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Abstract

Water and soil conservation practices in the Wei River Basin (WRB) may influence the Lower Wei River
(LWR) itself and the Lower Yellow River (LYR), of which the Wei is a tributary. Based on data of measured
and natural runoff and suspended sediment load (SSL) in the WRB, the connections between runoff and SSL
from the WRB and deposition in the LWR, the elevation of Tonggguan Hydrology Station, and deposition
in the LYR are analyzed. For the compound effects of human activity and climate change in the WRB, the
amount of deposition reduction in the LWR during 2000-2009 is about three times what it decreased dur-
ing 1970-1979. For per square kilometers of soil conservation, the effect of human activities in the WRB
on deposition in the LWR during period of 2000-09 is about four times that of the period of 1970-1979.
As decreased runoff and SSL from the WRB, deposition in the LYR decreased during the periods of
1970-1979 and 1990-1999, while deposition in the LYR increased during the periods of 1980-1989 and
2000-2009. For the planned reservoir in the Jing River Basin, the decreased deposition in the LYR may be
smaller than that of the LWR.

Keywords: runoff, suspended sediment load, human activities, the Wei River Basin, the Lower

Yellow River

Introduction

The Wei River (WR) is the largest tributary of the
Yellow River (YR), and the upper drainage areas of its
two main tributaries, the Beiluo River and the Jing River,
are part of the Coarse Sediment Area (CAS). The "Grain
for Green" project, which aims to increase the vegetable
coverage on steep hillsides of CAS, has been carried out
by the Chinese government since 1999 [1]. The average
sediment delivery modulus in the CSA decreased from
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7,767.4 t/(km*a; 1951-69) to 980.5 t/(km>a; 2000-10)
[2]. Stream fow and suspended sediment load (SSL) show
dramatic downward trends since increasingly employing
soil preservation measures and soil-erosion-reduction
projects. The amount of average annual SSL into the
YR delivered by the WR decreased from 16x10% t (1919-
1960) to 6.53x108t(1961-2000), and it further decreased to
1.51x10% t (2000-2005) [1, 3-5].

Variation of runoff and SSL and the contribution of
multiple factors (human activities and climate change)
to the variation in Wei River [6-16] and tributaries [17-
20] local drainage areas have been analyzed widely. The
changed sediment and water discharge in upper drainage
areas may also influence the fluvial process of the lower



2556

channel, as the river system is closely connected. And the
relationship between deposition in the LYR and the amount
of runoff and SSL from different upper regions has been
widely discussed [21-25]. While work investigating the
relationship between human activities in upper drainage
areas and its effects on the stem channel of the LYR, it may
also benefit the management of the LYR except the local
drainage area. Ran [11-12] analyzed the effects of human
activities in the drainage area of WRB on the LYR. And
the relationship between these two parts are simplified
as deposition in the LYR may decrease 0.7 t with 1 t of
reduced SSL from the WRB. However, this relationship is
much more complex according to the empirical formula of
the LYR [26-28]. A better understanding of the temporal
changes of runoff and SSL is very useful for soil and
water conservation, eco-rehabilitation, and river basin
management.

And the purpose of this paper is detecting the
relationship between decreased runoff and SSL by
human activities in WRB on the LYR. So measured and
natural runoff at the WRB (Xianyang, Zhuangtou, and
Zhangjiashan hydrology stations) are first collected.
Moreover, the planned reservoir of Dongzhuang may be
located on the Jing River, and the effects of the planned
reservoir on the WR and the LYR are also considered.
Based on the reservoir design index and the management
scheme, the influence of the planned reservoir on the
runoff and SSL from the Jing River can also be estimated.
Based on all these collected data, the influence of human
activities in the WRB on the WRB and LYR are analyzed
based on empirical formulas.

