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Abstract: Water conservation is crucial for sustainable ecosystem development in loess gully regions.
The redlines of permanent basic farmland protection and ecological protection are key land use
control zones in China, yet their impact on water conservation is understudied. The study focuses
on Yan’an and constructs three scenarios: natural development (NDS), farmland protection (FPS),
and ecological protection (EPS). Then, land use simulation for the three scenarios in 2025, 2030, and
2035 is carried out using the patch-generating land use simulation model. Finally, the integrated
valuation of ecosystem services and trade-offs model is combined to calculate water conservation.
The findings suggest the following: (1) From the temporal perspective, the water conservation of the
three scenarios exhibits an incremental trend by period from 2025 to 2035, with an annual growth
rate of approximately 0.65‰ for the NDS, 0.60‰ for the FPS, and 0.64‰ for the EPS. (2) From the
scenario perspective, from 2025 to 2035, the annual water conservation under the FPS is 0.35‰ less
than that under the NDS, while the impact of the EPS is weak at only ±0.1‰. (3) Across all scenarios,
the average water conservation depth of grassland surpasses that of forestland. This study provides
scientific evidence to help optimize China’s land space governance policy as well as methodological
and theoretical support for related studies.

Keywords: permanent basic farmland protection redline; ecological protection redline; water
conservation; PLUS model; inVEST model; loess gully region

1. Introduction

Water conservation, as an important service function of terrestrial ecosystems, is a
critical indicator for assessing the status of regional ecosystems [1,2]. In China, especially
in loess gully regions with a fragile ecological environment and severe soil erosion, water
conservation is indispensable for maintaining the regional ecological balance, preventing
soil erosion, and underpinning economic development [3].

Reasonable land use policies are an effective approach to optimizing water conserva-
tion [4]. Thus, identifying the trends in ecosystem service changes induced by land use
policies forms the scientific basis for policy optimization [5]. Relevant studies indicate
that while land use policies may enhance certain services, they may also entail adverse
consequences [6,7]. For instance, farmland consolidation may lead to issues such as soil and
water pollution and biodiversity reduction [8,9]. Moreover, afforestation, despite its carbon
sequestration benefits, might reduce water yield [10]. Therefore, the potential trade-offs
between the ecosystem services provided by these policies and other services should be
assessed across spatial and temporal scales [11].

Since November 2019, the Chinese government has promulgated the Guiding Opinions
on Coordinating and Implementing Three Control Lines in National Spatial Planning, which
strictly regulates land use conversions within the designated control areas. Although
China’s permanent basic farmland protection redline (PBFPR) and ecological protection
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redline (EPR) were comprehensively delineated around 2017, these areas have been ad-
justed and redefined multiple times due to overlapping conflicts and implementation
challenges [12–16]. Since 2020, these policies have become crucial elements in the spatial
governance of the loess gully region and have been stringently enforced in practice.

While providing ecosystem services such as food supply and carbon sequestration, the
policies of the permanent basic farmland protection redline and the ecological protection
redline may also have profound impacts on water conservation services. Currently, research
on these two redlines primarily focuses on the optimization of policy formulation [14,17–19]
and delineation techniques [20–22]. In terms of policy impact assessment, many scholars
concentrate on how farmland and ecological protection policies alter land use demands
and how the changes in land use demands further affect ecosystem services [23–27]. In
recent years, some studies have started to explore the impact of implementing the EPR on
ecosystem services. For instance, Guo et al. evaluated the EPR in Guizhou Province and
found that although the redline significantly reduced soil erosion and enhanced carbon
sequestration, it may also lead to reduced water yield [12]. Nevertheless, research on the
impacts of the PBFPR and EPR on water conservation remains insufficient, particularly in
the unique loess gully region. Water conservation in this region is crucial for the sustainable
development of the ecosystem.

