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Compared to climate change, land-use changes were the main driving factors to short-term hydrological
variety. To evaluate land-use types variation and quantify its hydrological impact, this paper identiBed
the temporal-spatial features and simulated the hydrological process of different land-use types over the
last two decades (1990–2010) based on the soil and water assessment tool (SWAT). Meanwhile, the
possible inCuence of land-use changes on streamCow in the next 30 years (2020–2050) was also considered.
Results indicated that (1) land-use types mainly constituted of forest land, grassland and cultivated land,
which had the largest decreasing rate of 17.34 km2/10a. At the same time, inter-conversion mainly
conducted among the main land-use types and had a similar transfer structure for these two sub-periods
(1990–2000, 2000–2010) during 1990–2010, with a more dramatic transformation in 2000–2010.
(2) Simulated annual and monthly surface runoA did not vary greatly from 1990 to 2010 and presented a
relatively uniform monthly distribution. At the same time, the increased vegetation coverage (forest land
and grassland) can not only reduce surface runoA but also prevent peak Cood with increasing and
decreasing steeply. (3) Finally, hydrological variability to the future land-use change will not be intensive,
which possibly related to the undeveloped regional economic and insignificant human activities. But it
also needed some measures to maintain a balanced nature, such as the soil and water conservation
measures and returning cultivated land to forest land and grassland.
Keywords. Land-use changes; evaluation; hydrological responses; SWAT model; Longtan basin.

1. Introduction
Vegetation coverage changes as farming, tree/grass
planting, construction, etc., aAect the regional
water balance/hydrologic cycle as well as the spatial distribution of surface latent heat (Gong et al.

2014; Wang et al. 2015). Meanwhile, land-use
changes interfere the catchment’s hydrological and
rainfall-runoA process by disordering the equilibrium relationship between water and energy.
Furthermore, land-use variability inCuences the
temporal-spatial distribution of water resources

Supplementary materials pertaining to this article are available on the Journal of Earth Science Website (http://www.ias.ac.in/
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and accelerates the complexity and uncertainty of
water resources variation during hydrologic cycling
process (Wang et al. 2006, 2015). Compared to the
mainly constant catchment characteristics aAecting the unique water cycle of a catchment (e.g., soil
properties and topography), land-use change may
underlie short-term variations (Defries and Eshleman 2010) and include aAorestation and deforestation, returning cultivated land to forestland,
grassland, etc. For example, urbanization (convert
cultivated land/grassland to construction land)
increases the impermeable area and further interferes the inBltration process of surface runoA,
which could bring more peak Cood in the rainy
season (Wang et al. 2015). Obviously, land-use
alteration is vital for land evolution, do the regional hydrological cycle and water balance for social
production and life. Visibly, simulating and estimating runoA response to land-use changes contribute to further analyzing the inCuence
mechanism of anthropogenic activities on regional
hydrology and water resources (Niu and Sivakumar 2013; Karamage et al. 2017). Therefore, related subjects and studies about land-use change (at
regional or global scales) and the changes in water
resources have become issues of increasing concern
to experts and scholars in recent years (Zhang et al.
2011; Braud et al. 2013; Isik et al. 2013; Yin et al.
2017; Gashaw et al. 2018).
Land-use variations, aAected by industrial structure and natural environment during the construction process of the Longtan hydropower dam, arouse
a series of long-term water resources-related problems (spring/summer drought, Cood disaster, hail
damage, storm rainfall, etc.). Meanwhile, simulating and quantifying hydrological response to the
past and future land-use variation can provide
decision-makers information to promote vegetation
restoration, water resources management as well as
soil and water conservation. However, very limited
research has been conducted to evaluate and investigate land-use variability and its contribution to
surface runoA in the Longtan basin (Lei et al. 2007).
Not to mention the possible hydrological variation
to future land-use patterns. Therefore, the objectives of this study were (1) to identify land-use
variation characteristics from 1990 to 2010 (section 4.1); (2) to calibrate and validate a satisfactory
soil and water assessment tool (SWAT) for surface
runoA simulation (sections 3.4 and 3.5); (3) to
quantify the hydrological response to the past landuse change (section 4.2.1); and (4) to predict how
different land-use scenarios aAected streamCow
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(section 4.2.2). The results obtained from this study
will help stakeholders with useful information in
planning and making decision for soil and water
resources management and providing a reference to
other similar catchments.
2. Study site
Longtan watershed, a leading reservoir of the
cascade development in the Hongshuihe River basin,
stretches from the latitude of 23°110 –27°010 N and
longitude of 102°140 –107°320 E and extends over an
area of 98,500 km2 around the Yunnan Province,
Guizhou Province and Guangxi Zhuang Autonomous Region (Bgure 1). Elevation in the study area
ranges from 23 to 2,258 m above the sea level, with
a mean elevation of 1450 m.
Annual mean temperature and precipitation
range from 12.3–21.3°C and 760–1860 mm, respectively, which accounts for 89% of annual rainfall in
the Cood season (from April to October, Liu 2015).
Land-use types in this basin mainly include cultivated land, forest land and grassland and soil texture
are dominated by loam, accounting for 60% soil
types. Vegetation is mainly composed of evergreen
coniferous forest, evergreen and deciduous broadleaved mixed forest, evergreen broad-leaved forest
and subtropical deciduous broadleaf forest, with an
average forest cover of 34.83%.

