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Abstract: In the 1950s and 1970s, China implemented large-scale wasteland reclamation in the San-
jiang Plain in eastern Heilongjiang Province, which expanded the area of cultivated land. Cultivated
areas alter the quantity of water resources, provide the ecological requirements of river basins, and
promote the ecological health of land use. In this study, the grid-based Sacramento (GSAC) model
was adopted to simulate various changes in arable land, grassland, cultivated land, and deciduous
coniferous forest. Quantitative analysis of the influence of cultivated land change on runoff and
under dry season flow was conducted. The results showed that the GSAC model attains a high
certainty coefficient in the process of simulating the daily basin discharge and reproduces the daily
basin discharge process well for many years. The annual runoff increased between 5.07 and 64.05%
due to the return of farmland to grassland and coniferous forest. The return of farmland to grassland
greatly impacted runoff. The slope of the grassland and coniferous forest converted from farmland
was negatively correlated with the discharge in the basin outlet section. The lower the gradient
threshold in the scenario of returning arable land to forest or grassland, the more arable land will be
replaced by grassland or deciduous coniferous forest, which could result in more water production in
the watershed. Among the different change scenarios, the average flow rate of cultivated land with a
slope larger than 15◦ was the closest to the ecological water demand of the studied watershed. The
land use mode of converting cultivated land with a slope larger than 15◦ into grassland is expected
to promote the ecological health of the watershed.

Keywords: land use/cover change; returning farmland to grassland; returning coniferous forests
to cultivated land; the amount of runoff; ecological water requirements; the grid-based Sacra-
mento model

1. Introduction

The study of land use/cover change (LUCC) is an important content in the field
of earth surface science. Its impacts on the ecological environment mainly include cli-
mate [1–3], atmosphere [4], soil [5–7], hydrology [8–11], and biological [12,13] diversity. To
better understand the effects of LUCC on the soil hydrological diversity at regional and
global scales, research should focus on the assessment of the water cycle, ecological security
patterns [10], relationship with ecological water requirements, and choices regarding land
use in river basins. Therefore, in recent decades, research on the impact of LUCC on
watershed-scale hydrology has become increasingly active.

The LUCC research methods of hydrological effects mainly include the test water-
shed method, characteristic variable time series method, and hydrological model method.
However, due to the limitations of the first two methods [14,15], research on hydrological
models, especially distributed hydrological models [16], has become important. In 1969,
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Freeze and Harlan [17] first proposed the concept of a distributed hydrological model. In
1970, Onstad and Jamieson [18] evaluated LUCC hydrological effects with hydrological
models. Gary W and Coutu et al. [19] employed the soil and water assessment tool (SWAT)
and the Spearman rank correlation coefficient method to analyze the relationship between
runoff changes and LUCC in the Brandie Wanxi watershed. Song Xuan et al. [20] applied
the soil conservation service (SCS) hydrological model to study the long-term influence
of LUCC on runoff in Lushan County. Ghaffari et al. [21] adopted the SWAT to simulate
land use change in the Zanjan-rood basin, Iran, and examined the impact of land use
change on surface runoff. In 2012, Niu Zuirong et al. [22] simulated the Qingyuan River
watershed with the classified hydrological model. They reported the influence of LUCC
on the annual runoff of this watershed on the Loess Plateau. Shi Xiaoliang et al. [23] also
used the SWAT to evaluate the hydrological effects of LUCC on the Luan River Basin.
Traditional hydrological models only reflect the impact of LUCC on hydrology at specific
spatial scales such as hydrological response units and subcatchments, but it is difficult to
reflect the impact of LUCC on hydrology at fine scales such as grids.