Research on the impact of land use policies on ecosystem services often relies on
land use simulation models to assess changes in ecosystem services. Commonly used
land use change simulation models include the cellular automaton (CA) model [28,29],
the CLUE-S model [30], the land transformation model (LTM) [31], the future land use
simulation (FLUS) model [32,33] and the patch-generating land use simulation (PLUS)
model [23,25,34]. For evaluating ecosystem services related to water conservation, notable
models include the integrated valuation of ecosystem services and trade-offs (InVEST)
model, the soil and water assessment tool (SWAT), and the artificial intelligence model
of ecosystem services (ARIES). Studies have shown that the PLUS model offers higher
simulation accuracy compared with other models [35,36]. Both the SWAT and InVEST
models provide similar reference frameworks that can guide management and policy
formulation [37]. The InVEST model is more suitable for the assessment of the influence of
land use change on multiple ecosystem services [38]. Thus, the PLUS model is combined
with the InVEST model with the purpose of obtaining the water yield. Meanwhile, the
velocity coefficient, the terrain index, and the soil saturated hydraulic conductivity are
adopted for calculating the water conservation.

Yan’an, as a typical loess gully region with broken topography and loose soil, is sus-
ceptible to water and wind erosion. Thus, there is a need to focus on its soil and water
conservation. Consequently, this study selects Yan’an as the representative area. The
specific objectives include: (1) simulating the land use in Yan’an in the natural development
scenario (NDS), permanent basic farmland protection scenario (FPS), and ecological protec-
tion scenario (EPS) in 2025, 2030, and 2035; (2) calculating the spatial distribution of water
yield and water conservation in Yan’an under these three scenarios in 2025, 2030, and 2035;
and (3) investigating the impact of the PBFPR and the EPR on water conservation. The main
contributions of this study include three aspects. First, it offers a basis for the optimization
of land use policy zoning and water resource management in Yan’an. Second, it offers
scientific support for the optimization of land use policies in the loess gully region. Third,
it furnishes methodological references for simulating land use policies in other regions.

2. Materials and Methods
2.1. Study Area

As presented in Figure 1, Yan’an City is located in the northern part of Shaanxi
Province, China, and is situated in the middle reaches of the Yellow River. It is a key
area for soil and water conservation in the middle reaches of the Yellow River. It has
jurisdiction over 13 districts and counties, with a total area of 37,000 square kilometers.
The terrain is predominantly characterized by ridges and gullies, with an overall fragile
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ecological environment and water resource scarcity. Between 2006 and 2022, the annual
average precipitation was 554.9 mm, while the annual average potential evaporation was
1060.9 mm.

Land 2024, 13, x FOR PEER REVIEW 3 of 16 
 

soil and water conservation in the middle reaches of the Yellow River. It has jurisdiction 
over 13 districts and counties, with a total area of 37,000 square kilometers. The terrain is 
predominantly characterized by ridges and gullies, with an overall fragile ecological en-
vironment and water resource scarcity. Between 2006 and 2022, the annual average pre-
cipitation was 554.9 mm, while the annual average potential evaporation was 1060.9 mm. 

Yan’an City implements the strictest controls over the three control lines. In urban-
ized areas, the focus is on balancing development and conservation to guide the efficient 
concentration of economic, population, and innovation resources and to accelerate new-
type industrialization and urbanization. In agricultural production areas, the policy pri-
oritizes protection before development, with the primary aim of safeguarding farmland. 
In ecological function zones, the emphasis is on protecting the ecological environment 
while supporting the gradual and orderly migration of the population. 

 
Figure 1. Location of the study area. 

2.2. Data and Parameter Processing 
Table 1 presents the foundational data for the PLUS model, while Table 2 outlines the 

basic data for the InVEST water yield module and the water conservation model. All raster 
data were resampled to a spatial resolution of 30 m using the ArcGIS Pro 3.0 software. 