3. Methods and materials
To obtain the four intended purposes, this paper
was demonstrated based on the structure shown in
Bgure 2.
3.1 Land-use change analyses
To illuminate the space-time variation characteristics of land-use change experienced between
the subsequent periods (1990–2000, 2000–2010,
Supplementary Bgure S1), percent of change (Hassen
and Assen 2018) and transition matrix (Shiferaw
2011) were computed using equation (1) and table 3.
(1) Land-use variation amplitude


Xi1  Xi0
 100%;
ð1Þ
Pi ¼
Xi0
where Xi0 and Xi1 are the land-use area at the
beginning of the research and the area at the end of
research of ith land-use type, respectively.
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Figure 1. Longtan basin (98,500 km2), 25 meteorological stations (black points) and the Tian-e hydrological station (red
triangle).

Meteorological data
(Temperature, Precipitation
Wind speed, Related humidity
Section 3.4)

Geographic data
(DEM, Soil type data
Section 3.4)

Land-use data for area and
spatial variation during
1990-2010 and future
land-use prediction
(Section 4.1 + Section 3.2)

SWAT model setup
(Section 3.4 + Section 3.5)

Calibration and Validation
(Section 3.5)

Streamflow simulation for the
past and future land-use change
(section 4.2)

Evaluation and hydrological impact of land-use changes

Figure 2. Framework for this paper.

(2) Land-use transition matrix
Transition matrix (tables 3 and 4) between the
two sub-periods (1990–2000 and 2000–2010) was
established to distinguish the change of one landuse type to the other ones during a certain period.
For example, rows can display the conversion area
of the eight classes in 1990, whereas columns can
display the conversion area of the eight classes in
2000.

3.2 Land-use change prediction
Field investigation showed, when the normal water
level was 375 m, submerged land was about
377 km2, of which paddy Beld, cultivated land,
forest land and grassland took account for 30.55,
40.66, 145.15, and 160.64 km2, respectively.
Meanwhile, reservoir did not have a full water
storage and there was an overCow power station
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Table 1. Land-use area for future three scenarios in the Longtan basin (2020–2050).
RL1 scenario
2

RL2 scenario
2

RL3 scenario

Land-use types

Area (km )

Ratio (%)

Area (km )

Ratio (%)

Area (km2)

Ratio (%)

