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Abstract The effects of ecological restoration based
on ecosystem services (ES) have attracted more and
more attention, while the simulation and cost—benefit
analysis of ecological restoration scenarios are not
well investigated. In this study, four ecological res-
toration scenarios were simulated at a typical water-
shed on the Qinghai-Tibetan Plateau (QTP) based on
the land use conversion. Scenario 1 was only grass-
land restoration, Scenario 2 and 3 were mainly farm-
land to shrub, and Scenario 4 was mainly grassland
restoration with bare land converting to forest and
shrub. The ecosystem services value (ESV) and the
cost-benefits of these scenarios were quantified and
compared in 25 years after the restoration investment.
The results showed there were significant differences
in the ESV under four scenarios, among which Sce-
nario 4 had the largest ESV and Scenario 1 had the
smallest ESV. The spatial distribution of ESV was
uneven, and high-value regions were concentrated in
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the southwest and central regions. There were great
variations between original scenario and simulated
scenarios, but a little difference between Scenarios 2,
3, and 4. The largest loss of farmland abandonment
was regulating service, followed by supporting ser-
vice, provisioning service, and cultural service. From
the perspective of payback period, Scenario 1 was the
fastest, and it could obtain net benefits first. From the
short- and long-term (6 and 25 years after investment)
benefits, Scenarios 1 and 4 had the largest cumulative
ESV increase, respectively. The results of this study
can provide a basis for the formulation and imple-
mentation of ecological policies.

Keywords Ecosystem service value - Land use
simulation - Grassland restoration - Afforestation -
Ecological compensation

Introduction

As a global ecological problem, land degradation has
become an important factor restricting regional sus-
tainable development (Wei et al., 2020). Land degra-
dation has been defined as a decline in soil produc-
tivity, soil quality, biodiversity, ecosystem services,
and standards of living (Batunacun et al., 2019). The
FAO assessed that 61.4 million km? of land were
degraded worldwide, and 26% reached the level of
severe degradation (Gang et al., 2018). The QTP is
one of the typical ecological fragile zones in China
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and one of the most ecologically vulnerable areas in
terms of grassland degradation in the world (Li et al.,
2019a). As one of the most important indicators
of degraded grassland, the area of sandy land has
reached 21.58 x 10*km? in Tibet and 12.46 X 10*km?
in Qinghai by 2014, ranking the third and fourth larg-
est area at the provincial level in China (State For-
estry Administration, 2015). To restore the degraded
land, an increasing number of ecological restora-
tion projects have been undertaken in China, such
as establishment of natural reserve and revegetation
of artificial forest and shrubs (Li et al., 2019a). As
one of the important policies of the “Western Regions
Development Strategy,” “Grain for Green program”
(GFG) is the world’s largest ecological restoration
project, and has significantly increased the vegetation
coverage in Northwest and Southwest China (Wang
et al., 2019). From 1999 to 2014, China’s afforesta-
tion area from steep sloping farmland and wasteland
was 29.8 million hectares, and another 5.33 million
hectares farmland was planned for forestation by 2020
(Fan & Xiao, 2020). Recently, China released the
master plan for major projects of national important
ecosystem protection and restoration (2021-2035),
and the ecological barrier area of the QTP is one of
the key areas. However, where and how to carry out
the ecological restoration projects are not clear and
need to be studied.

The ecological effects of restoration projects must
be precisely evaluated, because effective evaluation
is essential for any scientific and practical progress
in ecological restoration, and also for policy mak-
ers and conservationists (Lu et al., 2019; Woodcock
et al., 2012). Numerous studies have focused on envi-
ronmental influence including water and soil quality,
biodiversity, and so on (Paillex et al., 2017; Sui et al.,
2020; Zhang & Dong, 2010). As one of the main
goals of ecological restoration, ecosystem services
(ES) have aroused great international attention (Ren
et al., 2016) and as an important evaluation indicator.
Many studies defined the ES as the benefits directly
or indirectly that human acquire from ecosystems
(Hasan et al., 2020). The ES often divided into four
categories, including supporting services, provision-
ing services, regulating services, and cultural ser-
vices (Li et al., 2010). Mao et al. (2019) integrated
ecological characteristics, ecological processes, and
ES to conduct a comprehensive assessment of wet-
land restoration in the QTP. Luo et al. (2019) assessed
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long-term ES driven by ecological restoration and
provided a socio-ecological system for ecosystem ser-
vices management. However, studies on the dynamic
changes of ES in ecological restoration are rare.

