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Abstract Due to deficient water resources in the Loess
Plateau, watershed management plays a very important
role, not only for ecological and environmental protection
but also for the social development of the region. To better
understand the hydrological and water resource variations
in the typical watershed of the Loess Plateau and the
Qinghe River Basin, the influences of land cover and cli-
mate change were analysed, and a SWAT model was built
to simulate the response of the hydrological situation to
land cover changes that have occurred over the past
30 years. The results demonstrated that the main land cover
change occurring in the Qinghe River Basin was the con-
version of land cover from grassland to woodland and
farmland from the late 1980s to 2010. Woodland and
farmland took 87.36 and 10.55%, respectively, from the
overall area transferred over 20 years and more than 18%
of the total watershed area. Hydrological simulation results
indicated that land cover played a predominant role in the
hydrological variation of the Qinghe River Basin, although
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the effects of climate change should not be discounted. The
significant changes in land cover could be superimposed by
policy orientation and economic requirements. Although it
is hard to evaluate the land cover changes and the corre-
sponding hydrological responses in a simple language,
related analyses have demonstrated an increasing trend of
runoff in the dry season, while there is a somewhat
decreasing trend during the flood season in the river basin.
There results could be significant and provide a positive
influence on both future flood control and the conservation
of water and soil.

Keywords Hydrologic situation - Land use change -
Loess Plateau - Runoff variation - Hydrologic model

Introduction

The Loess Plateau is located in north central China, cov-
ering a total area of more than 640,000 kmz, with criss-
crossing ravines and gullies. The ecological environment in
the Loess Plateau is relatively fragile with serious soil and
water loss problems. It is estimated that more than 70% of
the area suffers from serious soil erosion (Tang 2004). The
Loess Tableland Area lies on the south margin of the Loess
Plateau, adjacent to the Central Shaanxi Plain in the south.
According to historical data, there once was a vast loess
terrace here, covered with thick vegetation. Unfortunately,
due to the adverse effect of an unconscionable mode of
production over the past hundreds of years coupled with
the disadvantages of the semiarid climate conditions, the
ecosystem and environment have gradually been impaired
over time (Li 2016; Li et al. 2014a; Rakhmatullaev et al.
2013; Wang et al. 2015). As a result, a brittle ecotope,
serious soil quality deterioration and water resource
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pollution have developed into significant problems in the
loess area and have attracted worldwide attention and
concern (Li et al. 2011, 2013a, b, 2014b, c, d, 20164, b, c;
Qian et al. 2012, 2013; Wu et al. 2014a; Wu and Sun
2016).

The regional economy and development have also been
severely restricted by sharp contradictions between water
resources, the challenges of the ecological environment and
the requirements of production. All these problems
described in Loess Plateau are primarily water-related and
water resource issues (Li 2016; Li et al. 2014e, 2017).
During most of the year, it is dry and rainless in the Loess
Plateau, with the majority of the annual rainfall occurring
as intense rainstorms, unevenly distributed during the flood
season (Wu et al. 2014b). Consequently, the soil and water
loss is very heavy in the flood season, while the predomi-
nant droughts that frequently occur perplex the local resi-
dents and government authorities. Furthermore, due to the
ongoing global climate change in the past few decades as a
result of increasing human activities, both the hydrological
and the ecological situations in some areas of the Loess
Plateau have deteriorated, triggering additional climate
concerns.

Land use and land cover change (LUCC), as a result of
human activity, are among the main causes of hydrological
and water resource variation, and its effects now extend to
whole environment and ecosystem of the watershed (Han
et al. 2015). Most of the hydrological elements, including
runoff, peak discharge, and flood duration, vary in direct
response to changes in the land cover over time. It has been
proven that runoff is increased when forest land is con-
verted into farmland or grassland, such that flood volume
and peak flow of a storm will cause a flood (DeRoo et al.
2001). However, due to afforestation on Loess Plateau
during the last decade, the massive silt loads discharged
into the Yellow River have been reduced by approximately
one per cent since the turn of the century (World Bank
2006). Some researchers have noted that decreasing crop
land and a more rational rearrangement of land use are key
elements in reducing soil and water loss on a watershed
scale (Tian et al. 2004), while others suggest that a rational
land use plan, controlling landscape fragmentation, and
increasing the proportion of forest area will help to achieve
a healthier river ecosystem (Huang et al. 2016).