Forestry
Grassland
Water area
Built-up area
Bare land
Paddy Beld
Cultivated land

47857.58
26133.55
1063.64
1105.55
59.10
8228.10
14014.86

48.59
26.53
1.08
1.12
0.06
8.35
14.23

48242.74
26425.66
686.98
1046.11
2.60
8251.22
13844.69

48.98
26.83
0.70
1.06
0.003
8.38
14.06

48242.74
26557.13
686.98
1122.19
5.88
8251.22
13633.85

48.98
26.96
0.70
1.14
0.01
8.38
13.84

in the upper reaches. To predict the hydrological
impact of future land-use change, scenario 1 (RL1)
will be set when water level reached the normal one
(375 m).
Furthermore, changing amplitude of the other
two future land-use scenarios (RL2 and RL3,
table 1) was based on the long-term land-use
planning data (Weining Yi, Hui and Miao Autonomous County 2010; Xingyi Municipal People’s
Government 2006; Huize Municipal People’s
Government 2010; Ziyun Municipal People’s
Government 2010) of the surrounding counties and
extreme-value distribution method (R
edei 2008).
Specifically, threshold value of built-up area, cultivated land, forest land and grassland in the next
30 years (2020–2050) could be set to 10%, 1.5%,
0.5%, 0.5% for scenario 2 (RL2) and 18%, 3%,
0.5%, 1% for scenario 3 (RL3), respectively, compared to the baseline land-use type of 2000 (R
edei
2008).

3.3 Land-use change evaluation
Variation percentage for annual runoA under
land-use change can be calculated by equation (2)
(Silberstein et al. 2012).
b¼

ðyi  y0 Þ
 100%;
y0

ð2Þ

where yi is the average annual run-oA generated by
the ith land-use change scenario, mm; y0 is the
average annual runoA generated by the current
land-use change scenario (mm).
The average monthly/annual runoA and the
conservation index were evaluated in this paper.
The conservation index can reCect the stability of
hydrological process and estimate the demand for
water supply (Pizzolotto and Brandmayr 1996).
The index can be measured by equation (3).

b¼

Qm
;
Qm

ð3Þ

where Qm and Qv were the streamCow in the driest
month and the average annual Cow, respectively
(m3/s).
3.4 Data prepared for simulation
A SRTM DEM, having a resolution of 90 m and
downloaded from the Geospatial Data Cloud website (http://www.gscloud.cn), was used to obtain a
satisBed basin-scale DEM map (Bgure 1). Land-use
data for the last two decades (1990–2010) and soiltype map of 2000 in the Longtan basin were both
accessed from the Resource and Environment Data
Cloud Platform of China (http://www.resdc.cn)
and with a spatial resolution of 1:1,000,000. The
reclassiBed land-use types of forest, grassland,
water body, urban area, bare land, paddy and
cultivated land were assigned as FRST, PAST,
WATR, URBN, BALD, PADY and AGRL,
respectively (Wang et al. 2014). Meanwhile, it was
worth noting that the content of clay, loam and
sandy soil may be different in the same soil type
and further resulted in different physical properties
of the same soil type in the same area, which could
derive from the spatial difference of hydrometeorological factors. Thus, 35 different soil types in the
Longtan basin will be re-classiBed into seven soil
types in the study watershed according to FAO
classiBcation (Chesworth et al. 2008). These soils
were Haplic Alisols (40.74%), Chromic Cambisols
(31.03%), Humic Acrisols (15.44%), Dystric Cambisols (5.39%), Rendzic Leptosols (4.82%), Cumulic Anthrosols (2.28%) and Ferric Lixisols (0.30%),
respectively.
Meteorological data (daily average/maximum/
minimum temperature, wind speed, relative humidity and precipitation) of the 25 meteorological
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stations (Bgure 1) were collected from the China
Meteorological Data Sharing Service System
(http://data.cma.cn), covering a period of
1959–2013. For the missing climate data of some
stations in a short time, this paper used the Kriging
method to consider the correlation between meteorological stations for interpolation and supplementation, in order to improve the simulation
accuracy of the SWAT model (Liston and Elder
2006). StreamCow data, which was collected at the
outlet of the study catchment (Bgure 1) for the
same period of 1959–2013, consisted of the measured monthly inCow after dam construction and
monthly runoA deduced from the Tian-e hydrological station before dam construction.
3.5 SWAT model calibration and validation
Based on the data listed above, a SWAT model
was set up for hydrological simulation under different land-use changes in the Longtan basin. The
study watershed was delineated into 33 sub-basins,
assisted by watershed mask Ble and further subdivided into 277 HRUs by setting land-use, soil and
slope threshold value to 10%, 15% and 10%,
respectively. Referring to literature researches on
similar catchments (Lv et al. 2014; Yang et al.
2017; Huang et al. 2018), parameters of SCS runoA