The foundational data for the PLUS model primarily include land use data, driving 
factor data, and spatial control data: 
(1) Land use data: These data are obtained from the Resource and Environmental Sci-

ence and Data Center of the Chinese Academy of Sciences and encompass 6 first-level 
types and 25 second-level types, with an overall accuracy of more than 90%. For sim-
plification, some second-level types with smaller areas were merged into first-level 
types to form a final total of 6 first-level types and 16 second-level types. These spe-
cific types are as follows: cultivated land, which includes paddy fields (PF) and dry 
land (DL); forest land, which includes woodland (WL), shrub land (SHL), sparse 
woodland (SWL), and other woodland (OWL); grassland, which includes high-cov-
erage grassland (HCG), medium-coverage grassland (MCG), and low-coverage 
grassland (LCG); water areas, which include rivers and ditches (RD), lakes (LK), res-
ervoirs and ponds (RP), and floodplains (FLP); construction land, which includes ur-
ban construction land (UCL) and rural residential land (RRL); and unused land 
(UNL). 
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Yan’an City implements the strictest controls over the three control lines. In urbanized
areas, the focus is on balancing development and conservation to guide the efficient con-
centration of economic, population, and innovation resources and to accelerate new-type
industrialization and urbanization. In agricultural production areas, the policy prioritizes
protection before development, with the primary aim of safeguarding farmland. In eco-
logical function zones, the emphasis is on protecting the ecological environment while
supporting the gradual and orderly migration of the population.

2.2. Data and Parameter Processing

Table 1 presents the foundational data for the PLUS model, while Table 2 outlines the
basic data for the InVEST water yield module and the water conservation model. All raster
data were resampled to a spatial resolution of 30 m using the ArcGIS Pro 3.0 software.

Table 1. Foundational data for the PLUS model.

Data Spatial Resolution Year Data Resource

Land Use 30 m 2010, 2015, 2020 https://www.resdc.cn/
(accessed on 17 January 2024)

Dem 30 m 2019 http://www.gscloud.cn/
(accessed on 16 January 2024)

Slope 30 m 2019 http://www.gscloud.cn/
(accessed on 16 January 2024)

Annual Precipitation 1000 m 2020 https://data.tpdc.ac.cn/
(accessed on 26 January 2024)

Annual Evapotranspiration 1000 m 2020 https://data.tpdc.ac.cn/
(accessed on 26 January 2024)

Annual Mean Temperature 1000 m 2020 https://data.tpdc.ac.cn/
(accessed on 26 January 2024)

https://www.resdc.cn/
http://www.gscloud.cn/
http://www.gscloud.cn/
https://data.tpdc.ac.cn/
https://data.tpdc.ac.cn/
https://data.tpdc.ac.cn/
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Table 1. Cont.

Data Spatial Resolution Year Data Resource

Population - 2020 Yan’an Statistical Yearbook
GDP - 2020 Yan’an Statistical Yearbook

Distance from Roads of
Various Levels - 2020 https://www.resdc.cn/

(accessed on 26 January 2024)

PBFPR - -
Yan’an Municipal Fourteenth Five-Year Plan for

National Economic and Social Development and the
Long-Range Objectives through to the Year 2035

EPR - -
Yan’an Municipal Fourteenth Five-Year Plan for

National Economic and Social Development and the
Long-Range Objectives through to the Year 2035

Table 2. Foundational data for the InVEST model and the water conservation model.

Data Spatial Resolution Year Data Resource

Average Annual Precipitation 1000 m 2006–2022 https://data.tpdc.ac.cn/
(accessed on 26 January 2024)

Average Annual
Evapotranspiration 1000 m 2006–2022 https://data.tpdc.ac.cn/

(accessed on 26 January 2024)
Root-restricting Layer Depth 1000 m 2020 [39]

Plant-available Water Content 250 m 2017 https://data.isric.org/
(accessed on 7 February 2024)

Biophysical Table - - [40,41]
Flow Velocity Coefficient - - [42,43]

Soil Saturated
Hydraulic Conductivity 250 m 2020 https://www.futurewater.eu/projects/hihydrosoil/

(accessed on 06 March January)