Previous studies have quantified the ecosystem
service value and reported ESV changes of resto-
ration projects (Clarke et al., 2015; Jenkins et al.,
2010; Tong et al., 2007). However, the restoration
costs associated with these ecosystem services have
not been adequately considered in previous studies
(Xian et al., 2020). Cost-benefit analysis is a com-
monly applied valuation method used to compare the
level of financial investment with the resulting pro-
ject value (Boyd et al., 2015). Lin et al. (2020) ana-
lyzed the costs and environmental benefits of water-
shed conservation and restoration in Taiwan and
found that the total value of environmental benefits
exceeded the total cost after 30 years of investment.
Xian et al. (2020) conducted a cost—benefit analysis
for China’s Grain for Green Program and found the
best cost—benefit ratio was acquired through natural
forest conservation. The previous research showed a
positive correlation between costs and conservation
benefits (Naidoo & Ricketts, 2006), but there were a
few researches on cost—benefit analysis of ecological
restoration in China, especially studies at watershed
scale. And there are fewer analyses of the ecologi-
cal benefits under different scenarios for watershed
restoration.

To solve the problem, we calculate the investment
costs and environmental benefits based on ESV under
four types of ecological restoration scenarios in a
typical watershed on the QTP. The objectives of this
study were (1) to quantify land use change and the
spatial distribution of ESV under different scenarios
and (2) to conduct a time series cost—benefit analysis
under different ecological restoration scenarios. The
results of our study to compare and rank the different
ecological restoration scenarios could be utilized to
make effective restoration strategies.

Method
Study area
The study area is located on the eastern edge of the

QTP (Fig. 1), at the junction of Qinghai and Gansu
provinces, and is a sub-basin of the Yellow River
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Fig. 1 The location and DEM of the study area

Basin (102.09~103.18°E, 35.50~36.25°N). More
than three-quarters of the study area is located in
Haidong City, and about a quarter of the area is
located in Linxia Autonomous Prefecture. The study
area is traversed by the Yellow River from east to
west with the length of 107.6 km, the altitude along
both banks in the west is gradually increasing, and
the overall altitude in the east is lower. The altitude is
ranging from 1685 to 4617 m; and the average annual
temperature is about 3.2-8.6 °C. The vegetation types
in this area are mainly temperate grasslands and warm
temperate deciduous broad-leaved forests. The land
use types are diverse, including forests, grasslands,
shrubs, farmlands, wetlands, water, impervious, bare
land, and snow and ice. The grassland area is the larg-
est, accounting for more than half of the total area of
the study area, followed by farmland, accounting for
about a quarter. The total population of the area is
about 880,000, of which there are many ethnic minor-
ities, and the four largest counties in this area are all
ethnic autonomous counties (Fig. 2).

