Geolournal (2024) 89:23
https://doi.org/10.1007/s10708-024-11007-8

®

Check for
updates

Assessing the contribution of ecological restoration projects
to ecosystem services values in the Chinese loess plateau

Youjia Liang® - Zichong Su - Lijun Liu

Accepted: 4 December 2023 / Published online: 24 January 2024

© The Author(s), under exclusive licence to Springer Nature B.V. 2024

Abstract Large-scale ecological restoration pro-
jects (ERPs) in the Chinese Loess Plateau have been
widely reported over the past decades. However, the
impacts of land use caused by different ERPs on eco-
system service values (ESV) remain largely unknown
in this ecologically fragile region. In this study, we
assessed long-term changes in ESV under three typi-
cal scenarios of ERPs combinations on the Loess
Plateau, using a modified rapid ecosystem services
assessment method. From 2000 to 2020, the region
experienced substantial changes in land use, with the
expansion of forests and the shrinking of grasslands
being the dominant characteristics. Forest restoration
(1.09 x 10° ha) on the Loess Plateau has experienced
obvious increase in ESV (6.26 billion RMB) as a
result of the Grain for Green project (GfG) and the
Natural Forest Conservation Program (NFCP). These
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changes have led to an increase in the overall ESV by
1.74 billion RMB in the last 20 years. The ecological
conservation scenario demonstrates the highest bene-
fit potential in ESV for increasing ecological services
compared to the other two scenarios, with a growth
of 1.32 x 10° ha of forest and 9.89 billion RMB, and
this increasing trend will continue to be driven by
the GfG in the future. We recommend regulating the
spatiotempral trade-offs relationships between for-
ests, grasslands, and farmlands, as well as developing
diverse projects for ecosystem conservation and res-
toration on the Loess Plateau.

Keywords Ecosystem services - Land use and
land cover change - Value equivalent evaluation -
Ecological restoration - Loess plateau

Introduction

To alleviate ecosystem degradation, the Chinese gov-
ernment has implemented a series of ecological res-
toration projects (ERPs) in ecologically vulnerable
regions (Lu et al., 2022), which have significantly
altered ecosystem services (ESs) and biodiversity at
the regional scale. The ecosystem services are the
indirect and direct benefits of ecosystems obtained by
humanity to maintain their well-being, and misman-
agement of ESs can decrease their utility (Costanza
et al., 1997; Malek et al., 2018). Over the last dec-
ades, global ecosystem services and biodiversity have
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degraded due to large-scale land use and coverage
change (LUCC) caused by anthropic activities (Guo
et al., 2020). For instance, China’s rapid socio-eco-
nomic development has threaten the sustainability of
natural capital over the past decades (Wu et al., 2019).
Bryan et al. (2018) reported sixteen pivotal scio-eco-
logical projects to demonstrate China’s response to
the sustainability emergency of the national land sys-
tem (e.g., soil erosion and deforestation). However,
the contribution of these ERPs to the supply of ESs
remains largely unknown.

A series of revegetation and nature reserve pro-
tection projects have been carried out in ecologi-
cally fragile regions of China (Ouyang et al., 2016).
Among them, eleven projects are related to the
Loess Plateau, and several assessments have dem-
onstrated that these projects have altered landscape
processes (e.g., an increase in "greenness") and eco-
system services across this ecological barrier area
of China (Piao et al., 2019; Zhu et al., 2016). Jiang
et al. (2018) assessed the ES change in the Bei-
jing—Tianjin Sandstorm Source Region from 2000 to
2010 under the background of ecological restoration
and climate variability, and the results of the study
showed that ERPs play a role in enhancing soil con-
servation. Yang et al. (2018) assessed the changes in
ESs in the Yanhe River watershed using the InVEST
model, and the results showed that GfG had differ-
ent degrees of influence on the changes in each ES,
and all five ESs increased. However, most studies in
the Loess Plateau focused on assessing the historical
changes in ESV only based on the LUCC processes
at coarse spatiotemporal scales (e.g., Fu et al., 2017,
Han et al., 2021), and understanding the relationship
between the ecosystem service values (ESV) change
and the implementation of the single ecological pro-
ject, such as Grain for Green Project (GfG) (Ouyang
et al., 2016; Song & Deng, 2017). These studies have
seldom analyzed the spatiotemporal dynamics of
the LUCC-ESV nexus from the perspective of land-
related socio-ecological projects, furthermore, there
are gaps in the assessment of the potential ESV vari-
ation driven by these projects in a long-time series.