curve number (CN2), base-Cow alpha factor
(ALPHA˙BF), groundwater delay (GW˙DELAY)
and soil evaporation compensation factor (ESCO)
reached top four (Abbaspour et al. 2007; Khalid
et al. 2016) in the ranking of sensitivity parameters
(Bgure 3).
4. Results
Simulated annual runoA (472.35 million m3) was
1.03% more than that of the measured annual
discharge (467.53 million m3) in the calibration
period (1987–1998). Indices of Ens and R2 for this
period were 0.85 and 0.75, respectively. For validation period, it was 3.76% less than the observed
one and Ens and R2 were both 0.88. Furthermore,
Ens and R2 during the monthly calibrated and
veriBed periods were 0.94 and 0.81, 0.94 and 0.91,
respectively (Bgure 4). Thus, performance of the
SWAT model enabled the applicability to simulate
the hydrological process in the Longtan basin.
4.1 Land-use change analysis
4.1.1 Area variation of land-use
As can be seen from the variation of land-use area
in the Longtan basin (table 2), cultivated land and

Figure 3. Sensitivity analysis for parameters in a calibrated SWAT model. (V meant the existing parameter value was to be
replaced by a given value and R meant an existing parameter value was multiple by (1+ a given value). Higher t-Stat in absolute
values meant higher sensitivity while a p-value of 0 was more significant.)
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Figure 4. Simulated and measured monthly runoA during the calibration and validation periods.

Table 2. ReclassiBed land-use area in the Longtan basin from 1990 to 2010.
1990
2

Forest land
Grassland
Water area
Built-up area
Bare land
Paddy Beld
Cultivated land

2000
2

2010
2

Area (km )

Ratio (%)

Area (km )

Ratio (%)

Area (km )

Ratio (%)

47955.81
26124.44
757.33
773.24
69.27
8417.64
14402.28

48.69
26.52
0.77
0.79
0.07
8.55
14.62

47812.73
26515.92
790.26
844.57
68.35
8387.64
14080.52

48.54
26.92
0.80
0.86
0.07
8.52
14.29

48002.73
26294.19
868.64
951.01
69.27
8258.65
14055.52

48.73
26.69
0.88
0.97
0.07
8.38
14.27
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Table 3. Transition matrix for land-use conversion from 1990 to 2000 (Unit: km2).
2000
1990

