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Abstract
Purpose – Grassland in Qinghai as the main type of ecosystem in this region is located in arid and semi-arid
areas. The ecosystem is fragile and sensitive to climate change. Grassland ecosystem not only provides
essential ecological and life functions for human society but also plays a vital role in mitigating and adapting
to climate change. The empirical literature on grassland ecosystem services value (ESV) does not consider the
impact of climate change and regional economic development level factors, which prevents policymakers
from making appropriate decisions. This paper aims to analyze the influencing factors of grassland ESV
assessment, and, based on themeta-prediction model, account the grassland ESV in Qinghai province.
Design/methodology/approach – To understand the value of grassland ecosystem services in China under
climate change, this paper used 61 research literature on the evaluation of grassland ESV in China, including a total
of 564 value observations to establish a value transfer database. Based on the meta-analysis method, this study has
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constructed a value transfer model, to evaluate the grassland ESV in Qinghai province, and an interpretationmodel,
which can analyze if the independent variables affect the grasslandESV significantly.
Findings – The study finds that the evaluation methods, types of ecosystem service functions, climate
change and grassland types can affect the grassland ESV significantly. Based on the meta-regression
prediction model to evaluate the grassland ESV in Qinghai is US$1,542.67/ha/year. It indicates several
targeted approaches to increase the grassland ESV, and climate change also has a specific impact on the value
of grassland ecosystem services.
Research limitations/implications – This study provides a scientific basis for grassland management
related to the development of grasslands and ecological compensation, as well as promote the sustainable
development of grassland ecosystems.
Originality/value – This paper contributes to the field of grassland ESV assessment in at least three
aspects; first, it innovatively introduces the meta-analysis to carry out an integrated analysis of previous
research results; second, it includes a broader set of influence variables in the analysis, including
meteorological and economic factors; and third, it establishes a methodological basis for the field of grassland
ESV accounting.

Keywords Climate change, Grassland ecosystem, Ecosystem service value, Value transfer, Meta-analysis

Paper type Research paper

1. Introduction
Climatic changes have been identified as one of the most critical drivers of change in ecosystems
and their services (Millenium Ecosystem Assessment, 2005; Nelson et al., 2013). IPBES
(Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, 2019)
assessed direct drivers of change for ecosystem function and structure and showed that climate
change is among the top drivers for any ecosystem realm. Bagstad et al. (2013) expected that
continued climate change would reduce the water supply in arid and semi-arid areas and have a
negative impact on water quality. Massive changes in climate and land use typically resulted in
significant changes in ecosystem service supply. Some of these trends may be positive (for
example, increases in forest area and productivity); some of the changes may increase
vulnerability as a result of a decreasing supply of ecosystem services (Schirpke et al., 2017;
Schroter et al., 2005).

Ongoing climate change is a critical factor impacting the growth of grassland vegetation
(Tao et al., 2015). Therefore, research on the management and development of grassland
ecosystems is inseparable from climate change. As the main type of ecosystem in Qinghai
province, an arid and semi-arid region with the extraordinarily harsh and fragile ecological
environment, the grassland plays an essential role in maintaining the ecological balance of
the earth biosphere and global climate change (Du and Yu, 2018; S�andor and Doms�a, 2018),
and has significant environmental benefits and economic value (Kolstad, 2000). Many
researchers have studied how climate factors influence the grassland ecosystem. Maalouf
et al. (2012) believe that drought events impact plant diversity of mesic and xeric calcareous
grassland communities. Tao et al. (2015) reveal higher climate sensitivity in higher elevation
areas of the plateau. Little research has focused on the direct analysis of how climate change
influences grassland ecosystem service value.

Ecosystem services are the conditions and processes through which natural ecosystems,
and the species that make them up, sustain and fulfill human life (Cairns, 1997; Costanza
et al., 1997; Daily, 1997; Millenium Ecosystem Assessment, 2005). After calculation, the total
value of global ecosystem services is as high as $33tn per year, which is about twice the
global GDP (Costanza et al., 1997). At the grassland ecosystem level, Costanza et al. (1997)
select nine types of grassland ecosystem services, such as runoff regulation, gas regulation,
soil formation and soil erosion control, to calculate the total service value of US$906bn per
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year. Based on the methodology proposed by Costanza, Xie et al. (2003) also divided the
national grassland ecosystem into 18 categories and 21 subcategories. The results of
the study indicate that the unit area ESV of grassland in the country was 5,354.32 (US$/ha/
year). Although the connections between climate changes and their impacts on
the grassland ESV are yet not well understood, both the government and researchers
recognize the importance of grassland ecosystems in mitigating and responding to climate
change (Watson et al., 2020; Ning et al., 2019; Sala et al., 2017). In the top-level design of the
grassland areas such as the “13th Five-Year Plan for National Grassland Protection and
Construction and Utilization” and “Planned Grassland, Grassland, Rivers, and Lakes Rest and
Recreation Plan (2016–2030),”more attention is paid to global climate change. However, how to
achieve the economic point of view of the “Pareto optimal” (Kolstad, 2000) allocation of resources
is of great significance. Thus, accounting for the grassland ESV is an integral part of it.