The foundational data for the PLUS model primarily include land use data, driving
factor data, and spatial control data:

(1) Land use data: These data are obtained from the Resource and Environmental Science
and Data Center of the Chinese Academy of Sciences and encompass 6 first-level
types and 25 second-level types, with an overall accuracy of more than 90%. For
simplification, some second-level types with smaller areas were merged into first-level
types to form a final total of 6 first-level types and 16 second-level types. These specific
types are as follows: cultivated land, which includes paddy fields (PF) and dry land
(DL); forest land, which includes woodland (WL), shrub land (SHL), sparse woodland
(SWL), and other woodland (OWL); grassland, which includes high-coverage grass-
land (HCG), medium-coverage grassland (MCG), and low-coverage grassland (LCG);
water areas, which include rivers and ditches (RD), lakes (LK), reservoirs and ponds
(RP), and floodplains (FLP); construction land, which includes urban construction
land (UCL) and rural residential land (RRL); and unused land (UNL).

(2) Driving factor data: There are two topographic factors, namely dem and slope; three
climate factors, namely annual precipitation, annual potential evapotranspiration,
and annual average temperature; and eight socioeconomic factors, namely popu-
lation, GDP, and the Euclidean distance to railways, highways, provincial roads,
county roads, township roads, and county governments. The location data for county
government offices were obtained using the reverse geocoding tool from Baidu Maps.

(3) Spatial control data: This involves the permanent basic farmland protection redline
(PBFPR), the ecological protection redline (EPR), as well as the urban development
boundary (UDB).

2.3. Research Method

The study establishes three scenarios: the natural development scenario (NDS), the
permanent basic farmland protection scenario (FPS), and the ecological protection scenario

https://www.resdc.cn/
https://data.tpdc.ac.cn/
https://data.tpdc.ac.cn/
https://data.isric.org/
https://www.futurewater.eu/projects/hihydrosoil/
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(EPS). In accordance with the spatial distribution of land use, water yield, and water con-
servation under the different scenarios in 2025, 2030, and 2035, the impact of implementing
the PBFPR and EPR in the loess gully region is evaluated. The specific research framework
can be found in Figure 2.
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2.3.1. The PLUS Model and Scenario Design

1. Land expansion strategy analysis

First, the transition data for various land uses from 2010 to 2015 were extracted. Then,
the Land Expansion Analysis Strategy (LEAS) module was used to adopt the random forest
algorithm to mine the driving factors of land transfer from the changing land use, and the
development probability of each type of land use and the contribution of its driving factors
were calculated. In this study, the sample sampling rate was defined as 0.1, the number of
regression trees was 20, and the mTry number was 13.

2. Land demand prediction

To avoid interference in the evaluation results due to differences in land area demand
under different scenarios, this study ensures that the goal of the land area demand is
identical across the three scenarios. The Markov chain model was adopted for simulating
land use demands for the years 2020, 2025, 2030, and 2035.

3. Land use simulation

In the CARS module, the simulation of land patch generation is carried out through
combining random seed generation with a threshold decreasing mechanism. In this study,
the neighborhood size was set to 3, the patch generation threshold to 0.5, the expansion
coefficient to 0.1, and the percentage of random seeds to 0.0001. Based on the land ex-
pansion areas from 2015 and 2020, the neighborhood weights for each land type were
calculated (Formula (1)), and the land use conversion matrix was set, where 0 represents
non-convertible and 1 represents convertible.

Hi =
|TAi − TAmin|

TAmax − TAmin
(1)
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where Hi denotes the neighborhood weight of the i-th land type, TAi is the i-th land use
transfer area, and TAmin and TAmax denote the minimum and maximum transition areas
among all the land use types, respectively.