Material and Methods
The Drainage Area

The WR is the largest tributary of the YRB. The
drainage area of the WRB is 13x10* km?, and the length
is about 818 km [8]. The mean annual stream flow and
SSL of the WRB to the YR are 74.5x10% m* and 3.88x10% t
(data between 1956 and 2010), respectively [8]. Sediment
transported into the YR from the WRB account for
35-40% of the total SSL of the YRB. The average annual
water runoff and SSL of Huaxian Hydrology station are
about 72.12x108m? (data from 1950-2000) and 3.57x10% t
(data from 1950-2000), respectively.

Drainage areas in the north and south of the stem
channel of the WR belong to the Loess Plateau and
Qinling Mountain area, respectively. Two major tributaries
in the north are the Jing and Beiluo rivers (Fig. 1a), and
drainage areas of these two tributaries are a major part of
the northern drainage arca of WRB. Sediment erosion in
the northern drainage area of WRB is relatively serious,
i.e.,, the erosion modulus of the Jing River is about
6,580 t/km? (data between 1958 and 1973). The area with
extensive soil erosion of the WRB is about 10.4x10* km?
(4.5x10* km? of the main stream, 3.95x10* km? of the
Jing River, and 1.9x10* km? of the Beiluo River), and it
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Fig. 1. Sketch maps of the Lower Wei River and the Lower
Yellow River. a) Stem channel and tributaries of the Lower Wei
River, b) Sketch map of the Lower Wei River, ¢) The Lower
Yellow River.
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counts for approximately 77% of the drainage area of the
WRB [8].

The controlling area of Huaxian Hydrology Station
(located at the stem channel of WR), Zhangjiashan
Hydrology Station (located at the stem channel of the
Jing River), and Zhuangtou Hydrology Station (located at
the stem channel of the Beiluo River) are about 10.6x10*
km?, 4.3x10* km?, and 2.6x10* km?, respectively (Table 1).
And SSL measured at Huaxian and Zhuangtou can be
used to represent the total sediment eroded in the WRB
(Fig. 1a). There are other inflows from the southern
drainage area, as shown in Fig. 1b, and these tributaries
are called Nanshan Tributaries. Besides, there is a planned
reservoir called Dongzhuang Reservoir, which is planned
on the stem channel of the Jing River (Fig. 1b).

For the Lower Yellow River, depositions of two
reservoirs (the Sanmenxia and the Xiaolangdi) are not
considered (Fig. 1c). This means that the influence of
these two reservoirs on the SSL entering the LYR is
ignored, and all reduced SSL and runoff from the WRB
can be transmitted into the lower channel directly. For
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Table 1. Statical characteristics of the Wei, Jing, and Beiluo rivers.
Length . Controlling station Dramage
Drainage area with e Water
. of stem . Precipitation SSL
River channel area ) area serious (mm) Runoff (10%) data
(x10*km?) Station name (x10*Km2) erosion (10*m?)
(Km) 2
(Km?)
Wei River 818 6.32 Huaxian 10.6 - 613.4 72.12 3.57 1950-2000
Jing River 455 4.54 Zhangjiashan 43 1.24 532.7 13.44 2.03 1987-2005
Beiluo River 680 2.69 Zhuangtou 2.6 0.63 514.2 7.4 0.68 1987-2005

the river reach between Huayuankou and Lijin, sediment
deposition can be estimated by an empirical formula.

Effects of Human Activities
on River Segments

The contribution of human activities in the WRB on
the deposition in the LYR can be estimated by processes
shown in Fig. 2:

1) Measured runoff and SSL.

Measured runoff and SSL at the two stations are
collected (Huaxian and Zhuangtou) as the runoff and
SSL from the Jing River has been considered in the
Huaxian. Huaxian hydrology station, which is located
at the stem channel of the WR, is the controlling station
of the WR. The controlling area of Huaxian Hydrology
station accounts for more than 80% of the WRB, and the
ratio of runoff measured at Huaxian Hydrology Station is
approximately 90%. Zhuangtou Hydrology Station is the
controlling station of the Beiluo River, the second largest
tributary of the WR. These two hydrology stations are
normally adopted to represent the characteristics of these
two rivers. Data measured during 1956-2010 are collected,
which are measured and published by the Yellow River
Conservancy Commission (YRCC).