As this region is a typical arid and semiarid area, the
available surface water is invaluable to local residents and
the local economy in the Loess Tableland Area (Li et al.
2017). Therefore, watershed management has been
emphasized by the local governments for a long time. As
independent geomorphic units, medium and small water-
sheds are the basic constituent units of a large watershed.
The hydrologic situation of a large watershed is also
dependent upon, and subject to, any changes in the small
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watershed because it originates therein. In other words,
small watersheds have direct effects on the local natural
landscape, and the hydrology and water resource condi-
tions present in a small watershed undergird not only the
ecological and the environmental protection of the whole
watershed but also the regional social development within
that watershed. Due to climate changes and the deleterious
effects of human activities, more and more scholars are
focusing their attention on small-to-medium river basin
management, and especially, hydrological changes and the
corresponding ecological responses (Pumo et al. 2016;
Carvalho-Santos et al. 2016; Li et al. 2014b, ¢, 2016b; Wu
et al. 2014b; Stumbaugh and Hamlet 2016). Many scien-
tific studies are focused on integrated watershed manage-
ment to understand the impacts of water management on
the water cycle of a small watershed (Dai et al. 2016; Xie
et al. 2011; Yan et al. 2012). In addition, clear local sta-
tutes, strong enforcement and practical protocols are cru-
cial to the success of small river basin organization (Wang
et al. 2015).

As relatively independent hydrological units in the
Loess Tableland Area, small watersheds may reflect fun-
damental hydrologic characteristics associated closely with
big watersheds. With its numbers of distributed gullies and
ditches, the small watershed is not only the initial source of
the runoff yield and confluence, but it is also the prove-
nance of sediment and loess erosion. Therefore, from a
hydro-ecological perspective, it is very important to study
the relationship between land cover and hydrological
characteristics from their origin in the small watershed of
the loess hilly region. There are some difficulties in con-
ducting this research on small watersheds; for instance,
observation is challenging, and there is a deficiency of
measured data. The aims of the present study are: (1) to
find out runoff variations of small ungagged watersheds in
the Loess Plateau during the past decades, (2) to better
understand the underlying hydrological and ecological
laws of the loess hilly region. The Qinghe River Basin, a
typical small watershed, was selected for a case study in
this paper, and an ArcGIS-based SWAT model was built to
simulate the response of some hydrologic factors to land
cover changes that have occurred over the past decades.

Study area

With a total area of 1550 kmz, the Qinghe River Basin is
located on the southeast brink of the Loess Plateau. The
Qinghe River is an inflow component of the Weihe River,
and it is one of the second-order tributaries of the Yellow
River. It arises from the Xiezizhang Mountain, northwest
of Yaoxian County, Shaanxi Province, flows through Jin-
gyang County, Sanyuan County, and Xi’an, and finally,
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finds its destination into Weihe River; the largest tributary
of the Yellow River. With a total length of 147.4 km, there
are two branches of the Qinghe River: the Qingyuhe River
and the Yeyuhe River. It is the largest river passing through
Sanyuan County, and the average annual runoff of the
Qinghe River is approximately 63 million m®. The general
view of the Qinghe River Basin is shown in Fig. 1.

A temperate, continental climate prevails in the Qinghe
River Basin, with four distinctive seasons, including a cold,
dry, and windy winter and a hot summer with frequent
flooding. The average temperature is 9.8 °C, with the
highest air temperature at 39.4 °C and the lowest at
—3.3 °C. More than half the annual average precipitation is
concentrated in July, August and September. The average
sun exposure time is 2200 h per year, and the average frost-
free season lasts approximately 213 days. The distribution
of precipitation and air temperature of Qinghe River Basin
are shown in Figs. 2 and 3.