Forestry

Grassland

Water area

Built-up area

Bare land

Paddy Beld

Cultivated land

Forestry
Grassland
Water area
Built-up area
Bare land
Paddy Beld
Cultivated land

33132.00
7021.87
123.83
84.22
12.49
2228.97
5143.07

7165.91
14303.14
93.65
86.53
17.03
1339.32
3523.80

131.75
106.70
363.96
18.98
0.00
95.29
77.50

107.65
98.98
21.11
133.00
0.59
360.32
125.74

13.54
18.15
0.00
0.41
28.38
4.82
3.43

2261.03
1301.25
85.64
342.49
1.96
3281.94
1129.93

5075.10
3298.48
72.36
110.30
8.61
1126.36
4418.42

paddy Beld changed more significantly during
1990–2000 (decreased by 321.76 and 29.99 km2,
respectively) than that in 2000–2010 (decreased
by 25 and 129 km2, respectively). Forest land
decreased 143.07 km2 Brstly for the period of
1990–2000 and then increased 190 km2 during
2000–2010, with an amplitude of 2.35 km2/year.
On the contrary, grassland increased from
26124.44 to 26515.92 km2 in 1990–2000 and
decreased to 26294.19 km2 for the period of
2000–2010, with a change rate of 8.49 km2/year.
At the same time, water area and urban-rural
construction land increased continuously, which
ranged from 773.24 and 757.53 km2 in 1990 to
951.01 and 868.64 km2 in 2010, respectively.
However, bare land kept a steady proportion
(0.07%) during 1990–2010 and slightly decreased
Brst then increased.
4.1.2 Spatial variation of land-use
Forest land concentrated more in the eastern plain,
while less in the western plateau (Supplementary
Bgure S1). However, grassland decreased from west
to the east during the period of 1990–2010 and
construction land was mainly concentrated in the
western region, which was close to water-source
region. Meanwhile, water expansion occurred
within catchment boundary and the other land-use
types changed not significantly from 1990 to 2010.
Possible reasons may be the undramatic human
activities or poor production.

4.1.3 Inter-conversion between land-use
Conversion amplitude among different land-use
types was larger in 1990–2000 (table 3) than that
during 2000–2010 (table 4) and had a similar
conversion pattern. From 1990 to 2000, 7021.87,

123.83, 84.22, 12.49, 2228.97 and 5143.07 km2 of
forestry was converted from grassland, water area,
built-up area (construction land), bare land, paddy
Beld and cultivated land, respectively. Meanwhile,
a large amount of forestry was also reverted to
the other land-use types. Similarly, 7021.87 and
3298.48 km2 grassland were transited to forest land
and cultivated land during the period of 1990–2000
and 5986.37 and 2676.86 km2 for 2000–2010,
respectively. Moreover, paddy Beld and cultivated
land were both mainly transited to forestry and
grassland, in which cultivated land transition was
more significant. Obviously, land-use conversion
mainly occurred among forest land, grass land and
cultivated land.
4.2 Hydrological impact of land-use change
4.2.1 Hydrological response to the past land-use
change
(1) Annual scale: Compared to land-use map of
1990, rainfall remain unchanged in 2000 and
2010, based on the same climate data (table 5).
Surface runoA was 162.5 mm under land-use
map of 1990 and gradually increased to
162.8 mm in 2000, even to 170.11 mm in 2010
(increased 4.68%). Similarly, evapotranspiration increased by 0.4 mm in 2000 and 1.0 mm
in 2010, respectively. On the contrary, water
yield decreased from 473.9 mm in 1990 to
472.9 mm in 2010 as well as the conservation
index, which ranged from 0.193 to 0.216.
(2) Monthly scale: Surface runoA in Cood seasons (from May to October, Bgure 5) increased
under 2010 land-use map, especially in June,
July and August. Specially, surface runoA for
1990 land-use map was 48.21 mm in June and
42.31 mm in July and reached to 50.64 mm
(in June) and 44.51 mm (in July) under 2010
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Table 4. Transition matrix for land-use conversion during 2000–2010 (Unit: km2).
2010
2000

Forestry

Grassland

Water area

Built-up area

Bare land

Paddy Beld

Cultivated land

Forestry
Grassland
Water area
Built-up area
Bare land
Paddy Beld
Cultivated land

35742.52
5986.37
106.28
91.16
9.19
1944.31
4056.75

5961.85
16541.92
87.14
89.68
14.39
1090.19
2528.59

133.63
118.36
451.53
10.73
0.13
74.96
82.56

92.75
114.83
14.87
333.33
0.54
281.29
117.54

14.12
12.72
0.10
0.64
34.25
1.30
6.32

1846.01
1080.37
71.66
230.41
0.00
4143.27
904.17

3954.73
2676.86
62.49
91.32
5.42
868.10
6413.54

Table 5. Simulated hydrological elements for the past three land-use maps (1990–2010).
Land-use
types
1990
2000
2010