Simulation scenarios

In the selection of the simulation scenario, the objec-
tives should be first identified for restoration. In this
study, agricultural land with a slope of more than
25° and all bare land should be restored; the resto-
ration measures were planted grass, artificial forest,
and artificial shrub; and the restoration results were
shown as change in land use type. The study identi-
fied four simulation scenarios based on the local
ecological restoration policies and practices, as well
as some local natural and geographical conditions
(Zheng et al., 2016). Scenario 1 restores all the bare
land and sloping arable land that needs to be returned
through artificial grass, which is very simple and
common in practice. And the land use type changes
are from cropland with slope above 25° and all bare
land to grassland. Scenario 2 is a combination of
three restoration measures for diversified restoration,
with artificial shrub on cropland with slope above
25°, while the restoration of bare land is bounded by
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Fig. 2 The working flow-
chart of this study
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administrative divisions, which are usually the basic
unit in restoration practice. The specific restoration
measures are artificial grass planting in the county
on the left including Hualong County and Xunhua
County, which are areas that grasslands are concen-
trated. And artificial afforestation is applied in the
county on the right including Minhe County, Jishis-
han County, Yongjing County and Linxia County.
Scenario 3 is also a combination of three restoration
measures, with artificial shrub on cropland with slope
above 25° and the restoration of bare land rely on
water distribution and original vegetation distribution
characteristics. On the one hand, in the ecological
projects that have been implemented, the two sides
of the Yellow River are often planted forests; on the
other hand, the forests in the study area are mainly
distributed in the range of 3000 to 4000 m above sea
level. Therefore, bare land within 1 km of water and
in the range of 3000 to 4000 m above sea level is des-
ignated for artificial reforestation, and other bare land

Table 1 The land use transfer of four restoration scenarios

Cost-benefit
analysis

for artificial grass. Scenario 4 is also a combination of
three restoration measures and a comparison of Sce-
nario 3, with artificial grass on cropland with slope
above 25°, artificial forest on bare land within 1 km
of the water body and within 3000-4000-m eleva-
tions, and artificial shrub forest on bare land in other
areas (Table 1).

Investment program

All investments during ecological restoration vary
according to the restoration measures and actual con-
ditions. In practice, investment projects are gener-
ally multi-year processes, usually in 2 years. There-
fore, the investment in each restoration, measure is
implemented in 2 years. Since grasslands have the
shortest growing period, grass will be planted first
in various restoration measures. After planting grass,
plant shrubs first and then plant forests. The ben-
efits of ecosystem services from different restoration

Current land use Scenario 1 Scenario 2 Scenario 3 Scenario 4
Farmland (>25°)  Grassland Shrub land Shrub land Grassland
Bare land Grassland Grassland (coun- Forest (1 km around water body and Forest (1 km around water body
ties in the left) altitude ranging from 3000 to 4000) and altitude ranging from 3000 to
Forest (counties  Grassland (other) 4000)
in the right) Shrub land (other)
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measures are different, and it is gradually increased
with the vegetation growth over a period of time. The
study assumes that the benefits of ecosystem ser-
vices increase on an average year-on-year basis and
reach the equilibrium after certain years. The ecosys-
tem service benefits of grasslands, shrubs, and for-
ests have been increasing continuously for 3 years,
5 years, and 10 years, respectively. The investment
cost is calculated by the area of the restored project
and the cost per unit area; the cost per unit area is
obtained through the relevant bidding documents. In
this study, we refer to the procurement announcement
on the Qinghai Provincial Government Procurement
Network (http://www.ccgp-qinghai.gov.cn/), and try
to choose the similar and close cases to the study
area. The final prices of artificial grass planting, arti-
ficial shrubs, and artificial afforestation were respec-
tively referred to the artificial grass planting project
at Henan County in 2019, the shrub plantation project
at Ledu County in 2019, and the public welfare for-
est plantation project at Xining City in 2016 (Qinghai
Provincial Government Procurement Network, 2016,
2019a, b).

Calculation of ecosystem service value

The equivalent coefficient of ESV per unit area is
usually used as an important method for evaluat-
ing the ESV of regional ecosystems, so it is of great
significance to choose the appropriate equivalent
coefficient of ESV per unit area (Su et al., 2020).
Based on the existing ecological service value
researches and expert knowledge, an ecosystem

service value equivalent table per unit area was con-
structed by Xie et al., in which the ecosystem was
divided into six primary categories and 14 second-
ary types, and ecosystem services were divided into
four primary categories and 11 secondary types.
In this study, on the basis of the equivalent coeffi-
cient proposed by Xie et al. (2015), we made some
adjustments according to the actual situation of the
study area and the results were showed in Table 2.
And the land use/cover data we used was from
30 m global land cover dataset with an accuracy of
72.35%, provided by National Earth System Sci-
ence Data Center, National Science and Technology
Infrastructure of China (http://www.geodata.cn).
This data source has been widely recognized, pro-
viding effective technical services and data support
for a large number of scientific researches (Yang
et al., 2019). The calculation formula is as follows:

ESV,= Y ESV,
ESV, =) VXA,

Vi=F; XS

where ESV, is the total ESV, ESVj is the j kind of
ESV, Vl-j is the j kind of ESV per unit area of land use
type i, and A; is the area of the land use type i, F;; is
the equivalent coefficient of the j kind of ES of land
use type i, and S is the economic value of one stand-
ard equivalent factor (3406.5 RMB/hm?).