Different researchers have different views on the heterogeneity characteristics of
grassland, and the value of ecological services provided by different grassland types is also
different (Gao and Lin, 2014). Therefore, we need a strict and objective statistical method:
meta-analysis to integrate the previous research results and get rigorous research
conclusions (Brander et al., 2012). The benefit transfer based on meta-regression can
effectively control the differences of various factors, such as the characteristics of the
research object, background andmethod, to obtain precise and accurate transfer results, and
also perform better in practical applications (Duarte et al., 2018; Fleiss and Gross, 1991;
Johnston and Rosenberger, 2010; Moeltner et al., 2007; Salem and Mercer, 2012). However,
there is not much research on the ESV accounting in China using meta-analysis methods
(Table 1), and it is still negligible for the field of grassland ecosystems.

At present, few studies use meta-analysis to evaluate the grassland ESV in China, and
the relationship between grassland ecosystem services and climate change is still unclear.
This paper aims to conduct a systematic analysis of what factors influence grassland ESV
in China and obtain objective grassland ESV in Qinghai province based on the meta-
analysis utility transfer method. The research results hope to provide a scientific basis for
grassland management; raise eco-friendly awareness among developers and policymakers;
avoid short-sighted economic behavior that damages grassland ecosystems; and ultimately
promote the sustainable development of grassland ecosystems.

2. Methodology
2.1 Study area
The grassland ecosystem accounts for 50.9% of the Qinghai–Tibet Plateau, which is a sensitive
area of climate change and an ecologically fragile zone (Du and Yu, 2018; Xie et al., 2003). It is

Table 1.
Meta-analysis of

studies to assess the
ESV in the field of
Chinese scholars

have used

Methodology Ecosystem/ESV function Author/Year

Use meta-analysis
methods to gather
previous research
results and access the
value transfer of
ecosystem services

Recreational value Zhao and Wang, (2013)
Lake and marsh ESV Zhang et al., (2015)
Biodiversity value Zhou et al., (2016)
Urban ESV Zhang et al., (2016)
Wetland ESV Yang et al., (2017)
Inland River Basin ESV Yan et al., (2017)
Resource-based city ESV Zhu et al., (2017)
Forest ESV Qi et al., (2018)
Wetland ESV Sun et al., (2018)
Wetland ESV Li et al., (2018)
Water Resources value Xu et al., (2019)
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an ideal place to study the response mechanism of grassland ecosystems to climate change.
The study site for this paper is in Qinghai province (89°350–103°040E, 31°400–39°190N), which
is located in the northeast of the Qinghai–Tibet Plateau (Figure 1). Qinghai province connects
Qilian Mountain and Altun Mountain in the north, Animaqing Snow Mountain and Kunlun
Mountain in the middle and Bayan Hara Mountain and Tanggula Mountain in the south,
showing the complex and diverse landforms. Qinghai province, as one of the five largest
pastoral areas in China, has the fourth largest grassland area in the country, with a total area of
4.034� 107 h m2, of which 78.36% are available grasslands. Because of the complex
topography and landforms, there are nine major categories and seven subcategories of
grasslands in Qinghai province. Among them, alpine meadows and alpine grasslands are the
main subjects, accounting for 60.9% of the total area.

2.2 Meta-regression model
Referring to the method used by Bergstrom and Taylor (2006), Brander et al. (2012),
Chaikumbung et al. (2016) and Salem andMercer (2012) and combining the characteristics of
grassland ecosystem services studied in this paper, a meta-model, equation (1), is built. The
numerical variables (e.g. grassland area, annual temperature) in this study are included in
the model in the form of natural logarithms, which can reduce the fluctuation of the original
data (but cannot be eliminated), improve the accuracy of model fitting and reduce
heteroscedasticity (Ghermandi et al., 2010).

ln yið Þ ¼ aþ baXa þ bbXb þ bgXg þ bdXd þ bvXv þ bmXm þ blXl þ « (1)

In equation (1), the dependent variable yi is the value vector of each ecological service
function of the grassland ecosystem (unit: US$/ha/year, the value of ecosystem services per

Figure 1.
Location of the
study area
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unit area per year), which has been adjusted to the value basing in 2019 by the consumer
price index. a is a constant term; « is a vector of residual error distributed as a multivariate
normal distribution with zero means and unitary variance; ba�l are the matrix of unknown
regression coefficients; and Xa�l are independent variable matrices. Xa is the evaluation
methods variable matrix, Xb is the matrix of ecosystem service function type, Xg is the
grassland characteristic matrix, Xd is the matrix of the economic development status, Xv is
the matrix of the grassland region and Xm and Xl are matrices of meteorological factors,
representing temperature and rainfall, respectively.