Spatiotemporal assessment of ESV is an effective
modelling framework to underline the values of natu-
ral assets for improving human welfare (Braat & de
Groot, 2012; Tezer et al., 2020), optimizing ESs sup-
ply (Wang et al., 2022), and guaranteeing ecological
security (Yin et al., 2021). For example, the physical
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quantity method calculates the ESV change using bio-
physical-processed models and empirical valuation
equations (e.g., social preference), which is mainly
used to assess single ecosystem service for fulfilling
its relatively complex practicableness (La Notte et al.,
2017). The economic valuation proposes a LUCC-
based benefit transfer method by integrating eco-
nomic value per unit of every ecosystem service and
its total area in land-system (Xie et al., 2017), which
is suitable for ESV assessment at multi-scales with its
advantages of operability and simplified data require-
ments (Costanza et al., 2014). Although the previous
studies (e.g., Fu et al., 2015; Turner et al., 2010) dem-
onstrated that the economic valuation can not reflect
actual market exchanges, the majority of existing
ESs are identified as the non-rival characteristics and
do not need to fit complete market conditions (Chen
et al., 2022). Hence, the economic valuation method
has been widely improved to regenerating revised
ESV valuation models according to the actual condi-
tions of regional land systems.

The Loess Plateau is located in arid and semi-arid
zone, and is famous as a high sensitive region to cli-
mate change and land use. There is an urgent need for
immediate sediment treatment of soil erosion areas
(approximately 21.37 x 10° ha) in the Loess Plateau,
which poses a significant threat to the security of the
downstream socio-ecological system (Yang et al.,
2019). A county-level assessment demonstrates that
the ESV of grassland in typical hilly-gully regions
is increasing (Zhang et al., 2020). However, there
is still a lack of understanding regarding how ERPs
will impact the overall change in ecological assets
on the Loess Plateau, as local policymakers are often
more concerned with accounting for the benefits of
implemented projects (Wang et al., 2019; Xian et al.,
2020). The Chinese government has optimized the
implementation of pre-existing ERPs since 2015,
therefore, a scientific assessment of trends in total
ESV on the Loess Plateau would provide decision
support for potential ERPs implementation and long-
term optimisation. This study assessed the long-term
changes in LUCC-ESV nexus on the Loess Plateau,
to contrasting and revealing how different ERPs affect
the ecosystem patterns, ESs supply, and changes in
their values. Specifically, this study aims to: (1) eval-
uate the spatiotemporal changes in LUCC and ESV
on the Loess Plateau from 2000 to 2020; (2) deter-
mine the varying impacts of ERPs on the potential
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enhancement of ESV in different regions; and (3)
provide ecological management recommendations to
enhance ESs supply and ESV through cost-benefit
analysis.

Material and methods
Study area

The Loess Plateau has a total area of approximately
640,000 km? and covers the entire provincial units
of Shanxi (SX) and Ningxia (NX), as well as parts
of the Shaanxi (SAX), Gansu (GS), Inner Mongolia
(NM), Qinghai (QH), and Henan (HN) (Fig. 1). The
climatic features in this region vary gradually from
a temperate humid monsoon in the southeast to a
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Fig. 1 Location of the Chinese Loess Plateau

temperate arid climate in the northwest. The aver-
age yearly precipitation ranges from 200 to 700 mm,
while mean annual temperatures range from 4.3 to
14.3 °C (Li et al., 2016). This region is not only a
protective ecological barrier for maintaining eco-
logical security in China, but also an important area
for the supply of high-quality agricultural products
and raw materials, biodiversity conservation, and
the vital region for socio-economic development
(Zhang et al., 2019). The LUCC dynmic on the
Loess Plateau has undergone a drastic transforma-
tion, for example, urbanization is encroaching on
part of the highly productive plain cropland and
natural ecosystem, while cropland has decreased
caused by the GfG project (Wang et al., 2014). Such
drastic LUCC processes have led to complex ESV
changes. The immediate response to the situation
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involves conducting a thorough assessment of the
spatiotemporal patterns of ESV on the Loess Pla-
teau, which is crucial for promoting regional eco-
logical preservation and sustainable socio-economic
development initiatives.