Table 2 Ecosystem service

. . Provisioning Regulating service Supporting Cultural service

equivalent value per unit service service

area (Xie et al., 2015)
Cropland 1.27 1.40 1.28 0.06
Forest 1.23 13.94 5.01 1.01
Grassland 0.77 7.79 2.92 0.59
Shrub land 0.84 10.27 3.42 0.69
Wetland 3.60 33.33 10.36 4.73
Water 9.32 110.85 3.55 1.89
Impervious 0.00 0.00 0.00 0.00
Bare land 0.00 0.15 0.04 0.01
Ice and snow 2.16 8.01 0.01 0.09
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Results
Land use change under different scenarios

From Fig. 3 we can find that original land use in
this basin are mainly grassland, cropland, and for-
est, accounting for 54.5%, 23.99%, and 11.49% of the
total land area, respectively. Bare land, impervious,
water, shrub land, and wetland were 4.71%, 3.58%,
1.32%, 0.3%, and 0.1%, respectively, and the area of
the ice and snow was extremely small. In Scenario 1,
the grassland area increased significantly with a pro-
portion of 59.94%, while the proportion of cropland
decreased to 23.26%. Besides, the bare land disap-
peared, and other land uses remained unchanged. In
Scenario 2, the area of grassland, shrub land, and for-
est all increased. The grassland increased the most,
with the proportion reaching 59.10%; shrub land
and forest were 1.04% and 11.6%, respectively. The
area of cropland decreased to 23.26%. In Scenario 3,
grassland, shrub land and forest were increased, with
the proportion of 58.26%, 1.04%, and 12.45%, respec-
tively. The area of cropland decreased to 23.26%, and
bare land disappeared. In Scenario 4, grassland, for-
est, and shrub land increased, accounting for 55.23%,
12.45%, and 4.06%, respectively. The cropland
decreased to 23.26%, and bare land disappeared.

In terms of the spatial distribution of land uses, the
most widely distributed was grassland, concentrated
in the southwest, northwest, and northeast (Fig. 4).
Farmland was mainly distributed in the southeast
and beside the river. It was mainly distributed in
small pieces in the mid-west and embedded in the

cropland ™ forest grassland shrub land = wetland
W water ®mimpervious Mbare land ice and snow

3

100%

80%

60% -

40%

20%

0%

Original ~ Scenario 1 ~ Scenario 2 Scenario 3  Scenario 4

Fig. 3 The percentage of nine types of land use
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grassland, which may be cultivated from grassland.
Farmland in the southeast was more concentrated as
the agricultural development in this area was more
mature. The forest was located in the southwest and
central regions. The forests in the southwest were
distributed in strips and were connected to strip farm-
land, which meant the farmland might be obtained
by deforestation and reclamation, and the remained
forest was at a higher altitude that was not suitable
for reclamation. The small forest in the middle was
closed to the river, so the water condition was good.
The water body was mainly the Yellow River, which
ran east—west and divided the study area into two
parts, and the river flowed into a reservoir at the top
of the east. The impervious surface was mainly dis-
tributed along the banks of the river, indicating that
human settlements were mainly distributed along the
river, and there were a few sporadic distributions in
other places.

Changes in ESV under different scenarios

In terms of the increase in ESV during four scenarios,
Scenario 4 had the largest increase, and Scenario 3
and Scenario 2 were the second, and the third, Sce-
nario 1 had the smallest increase (Table 3). Consider-
ing different categories of ESV, the largest increase in
ESV was regulating services, followed by supporting
services and provisioning services, and finally, the
smallest increase was cultural services.