Measured runoffand SSL at Natural runoff and SSL at

the WRB (W, ;) the WRB (W, 7, )
Human activities (A, A W) Climate change
(AW, AT,) | QW AT,)

Deposition in the
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l

Deposition in the
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Fig. 2. Sketch map of the estimating procedure.

2) Estimation of natural runoff and SSL.

The discrepancy between measured and natural data
is composed of agricultural irrigation, industrial and
domestic water consumption, flood diversion, and water
storage by soil and water conservation measure [8, 29-31].
The discrepancy can be estimated as:

=W +A
W, =W+ W ()

W, =W, +AW, o

...where AW and AW _ are the total amount of decreased
water runoff (10°m*) and SSL (10%), respectively; W,
and W are the natural values of water runoff (10°m’)
and SSL (10%), respectively; and W, and W are the
measured values of water runoff (10®m?) and SSL (10%t),
respectively. The YRCC measured water consumption for
irrigation, flood protection, and water stored in reservoirs,
and also water diversion from the river to basin [31].
However, water volumes abstracted for industrial and
domestic consumption are not measured by the YRCC
[31]. Soil conservation measures mainly considered
are practices with a form of level terrace, afforestation,
grassland, and check dam.

3) Contribution of human activities.

Human intervention (e.g., soil and water conservation
measures) and climate change (e.g., temperature and
precipitation) have been responsible for the dramatically
decreasing streamflow and sediment yield in the middle
and lower reaches of the YR [32]. Direct human activities
mainly include soil and water conservation and increasing
water demand, whereas indirect activities refer to land
cover and land use changes. The amount of runoff and
SSL by human activities and climate change are

AW = AW, + AW, (3)

AW = AW, + AW

) (¢) )
..where AW, ~and AW are the contributions by human
activity and climate change, respectively (10°m?); and
AW, andAW,  arethecontributionsby humanactivityand
climate change, respectively (10%). For the watershed of
the WR, human activities may contribute a certain ratio
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Table 2. Contribution rates of human activities and climate change for discharge reduction.
Study area Data Impact by human activities | Impact by climate change Reference
Benchmark | Changed period (%) (%)
YRB 1970-2008 83.0 17.0 [5]
YRB 2000-08 55.0 45.0 [34]
YRB 1919-86 | 2000-12 434 56.6 [35]
YRB 1951-2010 76 24 [36]
YRB 1950-79 1980-89 46.6 53.4 [37]
1971-92 33.07-96.00 4.00-66.93
WRB 1956-70 [8]
1993-2010 75.99-89.50 10.50-24.01
1970s 64 36
1980s 72 28
WRB 1956-70 (]
1990s 47 53
2000s 90 10
1970s 23.92 76.08
WRB 1980s 25.17 74.83 [15]
1990s 48.50 51.50
Table 3. Contribution rates of human activities and climate change for SSL reduction.

Study area S — DataChanged i Impact by hg;r’l)an activities | Impact by C(l;)r;late change Reference
YRB 70 30 [36]
YRB 2000-08 54.0 46.0 [34]
YRB 1979-2008 81.0 19.0 [38]
YRB 1919-86 2000-12 72.2-76.5 [35]
YRB 1980-89 71.9 28.1 [37]

1971-92 59.78-83.75 16.25-40.22
WRB 1956-70 [8]
1993-2010 71.57-88.31 11.69-28.43
1970s 43.86 56.14
WRB 1980s 4.49 95.51 [15]
1990s 42.86 57.14

on the varied water runoff and SSL, and the ratios are
temporally varied. Former researchers have analyzed the
contributions of human activities and climate change [5,
33-39], as shown in Tables 2 and 3.

4) Elevation at Tongguan.

