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• Large variations in the ecosystem
services values in China are observed.
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Although the number of studies on ecosystem service value (ESV) has steadily increased, large variations and in-
consistent patterns in the estimated results have motivated us to systematically explore the factors underlying
such discrepancies. Therefore, this study aims to explore the role of different ecosystems, ESs, valuationmethods,
and economic development in the ESV by employing ameta-analysis of valuation research conducted on China's
ES based on 3356 observations from 140 studies. The results show thatwetlands ecosystemhas the highest value
among the seven major ecosystems, and regulation of water flows service is more valuable than the other ser-
vices. We also provide a matrix of monetary values for different categories of ecosystems and their services,
which can be used as a quick tool to predict ESVs in China and assess the value changes caused by land-use
changes. We find that the ESVs estimated following the equivalent factor method are different from those esti-
mated by the other methods, indicating that researchers should be very careful when selecting valuation
methods for evaluating ESs. The economic development level has different impacts on different ESs, that is,
gross domestic product (GDP) per capita has a high, positive correlation with the recreational service value,
but has no correlation with the habitat service value.
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1. Introduction

Estimating the monetary value of ES has received considerable at-
tention from policymakers and scholars in recent decades. Such evalua-
tion quantitatively measures the benefits that people obtain from
ecosystems and can be used to estimate the economic losses due to eco-
system degradation caused by overexploitation (Keith et al., 2017).
These estimates may then inspire policymakers to consider the ESV in-
formation when balancing competing land-use and making environ-
mentally sustainable decisions.
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However, the estimated values in the existing literatures often show
large variations and inconsistent patterns. Taking the valuation of recre-
ational services as an example, as reported by the Ecosystem Service
Valuation Database (ESVD), the global estimated recreational value
ranges from approximately 0.1 USD/ha/yr for grassland ecosystems in
Grampian, UK, to over 40 million USD/ha/yr for coastal ecosystems in
Florida, USA (ESP, 2020). The values also vary greatly when studying
one ecosystem in the same study area. For instance, Loyola et al.
(2021) used a choice experiment method and calculated that the recre-
ational services on Galapagos Island had a value of 38.37 USD/ha/yr,
whereas Tanner et al. (2019) used themarket pricemethod and showed
that this value was as high as 16,958 USD/ha/yr. Several studies suggest
that the ecosystem types, ESs, valuation methods, and economic devel-
opment level may have a significant influence on the estimated values
(Costanza et al., 2014; He et al., 2014; Sutton and Costanza, 2002;
Teoh et al., 2019).

Meta-analysis is commonly used to examine the influencing factors
causing ESV variations between studies by synthesizing empirical find-
ings reported in the literatures (Nelson and Kennedy, 2009). Several
global databases, such as the ESVD and Environmental Valuation
Reference Inventory (EVRI), have been used to conduct meta-analyses
(Environment Canada, 2016; ESP, 2014). Although the global database
provides a comprehensive understanding of the existing studies, one
concern is that, without fully controlling for unobserved factors in the
meta-analysis, the results may be biased. Specifically, if context-
specific effects beyond socioeconomic and environmental variables,
such as cultural and political institutions, are not explicitly considered
in the analysis, the meta-analysis may not be suitable for benefit trans-
fer applications, despite its superficially good performance on the statis-
tical point of view (Johnston and Bauer, 2020). To some extent,
national-scale meta-analysis maymitigate such bias, as a single country
has relatively similar cultural and political backgrounds. To our best
knowledge, only a few meta-analyses have used national-level data-
bases (Alberto Lara-Pulido et al., 2018; Quintas-Soriano et al., 2016),
and no national-level meta-analyses of ESs have yet been conducted
in China.