The spatial density of the hydrological station network in China is fairly low, and the
established single-station observation areas of precipitation, runoff and evaporation are 500,
3202, and 5800 km2, respectively [24]. Heilongjiang, the northernmost and coldest province
in China, exhibits a low spatial density of its hydrological station network, including
single-station control areas of precipitation, runoff, and evaporation phenomena of 902,
4078, and 7166 km2, respectively [25]. The type of precipitation in this area is rain, snow
(from October to May) and/or a mixture of rain and snow. As a result, snow evaporation
phenomena occur in this region, which inhibits the use of pan evaporation data collected
during evaporation periods to estimate the potential evapotranspiration from all land cover
types. The use of traditional hydrological models requiring high data integrity may not be
applicable to watersheds with insufficient data (e.g., Heilongjiang Province, China).

In this paper, the land cover situation was studied in the watershed, policies and regu-
lations on returning farmland to grassland or forest in China was obeyed, the topographic
slope of the cultivated land was considered, and eight arable land variation scenarios were
set, and the variation scenarios of “returning arable land to grass” and “returning arable
land to forest” were set on a grid scale. A grid-based Sacramento (GSAC) model was
used to simulate the hydrological effect of each grid and the daily discharge at the outlet
of the watershed with different scenarios, and the simulated flow rate of the dry season
was evaluated, to provide references for rational planning of land use, optimal allocation
of water resources and assurance of ecological water demand in the alpine watershed in
Heilongjiang Province.

2. Watershed Study Overview

The Naoli River is a tributary on the left bank of the Wusuli River in northeastern
Heilongjiang Province, as shown in Figure 1. The stratigraphy of the study area is in the
Xingkai Lake-Burea mountain zone. The main minerals in the outcropping layer are biotite-
hornblende-anorthose granulite, quartz schist and marble in the Dapandao Formation
of the Proterozoic Xingdong Group [26]. There are mountains, hills and plains in the
study area, and the terrain elevation decreases gradually from southwest to northeast. The
cultivated soil types are black soil, meadow soil, and white clay soil. The thickness of the
cultivated layer is over 25 cm, the soil organic matter content is over 3%, and the soil pH
value is 6.3–7.0 [27].
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the Baoqing station to investigate the effects of the return of farmland to forestland and 
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Figure 1. The location of the study area.

In the 1950s and 1970s, China invested a large amount of manpower to carry out large-
scale reclamation of wasteland in the Naoli River Basin, which led to a large expansion
to the area of cultivated land. Although the expansion of arable land may promote the
development of agriculture, it may also aggravate the risk of ecological degradation.
Therefore, within a certain range of the topography and slope, the return of farmland
to grassland and forestland has been determined by law in China. In October 1998, the
Central Committee of the Communist Party of China and the State Council on Post-disaster
Reconstruction, Rehabilitation of Rivers and Lakes, and Water Conservancy approved
several options, such as mountain closure measures, prioritizing conversion of farmland
into forestland during post-disaster reconstruction, deforestation prohibition, and forest
closure promotion, and over cultivated land was gradually converted into forestland [28].
In December 2002, to standardize the policy of returning farmland to forestland and
to improve the quality and progress of projects, the State Council promulgated certain
regulations on the return of farmland to forestland and grassland, bringing them under
legal management [29]. In August 2007, the State Council issued a notice to complete the
policy of returning farmland to forestland followed by regulations to ensure the protection
of the rights and interests of farmers. Furthermore, the State Council supported decisions
to extend the farmland policy subsidy term, enhance the building of basic grain crop
farmland, transform sloped lands into terraced fields, and strengthen the construction of
rural energy [30].