Land use and its change in past 30 years
Land use data analysis
The changes in land use in the watershed are reflected on

the land use map for different time periods. Land use maps
reflecting the prevailing conditions for 1990 (Fig. 4), 2000
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Fig. 2 The precipitation distribution of the Qinghe River Basin

(Fig. 5) and 2009 (Fig. 6) were selected as typical years
based upon the available land use data that have been
collected over the past three decades. The statistical results
on land use changes are shown in Table 1. It should also be
noted that an effort known as the Loess Plateau Watershed
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Fig. 1 The general view of the Qinghe River Basin
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Fig. 3 The air temperature distribution of the Qinghe River Basin
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Fig. 4 The land use map of the Qinghe River Basin in 1990

Rehabilitation Project was launched to mitigate desertifi-
cation at the end of the last century, during which
numerous trees were planted, and nature is now reclaiming
a portion of the Loess Plateau (Laflen 2000).

The prevailing land use types in the Qinghe River Basin
are woodland, farmland and grassland from the years 1990
to 2009, and these three types of land use prevail in more
than 95% of the total area of the watershed. Of the minor
land use types, urban land accounted for approximately 1%
of the total river basin, and the water area is the smallest
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Fig. 5 The land use map of the Qinghe River Basin in 2000
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Fig. 6 The land use map of the Qinghe River Basin in 2009

type, taking up no more than 0.2%. The area proportion of
farmland, woodland, grassland, urban land and water, listed
in decreasing proper order, covers the total area of the
watershed.

Land use changed substantially over the period studied
from 1990 to 2000, with a growth rate of 19.03%, and the
woodland area increased rapidly to 199.79 km? The
grassland area decreased significantly by approximately
20.67% and fell to 217.00 km?. The farmland areas and
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’tll;zb(l; nlghtalg(iivlelsele; T:?fl of Year Farmland Woodland Grassland Urban land Water
different ages Acreage (km?)
1990 564.09 160.21 318.32 5.67 1.57
2000 579.41 360.00 101.32 8.00 1.09
2009 597.30 318.39 124.92 8.14 1.09
Rate of change (%)
1990-2000 1.46 19.03 —20.67 0.22 —0.05
2000-2009 1.70 —3.96 2.25 0.01 0.00

urban areas showed no noticeable change. The land use
changes for the period from 2000 to 2009 were more
modest; the forest land decreased to an area of 41.61 kmz,
falling no more than 4%. All the other land use types
increased slightly over the same period.

The character of land use transfer

The variation of the land use types and their transition can
clearly be presented with the land use transfer matrix. By
overlaying the land use maps from different periods
through the spatial analysis function of the ArcGIS soft-
ware, the area of different land use types in different
periods and the corresponding value of roll-in and roll-out
of the land use types over those periods were acquired, and
the transfer matrix of land use types in different periods
could then be calculated, as shown in Table 2.

According to this analysis, the other 3 land use types
remained relatively stable except for the grassland and
forest land areas. The forest land was the largest roll-in
type, and the grassland was the main roll-out type. More
than 94% of the roll-out forest land was transferred into
farmland, although that total amount was very small. The
main roll-in type of forest land was grass land, which
accounted for more than 98% of all roll-in, proportionally.
As the major roll-out type, most of the grassland trans-
ferred into forest land, which accounting for more than

87% of the summation, followed by farmland, taking
approximately 10% of the roll-out area. Farmland
increased slightly, and water and urban areas kept the
balance as a whole. The land use changes are calculated as
percentages and shown in Table 3.

The most significant land use changes occurred between
grassland and forest land, as shown in the table. The largest
change, accounting for approximately 18.91% of the total
area in the basin, is related to grassland changes, followed
by woodland and arable land, accounting for changes of
1793 and 3.60% of the total area in the watershed,
respectively.

Hydrologic modelling
DEM

As a digital model or 3D representation of a terrain’s
surface, DEM is the basis of discretizing and parameter-
izing the image data in distributed hydrological modelling.
Subcatchment partition, vectorizing a watershed boundary
and a hydrographic net are easily carried out with DEM in
ArcGIS. The 90-metre-resolution DEM is used in this
research with Shuttle Radar Topography Mission (SRTM)
data available at http://srtm.csi.cgiar.org/. The DEM of the
Qinghe River Basin after preprocessing is shown in Fig. 7.