China serves as a good example for conducting a meta-analysis on
ESV, as almost all types of ecosystems are present in the country. With
rapid economic development, China has suffered from severe resource
overexploitation and environmental degradation problems (D'Amato
et al., 2016). Therefore, the Chinese government has devoted more at-
tention to ESs and their economic value. A large number of ESV studies
in China have been published in recent decades (Fan et al., 2018; Sun
et al., 2018; Wang et al., 2019). This provides an opportunity to gain a
comprehensive understanding of ESVs by conducting a meta-analysis.
Examples include Zhou et al. (2020), who focused on the national wet-
land ecosystem, and Kang et al. (2020), who focused on the grassland
ecosystem in Qinghai Province. However, the two studies focused on a
certain ecosystem and do not provide an overview of all the ESV in
China. Although there are three other papers that reviewed the ESV sta-
tus for all ecosystems at the national level in China, they did not conduct
a quantitative analysis of the heterogeneity in the ESV (Bao et al., 2007;
Jiang, 2017; Zhang et al., 2010).

The lack of quantitative research on the ESV nationwide has moti-
vated us to explore existing ESV studies for more systematic analysis
and address the following questions: (i) understanding the factors
Fig. 1. Flow-chart of the met
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that explain the ESV variations, (ii) analyzing the preferred valuation
methods of Chinese scholars to investigate the extent to which they de-
termine the estimated values of ES, (iii) analyzing the relative contribu-
tions of economic development to different types of ESs, and (iv)
predicting the value of each ES to provide a basis for integrating ESV in-
formation with land-use decision-making.

2. Methodology

The methodology of this study includes three progressive steps:
(i) creating a database by systematically identifying the ESV articles
conducted in China, (ii) defining all of the variables used in the meta-
analysis, and (iii) conducting regression models to investigate the key
factors driving the variations between ESV studies (Fig. 1).

2.1. Data collection

Fig. 2 shows the ESV literatures selection process used for this study.
We first conducted a systematic search of existing studies using three
commonly used search engines: the ISI Web of Science (Clarivate
Analytics, 2020), Scopus (Elsevier, 2020b), and Engineering Village
(Elsevier, 2020a). To construct a more comprehensive database, we
supplemented the available studies using articles with China as the
study area from The Economics of Ecosystems and Biodiversity (TEEB)
valuation database. We also cross-checked the reference list at the end
of each paper and included the relevant papers. Peer-reviewed articles
published in English before the end of 2019 were included. We used
three sets of keywords to search the title, abstract, and keywords of ar-
ticles, including the study location, representation of value, and subject,
which were linked by logical AND. The specific keywords for each set
were as follows:

Study location: “China” or “Chinese”.
Representation of value: “valu*” or “economic cost” or “economic loss”

or “monetary” or “benefit” or “payment for*” or “estimat*” or “willingness
to pay” or “WTP” or “assess*”.

Subject: “eco* service*” or “eco* function” or “eco* goods” or “environ-
mental service*” or “environmental function” or “environmental goods” or
“natural capital”.

The literature search process led us to identify 1838 peer-reviewed
articles published in English. We then conducted a preliminary screen-
ing consisting of the following two steps: We first classified articles as
“non-relevant” or “potentially relevant” based on their abstracts. The ar-
ticleswithout any reference to one or several ecosystems in China, or re-
view studies that did not report any monetary values, were grouped
into the “non-relevant” group and directly excluded from our analysis.
After further reading the articles' titles, abstracts, and keywords, we
reclassified the “potentially relevant” articles as “most relevant” or
“non-relevant”. In both phases, all articles were reviewed by one post-
doctor and one doctoral student from our team, and some conflicts
were resolved by a third independent professor in this field. This selec-
tion process yielded 484 “most relevant” studies.

After browsing the 484 articles in more detail, 154 papers were fi-
nally included in the database for this study. The papers included in
the final database must: (i) report a monetary value for a given ecosys-
tem type or service during a specific period, (ii) use a valuation method
to estimate the values, (iii) provide sufficient information to convert the
a-analysis in this study.



Fig. 2. Overview of the literature selection process.
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monetary value to a standardized unit (i.e., yuan/ha/yr); and (iv) report
the location of the study area and the year of research.

2.2. Variables used in meta-analysis

Meta-analysis is used to regress the dependent variable
(i.e., estimated value) on a set of independent variables that represent
the ecosystem, ESs, valuation methods, economic development, and
other control variables. The names, definitions, and descriptive statistics
of all variables are presented in Table A.1.