The changed runoff and SSL in the WRB may also
influence the elevation of the Tongguan. The relationship
between changes in runoff and elevation at Tongguan are
[40]:

2 _
Z, =—0.0005W,, +328.95 (R* =0.65) )

~0.0006117,,, +328.37 (R* =0.62)

(6)

AZ,, =0.049—0.016AE —5x10° AE* (R* =0.72)

(N

...where Z, is the elevation of Tongguan measured at the

end of the flood season (m), ..

is the annual runoff at

Tongguan station (10°m?); W, is the runoff in the flood
season at Tongguan station (10°m?); and £ is the annual
stream energy per unit length (10°J/m).
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5) Deposition in the Lower Wei River.
The accumulated deposition in the Lower Wei River
can be estimated as [41]:

Depy,, =0.6973Z, ~217.03 p> _( 62
(1973-1991) )

Dep,, =1.7242Z,, ~551.92 p> _( g5
(1992-2000) )

...where Dep, . Tepresents deposition in the lower channel
of the Wei River (10°m?).
6) Deposition in the LYR.

Based on data in 1950-97, the annual deposition and
deposition in flood season in the LYR can be estimated
as [26, 28]:

Depg, = a Wy, _le(s) ¢ (10)

Deps(s)' = ast(s)y - szb)' TG (a1

...where Dep, is the annual deposition in the reach of
Sanmenxia-Lijin (10%), W, is annual SSL with unit of
10%t, and W, is annual river flow with unit of 108m’.
The input of annual water runoff or SSL to the LYR can
be calculated as the sum of data measured at Sanmenxia
station on the Yellow River, at Heishiguan station on the
Yiluohe River, and at Xiaodong station on the Qinhe
River [26]. The values of @, b, and ¢, are 0.507, 0.0192,
and 3.84, respectively. Depsm' is deposition during flood
season in the reach of Tiexie-Lijin (10%t); and WG)’ and
Wy, are the total water runoff and SSL during flood season
of the LYR (estimated by summing up data at Sanmenxia,
Heishiguan, and Xiaodong), with unit of 10®m® and 108t.
Subscript 3 represents the third reach, the LYR. The values
ofa, b, and c, are 0.523, 0.025, and 2.352, respectively.
When the incoming runoff and SSL changed, the
deposition in the LYR changed correspondingly:

ADepsisy = bWy =bAW )

(©) _bzAVV(3) (13)

ADepy ., = a,AW
On behalf of maintaining the quasi state of the lower
channel (ADep,,, =0 or Dep,' = 0), decreased sediment
load may also lead to increased water amount available
in the lower channel. This means that sediment load
entering the lower channel may be transported into the
sea by flood. The ratio of a,/b, and a./b, are 26.4 (annual)
and 20.9 (food season), respectively. This indicates that
the capacity of transporting sediment into sea by foods in
food-season is larger than that of foods in the non-food
season.

Data Collection

Data used herein are data measured in the WRB. There
are three controlling stations, Zhangjiashan Hydrology
Station (the controlling station of the Jing River),
Zhuangtou Hydrology Station (the controlling station
of the Beiluo River) and Huaxian Hydrology Station
(the controlling station of the upper drainage area of the
Wei River). At these three stations, daily data of water
elevation, discharge, and SSC are measured according to
Chinese national standard criteria. Data were published
as "hydrological records" by the hydrology bureau of
the YRCC. More than 80 years of annual precipitation,
annual runoff, and annual SSL measured are collected and
analyzed. Besides, data for irrigation, flood protection,
and water stored in reservoirs and also water diverted from
the river to basin are collected. Then all the natural runoff
of these three hydrology stations can be estimated.

Results and Discussion

Firstly, the temporal variation of the runoff and SSL
from the WRB are analyzed. Then the effects of changed
runoff and SSL on the WRB and the LYR are estimated.
For equations in flood season, i.e., Egs. (6), (11), and
(13), the relationships between independent variable
and dependent variable are similar to that of the whole
year, with slightly changed coefficients. So, the effect of
changed elevation at the Tongguan Hydrology Station and
deposition in the LWR and LYR during flood season are
no longer analyzed.