Table 2 The land use transfer

matrix of the Qinghe River The type of land use 2009 Total Roll-out
Basin (unit: %) Farmland Woodland Grassland  Urban land ~ Water
1990
Farmland 53.51 0.02 0.14 0.05 0.00 53.73 0.22
Woodland 1.35 13.83 0.05 0.03 0.00 15.26 1.43
Grassland 1.97 16.31 11.65 0.36 0.03 30.32 18.67
Urban land 0.04 0.15 0.03 0.31 0.02 0.54 0.23
Water 0.02 0.02 0.02 0.03 0.06 0.15 0.09
Total 56.89 30.33 11.90 0.78 0.10 100.0
Roll-in 3.38 16.50 0.24 0.47 0.05

The underlined data indicates that the land use types did not change during the period
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Table 3 The land use changes in the Qinghe River Basin from 1990 to 2009 (unit: %)

The type of land use Roll-in quantity Roll-out quantity The quantity of exchange Net change Total changes
Farmland 3.38 0.22 0.44 3.16 3.60
Woodland 16.50 1.43 2.86 15.07 17.93
Grassland 0.24 18.67 0.48 18.43 18.91
Urban land 0.47 0.23 0.46 0.24 0.70
Water 0.05 0.09 0.1 0.04 0.14
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Soil data

As important input data, soil data includes both spatial
distribution maps and soil attribution data. The 1:1 million
soil data used in this research, with a resolution of 1 km,
was obtained from the Harmonized World Soil Database
version 1.1 (HWSD) established by United Nations Food
and Agriculture Organization (FAO) and the International
Institute for Applied Systems Analysis (ITASA). The soil
classification system adopted is FAO-90 (Fischer et al.
2008). The data set was provided by the Cold and Arid
Regions Sciences Data Center at Lanzhou (http://westdc.
westgis.ac.cn).

1. Soil spatial distribution maps: based on the actual
situation, the spatial distribution map was reclassified
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Fig. 8 Soil type and spatial distribution map of the Qinghe River
Basin

as calcic cambisol, accumulated anthrosols, gleyic
cambisol, etc., as shown in Fig. 8. The agrotype and
corresponding area proportion are listed in Table 4.
The codes in the table are the codes used in SWAT
modelling.

2. Soil attributes data: there are two types of attributes:

physical attributes and chemical attributes. The former
are indispensable in building a hydrological model
based on SWAT. Due to the movement of both water
and air, the complete process of water circulation in
the hydrological response units (HRUs) was influenced
greatly by the physical attributes of the soil.
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Table 4 Soil type in the Qinghe River Basin

Code Nomenclature Abbr. code  Area ratio(%) Code Nomenclature Abbr. code  Area ratio(%)
s11040  Calcic cambisol 1 CMcl 1.67 s11329  Gleyic cambisol CMg 62.60
s11041  Calcic cambisol 2 CMc2 6.99 s11331  Saturated cambisol CMe 1.67
s11079  Deposited anthrosols ~ ATc 5.71 s11385  Thin-layer black lime soil LPk 1.67
s11081  Fertile anthrosols ATE 1.97 s11400  Calcareous loose lithologic soil ~ RGc 0.98
s11087  Calcic cambisol 3 CMc3 15.65 s11460  Calcaric fluvisol FLc 1.08

Simulation and calibration

For hydrological simulation of an ungauged basin, both the
Parameter Transplanting Method and the Hydrological
Analogy Method were combined to build SWAT modelling.
The Parameter Transplanting Method is an effective method
for building a hydrological model for streamflow simulation
or prediction methodology for ungauged basins. Based on the
runoff data of a gauged basin, the streamflow in the ungauged
catchments is simulated through a disaggregation procedure
that utilizes the measured streamflow data from a larger
gauged catchment in which the ungauged catchment nested.
Ideal accuracy of the results can thus be provided for any
given time step (Schreider et al. 2002).

To obtain the necessary parameters for an ungauged
catchment, a referenced catchment is required according to
the principle of similarity. The similarity of the two
catchments is the key precondition for determining the
precision of the simulation. The similarity can be evaluated
by distance similitude and attribute similitude. The former
refers to the fact that the closer the referenced catchment is
to the designated catchment, the better will be the results
obtained from the modelling. The latter refers to the similar
attributes such as topography, climate, land cover, etc., that
are given priority in considering the hydrological mod-
elling and parameters transplanting.