In the domestic and foreign researches on the value prediction method based on meta-
regression analysis to calculate the ESV, the choice of multiple linear regression method
focuses on the use of the weighted least square (WLS) method (Li et al., 2018; Yan et al., 2019;
Yang et al., 2017) and backward elimination method (Salem and Mercer, 2012; Zhu et al.,
2017). WLS is a method of weighting based on the existing model, and then using least
squares to perform the regression (Garson, 2013), which can effectively reduce
heteroscedasticity, but the determination of weights also has an impact on the accuracy of
the result fitting. Choose the appropriate weights; weighting the number can reasonably
reduce heteroscedasticity. Rosenberger and Loomis (2001) used the reciprocal of the square
root of the sample size as the weight, and Ghermandi et al. (2010) and Salem and Mercer
(2012) used the reciprocal of the observations provided by each source document in the
meta-database as the weight to weight the model. The research results of Hedges et al. (1999)
indicate that the optimal weight in theWLS method should be the reciprocal of the variance.
Because it is expected to provide further weight to the observations with higher evaluation
accuracy, we use the reciprocal of the variance as weight in this study. We obtain the
weights in SPSS 23.0 according to the method introduced by Garson (2013). The backward
elimination method is to calculate the partial correlation coefficient between the independent
variable and the dependent variable and to eliminate the independent variables with the
smallest partial correlation coefficient and the F value that does not meet the standard until
all the independent variables in the model meet the standard. The final equation is the
optimal equation for the fitting effect. This study will build two models based on WLSs and
backward elimination methods, compare their fitting accuracy and select models with
higher fitting accuracy for independent variable interpretation and value transfer.

2.3 Validity test
Although the meta-regression analysis method has many advantages mentioned above, in the
process of value transfer using the meta-regression model, substantial errors may still occur,
which are called transfer errors. It is essential to test the validity, referred to as the validity test.
We test the validity of the predictionmodel according to the following fourmethods.

2.3.1 Paired-samples t-test. Based on statistical assumptions, at a significance level of
0.05, whether the predicted value of the meta-prediction model is different from the actual
observed value, that is, whether it is significantly different, is determined, and then the
hypothesis is accepted or rejected. In this study:

H0 : m 0 ¼ 0
H1 : m 0 6¼ 0

where m 0 is the difference between the predicted value and the real value, the statistic

t ¼ D�u0
SD=

ffiffiffiffiffiffiffiffi
np�1

p , D is the average of the difference between the predicted value and real value

and SD is the difference between the paired samples the standard deviation of value.
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2.3.2 Pearson correlation coefficient test. To show the correlation degree and trend
between the two variables, we introduce the concept of Pearson correlation coefficient. If the
correlation coefficient is significant, it indicates that the predicted value is significantly
correlated with the observed value.

2.3.3 Error test. According to the method introduced by Rosenberger and Loomis (2001),
we use the mean complete percent error (MAPE) to test the prediction model’s validity.
Existing studies generally accept the acceptable range of 20%–40% given by Brander et al.
(2012).

MAPE ¼ j Yobs � Ypred
� �

=Yobsj (2)

In equation (2), Yobs is the actual value of grassland and Ypred is the predicted value of
grassland ESV predicted bymeta-model.

2.3.4 Linear regression test. A linear regression between the predicted value and the
observed value is performed to obtain the correlation coefficient b and the constant term a
of equation (3). If a = 0, b = 1 and the p-values are under 0.05, it means that statistics and
predictions are approximately the same. The above two hypothesis tests are conducted with
t-test and F-test, respectively.

ln yið Þ ¼ aþ b ln ŷið Þ þ « (3)

3. Data and estimation scheme
3.1 Data source and processing
Data were collected from the Web of Science and the Chinese National Knowledge
Infrastructure (CNKI) databases before January 1, 2020. When searching for articles related
to grassland ESV, the following keyword were used: “ecosystem service value,” “grassland,”
“rangeland” and “ESV.” A total of 1,104 documents were retrieved, of which 325 were
Chinese documents, and 779 were English documents. To minimize publication bias,
documents with the following four conditions will be excluded:

(1) The research object is artificial grassland or artificial green space.
(2) The study site is outside of China.
(3) The type of assessment grassland is not classified, or the classification standard is

unreasonable.
(4) The accounting method is energy analysis.

According to the above conditions, we filtered to get a total of 564 value observations in 61
related literature. Among the documents that meet the requirements, 48 are journal articles
and 13 master’s and doctoral theses, 57 of which are Chinese documents and 4 are English
documents. As per statistics from the time scale, the earliest publication time was in 2001, 11
articles were published in 2001–2005, 15 articles were published in 2006–2010 and 35
articles were published after 2010. We use Get Data Graph Digitizer v2.26 to extract data
from document charts and establish the meta-analysis value transfer database. Figure 2
shows that the sample cases in the database are distributed in 12 provinces across the
country, with even distribution and broad types. Therefore, they can reflect the differences
in social economy and grassland types in the process of calculating the grassland ESV. In
particular, Qinghai, Tibet and Inner Mongolia account for a relatively large proportion,
which is related to the geographical distribution pattern of grassland resources in China.

IJCCSM
12,5

622



In the meta-database of this study, the research time of different literature is various, and the
obtained results have currency time differences. Therefore, to make the data comparable, we
adjust research results to the value level of 2019 and use US$ as the unit of ESV. We use
Excel 2016 to perform fundamental descriptive statistical analysis of the sample, and SPSS
23.0 and R 4.0.0 to perform regression analysis and data visualization.