2.2.1. Dependent variable
We used the value of an ES provided by one hectare in 2015 (yuan/

ha/yr) as the dependent variable. As a few studies have reported values
in US dollars (n= 19) or Euros (n= 1), we first converted these mon-
etary values reported in foreign currencies to Chinese yuan using the of-
ficial exchange rate for the valid year of research. Furthermore, all
valueswere adjusted to 2015values usingGDPdeflators. TheGDPdefla-
tor and official exchange rate values are obtained fromNational statisti-
cal database (National Bureau of Statistics of China, 2020).

Notably, existing studies often report ES values in different forms
(e.g.,meanvalue per hectare per year, total value of a certain ES,willing-
ness to pay (WTP) per person per year, WTP per household per year).
We need to convert the values into a uniform measure. For the studies
reporting WTP by a single person or household, we calculated the
value by dividing the total economic value by the area of the study
site. Total economic value was calculated using the mean WTP multi-
plied by the number of stakeholders (e.g., tourists who come to travel,
residents or households living around the ecosystem) in the research
3

year. The number of stakeholders was either reported in the primary
study or collected fromanexternal source, such as government research
and travel websites.

The database included 3636 values from 154 studies, which were
uniformed through the process described above. We then identified
outliers using a boxplot method (Schwertman et al., 2004). According
to the interquartile range criterion, exceptionally small outliers were
defined by Q1-1.5*IQR, while exceptionally large outliers were defined
by Q3 + 1.5*IQR, where IQR = Q3-Q1, and Q1 and Q3 are the first and
third quartiles of the value distribution, respectively. Finally, 3356
valid observations from 140 studies were included in the meta-
analysis (see Table A.2 for the full reference list).

2.2.2. Explanatory variables
First, we grouped the ecosystems into seven types following the

TEEB report (TEEB, 2010), i.e., cultivated (n = 594), desert (n = 331),
forests (n = 675), grassland/rangeland (n = 607), lakes/rivers (n =
433), wetlands (n = 562), and other ecosystems (n = 154). The
“other ecosystems” type includes systems with very few observations
in our study, such as marine/open ocean (n = 25), coastal ecosystem
(n = 46), urban ecosystem (n = 63), ice/rock/polar ecosystem (n =
17), and woodland/shrubland systems (n = 3).

Second, ESs were classified into 11 types according to the TEEB's
classification method, which belong to 4 major categories (i.e. provi-
sioning, regulating, habitat, and cultural services). Specifically, provi-
sioning services include food provision, water supply, raw materials
provision, and other provisioning services. Regulating services include
gas regulation, climate regulation, maintaining soil fertility, regulation
of water flows, waste treatment, and other regulating services. Habitat
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services have been identified as a separate category to highlight the im-
portance of ecosystems to maintain biodiversity (e.g., gene pool protec-
tion). Cultural services are mainly associated with the recreational and
tourism opportunities provided by the ecosystem. Some other provi-
sioning services (e.g. genetic resource) and other regulating services
(e.g. pollination, air purification) that have few observations are uni-
formly classified as “other”.

Third, we divided all the valuation methods into eight groups
(Table 1). All valuation methods could be classified into two types: the
equivalent factor method and primary data-based approaches (Zhou
et al., 2020). The former, which essentially belongs to the unit value
transfer approach, was developed by Costanza et al. (1997). Xie et al.
(2003) first used this method and set up a modified equivalent coeffi-
cients framework for China based on a survey of 500 ecological experts,
which attracted a large number of followers in later ESV studies con-
ducted in China (Jiang, 2017). Over half (52%) of the 140 studies used
this method. Consistent with the nomenclature in most studies using
this method, we renamed the former group “Equivalent factor method,
EFM.” For distinction,we referred to the primary data-based approaches
as the non-EFM” group.