Temporal Variation of Natural
and Measured Runoff and SSL

The mass curve of anomaly values describes the
changed process of a particular parameter by comparing
it with the mean value of that parameter over the whole
study period. So the accumulative anomaly was used
to detect the changing tendency of precipitation, SSL,
runoff, suspended sediment concentration, and vapor-
transpiration [42].

The changed processes of natural and measured series
of the WRB are shown in Fig. 3. The changing points of
natural runoff were in 1968 and 1983 (Fig. 3a). The mean
runoffs before 1968 were smaller than the mean for the
whole period, but after 1983 were higher than the mean
of the whole period. For the measured SSL, the changing
points of measured SSL were in 1976 and 1995. This
indicates that mean annual SSL before 1976 were smaller
than the mean for the whole period, but that after 1995 they
were higher than the mean of the whole period. The mass
curve of measured runoff and natural SSL are complex
with many short-time up and down phases.

Based on the changing points of mass curves of
anomalies of measured runoff and natural SSL, several
stages can be detected (Fig. 3b). In the first stage
(1956 to 1967), mean measured runoff and SSL were
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Fig. 3. Cumulative anomaly test results of natural and measured
series: a) runoff, b) suspended sediment load.

125108 m* and 8.88x108%t, respectively, but the mean
values for the whole process (with many short-time up and
down phases) were 110x10°m? and 8.10x103t, respectively.
Mean measured runoff and SSL in the second stage (1968
to 1984) and third stage (after 1985) were 111x103m?® and
102x108m3,and 8.17x10%t and 7.69%10%t, respectively. For
the first stage, the average runoff and SSL increased about
13.6% and 9.6%, respectively. For the second stage, the
average runoff and SSL increased about 1% and 1%,
respectively. For the third stage, the average runoff and
SSL decreased about 7% and 5%, respectively.

Decadal impacts by human activities are listed in
Tables 2 and 3. So the decadal variation of runoff and SSL
are also analyzed. The first period (1960-69) is viewed

== Effects of human activities
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——Effects of climate change and
human activities

100 |
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Periads
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Fig. 4. Correlations between decreased runoff and SSL by human
activities and climate change.

as benchmark herein. The following four periods are
years between 1970-1979, 1980-1989, 1990-1999 and
2000-2009.

With collected natural and measured data listed above,
the discrepancy caused by human activities and climate
change can be estimated by Eqs (1-2). Then Eqgs (3-4) can
be used to estimate the contribution by human activities
with ratios (ratios by references [9] and [15]). The
contribution ratio after 2000 used is data by [8] listed in
Table 3. The effects of climate change and human activities
are listed in Table 4 and Fig. 4, which shows that, for
combined effects of climate change and human activities,
the correlations between decreased runoff and SSL
during 1980-1989 and 2000-2009 are different than other
periods, with much more decreased SSL and relatively
less runoff. The concentrations of decreased runoff
and SSL during 1980-1989 and 2000-2009 are about
100 kg/m?, and the concentrations during other periods are
about 25 kg/m’.

For the effects of human activities, the amounts
of decreased runoff and SSL during 2000-2009 are
the largest, with amounts of 48.94x10% m*/yr and
3.71x10% t/yr, respectively. More importantly, the
correlation between decreased runoff and SSL during
2000-2009 changed. The concentration by human
activities during 1980-1989 is the smallest (10 kg/m?),
and the concentration during 2000-2009 is the largest
(57 kg/m?).

Table 4. Decadal variations of runoff and SSL by human activities and climate change.

Total Human activities
Periods Amount of Impact .b}./ ' Amount of Impact 'b}'/ . Decreased Decreased SSL
decreased runoff | human activities | decreased SSL | human activities runoff s
(108 m*/yr) (%) (108t/yr) (%) (103 m*/yr) (10°¢yn)

1960-69 -0.94 -0.03

1970-79 34.05 0.64 0.58 0.44 24.59 0.56
1980-89 22.92 0.72 2.56 0.05 16.50 0.16
1990-99 41.59 0.47 1.10 0.43 19.55 0.47
2000-09 54.37 0.90 5.15 0.72 48.94 3.71
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Table 5. Changed elevation at Tongguan Hydrology Station.