The Baoqing watershed is located in the upper reaches of the Naoli River in the
southeastern part of the water system and covers an area of 3689 km2, which is the largest
catchment area in the Naoli River system. The Baoqing Basin is categorized as having a
humid to subhumid continental climate. Warm and rainy summers are typically followed
by cold winters with a historical mean temperature and rainfall of 3.5 ◦C and 518 mm,
respectively. The rainfall distribution pattern is uneven, and 72% of the precipitation occurs
between June and September. The precipitation accounts for 44% of the annual rainfall
in July and August. In this study, we focused on the catchment areas above the Baoqing
station to investigate the effects of the return of farmland to forestland and grassland on
the watershed runoff.
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3. Data Sources and Research Methods
3.1. Data Sources

A digital elevation model (DEM) was derived from the National Oceanic and Atmo-
spheric Administration (NOAA) Data Center [31], with a spatial resolution of 30 inches.
The obtained 10-day (three records per month) spot vegetation normalized difference vege-
tation index (NDVI) dataset was provided by the National Cryosphere Desert Data Center
(NCDC) [32], and the source for this dataset is the Flemish Institute for Technological Re-
search, Belgium (VITO) [33], with a spatial resolution of approximately 30 inches. The land
cover was represented according to the International Geosphere-Biosphere Programme
(IGBP) [34], at a spatial resolution of 30 inches, and the extracted data revealed a total of
eight IGBP-based study basin land cover types. The area proportion of the eight land cover
types are listed in Table 1, and the IGBP land cover spatial distribution map of the study
watershed is shown in Figure 2. The soil data were provided by the Harmonized World
Soil Database (HWSD) [35]. Meteorological data were obtained from the Baoqing station,
while runoff and precipitation data were retrieved from China’s Hydrological Yearbook,
Heilongjiang River Basin Hydrological Data volume 1. There was a lack of measured flow
data from early December to March and April due to the freezing and severing of rivers in
winter. In this paper, any missing data were recorded as 0. According to the data collected
at rain-measuring and flow stations, the continuity of these two kinds of data is poor and
can only be synchronized with meteorological data from 1997 to 2001.

Table 1. The area proportion of eight land cover types.

No. Land Cover Types Area Proportion of Each Land Cover Type/%

1 Deciduous coniferous forests 0.96
2 Deciduous broad-leaved forests 10.60
3 Mixed forests 45.75
4 Forests 0.05
5 Grasslands 5.55
6 Arable land 36.42

7 Urban and built-up areas and
cultivated land 0.05

8 Natural vegetation mosaic areas 0.63
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3.2. Model Method
3.2.1. Description of the Grid-Based Sacramento (GSAC) Model

The GSAC model was adopted for the calculation of runoff, infiltration and evapo-
transpiration. The GSAC model calculates the spatiotemporal distribution of hydrological
variables within a basin at a defined grid resolution. The GSAC model simulates canopy
interception, snowfall and snowmelt and simplifies the components of actual evapotran-
spiration (ET) and runoff. HWSD data can be used to determine most of the parameters,
and the remaining parameters can be determined by the algorithm. In general, the GSAC
model can be driven using only DEM, land cover, NDVI, precipitation, and meteorological
data, and the model does not have high input data requirements and can be used for the
simulation of hydrological processes in cold areas [23]. The GSAC model was employed to
simulate the flow process at the outlet section of the basin under cultivated land change,
coupled with the regional ecological water demand problem. Table 2 lists the eleven
parameters of the model.

Table 2. GSAC model parameters.

