamflow and sediment discharge decline
cumulative streamﬂsow was about 17)4(101_3m » 8PPIOXI= - 1d be quantified by comparing the two periods using the
mately 72.5< 10°m*/a during 1986-2008; while reduced double-mass curves. Compared to the period before the tran-

cumylatltv? SSeg|n’i%Qtt/d|jchargt199v§/zzisze(1)k())%utRikﬂd4)8t, dap-t sition years, measured cumulative streamflow and sediment
proximately 5. £x aauring - - heduced water discharge decreased by 17.8% and 28%, respectively, from

and sediment affected by various human activities Wgre estiz, o transition years to 2008. Human activities played a ma-
mated as follows: Reduced water was abouk48? m®/a,

3 3 ; _Jorrole in the streamflow and sediment discharge reduction.
tleor Xei?fargtif) ":] a:: d6(.j(i};</e1r2?omn / i’o:fzazcw:':g’r ch(])?]stgry;cionThe average human activities contribution rate is 72.0% and

: 7.8% for the streamflow and sediment discharge reduction,
measures, and evaporation and leakage losses (Table 1

. ich ignifi tly st than th ipitati tri-
(Gao, 2010). Reduced sediment was aboutx016°t/a, butli((:)narl;?eSI(gzgl (l)%/a;nag dslrg r;%/(j)r an the precipitation contr
2.7x 10Pt/a and 1.8< 10°t/a, respectively, due to water ex- ' e

. . ) . . Soil and water conservation in the MRYR basin began in
traction and diversion, soil and water conservation measures[he late 1950s. and the pace was more than triole after the
and reservoir siltation (Table 11) (Gao, 2010). ' P P

1980s; the calculation was based on the areas conservation
measures covered every year. The extensive adoption of con-
5 Summary and conclusion servation measures in the 1980s and 1990s altered the natural
regimes of streamflow and led to an abrupt decline in stream-
Precipitation, streamflow and sediment discharge duringflow in 1985, and the transition year of sediment discharge
1950-2008 were analysed by the Mann-Kendall trend(1981) was also in good agreement with the period that con-
test and the Pettitt's change-point analysis in the MRYRservation measures implemented. The rates of decreases in
basin. Significant downward trends in annual precipitationstreamflow and sediment discharge coincided well with the
(P =0.05), annual streamflowP(=0.01) and annual sedi- intensity and extent of human intervention and activities. The
ment dischargeX =0.01) were detected in the MRYR basin. overall results showed that human activities, such as soil and
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water conservation programmes, ecoenvironmental rehabiliMann, H. B.: Nonparametric tests against trend, Econometrica,
tation campaign, construction of key water control projects 13(3), 245-259, 1945.

and so on, appear to be the major factor of a significant deMerriam, C. F.: A comprehensive study of the rainfall on the
crease in annual streamflow and sediment discharge in the Susquehanna valley, Trans. Amer. Geophys. Union, 18, 471-476,
recent 50 years in the MRYR basin. 1937.
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