From the perspective of spatial distribution in
total ESV (Fig. 5), the highest-value area was where
the river located, roughly at the mid-axis location
of the basin. Besides, the high-value areas were
mainly located in the southwest and central regions,
while the low-value areas were located in the mid-
west. In the Original status, the distribution of low-
value areas was relatively concentrated, showing a
radial distribution. However, in the four simulated
scenarios, the distribution of low-value areas were
more scattered, and most of them were distributed
near the banks of the river. In Scenario 4, the high-
value areas increased and located in the mid-west
along the banks of the river. The spatial distribution
of total ESV in other scenarios had no obvious
characteristics. From the perspective of different
service categories (Figs. A.1, A.2, A.3 and A.4 in the
Supplementary material), the value of provisioning
services was generally low and the value of most
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regions was low; the value of regulating services
was generally high, but the value of most regions
was in the lower middle range; the overall value of
supporting services was low, but most regions were in
the upper middle range; the overall value of cultural
services was low, but most regions were in the upper
middle range.

Returning farmland to forest or grass had caused
significant economic losses to farmers, and in terms
of ecosystem services, the reduction of farmland also
leaded to a significant reduction in ESV (Fig. 6). In
this study, the reduced area of cropland was 3688.114
hm?, causing a loss of 15.869 million RMB-year™!

Scenario 4

[_Jcropland [ water

I forest I impervious
[ Jerassland I bareland
shrubland [_] ice and snow
[ wetland

0 20 40 80
| s ss— 0 (SIS S

in provisioning service, 17.494 million RMB-year™!
in regulating service, 15.994 million RMB-year!
in supporting service, 750,000 RMB-year™! in cul-
tural service, and a total ESV loss of 50.107 million
RMB year™!.

In terms of the spatial distribution, the distribution
of converted cropland was relatively scattered,
mostly in small blocks, and mainly distributed in
the east and mid-west. The loss of different types
of ecosystem services in farmland varied greatly.
The largest loss of ESV was regulating service with
a loss of 4769.1 RMB-hm 2year~!, followed by
supporting service and provisioning service with the

Table 3 Increase in ESV per year of different scenarios after land use transfer

AESV/10* RMB-yr~! Provisioning service Regulating service Supporting service Cultural service Total ESV
Scenario 1 5526.72 69,296.08 25,173.10 5319.14 105,315.04
Scenario 2 5706.12 73,567.00 26,194.92 5523.12 110,991.16
Scenario 3 6370.89 82,395.63 29,198.37 6120.94 124,085.83
Scenario 4 6748.76 95,191.73 31,774.77 6636.22 140,351.48
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Fig. 5 The spatial distribution of total ESV (1000 RMB-year™!) under different scenarios

losses of 4360.32 RMB-hm 2year™' and 4326.26
RMB-hm~2year!, respectively. And the smallest
loss of ESV was cultural service with a loss of 204.39
RMB-hm~2year™!. The total ESV loss of cropland
was 13,660.07 RMB-hm~2.year™".

The comparison of temporal variations between
different scenarios

From Fig. 7, we can find that in Scenario 1, the
investment was concentrated in the first 2 years,
the amount of investment decreased rapidly; the
ESV increased rapidly, and the growth rate of
the ESV increased first and then decreased; the
cumulative increase of ESV in the second year
began to outweigh the investment. In Scenario 2, the
investment was concentrated in the first six years,
and the amount of investment decreased rapidly;
the ESV increased quickly in the first 5 years and
slowly in the later years; the cumulative increase
of ESV in the second year began to be greater than

@ Springer

the investment. In Scenario 3, the investment was
concentrated in the first 6 years, the investment
amount first decreased gently, and then rapidly
decreased; the ESV increased rapidly, but the
increase rate in the first 6 years was faster than later
years; the cumulative increase in the ESV in the
third year began to be greater than the investment.
In Scenario 4, the investment was concentrated in
the first six years, the first 2 years decreased slowly,
and the next two 2 decreased rapidly; the growth
trend of ESV was slow first, then fast then slow; the
cumulative increase of ESV in the fifth year will
begin to outweigh the investment.