The “conversion restriction area” and “development zone” were set, with water
bodies set as restricted areas (value 0), areas within the urban development boundary set
as development zones (value 2), and all other areas assigned a value of 1. The development
weight for the development zones was set to 0.5, and the development type was urban
construction land code 14. Based on the land use data in 2015, this model successfully
simulated the land use in 2020 (Figure 3), and the model’s effectiveness was validated
through accuracy verification, showing a Kappa coefficient of 0.85 and an overall accuracy
of 88.31%.
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4. Scenario design

This study sets three scenarios (Table 3). In the natural development scenario (NDS),
water bodies are designated as restricted areas, while areas within the urban development
boundary are designated as development zones. In the permanent basic farmland pro-
tection scenario (FPS), both water bodies and areas under the PBFPR are designated as
restricted areas, while areas within the UDB are designated as development zones. In the
ecological protection scenario (EPS), both water bodies and areas under the EPR are desig-
nated as restricted areas, while areas within the UDB are designated as development zones.

Table 3. Scenario design.

Scenario Restricted Zones Development Zones

NDS Water
Areas controlled by the UDBFPS Water, areas controlled by the PBFPR

EPS Water, areas controlled by the EPR

2.3.2. The InVEST Water Yield Model and Water Conservation

1. InVEST water yield model

The InVEST water yield model uses Formula (2) to calculate the water yield using the
principle of the water cycle:

Yj =

(
1 −

AET j

Pj

)
× Pj (2)
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where Yj is the annual water yield (mm); Pj is the annual average rainfall (mm); AETj
is the annual actual evapotranspiration (mm). The AETj of the vegetation land use type
is calculated using Formula (3), and the AETj of other land types is calculated using
Formula (4).

AET j

Pj
=

1 + PET j

Pj
−

1 +

(
PET j

Pj

)Wj
 1

Wj

(3)

AET j = MIN
(

PET j, Pj
)

(4)

where PETj is the potential evapotranspiration (mm), calculated using Formula (5); and Wj
represents a dimensionless parameter that accounts for natural climatic and soil character-
istics, calculated using Formula (6).

PET j = KCij × ET0j (5)

Wj = Z
AWCj

Pj
+ 1.25 (6)

where ET0j is the evapotranspiration (mm); KCij denotes the plant evapotranspiration
coefficient of land type i on grid j; AWCj refers to the effective soil water content (%); and Z
refers to the Zhang coefficient, which ranges from 1 to 30. According to the Yan’an Water
Resources Bulletin, the average total water resource in Yan’an is 1.335 billion cubic meters.
By inputting the multi-year average precipitation and evapotranspiration into the InVEST
model and setting Z to 4.3, the calculated average total water resources for 2010, 2015, and
2020 is 1.373 billion cubic meters. This value closely approximates the average total water
resources reported for Yan’an.

2. Water conservation model

Relevant research indicates that water conservation is not only closely related to water
yield but is also influenced by the soil characteristics, topography, and surface roughness. To
fully account for the complex topographical features and spatial variability in the loess hilly
region, this study first estimates water yield using a water yield module, and then calibrates
this estimate by incorporating the topographic conditions, soil physical properties, and
flow velocity. The final water conservation amount is calculated using Formula (7) [38,44]:

WRj = MIN

(
1,

249
Velij

)
×
(

1,
0.9 × Tj

3

)
×
(

1,
Ksatj

300

)
× Yj (7)

Tj = log
(

Drainage Area
Soil Depth × Percent Slope

)
(8)

where WRj represents the water conservation amount (mm); Ksatj represents the soil
saturated hydraulic conductivity (mm/d); and Velij is the velocity coefficient of land type
i on grid unit j. Tj is the terrain index, which is dimensionless and calculated using
Formula (8), and Yj is the water yield, calculated via Formula (2). Given the significant
alterations or degradation often associated with urban construction land, rural residential
areas, and unused land, these parcels are set to Nodata. Drainage Area is the number of
catchment grids, dimensionless; Soil Depth represents the soil depth (mm); and Percent Slope
represents the percentage slope.