Calculation of ecosystem services values

Xie et al. (2017) conducted a comprehensive statis-
tical survey on the perceptions of the ESV by Chi-
nese experts in the field of ecology and environment.
Based on their findings, they proposed a national-
scale ESV method that utilizes an equivalent coef-
ficients table with a standard equivalent factor. Spe-
cifically, the standard equivalent factor is defined
as “the potential natural grain value provided by 1
hm? of nationally averaged yielding farmland in the
absence of human disturbance” (Xie et al., 2015). It
also represents the potential value per unit area that
can be provided by different ES types in each ecosys-
tem (Xie et al., 2017). In this study, farmland, forest,
grassland, water area, and barren land were selected
to assess the value of each of the nine key ESs and
the total regional ESV in the region based on their
significant contributions to multiple ESs supply and
biodiversity (Zhang et al., 2020).

ESV = Zf:l <Zj:l Vii) xS M

9
Vi= 2 Ey @)
where V; denotes the total value per unit area of land
use type i; E;; signifies the value of ecosystem service
Jj corresponding to land use type i; S; represents the
area of ecosystem type i.

In regional-scale assessments, anthropogenic dis-
turbances make it difficult to accurately measure the
economic value of food production that farmland eco-
systems can provide under natural conditions (Jiang
et al., 2020). Therefore, the net profit per unit area
of grain production on farmland (including wheat,
maize, and rice) was used as a standard equivalent
factor for ESV assessment. Regional adjustments
were made to the 2010 national standard equivalence
factor table. The biomass factor adjustment factor
(C=NPP,/NPP,) was calculated from the regional
NPP, (134.65 MgC/km?, Xu et al., 2016) and national
NPP, (265.43 MgC/km?, Liu et al., 2021) in 2010,
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and the C value was compared to the E;. To improve
the precision of the correction coefficients, the per-
centage of the total sown area of the grains and the
average net profit per unit area (RMB/hm?) of each
administrative region were weighted and summed,
and this sum was then multiplied by the corrected
E,:,- to obtain the corrected V,-j (Table S2). In this
case, the net grain profit data for each administrative
region were obtained from the Cost—Benefit Statistic
Yearbook of China’s Agricultural Products in 2010
(https://kns.cnk-i.net/kns8/defaultresult/index). In
addition, the constant price calculations were used
to make the final calculation of the total monetary
values for the historical period comparable. The con-
sumer price index (CPI) was obtained from the China
Statistical Yearbook (2000-2015) and the values for
each year were converted to constant prices (RMB)
based on the year 2000.

Price,, = Price, X 100/ (CPIL, X E,_) 3)

where Price, is the value in year #; E,_, is the cumula-
tive correction factor for year ¢-1, CPI, is the national
CPI for year ¢, Price, is the constant price in year ¢
when converted to the base year. The tools for calcu-
lation of ESV and mapping are ArcMap 10.7 and Ori-
gin 2022.

Scenarios of ecological restoration projects

Three typical ERPs were selected as the basic types
for scenario design, including GfG, Natural For-
est Conservation Program (NFCP), and Sandifica-
tion Control Program for the Loess Plateau (SCP).
Among them, the GfG project has a broad geographi-
cal scope of implementation and impacts a signifi-
cant number of individuals, the NFCP and SCP play
a crucial role in managing the prevalent flooding and
sandstorm disasters in this area. Based on the func-
tions, coverage and socio-economic parameters of
these ERPs (Table S1), three LUCC scenarios in
2030 were designed to simulate the potential impacts
of implementing different numbers and types of eco-
logical restorations on the ESV of the Loess Plateau.
The baseline scenario represents the trend of histori-
cal vulnerability and no projects were conducted in
the future, and the spatial pattern of LUCC in 2030
was simulated using a CA model followed by Wang
et al. (2022). Due to the substantial investment in
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GfG project and considering the eco-socio-economic
advantages, the integrative development scenario
solely encompasses the combined effects of SCP and
NFCP. The ecological conservation scenario repre-
sents a combination of SCP, NFCP, and GfG, prior-
itizing eco-environmental protection and the value of
eco-efficiency compensation (Table 1). The LUCC

maps for the integrative development and ecological
conservation scenarios in 2030 were created based on
the baseline map in 2020 using GIS mapping tech-
niques. It was assumed that the LUCC types in these
scenarios were converted according to the land use
management rules established through the goals of
ERPs (Fig. 2).