Rainfall
(mm)

Surface runoA
(mm)

Water yield
(mm)

Evapotranspiration
(mm)

Conservation
index

1082.5
1082.5
1082.5

162.5
162.8
170.1

473.9
473.5
472.9

585.9
586.3
586.9

0.208
0.193
0.216

land-use map, respectively. However, surface
runoA in the other months changed little for
the past three land-use maps. In short, surface
runoA under the past land-use maps did not
change considerably on a monthly scale and it
rained more in the rainy seasons (from May to
October), but less in the dry seasons.

4.2.2 Hydrological response to the future
land-use change
(1) Annual scale: Compared to 2010 land-use
map, surface runoA increased to 171.2 and
172.3 mm under the future land-use situations,
respectively (table 6). Moreover, increased
water level brought more water yield under the
RL1 situation, with a maximum value of
474.8 mm. On the other hand, high proportion
of forestry caused a higher conservation index
(0.217 for RL2 and 0.218 for RL3), but consumed more water, which caused water yield
0.3 mm less than that in 2010 (472.9 mm).
Evapotranspiration increased from 586.9 mm
in 2010 to 587.2 mm under the RL3 scenario
and it may be because of the increased
urbanization. Obviously, similar proportion of
cultivated land, forest land and grassland
under the RL2 and RL3 scenarios made the
simulated surface runoA and conservation
index variated little.
(2) Monthly scale: Similarly, monthly distribution of surface runoA under the future land-use

scenarios (table 7) was similar to the past
land-use types in 4.2.1 section and produced
more in the Cood seasons (from May to
October). Specifically, RL1 scenario produced
162.8 mm surface runoA in the Cood season
and 163.9 mm for the RL2 and RL3 scenarios.
However, it was both 7.4 mm in the dry
seasons for these three scenarios.

5. Discussion
5.1 Uncertainties in runoA simulation
Simulation results of the past and the future landuse situations bear great uncertainties as well as
model calibration and validation. However, the
ranking of sensitive parameters CN2, ALPHA˙BF,
GW˙DELAY and ESCO match good with the
results in similar basins (Lv et al. 2014; Yang et al.
2017; Huang et al. 2018). Meanwhile, Ens and R2
coefBcients indicate a satisBed performance of
simulation, but peak Cow in some dry months is
underestimated before 2002 or overestimated after
2002. It may originate from the operation of the
Longtan hydro-power dam, which could further
inCuence the underlying condition. Or it can be
attributed to SCS runoA curve number (CN2)
method, which ignores the duration and intensity
of precipitation. However, rainfall events are
mainly composed of high-intensity, short-duration,
limited-areal extent summer thunderstorms in the
Longtan basin (Wang et al. 2008; Yang et al. 2010).
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Figure 5. Average monthly surface runoA under the past three land-use maps (1990–2010).
Table 6. Simulated hydrological elements for future land-use scenarios (2020–2050).
Scenarios

Surface runoA
(mm)

Water yield
(mm)

Evapotranspiration
(mm)

Conservation
index

RunoA change
rate (%)

171.2
172.3
172.3
170.1

474.8
472.6
472.6
472.9

586.9
587.1
587.2
586.9

0.195
0.217
0.218
0.216

0.23
1.29
1.29
–

RL1
RL2
RL3
2010

Table 7. Simulated monthly surface runoA under future landuse scenarios (2020–2050) (Unit: mm).
Month

RL1

Surface runoA in the dry seasons
11
2.6
12
0.7
1
0.3
2
0.6
3
1.0
4
2.1
Sum
7.4
Surface runoA in the rainy seasons
5
15.7
6
50.7
7
44.5
8
27.8
9
15.6
10
8.6
Sum
162.8