No. Parameter Description

1 UZTWM The upper layer tension water capacity, mm
2 UZFWM The upper layer free water capacity, mm

3 UZK Interflow depletion rate from the upper layer free water
storage,

4 LZTWM The lower layer tension water capacity, mm

5 PFREE Percolation fraction that goes directly to the lower layer
free water storage

6 LZFSM The lower layer supplemental free water capacity, mm
7 LZFPM The lower layer primary free water capacity, mm

8 LZSK Depletion rate of the lower layer supplemental free water
storage

9 LZPK Depletion rate of the lower layer primary free water
storage

10 REXP Shape parameter of the percolation curve
11 ZPERC Ratio of maximum and minimum percolation rates

3.2.2. Calibration of The GSAC Model Parameters

Free Search (FS) is a group-based optimization algorithm [36]. In this paper, the
Nash–Sutcliffe model efficiency coefficient (NSEC) [37] was used as objective function
for calibrating model parameters, with 0 ≤ NSEC ≤ 1 as the constraint condition, and
FS was used to calibrate the parameters. Data from 1997 to 1999 were selected, and the
parameters of the GSAC model were calibrated with the FS algorithm. Data from 2000 to
2001 were employed to validate the model simulations. The model was tested in regard
to the suitability of the determined parameters (1997–2001) for the change in land cover
conditions, minimum flow rate at the beginning of each year, and basin grid. The initial
values of various variables such as the soil wilting point, water storage quantity, canopy
interception volume, and two-layered free water storage were set to zero. The parameters
of the GSAC model determined by the FS algorithm are listed in Table 3. According to
the parameter calibration results, flow simulation results during the test and validation
periods were obtained, as shown in Figures 3 and 4, respectively.

NSEC = 1 −

n
∑

i=1
(Qobs,i − Qsim,i)

2

n
∑

i=1
(Qobs,i − Qobs)

2
(1)
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where NSEC is the efficiency coefficient of the Nash–Sutcliffe model; Qobs,i is the measured
flow on day i, m3·s−1; Qsim,i is the simulated flow on day i, m3·s−1; is the mean value of
the measured flow series, m3·s−1.

Table 3. Parameter calibration results of the GSAC model.

Parameter Unit Description Lower
Limit

Upper
Limit Value

PZup N/A Zup adjustment coefficient 0 5 4.2923
PUZTWM N/A UZTWM adjustment coefficient 0.70 1.30 1.0331
PUZFWM N/A UZFWM adjustment coefficient 0.70 1.30 0.9847

PUZK N/A UZK adjustment coefficient 0.70 1.30 0.9180
PLZTWM N/A LZTWM adjustment coefficient 0.70 1.30 1.2536
PPFREE N/A PFREE adjustment coefficient 0.70 1.30 0.8117
PLZFSM N/A LZFSM adjustment coefficient 0.70 1.30 1.1171
PLZFPM N/A LZFPM adjustment coefficient 0.70 1.30 0.8092
PLZSK N/A LZSK adjustment coefficient 0.70 1.30 1.0234
PLZPK N/A LZPK adjustment coefficient 0.70 1.30 0.9808
PREXP N/A REXP adjustment coefficient 0.70 1.30 1.0821
PZPERC N/A ZPERC adjustment coefficient 0.70 1.30 1.0232

Tsr
◦C Air temperature threshold −10 10 2.9942

Mf
mm ◦C−1

day−1 Degree-day factor 0 12 2.5245

CI N/A Interflow storage recession
coefficient 0 1 0.8145

CB N/A Base flow storage recession
coefficient 0 1 0.9457

K N/A Muskingum method storage
coefficient 0 24 22.3690

x N/A Muskingum method weighting
factor 0 0.5 0.0150
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Figures 3 and 4 show the simulated flow results, which are in good agreement with the
flow observations. NSEC values of the test and validation periods were calculated, and the
NSEC values of the test period from 1997 to 1999 were 0.8086, 0.7607, and 0.5564, and the
NSEC values of the validation period from 2000 to 2001 were 0.6416 and 0.6826. According
to the Standard of Hydrological Information and Forecasts issued by the Ministry of Water
Resources of China, the simulation accuracy of the 1997 and 1998 models is class b and
that of the other 3-year models is class c, which suitably reproduces the measured flow
process in the section of the Baoqing station. Referring to the model parameterization
results (Figures 3 and 4), the GSAC model can be used to study the response of the outlet
section discharge to the cultivated land change in the Baoqing watershed.