Table 1 The descriptions of different combination scenarios in ecological restoration projects on the Loess Plateau

Scenario Combinations of ecological projects and their investment costs

Ecological conservation GfG: Subsidy for returning farmland to forestry, 24,000 yuan/ha (Bryan et al.,
2018). SCP includes public welfare forest construction (4500 yuan/ha),
closed-country forestry (1050 yuan/ha), fly-sown afforestation (1800 yuan/
ha), medium and young forest nurturing management (1800 yuan/ha), artificial
afforestation for reserve resource cultivation (4500 yuan/ha), and forest renova-
tion cultivation (3000 yuan/ha) (Bryan et al., 2018; Liu et al., 2013)

NECP includes artificial afforestation (4500 yuan/ha), fly-sown afforestation
(including post-fly management and care, 1800 yuan/ha) and closed forestry
(1050 yuan/ha) (Bryan et al., 2018; State Forestry Administration of China,
2012a, 2012b, 2012c¢, 2019, 2020)

The areas of GfG, SCP and NFCP cover approximately 6.43E 407 ha in the
study area

Integrative development The areas of SCP and NFCP cover approximately 5.99E +07 ha in the study area

Abbreviations: GfG Grain for Green project; SCP the Sandification Control Program for areas in the vicinity of Beijing-Tianjin;
NFCP the Natural Forest Conservation Program
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Fig. 2 Spatial distribution of land use on the Loess Plateau in 2020 and for different scenarios
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Data source

The LUCC dataset for the historical period
(2000-2020) was obtained from GlobeLand30 (http://
www.globallandcover.com/). The GlobeLand30 prod-
uct has been widely used in ESs assessment, demon-
strating a higher overall accuracy of 83.50-85.72%
compared to similar products (Chen et al., 2021). Ele-
vation and slope data were obtained from the Geospa-
tial Data Cloud (http://www.gscloud.cn). All raster
data were resampled at a uniform spatial resolution of
30 m X 30 m to meet the needs of fine-scale analy-
sis at the county level. The boundary data for ERPs
were obtained from National Ecosystem Science Data
Center, National Science & Technology Infrastruc-
ture of China (http: //www.nesdc.org.cn), provided by
Shao et al. (2022).

Results

Changes in historical LUCC-ESV

The overall trend of land-use conversion indicates
a shift from farmland and grassland to forest and

24.30
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build-up land on the Loess Plateau during the his-
torical period (Fig. 3). The proportions of farm-
land (39.37%-37.97%) and grassland (38.63%-
36.15%) in the study area are decreasing, but they
continue to be the dominant land use types. The
area covered by forests is showing an increasing
trend (15.52%-17.2%). The interconversions of
the different land use types on the Loess Plateau
show significant variations (Fig. 4). Approxi-
mately 2.10% of farmland has been converted to
forest, while 6.72% has been converted to grass-
land. Moreover, 5.39% of farmland has been
converted to build-up land. Grassland has expe-
rienced multiple types of degradation, includ-
ing encroachment from forest (8.42%), farmland
(8.31%), barren land (2.04%), and built-up land
(1.35%). By 2020, the new built-up land will
primarily be obtained through the conversion of
farmland and grassland.

The total ESV corresponding to the nine types of
ESs in the region increased from 0.17 billion RMB
from 2000 to 2020 (Fig. 5). Specifically, erosion
prevention accounts for the largest proportion of the
total ESV (16.53%-16.79%), and other ESs types
with a high proportion of total ESV include habitat

2.44% 1.95%
4.24%\

3.74%

3.99%

\4.03%

37.97%
38.43%
39.37%

[

Built-up land Barren land

Fig. 3 Area and percentage of different land use types on the Loess Plateau from 2000 to 2020

@ Springer


http://www.globallandcover.com/
http://www.globallandcover.com/
http://www.gscloud.cn
http://www.nesdc.org.cn

GeoJournal (2024) 89:23

Page 70f 16 23

Build-up land (in/out)

5.46/2.26 Water area (in/out)

1.74/1.22

Burren land (in/out)

3.05/3.34
Forest (in/out)
19.0/9.74
o

Grassland (in/out)
21:5/28:1

13.9/20.0

Farmland (in/out)

(a) 2000-2010 (unit:10°ha)

Burren land (in/out) vy a¢er arean (in/out)
4.79/6.37 2.01/1.22

Build-up land (in/out)
14.2/2.51

Forest (in/out)

16.2/14.6 Farmland (in/out)