RL2

RL3

2.7
0.7
0.3
0.6
1.0
2.1
7.4

2.7
0.7
0.3
0.6
1.0
2.1
7.4

15.7
51.0
44.9
28.0
15.7
8.6
163.9

15.7
51.0
44.8
28.0
15.7
8.7
163.9

Thus, using average daily rainfall depth as SWAT
inputs will lead to uncertainty in streamCow simulation. Finally, considering that Cood prediction is
not the objective in this paper, this mismatch in
peak Cow can be ignored.

5.2 Land-use variation analysis
As can be seen from table 3, forest land, grass land
and cultivated land are the main land-use types,
especially forest land, accounting for 48.73% of
total land area. According to the research by Xu
et al. (2018), social development in southwest
China is low because of geographical and historical
reasons and economic development depends heavily on land resources (Dai et al. 2015). On the other
hand, land-use types change not significantly as
a whole, but cultivated land decrease 17.34 km2
and construction land increase 8.89 km2 as well as
grassland increase 8.49 km2 for the period of
1990–2010. Obviously, conversion among cultivated land, construction land and grassland
reCects the demand of economic development and
the implementation of the soil and water conservation measures, which return cultivated land to
forest land or grassland. These results match the
research by Xu et al. (2018) and Water Conservancy Management of GuiZhou (Bureau of Water
Conservancy Management of GuiZhou 2005),
which demonstrates as ‘Since 1980s, large-scale
ecological construction projects were implemented
in Guizhou Province and the regional ecological
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environment has improved gradually.’ Therefore,
future cultivated land can be assumed to decrease
by 13.84–14.23% for three land-use scenarios and
construction land increase to 1046.11–1122.19 km2.
Meanwhile, water expansion within catchment
boundary can be attributed to the operation of
hydro-power dam in September 2006, which
increase water level.
5.3 Hydrological response to land-use change
Simulated annual surface runoA does not change
greatly as well as evapotranspiration and conservation index (table 7), owing to the undeveloped
economic or unremarkable human activities (Dai
et al. 2015). However, surface runoA in the Cood
seasons increases slightly as construction land
increases for 2010 land-use map (50.64 mm in June
and 44.51 mm in July), which possibly due to the
increased impervious region (Herman et al. 2009).
Meanwhile, increased vegetation coverage (2010
land-use map and the RL2/RL3 scenarios)
strengthen soil inBltration and further increase soil
water content, which supplement water demand
for new hydrological process (Loch 2000). Obviously, increased forestland shrinks surface runoA
and weakens peak Cood in the rainy seasons and
alleviates Cood disaster to a certain extent. For
rain water stored in soil, it can be used for water
supply in the dry seasons and enable a good ecological state. However, forestland consumes more
water (2000 and 2010 land-use maps) than grassland and reduces available water resources.
Therefore, it was necessary to Bgure out the
demand of forest land or grassland land and spare
no eAort to keep a balanced nature.
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and cultivated land and transferred more
during 2000–2010.
(2) Simulated surface runoA under the past and
future land-use maps did not change significantly at annual and monthly scale and
streamCow concentrated in the rainy seasons
(May–October). Increased forest land could
strengthen the function of soil and water
conservation which can eAectively store redundant rainfall in the Cood seasons and further
supply water demand in the dry seasons.
Meanwhile, high vegetation cover will decrease
surface runoA and weaken Cood discharge to
avoid the possible Cood disaster. However,
forest land consumed more water, which
resulted in a decrease of available water
resources. Therefore, it was necessary to pay
attention to soil and water conservation measures and conversion of cropland to forest and
grassland.
Analysis in this paper can Bll the gap in land-use
change variation and its hydrological response for
the study area. Furthermore, it can also make a
reference for similar watersheds.
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