3.2 Descriptive statistical analysis of samples in the database
3.2.1 Comparing ecosystem services value differences of grassland ecosystem in China.
Figure 3 shows the average value distribution of various ecosystem service types in China’s
grassland ecosystem. As shown in the figure, the average value of various ecosystem
services presents a specific difference. Among them, the function with the highest value is
the carbon fixation and oxygen release. The average value of the database is 538.91 (US$/ha/
year) and the function with the lowest value is the grass products. The average value in the

Figure 2.
Geographical

distribution of sample
cases

Figure 3.
Average value of

grassland ecosystem
service function in the

meta-database

Grassland
ecosystem

service value
in China

623



database is 87.45 (US$/ha/year). It is not comprehensive to only compare the mean value of
each service function of the grassland ecosystem, and only the overall trend can be obtained.
If the research analyzes whether the differences in various service functions of the grassland
ecosystem are significant, which needs subsequent data analysis, so we introduce the
interpretation equation to analyze and explain each class variables.

Figure 4 shows that the functional ESV of grassland is evenly distributed, which reflects
the rationality of the meta-database and lays the foundation for subsequent data analysis.

Figure 4.
Distribution of each
grassland function’s
ESV in the sample
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Compared with Figure 3, the scatter chart can reflect the details of the value of each ecological
service function, which cannot be reflected from the average statistics. We check the singular
values of the observations in the sample and trace the reasons. For example, it can be found
that in the biodiversity protection function, the value calculated by the opportunity cost method
is too high. This is because the accounting method results in a high value of the accounting
value. Therefore, the accounting method should be included in the model as one of the
independent variables in the subsequent modeling (Johnston and Rosenberger, 2010). Because
of the difference in the productivity of grassland resources, if the productivity of undegraded
grassland is higher than that of degraded grassland, the productivity of meadow grassland is
also higher than that of desert grassland (Miller et al., 2011), which is also one of the reasons for
generating singular values. Therefore, the subsequent analysis should also use grassland type
as one of the independent variables to conduct correlation analysis. To improve the accuracy of
the model, we should eliminate the singular value that cannot be traced to the source or if the
reason for the traceability is not reasonable.

3.2.2 Comparing ecosystem services value of grassland classification. As shown in
Figure 5, the grassland classification with the highest ESV is mountain meadow, with a
value of 4,839.04 (US$/ha/year), and the lowest classification is alpine desert, with a value of
233.34 (US$/ha/year), which is quite different. The value of each grassland classification is
ranked from high to low: mountain meadow > warm shrub grass > hot shrub grass >
lowland meadow > alpine grassland > temperate grassland > alpine meadow > warm
desert > alpine desert. From this trend, it can be found that the ESV of azonal range is
generally high, and the service value of desert grassland ecosystem is generally low, which
is consistent with the research conclusions obtained by scholars such as Jiang et al. (2007).

3.3 Explanation of independent variables
In this study, we include six independent variables: ESV accounting method, grassland
classification, grassland ecosystem service function, regional economic development, grassland

Figure 5.
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characteristic and meteorological factors. We use GDP per capita to represent regional
economic development (Zhang et al., 2015; Zhu et al., 2017); grassland area to represent
grassland characteristics (Yan et al., 2019; Yang et al., 2017); and annual average temperature
and annual average precipitation to represent climate change factors (Scheiter et al., 2019;
Wang et al., 2016). Among all independent variables, three are numerical variables and dummy
variables. Because there are many variables included in the model in this study, sometimes
because of the high correlation between the explanatory variables, the multiple linear
regression model cannot reasonably predict and explain. This phenomenon is called
multicollinearity (Shrestha and Loomis, 2003). Therefore, to avoid the multicollinearity caused
by the unreasonable setting of the dummy variable, we enter the type variable into the model in
the form of assignment 0/1, and set the control group (Table 2).

3.4 Estimation technique
3.4.1 Single-factor screening. Generally, the modeling strategy for multi-factor regression is
from “general-to-specific.” In this study, referring to the practice of Chaikumbung et al.
(2016), we first conduct a single-factor screening of the respective variables of the model. By
comparing the size of Pearson correlation coefficient, we briefly judge the correlation
between each dependent variable and independent variable. According to the absolute
value of the correlation coefficient, it can be divided into three levels: very weak correlation
(jrj< 0.3), weak correlation (0.3< jrj < 0.5), medium correlation (0.5< jrj < 0.7) and strong
correlation (jrj > 0.7) (Bland and Altman, 1986), and then excluding independent variables
that have no obvious correlation and no significant effect (p> 0.05).

3.4.2 Collinear diagnosis. To avoid multicollinearity, it is also necessary to eliminate
outliers through collinearity diagnosis in the data analysis stage to reduce collinearity when
setting variables. The method of collinearity diagnosis can judge the size of the variance
expansion factor (VIF) and tolerance, and the larger the VIF, the stronger the collinearity.
The tolerance is the reciprocal of the expansion coefficient of variance, and the value range
is 0–1. If the tolerance is smaller, the closer to 0, the stronger the collinearity. Following
Bergstrom and Taylor (2006) and Hedges et al. (1999), we can reasonably reduce the
multicollinearity of the model by eliminating the variable with large VIF to improve the
fitting accuracy.