25.0/28.0

Grassland (in/out)

28.5/38.0 (b) 2010-2020 (unit:10°ha)

Fig. 4 Land use conversion on the Loess Plateau from 2000 to 2020
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Fig. 5 Changes in ESV on the Loess Plateau from 2000 to 2020

services (15.10%-15.13%), regulation of water flows
(13.32%-13.58%), and climate regulation (13.29%-
13.33%). Furthermore, the values of nine services
all increased in this region from 2000-2010, but all
decreased from 2010-2020, with food production
and air quality regulation being the two most obvi-
ous types. Complex changes in ESV were observed
resulting from LUCC process over the historical
period, which should be taken into account for land
use trade-offs.

Erosion prevention

if}*" Climate regulation

Waste treatment Regulation of water flows
~———2000-2010 —2010-2020 — 2000-2020

At the county level, there were substantial differ-
ences in the relative levels of ESV and the cumulative
effect of total ESV (Fig. 6). From 2000 to 2010, the
counties with low unit ESV (<2630 RMB/ha) were
primarily located in the western part of the plateau
(e.g., southern NM). In 2000, NM had the largest area
with low value per unit ESV (1.35 x 107 ha), account-
ing for 95.56% of the total number of counties with
low value per unit on the Loess Plateau. By 2010,
the number of counties with low value per unit had

@ Springer
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Fig. 6 Distribution of unit ESV, total ESV and their changes in the Loess Plateau from 2000 to 2020

decreased, however, the proportion of counties with
low unit ESV increased in the period of 2010-2020.
Overall, the proportion of counties with low value
per unit ESV (<2630 RMB/ha) on the Loess Plateau
ranged from 52.16% to 55.73% in 2000-2020.

The majority of the total ESV on the Loess
Plateau comes from counties within the high

@ Springer

unit value range. For instance, 80.00-95.56% of
counties in NM fall into the low unit value range
(1977.19-2181.83 RMB/ha), and they contribute
only 16.11-16.82% of the total ESV in this region.
From 2000 to 2020, a total of 260 counties experi-
enced a decline in their total ESV, with an average
annual decline of 1.29x 10> RMB. Among them,
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Hongsibao district in NX had the largest decrease of
4.19 million RMB per year. In addition, 133 coun-
ties showed an increasing trend in total ESV, with
an average annual increase of 2.15 X 10® RMB, and
the county with the largest increases were Urad
Front Banner in NM (30.55 million RMB per year).
The increase in total ESV between 2000 and 2010
(196 counties covering 3.20 million ha) was higher

(A) Urad Front Banner
(a) 2000

(b) 2020

e

e
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B Water Area B Water Area
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than the increase between 2010 and 2020 (84 coun-
ties covering 1.26 million ha).

Changes in ESV due to revegetation from 2000 to
2020

From 2000 to 2020, there is clear spatiotemporal
heterogeneity in the ESV of counties affected by
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Fig. 7 Revegetation area and corresponding changes in ESV in three typical counties from 2000 to 2020
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different ERPs. GfG has the highest coverage and
number of people affected (401 counties, 1.32 x 108
people), followed by NFCP and SCP (Table S1). As
a result of these ERPs, the forest area increased by
10.82%, the farmland area decreased by 3.56%, and
7.15% of the barren land was converted to other types
of land in the study area. For instance, the Urad Front
Banner in NM is a typical area where all three types
of projects overlap (Fig. 7), resulting in 12.31% con-
version of farmland to vegetaion. Additionally, the
proportion of forest area increased by 24.58%, while
50% of the grassland underwent conversion to forest
(43.23%), farmland (6.55%), and barren land (1.30%),
respectively. Moreover, the additional build-up
land (45.16%) mainly replaced farmland. Luochuan
county in SAX is a typical area that has been affected
by the GfG and NFCP, resulting in minimal overall
ESV changes. Over the past 20 years, the county has
experienced a decrease of 0.62% in its farmland area,
which has primarily been converted into additional
grassland (3.89%) and built-up land (3.51%). How-
ever, the county has only a minor increase of 0.41%
in ESV. The "Jiaoqu" in SX represents regions that
have not been covered by these projects. This area
has experienced a decrease of 11.16% in its farmland
area from 2000 to 2020, and the built-up land area
has observed a substantial increase (3.81%-17.17%).
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Consequently, this region has witnessed a pro-
nounced reduction in ESV, with an annual decrease of
8.00x 10° RMB.