The Jingcun-Zhangjiashan interval catchment, a down-
stream subcatchment of the Jinghe River, bordering the
Qinghe River Basin on the west, is considered to be the
ideal referenced catchment for the Qinghe River Basin.
The hydrological similarity of the two catchments for
topographic index, drainage area, vegetation coverage and
air temperature were analysed separately according to
formula (1).

|Id - Ir|

St =17

(1)

In this calculation, S(J) is the hydrological similarity on
an index I, I  is the value of the index for the designated
target catchment, and I, is the value of the index for the
catchment referenced. The topographic index In(o/tanf)
reflects the trend of runoff accumulation at a certain point
in the river basin and its motion tendency because of

gravity (Beven and Kirkby 1979; Quinn et al. 1991). « is
the ratio of the catchment area to the length of the contour
of a cell grid, namely the unit catchment area along the
length contour at the given point, tanf} is the ratio of ele-
vation difference of two adjacent cell grids Ak to the dis-
tance of their centre Al, say, the slope at the point,
tanf = Ah/AL

Due to the lack of observed data, the hydrological
analogy method was also applied to acquire the daily
runoff at the outlet of the Qinghe River. The stream flow
data is necessary for validating the correction and precision
of the hydrological model built.

Based on parameter sensitivity analysis, the Runoff
Curve Number (Cn2), the Coefficient of Base Flow (Al-
pha_Bf) and another 4 parameters that were considered
sensitive to the modelling results that had been calibrated
before the simulation, were conducted on a monthly basis.

All the elements constituting the hydrologic balance of
the Qinghe Catchment are presented for each year from
1975 to 2015 in Fig. 9. Therein, AW refers to the water
storage variation in the watershed and this was determined
using the following expression (2).

AW =P —Ry—Rc — Er (2)
where P is precipitation, R denotes the surface runoff,

while Rg denotes the base flow, Er is the
evapotranspiration.

——— Precipitation

—&— Surface runoff

- -a— - Evapotranspiration

= Base flow
900

800
700
600
500

300

Water quantities (mm)

1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

Fig. 9 Surface runoff, base flow, evapotranspiration and their trends
over the past 30 years according to the results of the simulation
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The average annual evapotranspiration of 307.41 mm
takes almost 60 per cent of the average annual precipitation
521.59 mm in the watershed according to the simulation
results. The average annual surface runoff 102.99 mm
holds approximately 20 per cent of that total, while the
base flow of 51.39 mm shares another approximately 10
per cent. It is clear that the main process of water output in
the basin is evapotranspiration. The available water
resources take only approximately 30 per cent of the annual
precipitation, and these percentages are necessary for any
general understanding of the Loess Tableland Area.

As the trend lines in Fig. 9 indicate both the evapo-
transpiration and the surface runoff sequence demonstrate
decreasing tendencies, while the evapotranspiration also
descends in an apparent contrast to the surface runoff to
some degree. Nevertheless, there is no distinct change in
the base flow, and it can thus be inferred that the main
decrease in the available water resources in the region is
due to the decrease in the surface runoff. Meanwhile, a
rather stable precipitation and base flow may indicate that
the main hydrological situation changes in the watershed
were not caused by climate change.

The contribution of land use and climate changes
on the hydrologic situation

To understand the influence of land use and climate
changes on the hydrologic elements in the Qinghe River
Basin over the past 30 years, the simulation period was
divided into two stages as “1980 to 1995” and “1996 to
2010”. Four scenarios, shown in Table 5, were then
established by combining the land uses and climate con-
ditions into different stages in order to simulate the
hydrologic differences. Since the land use has changed
gradually over time, the known land use in 1990 was

Table 5 Scenarios by combining different land use and climate data

Scenario  Land use and climate data

1 Land cover of 1990 and climate data between 1980 to 1995
2 Land cover of 1990 and climate data between 1996 to 2010
3 Land cover of 2009 and climate data between 1980 to 1995
4 Land cover of 2009 and climate data between 1996 to 2010

considered as the land use of the first stage, and the latest
land use for 2009 was chosen as the representative for the
second stage. Scenario 1 was set as the reference scenario,
and it simulates the actual hydrologic situation of the 80
and 90 s. Scenario 4 was designed to simulate the latest
situation for the watershed in stage 2. Thus, both scenario 1
and scenario 4, simulating coincident land use and climate
conditions, reflect actual conditions. Thus, the hydrological
changes for those two scenarios reflect the composite
effects of land cover and climate change. The simulation
results of surface runoff are shown in Table 6.