Fourth, we used the GDP per capita in the city where the study area
is located to indicate the economic development level. The nominal GDP
per capita, obtained from the local statistical yearbook,was converted to
the 2015 value of the Chinese yuan. For the research covering multiple
study cities, we used the permanent population of each city as the
weights to calculate the weighted average GDP per capita.

Fifth, we also controlled for other variables representing the re-
search time, publication, and location characteristics, including the
year in which the research was conducted, journal type, and latitude
and longitude of the study sites. Some studies have suggested different
journals may have different preferences for the magnitude of the esti-
mated values when reviewing articles for publication. Higher estimated
values may be more likely to be appreciated by reviewers (Zhou et al.,
2020). Therefore, we categorized all journals into the following four
types through ‘journal citation reports’: Science Citation Index (SCI),
Social Science Citation Index (SSCI), SSCI and SCI, and non-SCI/SSCI.
Latitude and longitude coordinates were used to indicate the
geographic location of the study site. We linked the address of a study
site to latitudes and longitudes through the Geocoder service of the
Baidu Map API, an online map and navigation system widely used in
China. The coordinates are in the BD09 datum.

2.3. Empirical models

We built a basic model to identify the factors influencing the ESVs.
The specification of the basic meta-regression model is as follows:
Table 1
Categories and definitions of valuation method.

Level 1 Level 2 Definition

EFM Equivalent factor method The equivalent factor refers to the unit va
the product of the corresponding equivale
to the food provision of a cultivated ecosy
of cultivated land).a

Non-EFM Market price method Typically uses the price in a specific mark
Shadow price method Establishes a surrogate market fromwhich

ecosystem function can be derived.c

Avoided cost method Estimates monetary values based on the c
Replacement cost method Calculates the costs of providing substitut
Travel cost method Estimates the usage value of expenses to v
Contingent valuation and choice
experiment methods

Ask people to directly state their WTP for

Other Some methods have few observations, suc
methods, and so on.

Note: This classification was followed and modified from TEEB (2010).
a Xie et al. (2017).
b TEEB (2010).
c Zhang and Lu (2010).
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Vij ¼ α þ βeECij þ βsESij þ βmMij þ βaEij þ βpCij þ εij ð1Þ

where Vij is the ESV provided by one hectare for observation i from pa-
per j;, and ECij, ESij, Mij, Eij, and Cij represent the five sets of explanatory
variables, that is, the ecosystem type, ESs, valuation method,
economic development, and other control variables, respectively. The
baselines of the ecosystem, ESs, valuation methods, and publication
characteristic variables were defined as follows: cultivated ecosystem,
food provision,market pricemethod, and SCI journal, respectively. Coef-
ficients βe, βs, βm, βa, and βp represent the marginal effect of each
explanatory variable on the value of ESs, α is a constant term, and εij is
the error term.We used the ordinary least-squares (OLS) method to es-
timate this equation and robust standard errors when estimating the
model, accounting for the heterogeneity of εij across different studies.

We then updated the basic model for the following three purposes:
First, we ran the abovemodel separately to determine if the ESVs es-

timated by EFMdiffered from those estimated by non-EFM. This is ratio-
nal that conducting the two sub-group analyses could separate the
influence of EFM on the ESVs.

Second, we offer insight into the changes in the values of different
types of ESs with changes in the GDP per capita to reflect the influence
of economic conditions.Meta-analysiswas then conducted for four sub-
groups: provisioning, regulating, cultural, and habitat services. A lot of
valuable informationwasmissing as some types of ESs had a small sam-
ple size. Therefore, we focused on the fourmajor categories of ESs to ob-
tain a more representative result.

Third, after investigating the isolated effects of independent vari-
ables on ESV, we predicted themonetary value of services for each eco-
system in China. As noted by Perosa et al. (2021), the quality of ESs
depends greatly on the functionality of the ecosystem. Therefore, the
possible cross-effects of services across ecosystemsmust be considered.
We re-estimated the basic model by considering the interactions be-
tween the ecosystem type and its service variables. Additionally, it
would be useful to ensure the robustness of the basic meta-regression
result using an interactional model. Based on the results of this model,
we generated a matrix of predicted values for each ES provided by
each ecosystem when controlling for other variables at their means.