4. Runoff Simulation Analysis under Farmland Change
4.1. Scenario Setting of Farmland Change

Deciduous coniferous forests and grasslands occupy a small proportion of the area in the
research basin. Therefore, when setting the scenarios of the return of farmland to forestland
and grassland, only part of the cultivated land is considered to be converted into these two
types of land cover. The slope range of the farmland returned to forestland in Heilongjiang
Province is between 15◦ and 25◦. For example, it has been stipulated in certain documents
that the return of farmland to forestland in Heilongjiang Province mainly focuses on steeply
sloping farmland with a slope larger than 25◦, sloping farmland with serious soil erosion
and an important ecological status, and farmland with severe desertification. The Hengshan
District in Jixi City focuses on the conversion of farmland into forestland with wasteland
prioritized and half of the mountainous area and steeply sloping farmland with a slope larger
than 15◦. Hulin city plans to return 1153 mu of sloping farmland with a slope above 15◦ to
forestland during the 12th five-year plan period. Referring to the considered slope in these
areas, this paper chooses cultivated land with a slope ranging from 15◦ to 25◦ as the research
object of the land cover change simulations, and a total of eight land cover change scenarios
(please refer to Table 4 and Figure 5) are designed.

Table 4. Eight land cover change scenarios.

Change Description of Land Cover/Change Scenarios

Scenario 0 The actual land cover situation and its spatial distribution
Scenario 1 The cultivated land with a slope above 15◦ is returned to grassland
Scenario 2 The cultivated deciduous coniferous forest with a slope above 15◦

Scenario 3 The cultivated land with a slope above 25◦ is returned to grassland
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Table 4. Cont.

Change Description of Land Cover/Change Scenarios

Scenario 4 The cultivated deciduous coniferous forest with a slope above 25◦

Scenario 5
The cultivated land with a slope between 15◦ and 25◦ is returned to
grassland, while cultivated land with a slope above 25◦ is returned to

deciduous coniferous forest
Scenario 6 All the arable land is returned to grassland
Scenario 7 All the cultivated land is returned to coniferous forest
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4.2. Runoff Simulations under the Various Land Use/Cover Change Scenarios

The GSAC model was applied to simulate the runoff in different years under the
various scenarios, and the results are listed in Table 5 and shown in Figure 6.

Table 5. Baoqing station flow simulation results under the different land cover change scenarios;
unit: 108 m3.

Change Scenarios 1997 1998 1999 2000 2001 Average

Scenario 0 4.792 2.897 2.521 3.581 1.822 3.123
Scenario 1 5.481 4.020 3.336 4.573 2.704 4.023
Scenario 2 5.091 3.443 2.831 3.945 2.219 3.506
Scenario 3 5.086 3.375 2.873 4.000 2.197 3.506
Scenario 4 4.916 3.123 2.651 3.728 1.987 3.281
Scenario 5 5.310 3.769 3.113 4.301 2.494 3.797
Scenario 6 6.267 5.391 4.295 5.837 3.825 5.123
Scenario 7 5.432 4.134 3.230 4.431 2.743 3.994
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Figure 6 shows the different simulated daily flow dynamics (1997 to 2001) under
the various cultivated land change scenarios. The annual runoff under various scenarios
(Table 5) varies greatly. Compared with the control “scenario 0”, the annual runoff of
scenarios 1–7 showed an increasing trend, within a range of 5.07–64.05%. Among them,
the growth under scenario 6 involving the conversion of all arable land into grassland was
the largest, followed by scenario 1 involving the return of arable land with a slope larger
than 15◦ to grassland, and the smallest increase occurred under scenario 4 involving the
return of cultivated land with a slope larger than 25◦ to deciduous coniferous forest.

Through the runoff simulations in the Baoqing River Basin, it is found that for the
same area of farmland returned to grassland, the flow rate increase caused by the return of
farmland to grassland is larger than that caused by the return of farmland to forestland.
From the perspective of the watershed topography, the smaller the slope of the farmland
returned to grassland or forestland is, the higher the flow rate in the outlet section of the
watershed. This occurs because more cultivated land is replaced by grassland or deciduous
coniferous forest when a small slope is chosen.