3. Results
3.1. Analysis of Land Use under Multiple Scenarios
3.1.1. Characteristics of Land Use Change from 2010 to 2035

Figure 4 illustrates the changes in the area in the various land use types from 2010
to 2035. Among the land use types that increased, medium-coverage grassland exhibited
the largest growth, reaching 1194.92 square kilometers. This was followed by urban
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construction land, which increased by 104.50 square kilometers. Other land types such as
reservoirs and ponds, unused land, rivers and ditches, other woodlands, floodplains, and
lakes also increased, though to a smaller extent. Conversely, among the land use types that
decreased, dry land experienced the most significant reduction, shrinking by 578.82 square
kilometers. This was followed by shrubland, which decreased by 381.82 square kilometers,
and high-coverage grassland, which declined by 218.05 square kilometers. Additionally,
low-coverage grassland, sparse woodland, woodland, rural residential land, and paddy
fields also decreased, though to a smaller extent.
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3.1.2. Characteristics of Land Use Transfer

Figure 5 presents the proportion of the total land use transition area occupied by
each land type. Across all three scenarios, there is a notable transition from dry land and
shrubland to medium-coverage grassland. The combined transfer-out ratio of dry land
and shrubland is approximately 45%, while the transfer-into ratio of medium-coverage
grassland is also around 45%. Under the FPS, the transfer ratio of cultivated land is lower
compared with that in the NDS. In the EPS, the transfer ratio of forest land is lower than that
in the NDS. According to Figure 6, the spatial transition patterns of dry land, shrubland,
and medium-coverage grassland are similar across the three scenarios.
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3.2. Analysis of Water Yield and Water Conservation under Multiple Scenarios
3.2.1. Spatial Distribution of Water Yield and Water Conservation

As shown in Figure 7, the spatial distribution patterns of water yield and water
conservation are similar across the three scenarios. The PBFPR and the EPR have a minimal
effect on the spatial distribution pattern of water conservation in the study area. Clearly,
the high values of water yield and water conservation are mainly distributed in areas
with a drought index ranging from 0.501 to 0.550, while the low values of water yield and
water conservation are mainly distributed in areas with a drought index of 0.375–0.450 and
0.551–0.650.
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3.2.2. Water Yield Impact Analysis

Table 4 shows the changes in water yield in the time dimension and the multi-
scenario dimension. In the time dimension, the water yield exhibits a trend of gradual
increase. Under the NDS, the water yield increases from 1.392042 billion cubic meters in
2025 to 1.404349 billion cubic meters in 2035. In the FPS, the water yield increases from
1.391935 billion cubic meters in 2025 to 1.404342 billion cubic meters in 2035. Under the
EPS, the water yield increases from 13.92007 billion cubic meters in 2025 to 14.04881 billion
cubic meters in 2035.
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Table 4. Water yield under multiple scenarios.

Year
Volume (×108 m3)

NDS FPS EPS

2020 13.83404 13.83404 13.83404
2025 13.92042 13.91935 13.92007
2030 14.00243 13.99798 14.00096
2035 14.04349 14.04342 14.04881

In the multi-scenario dimension, the water yield in the natural development scenario
is consistently higher than that in the permanent basic farmland protection scenario across
all periods. The latter scenario shows a decrease of approximately 0.1‰ on average per
year compared with the former.

3.2.3. Water Conservation Impact Analysis

Table 5 shows the alterations in water conservation in the time dimension and multiple
scenario dimensions. In terms of the time dimension, the average water conservation depth
also shows a trend of gradual increase. Under the NDS, the average water conservation
depth increases from 6.21091 mm in 2025 to 6.25153 mm in 2035. Under the FPS, the
average water conservation depth increases from 6.21035 mm in 2025 to 6.24800 mm in
2035. Under the EPS, the average water conservation depth increases from 6.21157 mm in
2025 to 6.25113 mm in 2035. In the multi-scenario dimension, the water conservation depth
in all three scenarios also exhibits a gradual upward trend. Specifically, the annual growth
rate is approximately 0.65‰ in the NDS, about 0.60‰ in the FPS, and around 0.64‰ in
the EPS.