3. Results

3.1. Overview of ESV studies in China

The earliest paper on ESV in China was published in 2000. Since
then, the number of related publications has steadily increased
(Fig. 3). This topic has received considerable attention in recent years.
Abbreviation

lue of a specific type of ecosystem service, which can be calculated as
nt coefficient (relative weight of a certain ecosystem service compared
stem) and the standard equivalent factor (average net profit from 1 ha

EFM

et to calculate the value of an ecosystem service.b MPM
the prices of the nutrient content or net primary productivity of some SPM

osts of avoided damages resulting from lost ecosystem services.b ACM
e ecosystem services.b RCM
isit a location for enjoying ecosystem services.b TCM
a certain ecosystem service based on a hypothetical scenario.b CVM/CEM

h as the energy analysis, factor income, and expert estimation Other



Fig. 3. Publication trend of ESV studies in China.
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Approximately 63% of the studies were published from 2015 to 2019,
which was 2.5 times higher than the number published in the previous
five years (2010–2014). Fig. 4 provides an overview of the spatial distri-
bution of the observations in our dataset. Over half of the observations
(60.13%) were located in eastern and northeastern China, 21.3% were
located in northern and northwestern China, 13.4% were located in
Fig. 4. Geographical distribution of the stu
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southwestern and southern-central China, and the remaining 5.2%
were at the national level. Eastern China is the most developed area,
containing provinces such as Zhejiang and Jiangsu, which are also pio-
neers in protecting ecosystems. The northeastern areas of China, such
as Heilongjiang Province, have rich ecological resources, such as forests,
wetlands, and cultivated land, which have the interest of scholars in
dy area covered by the meta-analysis.



Fig. 6. Coefficients of GDP per capita in the four meta-regression models for different
categories of ecosystem services. The bars present the 95% confidence interval.
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estimating the ESVs in this region. The unbalanced distribution of stud-
ies conducted across the country indicates that Chinese scholars have
paidmore attention to areaswith richer ecological resources and higher
economic development levels.

3.2. Meta-analysis results

The full regression results are presented in Table A.3 of the appendix,
and they are graphically summarized in Fig. 5. Fig. 5.a summarizes the
basic results of Eq. (1), while Fig. 5.b and c report the results of the sep-
arate meta-analysis for the EFM and non-EFM sub-groups. To check for
multicollinearity, we analyzed the variance inflation factors (VIFs) for
all independent variables. The maximum VIFs (3.01, 3.08, and 4.80, re-
spectively) indicated that therewas no collinearity for the threemodels.
Fig. 6 presents the coefficients of the GDP per capita in the four meta-
analysis models for different categories of ESs. The regression results
of the interaction models across all ecosystem types and services are
shown in Table A.4.

3.2.1. Ecosystem and ecosystem services
The results in Fig. 5.a indicate that different ecosystems are associ-

ated with different monetary values. The values of all ecosystems, ex-
cluding desert, exceeded that of cultivated ecosystems and decreased
in the following descending order: wetlands, lakes/rivers, forests, and
grass/rangeland. The desert ecosystem was the only ecosystem with a
significantly lower value (1476 yuan/ha/yr lower) than the cultivated
ecosystem, when other variables remained constant.
Fig. 5. Coefficients of each variable in the three meta-regressi
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The economic values of different types of ESs also vary greatly. All other
ESs, excluding raw materials provision, had higher economic value than
the baseline service, that is, the food provision service. Of the 11 types of
ESs, the regulation of water flows had the highest value, which was
5887 yuan/ha/yr higher than that of food provision, when other variables
on models. The bars present the 95% confidence interval.
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remained constant. The other seven types of ESs also had higher values
than food provision, which decreased in the following order: waste treat-
ment, climate regulation, biodiversity maintenance, recreational service,
maintaining soil fertility, gas regulation, and water supply.