4.3. Land Use/Cover Mode Suitable for the Development of Watershed Water Resources

According to Section 4.2, scenario 6 demonstrates the greatest influence on runoff.
However, it is unlikely that this river basin will become a major Chinese grain-producing
area. Cultivated land is expected to remain the main land use/cover in this region, based
on the real practice of societal production. Considering the actual human production and
life needs, cultivated land, as a kind of basic production resource, should not be completely
converted into other land cover types. Hence, scenario 6 in this article, under the given nu-
merical simulation conditions, only has a certain reference function. Under the conditions
of following the national policies and regulations on the return of farmland to forestland
and grassland, scenario 1 represents a desirable land-use model promoting runoff increase
in this river basin. When the other land use/cover patterns remain unchanged, reducing
the cultivated land area and increasing the grassland area could not only facilitate the
development of water resources in the watershed but could also play a corresponding role
in improving the local ecological environment and facilitating the development of animal
husbandry. The suitable land use/cover patterns for the development of water resources
in the basin are summarized in Table 6.
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Table 6. Land cover types suitable for the development of water resources.

Land Cover Code Name of the Land Cover Proportion of the Basin Area/%

3 Deciduous needle leaf forests 0.96
4 Deciduous broad leaf forests 10.60
5 Mixed forests 45.75
8 Woody savannas 0.05
10 Grasslands 20.26
12 Croplands 21.70
13 Urban and built-up areas 0.05

14 Croplands/other areas with
vegetation mosaic 0.63

4.4. Land Use/Cover Mode Applicable to the Ecological Water Demand

The ecological environmental water demand of the watershed needs to be deter-
mined, and the R2Cross method and Tennant method are usually used. While the R2Cross
method [38] is based on the Manning equation, the Tennant method [39] takes the per-
centage of predetermined average annual discharge as the recommended river discharge,
which is suitable for areas with a lack of ecological data [36]. Both calculations show that
there is excellent condition for aquatic life growth when the flow reaches 30% of the average
annual flow.

The discharge results during the dry season simulated with grid and the distributed
hydrological model in cold regions under the different land cover change scenarios are
summarized in Table 7. For convenience, the measured discharge during the dry season is
included in the table.

Table 7. Baoqing station flow under the different land cover change scene simulation scenarios; unit: m3/s.

Change
Scenarios Measured Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7

Average
flow rate 0.62 0.81 0.69 0.72 0.68 0.77 0.96 0.73

Similar to the changes in the trend of the annual runoff, the flow under the various
simulation scenarios is higher than the measured flow during the dry season, where
the corresponding flows under both simulation scenarios 1 (returning farmland with
a slope exceeding 15◦ to grassland) and 6 (converting farmland into grassland) exceed
the ecological water demand estimated by the Tennant method (30%). Considering that
scenario 6 only represents a simulation, it is difficult to realize in reality. Therefore, the
land cover conditions represented by scenario 1 are more suitable for the ecological water
demand development requirements of the Baoqing River Basin.

In summary, scenario 1 is not only in line with the development of water resources in
this basin but also meets the ecological water demand of this basin. Therefore, scenario 1 is
determined to be the appropriate land use/cover mode in this region.

5. Discussion

The influence of land use/cover on runoff in different regions showed different results.
Li Jia et al. studied the impact of land use/land cover scenario changes on runoff in the
source region of the Yangtze River [40], the result showed runoff decreased 16.7% under
the situation of forest and grass land covering the whole area of the basin; runoff increased
16.1% when the forest and grass land area changed into sand land and bare land; runoff
increased 28.4% when there were no forest and grass land; runoff increased 5.6% when
forest and grass land grew perfectly. Increase of forestland and grassland made the runoff
decrease and the increase of sand and bare land led to a rise of runoff.
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Jia Jing and Shi Xiaoli took Qinhuangdao area as an example to discuss the impact of
land use/cover change on regional runoff [41], and the results show that the rapid increase
of cultivated land and the decrease of forest and bare land resulted in the increase of annual
average runoff by 4.79%; the increase of forest land and the decrease of cultivated land
and bare land resulted in a decrease of the average annual runoff by 3.32%; the urban
construction land increased significantly, and the cultivated land and forest decreased,
resulting in an average annual runoff increase of 2.62%. The increase of cultivated land
and urban construction land can increase the runoff to different degrees, while the forest
land can conserve water and reduce the runoff.