3.4.3 Case diagnosis. In this study, the diagnosis of cases in the database is based on two
aspects. On the one hand, we trace the singular values. After tracing, the observations with
reasonable reasons for the singular values should be retained. Singular values that cannot
be traced to the source or have unreasonable reasons and that differ from the standard value
by 3 standard deviations should be eliminated. On the other hand, based on the definition of
statistical value standardized residual, cases that do not meet the standard are eliminated.
Following Yang et al. (2017), we exclude cases with an absolute value of standardized
residuals larger than 2.5 to improve the fitting accuracy of the model.

4. Meta-regression model results
4.1 Meta-interpretation model results
We use WLSs and backward elimination to regress the equation to obtain two models. As
shown in Table 3, Model 1 obtained by the WLS method has an F-value of 25.302 and an
adjusted R2 of 0.515, indicating that Model 1 can explain the 51.5% variation in grassland
ESV; and Model 2 obtained by the backward elimination method has an F-value of 29.433
and an adjusted R2 of 0.556, indicating that Model 2 can explain the 53.7% variation in
grassland ESV. Comparing the results of the two models obtained by the two methods, in
addition to the different control groups selected in the independent variable grassland
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Table 2.
Explanation of

variables in Meta-
regression model

Variable Description Mean SD
No. of

observations

Dependent variable
ESV(USD/ha/year) Numeric variables (natural logarithm) 6.279 2.101 564

Independent variable
Per unit area method Control group 6.398 1.568 325
Alternative cost method Use alternative costing method: 1 = yes; 0 = otherwise 6.065 3.035 95
Market value method Use market value method: 1 = yes; 0 = otherwise 6.749 1.958 48
Shadow engineering
method

Use shadow engineering method: 1 = yes; 0 =
otherwise

6.875 1.440 49

Expense method Use expense method: 1 = yes; 0 = otherwise 5.178 2.349 22
Opportunity cost method Use opportunity cost method: 1 = yes; 0 =

otherwise
4.446 3.412 25

Biodiversity protection Ecosystem service is biodiversity protection: 1 =
yes; 0 = otherwise

7.380 0.987 46

Livestock production Ecosystem service is livestock production: 1 = yes;
0 = otherwise

6.108 1.523 59

Water conservation Ecosystem service is water conservation: 1 = yes;
0 = otherwise

6.926 1.316 77

Soil retention Ecosystem service is soil retention: 1 = yes;
0 = otherwise

6.314 2.760 67

Carbon fixation and
oxygen release

Control group 7.492 1.192 83

Climate regulation Ecosystem service is climate regulation: 1 = yes;
0 = otherwise

7.019 0.855 37

Grass products Ecosystem service is grass products: 1 = yes;
0 = otherwise

5.113 1.546 54

Nutrition cycle Ecosystem service is nutrition cycle: 1 = yes;
0 = otherwise

4.078 3.663 32

Contaminant degradation Ecosystem service is contaminant degradation:
1 = yes; 0 = otherwise

6.409 1.849 57

Entertainment and culture Ecosystem service is Entertainment and culture:
1 = yes; 0 = otherwise

4.458 1.781 52

Temperate steppe Control group 6.357 2.093 173
Alpine steppe Grassland classification is alpine steppe: 1 = yes;

0 = otherwise
6.356 2.021 62

Temperate desert Grassland classification is temperate desert: 1 =
yes; 0 = otherwise

5.331 2.153 110

Alpine desert Grassland classification is alpine desert: 1 = yes;
0 = otherwise

5.770 1.200 6

Warm shrub grass Grassland classification is warm shrub grass:
1 = yes; 0 = otherwise

7.491 1.355 16

Hot shrub grass Grassland classification is hot shrub grass:
1 = yes; 0 = otherwise

7.268 1.383 38

Lowland meadow Grassland classification is lowland meadow:
1 = yes; 0 = otherwise

6.156 1.935 43

Mountain meadow Grassland classification is mountain meadow:
1 = yes; 0 = otherwise

7.006 2.131 64

Alpine meadow Grassland classification is alpine meadow:
1 = yes;
0 = otherwise

6.105 2.124 52

Grassland area (hm2) Numeric variables (natural logarithm) 12.912 3.058 564
GDP per capita (CNY/
person)

Numeric variables (natural logarithm) 10.267 0.436 564

Annual temperature (°C) Numeric variables (natural logarithm) 9.757 2.313 564
Annual precipitation (mm) Numeric variables (natural logarithm) 11.438 3.217 564
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ecosystem functions, the coefficient direction, size and significance of the remaining
independent variables are also basically the same. We should choose Model 2 with higher
fitting accuracy as the explanation model.