From the balance point (Fig. 7), the balance points
of Scenario 1 and Scenario 2 were in the second year,
the balance point of Scenario 3 was the third year,
and the balance point of Scenario 4 was the fifth year.
If the fastest return was used as the criterion, the best
to worst solution was ordered by Scenario 1, Scenario
2, Scenario 3, and Scenario 4. So, the Scenario 4 was
the best restored mode.
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From the perspective of the cumulative increase of
ESV (Fig. 8), four scenarios were different at long-
term and short-term scale. We chose 6 years as the
short-term period because the restoration investment
were constrained in 6 years. It can be found that Sce-
nario 1 had the largest cumulative ESV increase of
368,600 RMB; followed by Scenario 2 and Scenario
3, the cumulative ESV increase were 338,200 RMB
and 280,100 RMB respectively; and the least was
Scenario 4, the cumulative ESV increase was 123,500
RMB. If the short-term cumulative ESV increase
was the criterion, then Scenario 1 was the optimal
solution.

We defined 25 years as the long-term period, as
after 25 years, the difference in cumulative ESV
increase of each scenario was very significant. It
can be found from the figure that Scenario 4 had
the largest cumulative ESV increase of 2,135,500
RMB; followed by Scenario 2 and Scenario 2, the

Provisioning service value

Regulating service value

[ 4326255

Cultural service value N

0 20 40 80
e e Kilometers

B 20430

cumulative ESV increase was 2,944,000 RMB
and 2,245,200 RMB; finally, in Scenario 1, the
cumulative ESV increase was 2,369,600 RMB. If
the long-term cumulative ESV increase was used
as a criterion, then Scenario 4 was the optimal
solution.

Scenario comparison under different standards
has different results due to the different growth
cycle and ESV of different vegetation types. Herbs
have the shortest growth cycle, followed by shrubs,
and trees are the longest. Therefore, the benefits of
grassland restoration come the fastest, while benefits
of afforestation come the slowest. On the contrary,
the ESV of forest is the largest, and grassland is the
smallest. So, the more artificial grass planting, the
shorter the payback period, and the greater the short-
term benefits; the more trees planted, the longer
the payback period, and the greater the long-term
benefits.
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Fig. 7 The changes of investment and ESV per year under dif-
ferent scenarios. The left axis is the remaining investment/¥ 1
million, and the right axis is the annual value added of ESV/¥
1 billion. The balance point is the year when the cumulative

Discussion

Eco-compensation for returning farmland to forests
or grass

In order to change the deteriorating ecological
environment, the Chinese government launched the
project of returning farmland to forests or grass at the
end of the twentieth century. The project of returning
farmland to forests is an important measure to promote
the harmonious development of human and nature
as well as the coordinated development of economic
society and the natural environment (Zhang et al.,
2016). On the one hand, we can increase the forest
coverage rate by reducing the area of farmland, which
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increase in ESV equals the total investment, indicating the
investment payback period, which are usually used to analyze
the benefits of the projects, including economic and environ-
mental benefits

contributes to improving the ecological environment;
on the other hand, returning farmland to forests
project has changed the rural economic structure to
a certain degree and promoted the development of
regional characteristic industries (Liu & Zheng, 2020).
Although returning farmland to forests reduces the
productive income of farmers, subsidies for returning
farmland based on opportunity cost can make up for
this part of income, and the transfer of agricultural
labor force increases labor income. And we usually
call the subsidies as ecological compensation, which
is a payment for ecological/environmental services.
Ecological compensation is one of ways to balance
the relationship between ecosystem services and
human needs, and usually used as a policy tool to
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Fig. 8 The cumulative
increase of ESV with
restoration years of different
scenarios