On a provincial scale (Fig. 8), NM achieved the
highest level of vegetation restoration from 2000
to 2020, accounting for 32.62% of the total restored
vegetation area on the Loess Plateau, followed by
SX (19.70%)>GS (18.31%)>SAX (17.09%)>NX
(7.40%), and QH (2.58%). HN had the smallest area
of restored vegetation (2.31%). The intensity of veg-
etation restoration efforts also led to significant differ-
ences in the changes in ESV. NM contributed 54.27%
of the total increase in ESV on the Loess Plateau.
GS (21.14%) and QH (17.83%) followed with the
next highest ESV growth rates, while SX contrib-
uted 6.76%. The remaining provinces and regions
experienced a declining trend in total ESV. Notably,
SAX had the most significant decrease (-0.39 billion
RMB), accounting for 44.09% of the ESV decrease in
the study area.

Changes in ESV under different scenarios

At the county level, the baseline scenario demon-
strates the ESV changes of the Loess Plateau in the
absence of the ERPs’ continuation. From 2020 to
2030, there will be an increase in the proportion of
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Fig. 8 Revegetation area and corresponding ESV changes at the provincial scale on the Loess Plateau in 2000-2020
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Fig. 9 Changes in ESV in
three typical counties under
different scenarios from
2020 to 2030

(a) Wushen county

E-1.55-1.29
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grassland (42.16%) and a decrease in forest cover-
age (30%), and this reduction in forest area will pri-
marily be due to its conversion to farmland (23.57%)
and grassland (20.26%). For example, the proportion
of forest area in the Yushe county county of SX will
decrease from 33.31% to 10.20% (Fig. 9). In contrast,
farmland will expand from 14.59% to 34.50%, with
new farmland replacing grassland (48.32%) and forest
(20.28%). The encroachment of farmland on forests
will lead to a reduction in the county’s ESV, with an
average annual reduction rate of 1.50x 10° RMB.

In the integrative development scenario, the ERPs
aim to transform the Mu Us Desert, as well as the
barren hills and barren land of the Upper and Mid-
dle Yellow River project areas, into forests. This
will result in a forest area of 18.38% by 2030, all of
which will be converted from barren land. However,
the area share of farmland and grassland decreases,
leading to a decrease in ESV of food production to
8.76x10° RMB compared to the baseline scenario.
For instance, the forest area in Shenmu county in
SAX is projected to increase from 2.02% in 2020 to
3.61% in 2030 (Fig. 9), primarily through the con-
version of barren land, leading to an increase in ESV
(7.30x 10° RMB).

In the ecological conservation scenario, there
would be a reduction of 5.25% in farmland and the
complete conversion of that land into forest, account-
ing for 64.06% of the new forest area. Although this
scenario would result in decreased food production,
there would be an increase in vegetation that would
lead to further growth in other ESs. Especially, the
proportion of forest area in Wushen county, NM
(Fig. 9), would notably rise from 3.36% in 2020 to
20.35% in 2030. Around 77.61% of the additional for-
ested land would be obtained through revegtatation

ESV (10°yuan/ha)
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and farmland retreation. These measures are expected
to enhance the county’s future ESV by 1.05 billion
RMB.

At the provincial level, the total ESV for the inte-
grative development scenario and the ecological con-
servation scenario increases by 4.23 x 103 RMB and
9.89x 10° RMB respectively from 2020 to 2030. In
contrast, the baseline scenario decreases by 1.25 bil-
lion RMB. Under the ecological conservation sce-
nario, NM experiences the largest increase in total
ESV, approximately 3.00 billion RMB (30.33%),
followed by SAX (23.90%) and GS (21.99%) respec-
tively. The other provincial units contribute less than
10.39% (Fig. 10). In the integrative development sce-
nario, NM accounts for 58.85% of the total vegetation
restored on the Loess Plateau (Fig. 10), followed by
SAX (16.57%) and GS (10.59%), while QH restores
the lowest percentage of the area (0.51%). In the base-
line scenario, NM still performs best in terms of veg-
etation recovery (25.67%, Fig. 10), followed by GS
(20.78%) and SX (18.68%), while HN has the lowest
percentage of area recovered (0.49%). SX decreasing
by 6.16 billion RMB (42.99%), while other provinces
decrease by 3.54% to 16.80%.