Table 5. Average water conservation depth under multiple scenarios.

Year
Average Depth (mm)

NDS FPS EPS

2020 6.18275 6.18275 6.18275
2025 6.21091 6.21035 6.21157
2030 6.23698 6.23453 6.23678
2035 6.25153 6.24800 6.25113

In the multi-scenario dimension, the characteristics of the average water conservation
depth are as follows: The average water conservation depth of the NDS is higher than that
of the FPS in each period. Compared with the NDS, the average annual decrease of the FPS
decreases by approximately 0.35‰ per year. The EPS exerts a weak effect on the average
water conservation depth, with variations ranging around ±0.1‰.

Figure 8 presents the average water conservation depth for the various land use
types across the different scenarios, which are ranked as follows: low-coverage grassland,
medium-coverage grassland, high-coverage grassland, dry land, shrubland, woodland,
sparse woodland, other woodland, and paddy fields. The specific values for the average
water conservation depth under the NDS are as follows: paddy fields, 2.80394 mm; dry
land, 5.55039 mm; woodland, 4.27190 mm; shrubland, 4.51460 mm; sparse woodland,
3.99649 mm; other woodland, 2.78409 mm; high-coverage grassland, 5.81327 mm; medium-
coverage grassland, 7.15861 mm; and low-coverage grassland, 8.27530 mm. Under the FPS,
the average water conservation depth of paddy fields and dry land increases, while the
average water conservation depth of high-coverage grassland, medium-coverage grassland,
and low-coverage grassland decreases.
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4. Discussion

At present, hotspots in studies on the PBFPR and EPR mainly focus on the optimiza-
tion of policy construction and demarcation technical methods. However, there is a relative
paucity of studies evaluating the effectiveness of policy implementation. This study quan-
tifies the long-term impacts of the PBFPR and the EPR on a key ecosystem service in the
loess gully region, namely water conservation.

4.1. Discussion of the Impact of the PBFPR and EPR on Water Conservation

The research results indicate that in regions where the drought index ranges from
0.375 to 0.450 and 0.551 to 0.650, the water conservation capacity is relatively low. There is
a strong spatial correlation between the spatial distribution of water conservation services
and the drought index. Previous studies have shown that in the Loess Plateau, precipitation
and vegetation are important factors affecting water conservation [44]. Particularly in arid
regions where water resources are already scarce, afforestation increases evapotranspiration,
and this consumption further exacerbates the water scarcity [45]. In areas with a drought
index between 0.375 and 0.450, the precipitation is relatively low, while in regions with
a drought index between 0.551 and 0.650, the forest cover is relatively high. Therefore,
the reduction in water conservation in these two areas may be primarily attributed to
insufficient precipitation and excessive forest cover, respectively.

The implementation of the policy for the PBFPR has resulted in a decrease in the
overall water conservation service of about 0.35‰. More specifically, the average water
conservation depth of cultivated land has increased, and the average water conservation
depth of grassland has decreased. This may be because permanent basic farmland is mostly
located in land areas with good soil quality and terrain conditions [46]. Restricting the
conversion of these high-quality cultivated lands can suppress the enhancement of water
conservation to a certain extent. Furthermore, related studies have indicated that cultivated
land in the loess gully region exhibits serious fragmentation [47], poor fertility [48], and a
low production potential [49]. Thus, it remains to be seen whether the value of food supply
services provided by the permanent basic farmland protection policy can offset the loss in
water conservation services.