3.2.2. Valuation methods
The results in Fig. 5.a show that, among the eight valuationmethods,

the market price methods, together with the avoided cost method and
CVM/CEM, produced higher values than the other five methods. When
the other variables were maintained, the valuation results obtained by
EFM were 1854 yuan/ha/yr lower than those of the market price
method. The replacement cost, shadow price, and TCM were over
3000 yuan/ha/yr lower than those of the market price method.

The full regression results for the EFM and non-EFM groups are pre-
sented in columns 2 and 3 of Table A.3 in the Appendix, and the results
are summarized in Fig. 5.b and c. The non-EFM group included 455 ob-
servations collected from 88 studies, and the EFM group included 2901
observations collected from 73 studies. The average number of ESVs in
EFM studies was relatively higher than those in the existing literatures.
This is largely because the EFM uses land-use coverage/change (LUCC)
in a certain region as a proxy for changes in ESs.

As shown in Fig. 5.b, the signs and statistical significance of coeffi-
cients of the EFM group were generally consistent with Model 1. Some
variables are no longer significant in non-EFM studies (Fig. 5.c), but
they were not qualitatively different from the other methods in terms
of sign. For the non-EFM group, the wetland ecosystem also had higher
values than the cultivated ecosystem, but the difference of 6455 yuan/
ha/yr was lower than that for the full observations (8191 yuan/ha/yr).
The difference in economic value between desert and cultivated ecosys-
temswas 4885 yuan/ha/yr, which wasmuch higher than the difference
for the whole sample (1476 yuan/ha/yr). This requires further verifica-
tion, as only five observations were available for desert ecosystems in
the non-EFM group, resulting in insufficient sample representation.
For ES, the results for the EFM and non-EFM groups exhibited a consis-
tent trend with the whole sample, that is, the regulation of water flows
was more valuable than food provision. However, the difference in the
EFM group was higher than that in the non-EFM group (6108 vs.
4804 yuan/ha/yr, respectively).
Table 2
Predicted value matrix for ecosystems and ecosystem services.

Cultivated Desert Forests

Water 445 −118 1218
(0, 1598) (−0.758, 522) (574, 1861)

Raw materials 408 159 3424
(148, 668) (0, 584) (2801, 4047)

Food 1939 32 493
(1556, 2322) (0, 339) (139, 846)

Gas regulation 1652 113 6269
(1197, 2107) (220, 446) (5570, 6968)

Climate regulation 1832 214 6066
(1395, 2270) (0, 566) (5278, 6855)

Maintaining soil fertility 1990 65 5697
(1592, 2389) (0, 299) (4763, 6630)

Regulation of water flows 1388 105 7044
(0.962, 1815) (−161, 371) (6100, 7987)

Waste treatment 1726 200 2885
(1385, 2067) (−0.066, 465) (2395, 3376)

Biodiversity maintenance 926 324 5319
(611, 1242) (60, 587) (4541, 6.098)

Recreational service 335 186 2718
(0, 731) (0, 460) (2358, 3077)

Other 3504 402 5038
(1410, 5598) (574, 1378) (2486, 7590)

Total 16,145 1682 46,171

Note: 1 USD=6.228 CNY in 2015. Values in brackets are the lower and upper boundaries of the
evapotranspiration; however, issues such aswater resource shortages, climate drought, and soi
which may have caused the negative value in desert ecosystems.
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3.2.3. Economic development
Consistent with previous research, the economic development of a

region had a significant and positive impact on the estimated value
(Fig. 5.a). On average, a 1000-yuan higher GDP per capita generated a
19 yuan/ha/yr higher value.

Another interesting question iswhether the value of different ES cat-
egories responds differently to the level of economic development.
Fig. 6 presents the coefficients of the GDP per capita in the four MRA
models for different ES categories. Cultural services were most affected
by the economic development level, followed by the provisioning and
regulating services. An increase in the GDP per capita of 1000 yuan re-
sulted in increases in value of the cultural, provisioning, and regulating
services of 29, 24, and 20 yuan/ha/yr, respectively. Note that the interval
estimation of the coefficients exhibited large variation, indicating that
the differences between these categorieswere not big. The value of hab-
itat services did not change with GDP level.