Scenarios 2 and 3 are strictly theoretical because they do
not match the known and observed land use and climate
data. Scenario 2, which keeps land use unchanged, in
contrast to scenario 1, was designed to simulate the effects
of climate change on hydrology. Scenario 3, which keeps
climate unchanged in contrast to scenario 1, was designed
to reflect the hydrological effects of land cover.

The simulation results show that the average annual
surface runoff for scenario 2 is 1.58 mm less than that for
scenario 1, indicating that the runoff tends to decrease
slightly under the climate change. That conclusion neces-
sarily follows because the two scenarios entail the same
land cover. However, the average annual surface runoff for
scenario 3, in which land cover was taken into account, was
only 6.04 mm more than the surface runoff in scenario 1.
That indicates that the runoff tends to increase as a result of
the effects of land cover changes caused primarily by
human activity. A difference of 4.76 mm between scenario
4 and scenario 1 indicates a tendency for increasing annual
runoff as a result of the composite effects of both land
cover and climate change according to Table 6. It is clear
that the average annual surface runoff increased from stage
1 to stage 2. Land cover, which holds a rate of contribution
of 79.27% for the hydrological variation, contributes more
than climate change, which amounts to only about a one-
fifth of the variation.

The hydrologic situation analyses with different
land cover

It has been proven that surface runoff would increase as a
result of the rise of additional woodland areas in a water-
shed. Generally, woodland areas can mitigate the

Table 6 Simulation results of 4

Surface runoff (mm)

Variation (mm)  The rate of contribution (%)

scenarios Scenario  Consideration
1 Reference
2 Climate change
3 Land use
4 Composite effects

143.64 - -
142.06 —1.58 20.73
149.68 6.04 79.27
148.40 4.76 -

@ Springer



Environ Earth Sci (2017) 76:577

Page 9 of 11 577

accumulation of the rainwater in the rainfall-runoff process
due to their heavy canopies and humus layer effectively
retarding the concentration time of flow on the one hand,
while increasing the annual runoff on the other hand. The
base flow in particular could be increased after the pre-
cipitation period if the retained water in the woodland was
released slowly over a relatively long period of time as a
part of subsurface runoff. However, the total runoff cannot
be increased with more woodland cover because the
amount of evapotranspiration will also rise substantially.
Although both farmland and grassland can mitigate the
accumulation of rainwater in the rainfall-runoff process,
they also reduce the annual runoff as a whole due to greater
evaporation as well as greater water consumption used for
the growth of crops (Huang et al. 2005). The rainfall-runoff
process on urban land is usually fast because urban runoff
is quickly concentrated in a rather direct way in a short
period of time due to the presence of so many impermeable
ground surfaces in urban areas. As a result, the annual
runoff is increased in comparison with woodland or
farmland in equal conditions, although the base flow could
be fairly small and much more stable.

As one of the most significant contributors to the
hydrological changes of Qinghe River Basin over the past
30 years, the land use data in different time periods was
applied to simulate the rainfall-runoff process from 1975 to
2015 to better understand how and why it affects the
hydrological situation. The results are shown in Table 7.
There were 3 simulations, and the only difference between
them is the land cover mode adopted; the first simulation
adopted the land cover of 1990, the second adopted the
land cover of 2000, and the third simulation adopted the
land cover of 2009.

The simulation results show the average annual total
runoff and the base flow in descending order from simu-
lation 1 to simulation 3. The maximum annual surface
runoff appears in simulation 2, and the maximum annual
evapotranspiration is shown in simulation 3. Contrasting
these figures with simulation 1, the average annual surface
runoff increased 3.9 mm, the base flow decreased to
9.18 mm, while the evapotranspiration increased more than
70 mm in simulation 2. Combining the land cover analyses
revealed previously, that the reduced surface runoff might
be partly caused by the reduction in grassland and the

increase in woodland in the watershed. At the same time,
evapotranspiration increases greatly because of the water
consumption of the expansive woodland. Nonetheless, the
decrease in base flow may also be caused by the increase in
farmland and urban land.