Changed Changed elevation
Periods elevation at at Tonggu‘an. by Ratio
Tongguan human activities
(m/yr) (m/yr)
1970-1979 -0.019 -0.012 0.63
1980-1989 -0.011 -0.008 0.73
1990-1999 -0.021 -0.010 0.48
2000-2009 -0.027 -0.024 0.89

Effects on the Wei River

According to Egs (5) and (7), the elevation of the
Tongguan Hydrology Station can be estimated. The
Tongguan elevation is highly influenced by changed
runoff after 2000, with a value of -0.027 m/yr. The effect
of human activities on Tongguan elevation in the fifth
period (2000-2009) is the largest, and the value is about
-0.024 m/yr, which is about 89% of the total changed
elevation.

The changed deposition in the LWR can be estimated
by Egs (8-9), as shown in Table 6 and Fig. 5. It shows
that the deposition in the LWR by human activities counts
for about -0.042x108t/yr, while the changed deposition in
the LWR is about -0.047x108 t/yr. As the compound effects
of human activities and climate change in the WRB,

Table 6. Changed deposition in the LWR.

Changed Changed
. deposition in deposition by .
Periods the LWR human activity Ratio
(10%t/yr) (10%/yr)
1970-1979 -0.013 -0.009 0.69
1980-1989 -0.008 -0.006 0.75
1990-1999 -0.034 -0.016 0.47
2000-2009 -0.047 -0.042 0.89
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Fig. 5. Changed depositions in the LYR and LWR by climate
change and human activities.
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the amount of deposition decreased in the LWR during
2000-2009 is about three times that of the decrease during
1970-1979. For the effects of human activities in the WRB
on the deposition in the LWR, the amount of deposition
decreased in the LWR during 2000-2009 is about five
times the decrease during 1970-1979.

The area with soil conservation practices during
the period of 2000-2009 is almost the same as that in
1970-1979, while the ratios of controlling the area of
the check dams on the whole conservation practices
are about 0.83% and 0.16%, respectively (Fig. 6). And
the amounts of deposition decreased in the LWR for
these two periods are -0.009x10% t/yr and -0.016x10% t/yr,
respectively, and the contributions by human activities
in these two periods are 89% and 69%, respectively.
The sediment reduction effects on the LWR during
1970-1979 and 1990-1999 are about 18 t/ha and 13 t/ha,
respectively (Fig. 7). The sediment reduction effect on
the LWR during 2000-2009 and 1980-1989 are about
76 t/ha and 7 t/ha, respectively. So the effect of soil
conservation practices on deposition in the LWR during
the fifth period is about four times that of the secondary
period.
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Fig. 7. Sediment reduction effects of human activities on the
LWR and LYR.
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Table 7. Changed deposition in the LYR.

Changed Changed deposition
periods | R R | e aetvitis | Rt
(108 t/yr) (108 t/yr)
1970-1979 -0.084 -0.184 2.19
1980-1989 1.371 -0.233 -0.17
1990-1999 -0.225 -0.129 0.57
2000-2009 1.592 0.963 0.60

Effects on the Lower Yellow River

The changed runoff and SSL in the WRB may also
affect the fluvial process of the LYR, which can be esti-
mated by Eqgs (12-13). Deposition in the LYR decreased
during the period of 1970-1979 and 1990-1999, while
deposition in the LYR increased during the period of
1980-1989 and 2000-2009 (Table 7). The contribution
ratios by human activities on the changed deposition in
the LYR decreased from 2.19 to 0.6 from the secondary
period to the fifth period. And the effects of human
activities between these two periods are about flive
times. As mentioned before, the area of soil conservation
practices in these two periods are almost the same.
However, the effects of human activities in the WRB
on the deposition in the LYR are opposite. During the
second period (1970-1979), human activities in the WRB
may lead to decreased deposition in the LYR, and it
may lead to increased deposition in the LYR during the
fifth period (2000-2009). The main reason for increased
deposition in the LYR during years after 2000 is the larger
amount of decreased runoff than that of SSL. One thing
that should be pointed out is some equations used are
extended to years after 2000, i.e., Eq. (9), which may lead
to a certain discrepancy.