3.2.4. Control variables
Journal types were significant in explaining the ecosystem values.

The studies published in SCI- or SSCI-indexed journals had relatively
higher values than those published in non-SCI/SSCI-indexed journals.
In addition, we found that the year when the research was conducted
did not affect the value. In terms of the geographical location of the
study sites, longitude had a significant positive impact on the valuation
of ESs. In contrast, the latitude had no significant difference.

3.3. Predicted value matrix for ecosystems and ecosystem services

The full estimation results of the last model with the added interac-
tion terms are presented in Table A.4 of the appendix. Diagnostic testing
indicated that there was no multicollinearity between these explana-
tory variables, as VIF = 5.15, which was below 10. In this model, most
of the interactional variables between ecosystems and their services ex-
hibited the expected significance at the 95% confidence level. The value
matrix is presented in Table 2. All values are expressed in 2015 Chinese
yuan per hectare per year.

Our prediction shows that wetlands in China had the highest eco-
nomic value (107,798 yuan/ha/yr), and the values for each service
Unit: yuan/ha/yr

Grass/rangeland Lakes/rivers Wetlands Other

724 7010 7607 3594
(104, 1343) (3746, 10,274) (4602, 10,612) (1719, 5468)
627 262 1180 3106
(330, 924) (−9, 532) (495, 1865) (−1993, 8205)
552 783 1955 1273
(338, 765) (440, 1126) (64, 3845) (−2076, 4623)
2203 1325 5371 5149
(1795, 2611) (647, 2004) (3651, 7091) (2959, 7339)
2532 3299 13,961 4198
(2058, 3007) (2367, 4230) (11,531, 16,392) (2491, 5905)
2913 604 7507 1908
(2533, 3293) (260, 949) (485, 10,170) (137, 3679)
2111 19,792 18,183 10,213
(1768, 2454) (16, 433, 23,151) (15,566, 20,800) (5450, 14,975)
2103 17,394 15,955 4071
(1706, 2501) (14,703, 20,084) (13,205, 18,706) (1044, 7099)
2104 4437 9983 2150
(1738, 2471) (3403, 5472) (7343, 12,624) (453, 3846)
957 7781 10,495 3622
(681, 1232) (6121, 9.441) (8421, 12,569) (1966, 5278)
4233 4588 15,601 2625
(2452, 5925) (975, 8202) (10,992, 20,210) (−133, 5383)
21,059 67,275 107,798 41,909

predicted value, respectively.Water provisioning services are affected by precipitation and
l erosion occur in the arid areas of China, resulting in poor soil water conservation capacity,
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provided by wetlands were higher than those of other ecosystems. Not
surprisingly, food provision had high value in the cultivated ecosystems,
which was higher than that of food provision services in ecosystems
other thanwetlands. For instance, the food provision value of cultivated
land was 1446 yuan/ha/yr higher than that of forests.

Recreational services were more valuable than provisioning and
habitat services. Furthermore, wetlands, lakes, rivers, and forests eco-
systems were found to have higher recreational value than grassland
and cultivated land. Moreover, the values of some ecosystems or ser-
vices were very low. For example, the total value of desert land was
only 1682 yuan/ha/yr, which was just 1.56% of the value of wetlands.

4. Discussion

4.1. Factors determining ESVs in China

This study provides a comprehensive review of ESV studies con-
ducted in China. The coefficient estimates of the models indicated that
wetlands were the most valuable ecosystems. As the most productive
ecosystems on Earth, wetlands provide humans with many uses and ir-
replaceable services (Bassia et al., 2014; Russi et al., 2012). In contrast,
desert ecosystems had the lowest value. This result is consistent with
the findings of Kang et al. (2020), who also reported that, regardless
of the valuation method used, alpine desert had the lowest ESV per
hectare. This low value could be due to the lower primary productivity
of these ecosystems, which results in a lower amount and quality of ser-
vices. Despite the low estimated values, the services provided by this
ecosystem are vital for substance circulation and energy transformation
in the Earth's ecosystems (Schild et al., 2018).