The study results of this paper show that the return of cultivated land to grassland
on slopes steeper than 15◦ leads to an increase of the average annual runoff by 29%; the
cultivated land being returned to deciduous coniferous forest on slopes steeper than 15◦

results in an increase of average runoff over the years by 12%; the cultivated land on
slopes steeper than 25◦ being returned to grassland causes an increase in average runoff
over the years by 12%; the cultivated land on slopes steeper than 25◦ being returned to
deciduous coniferous forest results in an increase in average runoff over the years by 5%;
the cultivated land on slopes between 15◦ and 25◦ being returned to grassland, and the
cultivated land with on slopes over 25◦ being returned to deciduous coniferous forest both
result in an increase of average runoff over the years by 22%; the cultivated land being
completely changed into grassland results in an increase of average runoff over the years
by 64%; the cultivated land being completely changed into coniferous forest causes an
increase of average runoff over the years by 28%.

According to the simulation results, the increase of the area of farmland converted
to forest and grassland in the study area leads to an increase of the average runoff over
the years, which is contrary to the data in other study areas. The reason may be that the
evapotranspiration of cultivated land in the study area is greater than that of grassland
and woodland.

6. Conclusions

The parameters of the GSAC model are calibrated via the simulation of the flow
process in the cold and important Baoqing River Basin. During the calibration period from
1997 to 1999, the NSEC values were 0.8086, 0.7607, and 0.5564, and during the validation
period from 2000 to 2001, the NSEC values were 0.6416 and 0.6826. The simulation
precision is high, and the daily flow process from 1997 to 2001 in the river basin is suitably
reproduced. The GSAC model reveals a good applicability in this watershed.

The conversion of cultivated land into grassland could cause an increase in the annual
runoff over the control situation. The increase ranges between 5.07 and 64.05%, and the
flow rate under the scenario involving the conversion into grassland is high. The influence
of grassland and forestland and the watershed outlet runoff distribution shows a negative
correlation between the slope and discharge. The lower the gradient threshold of returning
arable land to forest or grassland, the more arable land will be replaced by grassland or
deciduous coniferous forest, resulting in more water production in the watershed.

There is a large difference in the average annual runoff among the various simulation
scenarios. For the same area in the Baoqing River Basin, the conversion of farmland into
grassland imposes a greater impact on the flow rate than does the conversion of farmland
into forestland. A comparison of the scenarios indicates that the average annual runoff
simulated under scenario 6 is the highest. Considering its practical significance, scenario 1
represents the appropriate land use mode to increase the runoff in the river basin under
the conditions of following the national policies and regulations on the return of farmland
to forestland and grassland. When the other land use/cover patterns remain unchanged,
reducing the cultivated land area and increasing the grassland area are not only conducive
to the development of water resources in the watershed but also play a corresponding role
in improving the local ecological environment and facilitating the development of animal
husbandry.



Sustainability 2021, 13, 6264 13 of 14

The GSAC hydrological model was applied to simulate the runoff under different
LUCC scenarios, and the flow during the dry season at the Baoqing station was determined.
The results show that the average annual discharge of the watershed after the conversion
of cultivated land to grassland with slopes steeper than 15◦ could meet the ecological water
demand of the region and the actual demand of cultivated land area for stable crop yield
in the study area. This result has some guiding significance for the rational planning of
land use pattern in the alpine watershed.
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