Discussion
Drivers of land use change

Since the implementation of the ERPs, the Loess
Plateau has been experiencing large-scale drastic
land use changes. As the policy of ERPs are more
inclined to reduce cropland to restore forest land
(Wang et al., 2020) and the problem of insufficient
attention to grassland protection, this has led to a
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Fig. 10 ESV changes at the provincial scale on the Loess Plateau for different scenarios

sharp reduction in the area of farmland and grass-
land in the Loess Plateau and making the trade-
off between forests and farmland more prominent
(Wang et al., 2019). Additionally, grassland degra-
dation will result in a shortage of livestock products
in the region. While farming expansion has been
limited, advancements in agricultural technology
and intensification have helped mitigate the risk
to food supply security (Wang et al., 2022). From
2000 to 2020, 1.09 million hectares of new forest
were added to the study area, with the largest con-
tribution coming from NM (4.74 million hectares),
benefitting directly from ERPs based on the sup-
porting of China’s forestry policy. NM has become
a key province for implementing ecological restora-
tion projects in China over the past 20 years (Tian
et al., 2015). However, the precise extent of veg-
etation restoration in different ecological projects
needs further definition on the Loess Plateau, espe-
cially considering the potential overlap of projects
in NM and SN.

The increase in grassland and forest over the past
20 years in NX has remained relatively low, likely
due to the fragile natural environment and relatively
low level of socio-economic development in the
area (Liang et al., 2021). The decline in forest and
grassland area, coupled with the expansion of farm-
land and built-up land, has created a clear trade-off,

@ Springer

resulting in a total reduction in ESV of 2.71 million
RMB. Although there has been a slight increase in
food production in the region during the scenario
period, there has been a significant reduction in all
eight service categories, especially habitat services
by 17.91%. The overall degradation of the ecosys-
tem and decline in ESV will diminish the area’s key
ecological functions in terms of soil-water conserva-
tion and biodiversity. We recommend implementing a
more synergistic ecological management strategy for
such key areas experiencing ESV changes.

Changes in the LUCC of the Loess Plateau reflect
important human impacts on the ecosystem over time,
and in addition, climate change has been identified as
one of the main drivers affecting the LUCC. Topogra-
phy and slope have a significant effect on the conver-
sion of unused land to grassland and the interconver-
sion of grassland, forest and farmland, which may be
related to the policies of ERPs in China (Zhou et al.,
2020). Overall, drivers of land use change remains
complex (Liu et al., 2021).

Impact of ecological projects on ESV

In the integrative development scenario, ERPs will
cover 364 counties and affect 1.16x 10% people on the
Loess Plateau. The ecological conservation scenario
increases the area covered by ecological projects
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to 401 counties and a population of 1.32x 108, with
greater potential for ESV improvement in NM,
SAX, and NX. The additional vegetation in the last
20 years provided an additional ESV of 2.32 billion
RMB, indicating that the NFCP and GfG projects sig-
nificantly increased the ESs supply in the study area,
consistent with Li et al (2016). The ecological con-
servation scenario demonstrates the highest potential
for vegetation restoration, with 1.32 X 10° hectares of
farmland targeted for reforestation. However, there is
uncertainty regarding the actual net benefits of these
restoration projects in terms of ESV. This uncertainty
stems from a combination of factors, including pro-
ject investment, water constraints, climate change,
and ecosystem management practices (Cao et al.,
2019).

Low survival rates of ongoing vegetation restora-
tion on the Loess Plateau (Bai et al., 2019) may result
in ESV overestimation for forests. It is challenging to
accurately assess the impacts of diverse restoration
efforts at the regional level. Previous studies have
found that large-scale revegetation in arid-semi-arid
regions could intensify transpiration and exacerbate
water scarcity (e.g., Feng et al., 2016; Ge et al., 2020),
potentially posing long-term challenges to ecosys-
tem stability. Thus, a balance between ERPs on the
Loess Plateau and the carrying capacity of regional
water resources necessitates further exploration. The

comparison of scenarios demonstrates that modifying
the scope of the GfG leads to more significant ESV
changes, and the GfG project can play a vital role in
ESV growth on the Loess Plateau.