According to the area of soil conservation practices,
the sediment reduction effects on the LYR are different
from that in the LWR (Eqgs 5-9), as deposition in the
LYR (Egs 10-11) is influenced by both the SSL and
water runoff. And the sediment reduction effect on the
LYR during 2000-2009 is about 1,734 t/ha. Besides, the
effects of water and soil reduction by human activities on
the LWR and LYR have increased dramatically during
2000-2009, on behalf of correlation between decreased
runoff and SSL (Fig. 7).

Table 8. Annual data of runoff and SSL in controlling stations.

Influence of the Planned Reservoir

According to the layout of the Jing River Basin, the
planned Dongzhuang Reservoir may be located on the
stem channel of the Jing River. The reservoir may trap
a large amount of sediment eroded from the Jing River
Basin. The distance between planned reservoir and the
Zhangjiashan Hydrology Station is about 29 km. The
controlling drainage area of the reservoir is approximately
4.31x10* km?, which may count for about 95% of Jing
River basin and 40.5% of the controlling area of Huaxian
Hydrology Station.

Firstly, the runoff and SSL at these four controlling
stations are listed in Table 8, which are the measured
annual data. These data are viewed as measured data before
the planned reservoir. After the operation of the planned
reservoir, the reservoir may reduce the amount of sediment
entering to the LWR and corresponding deposition
in the lower channel. The reservoir may trap about
0.5x10%t sediment in each year, and the corresponding
runoff is about 9.16x10% m® [43]. So, for data after the
operation of the planned reservoir, the total runoff and
SSL entering the LWR may be decreased accordingly, as
shown in Table 9.

Deposition in the LWR may decrease 0.099x10° t/
yr, and the deposition in the LYR may be 0.078x10° t/yr.
The controlling area of the planned reservoir is about
4.31x10*km?, and the sediment reduction effects of per
controlled area on the deposition in the LWR and LYR
are 2.29t/ha and 1.81 t/ha, respectively. For the water and
soil conservation practices (level terrace, afforestation,
grass-planting, check dam) during 1970-1979 and 2000-
2006, the sediment reduction effects of per controlled
area on the deposition in the LWR are 18 t/ha and 76 t/ha,
respectively. For the planned reservoir, sediment reduction
in the LYR is smaller than that of the LWR. However, the
sediment decrease caused by water and soil conservation
practices in the LYR is larger than that of the LWR, except
the period of 2000-2009.

Implication on Drainage Management

There are other empirical formula to estimate the
relationship between deposition in the LYR and runoff and
SSL entering the LYR. The relationship between sediment
reduction in the upland and deposition in the LYR can be
expressed as [11-12]

Deps(3) = 0.7AWS(3) 14

Xianyang Zhangtou

Zhangjiashan

South Mountain Tributary | Water stage at Tongguan (m)

Runoff (10°m?) 34.21 7.40 13.44

5.47 326.38

SSL (10%t) 0.94 0.68 2.03
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Another way of estimating annual deposition and
deposition in flood season in the LYR by water runoff
from Toudaoguai and SSL from drainage area between
Tongguan and Longmen, and the equations are expressed
as [27]:

Depy, =0.839W,, , —0.398W,,

(r-L ) (15)

Depys) = 0.88TWy, ) =0130W,,)

...where Depsm' and Dep,, are the deposition in flood
season and annual deposition in the Sanmenxia-Lijin reach
(10%t); Wm' andWm are the water runoff in flood season
and the annual value from drainage area upper Toudaoguai
(108 m?), respectively; and Wy, and W, are the SSL
in flood season and the annual value from drainage area
between Toudaoguai and Longmen (107 t), respectively.
The difference of coeflicients of the second term (W(T)
and W(T)') on the right hand side of Eqs (15-16) indicates
the influence of water runoff from the upper Yellow
River in non-flood season on the deposition in LYR. The
relationship between SSL from the middle drainage area
and deposition in the LYR are 0.839 (annual) and 0.887
(flood season), respectively, while the value in Eq. (14) is
0.7. However, the decadal trend of deposition changed in
the LYR may not be changed.