Results reported in Table 3 show that temperature and precipitation have a positive
significant effect on grassland ESV, which means climate changes may benefit for
the grassland ecosystem. And according to the size of the regression coefficient, it can be
obtained: Compared with the annual average precipitation, the annual average temperature
has a greater impact on ESV. Figure 6(a) shows that the regression coefficients of the market
value method, expense expenditure method and opportunity cost method are incredibly
significant at 99% confidence level, and the remaining methods are not significant. From the

Table 3.
Regression results of
meta-interpretation
model

Variable

Model 1 (weighted least squares) Model 2 (backward elimination)
Unstandardized
coefficients SD

Unstandardized
coefficients SD

Accounting method
Constant term 4.773** 1.722 7.314 0.302
Per unit area method Control group Control group
Alternative cost method �0.314 0.268 0.200 0.197
Market value method 1.356** 0.300 1.441** 0.225
Shadow engineering method �0.240 0.342 Exclude
Expense method �0.560 0.324 �0.851** 0.300
Opportunity cost method �3.643** 0.331 �3.793** 0.306

Types of Grassland Ecosystem Services
Biodiversity protection 3.874** 0.328 0.803** 0.236
Livestock production 1.410** 0.281 �1.152** 0.231
Water conservation 2.582** 0.312 Control group
Soil retention 2.530** 0.303 0.563* 0.227
Carbon fixation and oxygen release 3.205** 0.299 0.479* 0.218
Climate regulation 2.711** 0.342 0.179* 0.248
Grass products 0.245 0.253 �2.202** 0.229
Nutrition cycle 0.145 0.360 �1.952** 0.348
Contaminant degradation 2.085** 0.278 �0.143 0.228
Entertainment and Culture Control group �2.475** 0.234

Grassland classification
Temperate steppe Control group Control group
Alpine steppe �0.381 0.235 �0.334 0.188
Temperate desert �1.320** 0.180 �0.969** 0.160
Alpine desert �1.822** 0.640 �1.676** 0.525
Warm shrub grass 1.019* 0.478 0.919** 0.326
Hot shrub grass 0.570 0.316 0.680** 0.224
Lowland meadow �0.582* 0.261 �0.252 0.219
Mountain meadow 0.317 0.258 0.381* 0.192
Alpine meadow �0.204 0.244 �0.241 0.202

Grassland area (hm2) �0.048* 0.024 �0.021 0.019
GDP per capital (CNY/person) 0.055 0.169 Exclude
Annual temperature (°C) 0.097 0.094 0.176* 0.128
Annual precipitation (mm) 0.544 0.179 0.043* 0.092
F-value 25.302 29.433
Adjusted R2 0.515 0.537

Notes: ** and * show that the null hypothesis of the presence of unit root is rejected at 99% and 95%
confidence levels, respectively
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point of view of unstandardized coefficients, the value estimated by the market value
method is significantly higher than other value evaluation methods (p < 1%), which means
that the use of the market value method will overestimate the grassland ESV. The value
accounting result obtained by the opportunity cost method is significantly lower than other
value evaluation methods (p < 1%), which means the grassland ESV is underestimated.
Among them, the underestimation of grassland ESV is the most serious when using the
opportunity cost method. This result may be that the evaluation of grassland value using
the opportunity cost method is not comprehensive. For example, when the opportunity cost
method is used to evaluate the soil conservation function, only the value of this grassland
can be used for livestock production. This is incomplete, so it will cause an underestimation
of the value of grassland ecosystem services.

Figure 6(b) shows that in the independent variable matrix of grassland ecosystem service
types, except for the degradation function of pollutants, the values of other grassland
ecosystem service types are statistically significantly different from the value of conserved
water sources (p < 5%). Among them, biodiversity, livestock production, grass products,

Figure 6.
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nutrient circulation and entertainment and culture have extremely significant differences
compared with the value of water conservation (p< 1%). This result shows that under other
conditions unchanged, the value of biodiversity protection; soil conservation; carbon
fixation and oxygen release; and climate regulation functions are higher than the economic
value of water conservation, and the highest value of biodiversity protection functions. The
economic value of grass products, nutrient circulation, entertainment culture and animal
husbandry production are all lower than the economic value of water conservation, of which
entertainment culture has the lowest value.

Results reported in Figure 6(c) show that the unstandardized regression coefficients of
warm shrub grass and tropical shrub grass are incredibly significant (p < 1%), the
regression coefficient of mountain meadow is significantly positive (p < 5%) and the
regression coefficient of warm desert and the alpine desert is exceptionally significant as
negative (p < 1%); the remaining grassland types are not significant. Among them, the
economic value of warm desert and alpine desert is significantly lower than the economic
value per unit area of warm grassland (p < 1%). Warm shrub grass, hot shrub grass and
mountain meadows are all non-zonal grasslands. The regression coefficients of these three
types of grasslands are significantly positive (p< 5%), indicating that the economic value of
non-zonal grasslands is higher than that of temperate grasslands. Among all the grassland
types of the input grassland type independent variable matrix, the highest economic value
per unit area is warm shrubs and the lowest is alpine desert, which is consistent with the
results of Chen et al. (2012).