maintain or improve ecological conditions by various
incentives in China (Fu et al., 2021; Zhong et al.,
2020).Ecological compensation is an important way
to increase farmers’ participation and consolidate
the achievements of returning farmland to forest
(Guo & Wang, 2020). And quantifying the value of
ecosystem services is a prerequisite for successfully
achieving ecological compensation. Therefore, the ESV
assessment is generally as the basis for formulating
ecological compensation standards (Fu et al., 2021).
At present, there have been many studies on ecological
compensation standards at all stages of the “returning
farmland to forest” project (Wang et al., 2020a). In
the primary stage of returning farmland to forests,
scholars are mainly concerned about the incentives of
returning farmland to forest subsidies to farmers, so the
subsidies should be greater than the opportunity cost of
farmers giving up farmland cultivation; thus, farmers
think that returning farmland to forests is profitable, so
as to increase their participation (Xu et al., 2004). In
the stable stage during returning farmland to forest, the
focus is on the calculation of subsidy standards to avoid
farmers returning to farming. There are generally three
types of methods for determining the compensation
standards for returning farmland to forest, based on the
economic loss during the process of returning farmland
to forest, the economic value of the ecological effects
of returning farmland to forest, and the optimal amount
of economic analysis (Zhang, 2013). Under normal
circumstances, the ecosystem services value is the
upper limit of compensation standards, or based on a
certain service function to determine compensation
standards. For example, Yu and Yao (2012) determined
the optimal subsidy standard for returning farmland
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to forest based on the carbon sink perspective; Sheng
et al. (2017) proposed three different types of ecological
compensation standards based on ecosystem service
value and location diversity indicators. The cumulative
ecosystem service value in the short-term and long-term
in this study can provide a basis for the formulation of
regional ecological compensation standards.

Land use scenario simulation

As a critical of research related to global environmental
change and sustainable development, the researches
regarding land use and land cover change have
increased significantly in recent years (Pocewicz et al.,
2008). The CLUE-S model, proposed by Verburg et al.
(2002), consisted of two distinct modules including
non-spatial demand module and spatially explicit
allocation model, is often used for simulating land
use change and for deriving scenario analyses (Liu
et al., 2017). In addition, the CLUE-S model is based
on probabilistic analysis, and can simulate the impact
of natural geographical factors, location factors, and
socio-economic factors on land use change (Huang
et al., 2019). However, the CLUE-S model simulation
is based on a probability distribution, which is less
accurate than the real situation (Huang et al., 2019).
Besides, in ecological restoration, engineering
implementation is usually carried out in a specific
area, so some type of transformation is planned and
inevitable in this area, contradicting the probability
distribution of CLUE-S model. And as the latest
development based on a series of models of the CLUE
model, CLUMondo model is usually used to simulate
land use change under restoration scenarios, which can
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simulate changes in land cover and land use intensity
driven by the demands for external goods and services.
But the parameters of this model are highly subjective
and require repeated adjustments to obtain better
simulation results. Therefore, instead of using these
models, we have designed artificial scenarios based on
the local conditions.

Our principles when designing simulation sce-
narios are realistic and easy to operate. Scenario 1 is
very convenient for practical operation. Scenario 2 is
divided according to administrative regions, which
is consistent with ecological restoration policies in
China. China’s ecological restoration projects are top-
down, and finally implemented by smaller administra-
tive units in order. Scenario 3 and Scenario 4, accord-
ing to the water body and altitude, consider both
policy factors and natural factors. From the informa-
tion of ecological plantation project in Qinghai Prov-
ince, it can be found that afforestation on both banks
of the Yellow River and afforestation in mountainous
areas are very common. During our field investiga-
tion, we also can find that most of the upper reaches
of the Yellow River are planted with forests, and
some mountainous areas with forested areas also have
concentrated plantations.