Impact of ESV changes on ecological management

Nexus change between ecological restoration and
ESV can be utilized for ecological management. A
more precise assessment of ESs benefits would aid
in determining the net benefits of specific ecological
projects using revegetation scenarios for the syner-
gistic ecological management. For example, regional
eco-compensation schemes can be designed through
a cost-benefit analysis of ecological assets in forest
and grassland (Ma et al., 2020). We Summarized the
implementation objectives and potential compensa-
tion mechanisms of typical ERPs (Fig. 11). Since the
spatial scope of the implementation of ERPs is not
clear, this study only provides the unit price of each
investment and does not calculate the total invest-
ment. It still was found that the investment inten-
sity of the three projects in terms of subsidiarity for
returning farmland to forest, public welfare forest
construction, forest management, and afforestation
are closely associated with ESV benefits.

In addition, the rapid growth of planted forests
typically leads to higher consumption of soil water

'''''''''''''''''''''''' ST Scenario Investment !
| : |
i Changes of ESV in |; i Ve ___ !
i 5 Le ubsidy for !
rain for Green returning farmlan 24000 yuan/ha .
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| Newly I I Project | to forest: |1
1 Y 1 - B o o o Ko Ko gl gl gl el
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uan . R '| iver: )
I acmunﬁf‘ SN « ; I Conservation B . Yellow River: 4500 yuan/ha I :
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2020 | i ) ) HHA construction yuan/ha 11
| | the Sandification . il
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Fig. 11 Investment and benefits of ecological restoration projects in the Loess Plateau (modified from Bryan et al., 2018; Liu et al.,
2013; and State Forestry Administration of China, 2012a, b, c, 2019, 2020)
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(Piao et al., 2019; Tuswa et al., 2019), meanwhile,
the delayed replenishment of precipitation in arid
and semi-arid regions may result in the drying of top-
soil, erosion, and wind erosion (Jiang et al., 2016).
Therefore, it is crucial to carefully select areas for
vegetation restoration and improve existing engineer-
ing techniques for ESV enhancement. For instance,
reducing the density of tree planting can create ade-
quate space for utilizing understorey resources (Wu &
Chen, 2022). This study also demonstrates that water
bodies and wetlands contribute significantly to the
enhancement of ESs functions, including biodiversity
conservation, cultural value, recreational value, and
climate regulation. It is recommended that agricul-
tural water quotas on the Loess Plateau be rigorously
assessed and controlled, and future ERPs should pri-
oritize the systematic restoration of wetland and lake
ecosystems.

Uncertainty

The unit value-based ESV estimation method used
in this study can be used to quickly assess changes in
regional ESs. However, Richardson et al. (2015) point
out that there is uncertainty in the complex relation-
ship between ecosystem characteristics and services,
and that the final ESV does not accurately reflect
intermediate inputs of goods and services. We sug-
gest developing a value assessment method based on
the supply—demand process of ESs, which can com-
pensate for the limitations of ESV assessment. For
example, by incorporating consumers’ willingness to
pay for ecological goods and services, the method-
ology can be modified to ensure a reasonable ESV,
such as by introducing a net profit on food at constant
prices. The correction-based ESV method is appli-
cable to assessing ESV in the study area, but further
testing is needed to examine the uncertainty in ESV
resulting from changes in NPP accuracy. Addition-
ally, improving the data resolution and accuracy of
LUCC classification can reduce the uncertainty of the
assessment results.

Conclusions
This study aims to analyze the changes in LUCC-

ESV nexus affected by ERPs on the Loess Plateau.
The findings indicate that the region witnessed
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a decline in farmland (=9.10 x 10° ha), grass-
land (=1.61 x 10° ha) and barren land (—1.87 x
10° ha) from 2000 to 2020, with the corresponding
ESV loss of 1.81 billion RMB, 3.95 billion RMB
and 547 million RMB. Meanwhile, an increas-
ing trend in the areas and ESV in other land use
types. Notably, the ERPs played a crucial role and
accounted for 1.32 times the total ESV increase
(2.32 billion RMB). The ecological conservation
scenario shows the best performance for enhance-
ment of ESV, especially in the NM province. Con-
versely, the baseline scenario showed a decrease
in ESV. The study provides valuable scientific
insights into ecosystem service assessment, which
can inform ecological management planning and
decision-making. Based on these findings, several
recommendations are proposed for the ecologi-
cal management of the Loess Plateau, including
strengthening synergistic conservation and res-
toration efforts for forest and grass ecosystems,
assessing the adverse effects of large-scale affor-
estation on the region, and enhancing conservation
and restoration initiatives for lakes and wetland
ecosystems.
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