4.2 Meta-prediction model results
Based on the results of the meta-prediction model in Table 4, we can calculate that the
grassland ecosystem service value in Qinghai province is 1,542.67 (US$/ha/year). The
specific calculation results are shown in Figure 7 and 8. The results show that the order of
each grassland function ESV from high to low is as follows: soil conservation (25.4%) >
carbon fixation and oxygen release (16.47%) > pollutant degradation (13.29%) >
biodiversity protection (12.63%) > livestock production (10.22%) > climate regulation
(9.04%) > conservation of water sources (7.48%) > grass products (3.52%) > nutritional
cycle (1.35%) > entertainment culture (0.59%). This result is different from the ranking
obtained in the descriptive statistics. Compared with that, the result is more rigorous and
statistically significant.

Among the grassland classifications in Qinghai province, the results show that the order
of each grassland classification ESV from high to low is as follows: alpine meadow> alpine
steppe > temperate steppe > temperate desert > lowland meadow > alpine desert. It is
interesting to note that the highest unit ESV is the alpine meadow, and the lowest is the
alpine desert, which is just continuity of our previous findings. Such results may be related
to the differences caused by the different productivity and adjustment ability of grassland
classification. Despite through the single-factor screening and case diagnosis, the results are
still consistent with the meta-interpretation model, indicating that the method is credible.

4.3 Validity test results
At the end, we have some diagnostic tests to check the validity of instruments used in the
analysis, The validity test results of the meta-prediction model are shown in Table 5. The
validity test is carried out in four ways, all of which pass the test, indicating that the transfer
error of the prediction model during the value transfer process is within 95% confidence
level. There is no significant difference between the predicted value and the observed value.
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Table 4.
Regression results of

meta-prediction
model

Variable Unstandardized coefficients SD

Content term 8.060** 0.283
Alternative cost method 0.391* 0.170
Market value method 1.454** 0.184
Shadow engineering method �0.015 0.193
Expense method �1.186** 0.257
Opportunity cost method �6.513** 0.334
Biodiversity protection �0.332 0.223
Livestock production �1.997** 0.215
Water conservation �0.840** 0.203
Carbon fixation and oxygen release �0.457* 0.200
Climate regulation �0.666** 0.226
Grass products �3.063** 0.213
Nutrition cycle �2.960** 0.301
Contaminant degradation �0.672** 0.212
Entertainment and culture �3.388** 0.216
Temperate steppe 0.252 0.132
Temperate desert �0.656** 0.148
Alpine desert �1.463** 0.437
Warm shrub grass 0.965** 0.284
Hot shrub grass 0.835** 0.198
Lowland meadow 0.612** 0.171
Mountain meadow 0.119 0.186
Grassland area (hm2) �0.034* 0.016
Annual temperature (°C) 0.158* 0.128
Annual precipitation (mm) 0.033 0.092

F-value 52.058
Adjusted R2 0.684

Notes: ** and * show that the null hypothesis of the presence of unit root is rejected at 99% and 95%
confidence levels, respectively
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5. Discussion
Grassland ecosystems can provide multiple services, and there are individual differences
between different types of service functions. Therefore, the economic value of grassland will
also produce differences, thereby affecting the change in the total value of grassland. We
find that entertainment and culture has the lowest value. The possible reason is that almost
all of the entertainment culture value evaluation in the value transfer literature database
adopts the travel expense method in the expense expenditure method (Zhang et al., 2015;
Zhu et al., 2017). Some natural grassland areas have not developed tourism, or the tourism
industry is not developed because of geographical location, so using the expense method to
measure the entertainment cultural ESV has caused far underestimation.

In this study, we have demonstrated that whether in the sample literature or in the value
transfer results, alpine meadows show the highest unit ESV, whereas alpine deserts show
the lowest unit ESV. This can be explained by the higher productivity of alpine meadows, so
the value of livestock production provided is higher than that of desert grasslands with low
stocking capacity, and the aboveground biomass of meadow grasslands is also more
abundant. The functional value of water conservation and even grass products is generally
high (Nelson et al., 2013; Sala et al., 2017), which has an impact on the total ESV of different
types of grasslands. This suggests that the government’s protection of grasslands with high
ESV is as important as the restoration of the environment.

Any climate can be classified based on temperature and precipitation (Geiger, 1954;
Koppen, 1918), and vegetation in arid and semiarid areas is usually influenced by air
temperature and precipitation (Wang et al., 2016). The two climate variables, temperature

Figure 8.
Meta-transfer results
of Qinghai province
grassland
classifications ESV