Land 2024, 13, 1424 13 of 16

The implementation of the EPR has a weak effect on water conservation in the study
area. This may be caused by the evaluation models used during the delineation of the eco-
logical redline not adequately considering spatial heterogeneity, resulting in the protected
areas inherently lacking high water conservation capacity. According to the Guidelines
for the Delineation of Ecological Protection Redlines in China, it is recommended that local
governments give priority to the model assessment method. The model assessment method
calculates the water conservation through the water balance equation, where the runoff vol-
ume is determined by applying the corresponding surface runoff coefficient values based
on surface vegetation types. Although vegetation type is a significant factor influencing
the surface runoff volume, it explains less than 50% of the surface runoff coefficients [50].
The surface runoff coefficient comprehensively reflects geological soil and vegetation con-
ditions, and soil characteristics and topography are also important influencing factors [51].
Determining the surface runoff coefficient based only on the surface vegetation type is
likely to cause deviations in the calculation results for areas with complex terrain like the
loess gully region.

The study also indicated that the average water conservation amount of grassland
is greater than that of forest land. Thus, grassland is more suitable for improving water
conservation services in the loess gully region. This conclusion aligns with previous
research findings: some studies utilizing multi-source datasets have demonstrated that
while converting cropland to forest promotes soil retention, it diminishes the ecosystem’s
water conservation services [52]. Other studies have found through meta-analysis that in
areas where farmland is returned to forests, these forests seriously deplete the soil water
content compared with grassland and cultivated land [53]. Additionally, sampling data
indicate that the annual soil water storage capacity of different vegetation types on the Loess
Plateau decreases in the following order: naturally restored grassland, artificial grassland,
cultivated land, artificial shrubland, and artificial woodland [54]. On loess slopes, the
soil moisture in both artificial and natural forest lands is lower than in grasslands [55]. In
addition, related studies have indicated that grasslands can better optimize the trade-off
between maintaining runoff and soil erosion than forests [56].

4.2. Policy Optimization Suggestions for the Loess Gully Region

In the future land space governance and water resource management process of
Yan’an, it may be beneficial to consider using the drought index as the basis for policy
zoning. For areas with different drought levels, corresponding management and response
policies should be formulated to improve the pertinence and effectiveness of these policies.
Furthermore, the necessity of implementing the permanent basic farmland protection policy
in the loess gully region should be evaluated through a more in-depth analysis. When de-
lineating the ecological protection redline, local governments should refine parameters and
models based on their unique terrain and landform characteristics, establishing ecological
delineation rules suited to the local context. Additionally, it is recommended to prioritize
the restoration of grasslands in the loess gully region during ecological restoration efforts.

4.3. Limitations and Future Work Suggestions

This study evaluated the impact of the PBFPR and the EPR policies on water con-
servation by integrating the PLUS model and the InVEST model. However, there are
certain limitations to this research. Although the focus is on the impact of the two red-
line policies on water conservation, the underlying mechanisms of these impacts are still
insufficiently understood. Therefore, future research should continue to delve into the
intrinsic mechanisms behind these effects, aiming to provide more comprehensive policy
recommendations for the optimization of land use policies.

5. Conclusions

To conclude, this study combines the PLUS model and the InVEST model to simulate
the land use situation in Yan’an in 2025, 2030, and 2035 under the NDS, FPS, and EPS. Then,
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the long-term impact of the PBFPR and the EPR on the key ecosystem service function of
the loess gully region, namely water conservation, is evaluated. The findings show the
following: (1) The PBFPR and the EPR have a weak effect on the spatial distribution pattern
of water conservation. (2) The PBFPR somewhat suppresses the water conservation services
in the study area. This indicates that there is a trade-off between farmland protection and
water conservation in the study area. (3) The EPR has a limited impact on the water
conservation service in the study area, potentially due to an inadequate consideration
of spatial variability during its delineation. (4) Grassland is more conducive to water
conservation services in the loess gully region. This finding aligns with previous research
indicating that grasslands are more suitable for maintaining water conservation compared
with forests.

Future research will focus on exploring the underlying mechanisms of the impacts of
the PBFPR and EPR, as well as investigating how policy adjustments can further enhance
water conservation. Additionally, assessments of land use policies in various regions will
provide broader insights. This study lays the foundation for policy optimization and offers
valuable methodological insights for future research.
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