However, the simulated scenario design of this
study also has some shortcomings. We did not
consider the impacts of other human activities
and climate change on land use change. The four
main counties in the study area, Xunhua County,
withdrew from poor counties in 2018, and Hualong
County, Minhe County, and Jishishan County all
withdrew from poor counties in 2020. Studies
have shown that poverty can retard regional
development, so poverty reduction is conducive to
regional economic development and urbanization
(Cobbinah et al., 2015). Poverty reduction in
these counties will inevitably affect their level of
urbanization, thus land use. In the era of climate
change, the types and composition of vegetation
have changed, which will affect land use change.
Dong et al. (2020) found that climate change could
affect the plant productivity and diversity on the
QTP. Wang et al. (2020b) analyzed the stability
of QTP ecosystem to climate change, found that
temperature significantly affected the stability of
steppe and meadow and precipitation played a vital
role on stability of coniferous and hylaea forests
and shrubs.

@ Springer

The limitations of cost—benefit analysis in the study

The ecological restoration investment in this study
is just the construction cost, without considering the
maintenance cost. Insect damage and drought are
common problems in returning farmland to forest
or grass, and can cause serious harm to the results
of returning farmland to forest and grass. In planted
forests, the types of forest trees are relatively sin-
gle, which is very likely to cause pest outbreaks, and
extreme climates are also susceptible to degradation
of forests and grasslands, requiring proper mainte-
nance and management. Only scientific and effective
forest and grass industry management can achieve
sustainable forest and grass industry development.
Therefore, the maintenance cost is very important in
the investment.

The restoration measures in this study are rela-
tively simple and not comprehensive as only consid-
ering land use transformation. Previous study showed
that natural vegetation restoration is a potentially
effective measure for improving soil quality, plant
and ecosystem health in arid and semiarid ecosystems
(Li et al., 2019b). Closing land for plantation and
fences are useful options for natural vegetation resto-
ration and the costs of them are much lower. In the
study, there are a lot of small patches of slope farm-
land and degraded land, which can be restored natu-
rally by sealing mountains and fencing, which can
effectively reduce costs and achieve better restora-
tion results. Hu et al. (2020) found that natural veg-
etation restoration has a greater potential to increase
soil fertility, and is better to maintain multiple eco-
system functions than managed vegetation restora-
tion in a relatively short period in the karst regions.
The study of Lan et al. (2020) showed that natural
vegetation restoration of abandoned farmland plays a
positive role in the improvement of soil structure, the
coupling accumulation of soil carbon and nitrogen,
and the conversion and utilization of soil nitrogen. In
addition, the effect of ecological progress is not con-
sidered in this study. In further study, the Resource
Investment Optimization System (RIOS) tool that
focuses on impacts of landscape changes on multi-
annual time scales can be used to target investments
in ecological restoration that achieves the greatest
return on ecosystem services.

The calculation of ecosystem service value in the
research is also relatively rough. In further research,
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some NPP adjustment factors, precipitation adjust-
ment factors, and soil conservation adjustment factors
can be combined to adjust the model, so as to obtain
more accurate research results. In addition, we can
conduct some sensitivity analysis to test the reliability
of the results.

Conclusion

This study calculated the cost-benefit based on ESV
of the four ecological restoration scenarios in a typi-
cally degraded river basin in the Upper Yellow River
Valley on the QTP. We found that the increases of
ESV varied in different scenarios, as Scenario 4
had more forest and shrub lands, it had the biggest
increase in ESV. At the same time, the spatial vari-
ation of ESV within each scenario was significant,
but it was different between scenarios. The Scenario
2, Scenario 3, and Scenario 4 showed a similar spa-
tial distribution. The cost-benefit analysis showed the
obvious difference in trends of cost and benefits under
four scenarios. The choice of the optimal scenario
differs depending on the evaluation criteria. From the
balance point, Scenario 1 is the best and has the short-
est investment return time; from the short-term ben-
efit, Scenario 1 is the best and has the largest increase
in ESV over the 6 years after investment; and from
the long-term benefit, Scenario 4 is the best and has
the largest increase in ESV at a long-time scale. The
ESV can be used to determine the subsidy standard
for returning farmland to forest, and is generally used
as the upper limit of the standard. If the maintenance
cost, diversified restoration models, and more realistic
ESV calculations are considered, the research results
can provide a better scientific basis for the selection
of regional ecological restoration mode and ecologi-
cal compensation for returning farmland to ecological
land.
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