The difference between simulation 2 and simulation 3 is
not significant. The total runoff, surface runoff, and base
flow decreased slightly while the evapotranspiration rose
slightly due to the expansion of farmland and grassland,
which are in line with the differences of the land cover
during the two periods.

It is undeniable that the annual runoff tends to decline
over the period regardless of which land cover was used in
the simulations. This demonstrates that the runoff would
continue to decrease with the implementation of measures
such as converting grassland to forest or returning cropland
to forest, not on the Qinghe River Basin only but also on a
similar medium or small semiarid watershed in the Loess
Plateau. These runoff distributions within a year were also
analysed in the three simulations as shown in Table 8.

The runoff in the dry season reaches its maximum in
simulation 2 and its minimum in simulation 1. The surface
runoff in the flood season reaches its maximum in simu-
lation 1 and its minimum in simulation 3. This proved that
water resource conditions could be more profitable with a
higher coverage of forest land in the watershed as in sim-
ulation 2. Furthermore, from the perspective of water
resource utilization, additional water is most desirable in
the dry season as opposed to the flood season in an arid and
semiarid area such as the Loess Plateau. Thus, the water
deficiency could be alleviated in the dry season, on the one
hand, while water and soil loss and flood disasters could on
the other hand be mitigated to some extent.

Conclusions

As historically highly fertile and easy to farm soil, the
Loess Plateau contributed to the development of the early
Chinese civilization around it. However, due to its highly
erodible soil, new efforts focusing on both the conservation
of water and soil and water resource management are a
major focus of Chinese agriculture for the future. There are
hundreds of small watersheds in the Loess Tableland Area

Table 7 The runoff simulation
results of the Qinghe River

Basin from 1975 to 2015 under
different land cover modes mm

Items

Land use

Simulation 1 Simulation 2 Simulation 3

The average annual total runoff depth

The average annual total surface runoff depth

The average annual base flow

The average annual evapotranspiration

223.75 218.47 212.22
139.54 143.44 141.31

84.21 75.03 70.91
211.36 284.91 288.22
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Table 8 The runoff distribution
in a year in simulations with

different land cover mode

Month Simulation 1 Simulation 2 Simulation 3
Runoff in the dry season(mm) 11 1.51 1.72 1.44
12 0.32 0.41 0.52
1 0.26 0.36 0.44
2 1.34 1.45 1.52
3 2.46 3.56 3.32
4 3.15 4.86 4.69
5 3.65 3.88 3.08
Sum 12.69 16.24 15.01
Runoff in the flood season(mm) 6 25.29 25.07 26.03
7 77.86 76.00 75.43
57.95 58.05 57.66
21.65 19.75 19.32
10 6.96 6.29 6.40
Sum 189.71 185.16 184.84

that merges and forms a big watershed. The hydrological
and ecological situations that are involved in these small
watersheds determine function for the watershed as a
whole. Taking the Qinghe River Basin as a typical water-
shed, this research was conducted in order to better
understand both the current status of the hydrological sit-
uation and the changes that have occurred in the Loess
Tableland Area, including measurements of surface runoff,
existing vegetation and the hydrological cycle.

These analyses demonstrate that land cover changed
significantly at end of last century in the Qinghe River
Basin. On the one hand, with a growth rate of 19.03%, the
woodland area increased 199.79 km?. On the other hand,
the grassland area decreased 20.67% to an area of
approximately 217.00 km?. To understand the influence of
land use and climate changes on the hydrologic elements in
the Qinghe River Basin, 4 scenarios were established,
combining land uses and climate conditions in different
stages to simulate the hydrological differences. Further
analysis indicated that the land cover changes played a
predominant role in the hydrological variation of the
Qinghe River Basin, although it still showed the influences
of Climate Change. Applying different simulations of the
rainfall-runoff process based on the land use data in dif-
ferent ages also revealed the significant benefits to the local
conservation of water and soil as well as flood control
brought by higher forest land cover, specifically manifested
as the tendency of increased runoff in the dry season and
decreased runoff in the flood season.
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