For a river channel, matched SSL and runoff may
benefit the channel, as all SSL can be transported by
the runoff and no more deposition occurred in the stem
channel. This means that, in order to maintain a quasi-
equilibrium state of the river channel, SSL should have
decreased with a certain proportion of decreased runoff,
with a formula of AW = fAW . As sediment load entering
the channel needs a certain amount of water runoff to
carry into sea. If the amount of AW is larger than that of
JAW,, there may be erosion in the channel. If the amount
of AW is smaller than that of /AW, there may be deposition
in the channel. In order to maintain the lower reach in the
status quo, the value of f-parameter in the relationship
of AW =fAWS(3). adopted in references [11-12] are 20
and 16, respectively. This means that the amount of
water runoff is about 16-20 m? to transport a unit ton of
sediment into the sea, with no more deposition occurring

Table 9. Annual data of runoff and SSL in the whole WRB.

Runoff Deposmon Deposition
. 83 SSL in the .
Scenario | (10°m’/ o in the LYR
) (10%/yr) LWR (10°t/yr)
¥ (10%/yr) Y
Pre- 1 6052 | 365 0.224 -
reservoir
Afte | 5136 | 35 | 0.5 -
reservoir
Influence
by the - - 0.099 0.078
reservoir

in the lower stem channel. With a unit ton of sediment
reduction from the upper drainage area, the amount
of water available for the lower channel can increase
16-20 m3. The values of f-parameter shown in Egs
(12-13) are 26.4 (annual) and 20.9 (flood season),
respectively.

On behalf of maintaining the lower reach in the status
quo, more sediment loading entering the lower reach
means more water 'wasted' to transport sediment into the
sea. This means that the decreased sediment load from the
upper watershed may benefit the water shortages, while
decreased water runoff may be a disadvantage of the
water shortage. Substitute Eq. (14) into Egs (12) and (13),
and the values of f-parameter in AW = fAW , are -10 and
-7, respectively. These values are different from the ratio
of 16-26, which also indicates a deposition trend in
the LYR. And the quasi equilibrium state of the lower
Yellow River rarely occurrs in reality (ADepSG) = 0).
One important thing should be pointed out: the statement
herein ignored the difference between flood events and
non-flood periods during the year, and this is a statistical
analysis based on inter-annual data. Besides, the inner
assumption is that the incoming water and SSL in the
Lower Yellow River is only affected by AW and AW in the
Wei River, and the water runoff and SSL from the other
drainage area of the Yellow River is not considered in the
analysis.

Conclusions

Based on measured and natural runoff and SSL in the
WRB, the effects of human activities in the WRB on the
LWR and LYR are analyzed. Conclusions are:

1. As the compound effects of human activities and
climate change affect the WRB, the amount of
decreased deposition in the LWR during 2000-2009 is
about three times th decrease during 1970-1979.

2. For the effects of human activities in the WRB
on the deposition in the LWR, the effect during
2000-2009 is about four times that of the period of
1970-1979.

As the compound effects of human activities and
climate change in the WRB, deposition in the
LYR decreased during the period of 1970-1979 and
1990-1999, while deposition in the LYR increased
during the period of 1980-1989 and 2000-2009. And
the effects of human activities in the WRB on the
LYR between these two periods are about five times.
Analysis shows that decreased runoff and SSL from
the WRB is not necessarily beneficial to the LYR on
point of deposition.

3. For the planned reservoir, sediment reduction in the
LYR is smaller than that of the LWR. And the sediment
decrease caused by water and soil conservation
practices in the LYR is larger than that of the LWR,
except the period of 2000-2009.
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