Table 5.
Validity test results

Validity test method Index Result Conclusion

Paired t-test t 0.000 Not significant, accept H0
Pearson correlation
coefficient test

p 0.833** Predicted and observed values are extremely
significantly correlated

Error test MAPE 14.75% Accept
Linear regression test a 0.000 Accept the assumption of a = 0, b = 1

b 1.000
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and precipitation, are the main focus of this paper. The positive sign of the coefficient of
temperature and precipitation shows that climate factors affect grassland ESV positively.
Zhu et al. (2015) believed the rise of ESV in Three-River Headwaters region was caused by
climate and human activities, which is continuity of our findings. This may be because of
the increase of grassland productivity under the background of global warming and
humidification (Montoya and Raffaelli, 2010; Schroter et al., 2005), thereby achieving the
effect of increasing grassland ESV. Compared with Wang et al. (2016), the results of this
study are somewhat different. There are two main reasons. The first reason is the difference
in the study area. The second reason is that the influence of human activities cannot be
inputted as an independent variable in the model because of the difference in the quality of
the data obtained in this study. Therefore, when considering the impact of climate change on
ESV, the interference of human activities cannot be stripped away. Because of the
limitations of the meta-interpretation model, this can only explain the past situation and
cannot make predictions about future scenarios. Meta-analysis is based on linear relation,
which is not that suitable for climate change, as it is relatively complicated. Therefore, a
more accurate model to reflect the relation between climate change and ecosystem service
value is needed. Different climate factors have different influences on the ecosystem and are
related to the combination of water and heat. It is also an issue to be considered in future
research.

The limitations of this study exist in three aspects. First, according to the sample
literature selected by the meta-database, because of geographical factors such as rain and
heat conditions, altitude and temperature, the distribution of grassland resources in China is
zonal. The grassland types evaluated by the literature is mainly concentrated in typical
grasslands, meadow grasslands, alpine grasslands and other areas. Most of the research
sites are in the Inner Mongolia Plain, Northeast Plain and Qinghai–Tibet Plateau, while
there are few studies in Xinjiang and South China. Because the number of grassland types in
the database is not uniform, the impact of grassland type on the value of dependent variable
cannot be fully explained. Second, the quality of the empirical research literature obtained
by the screening is uneven and cannot be discerned only from the data level, which makes
the comparability of the research results of different kinds of literature lower. Although the
price parameter is adjusted, it is difficult to eliminate the influence of the time factor. For this
situation, the sample information of the database is continuously expanded and updated to
establish a long-term value transfer model of grassland ecosystem services. Because the
value-transfer method is economically friendly, convenient and time-saving, it has positive
significance for country’s natural resource asset accounting. Third, the statistical data of
policy land and grassland resources need to be used in the transfer of value, but the
published statistical books can often be retrieved with a time lag. Therefore, if further study
can combine GIS technology with the meta-regression model, the reliability and value
transfer accuracy would be improved.

6. Conclusions
Based on the meta-regression interpretation model, analyze and explain the variables in the
model, we find that the evaluation methods, types of ecosystem service functions, climate
factors and types of grasslands can influence grassland ESV significantly. For the whole
sample case in this study, there was a positive correlation between grassland ESV and
climate factors. Based on the meta-regression prediction model, we calculate that the
grassland ESV in Qinghai province is 1,542.67 (US$/ha/year). The order of each grassland
function ESV from high to low is as follows: soil conservation (25.4%)> carbon fixation and
oxygen release (16.47%) > pollutant degradation (13.29%) > biodiversity protection

Grassland
ecosystem

service value
in China

633



(12.63%) > livestock production (10.22%) > climate regulation (9.04%) > conservation of
water sources (7.48%) > grass products (3.52%) > nutritional cycle (1.35%) >
entertainment culture (0.59%). Additionally, the highest unit ESV is the alpine meadow, and
the lowest is the alpine desert. Results of this study provide theoretical support for the future
research of accounting grassland resources to promote the sustainable development of
grassland ecosystems.

The plateau grassland greenness gained improvement under climate warming and
wetting during the past 30 years, especially in Qinghai province. Temperature increased
significantly with a warming magnitude of more than 1.5°C over the plateau grassland. In
this article, we explained the relationship between climate change and grassland. The
influence of climate change on ecosystem service value was studied through meta-analysis
of ESV and air temperature and precipitation here. Furthermore, according to the size of the
regression coefficient, the following can be obtained: compared with the annual average
precipitation, the annual average temperature has a more significant impact on ESV. It can
reveal the positive correlation between grassland ESV and climate factors from 2001 to
2019.

The findings contribute to policy implications enlightening adaptation planning at multi-
scales with knowledge of critical factors, which enhance grassland region adaptive capacity
to reduce climate change vulnerability. It also provides a comprehensive approach to
improve understanding of ecological asset accounting that can be conducive to the
sustainable use of grassland resources. From the government level, the “Action Plan for
Establishing a Market-oriented and Diversified Ecological Protection and Compensation
Mechanism” jointly issued by the National Development and Reform Commission and other
nine ministries has begun to financialize and market ecological assets. The plan mentions
that a market-oriented and diversified ecological protection compensation mechanism will
be initially established in 2020. Under this mechanism, the enthusiasm of the whole society
to participate in ecological protection can be effectively promoted. Therefore, it is
foreseeable that, as a valuable ecological asset, the value-accounting method of grassland
will gradually be refined and widely used, and the grassland ESV will be paid more
attention. Finally, the ultimate goal of this study is to hope that the research results can
provide a theoretical basis for the sustainable development of grassland resources and
improve the grassland ESV. To achieve this goal, it also requires the participation of
enterprises, the public and the government .
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