Regulation of water flows was the most valuable service, which is
consistent with the findings of Chaikumbung et al. (2016) for develop-
ing countries. Overall, regulating services were more valuable than rec-
reational and provisioning services, which differs from the findings on
grassland ecosystems in Qinghai Province, China (Kang et al., 2020).
We also found that recreational services were more valuable than pro-
visioning and habitat services, which may be because recreational ser-
vices are relatively easily perceived by users. As noted by Ghermandi
et al. (2010), the value of ESs increases with the intensity of human
use. Furthermore, the recreational service value from wetlands was
found to exceed that of the other ecosystems, which may be because
people prefer these areas for enjoyment, resulting in a higher response
of the recreation value of the tourism industry to those preferences.

Our findings regarding the effects of valuation methods are consis-
tent with those of previous studies (Balasubramanian, 2019;
Chaikumbung et al., 2016), with the market price method producing
the highest value when keeping the other conditions unchanged. The
two non-market valuation methods (i.e. CVM and CEM) provided simi-
lar estimated values as the market price method. This result is consis-
tent with that provided by Ghermandi et al. (2010). However,
Chaikumbung et al. (2016) showed that non-market valuationmethods
generated lower values than market price method. More detailed dis-
cussion about the selection of valuation methods are presented in the
following section.

Consistent with the findings of Ambrey and Fleming (2011), we
found that ESs were normal goods. The annual value of an ecosystem
per unit area is expected to increase as the level of economic develop-
ment increases, especially in developing countries. However, the impact
of economic development differs between different types of ESs. Nobel
et al. (2020) conducted biodiversity value assessment and found a sim-
ilar result. Themechanism influencing the impact of economic develop-
ment on ESV is discussed below.

The model also revealed that the estimated values presented to
readers were influenced by the characteristics of the journal. The year
of research variable did not significantly impact the ESV, which may
be because the values in our database cover multiple ecosystems and
ESs in China. According to Zhou et al. (2020), among the 11 types of
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ESs provided by wetlands in China, only the recreational service value
is significantly affected by research time. The diverse impacts of this var-
iable on ecosystems and their services are not discussed in this study.

Regarding the geographical location of the study site, the ESs in the
eastern regions of China were more valuable than those in the western
regions. This could be because the ESs in eastern regions are more uti-
lized as the population density in these areas is higher, resulting in
higher values than those in the western regions. However, care should
be taken when explaining these differences, as ESs in the western re-
gions are not “valueless” or “worthless”. This difference could be be-
cause few studies have focused on western areas. Additionally,
western China is mainly covered by arid and semi-arid regions with
fragile ecological environments and sparse populations, thus lowering
the ecosystem utilization rate. Therefore, the challenge is raising aware-
ness of the valuation of ESs in western China in order to recognize the
critical role of this region.

4.2. Challenges in valuation method selection

Our findings show that the estimated values differed between the
EFM and non-EFM. By comparing the difference in value between the
regulation of water flows and food provision services, we found that it
was larger in the EFM group, which could be because Chinese ecological
experts give higher weights to the regulation of water flows when de-
veloping EFMs (Xie et al., 2008). In Xie et al.'s (2003) study, which is
most referred to by Chinese scholars, the equivalent coefficient of this
service (i.e., relative weight of a certain ES compared to the food provi-
sion of cultivated ecosystem) reached 122.98.

These differences require further studies to verify the results from
different methods. In our database, EFM was overrepresented, whereas
the commonly used non-EFMs were underrepresented. Chinese
scholars have placedmore importance on EFM. Further research should
consider that even the optimized EFM framework cannot change the ir-
replaceable position of the primary data-based approach in the field of
ESV.

EFM provides a rapid, initial approximation of ESVs when the time
and budget are limited as they typically do not require any input param-
eters or complex calculation procedures, resulting in the convenience of
assessing multiple types of ecosystems and services at large spatial
scales (Xie et al., 2017).

However, there are also some challenges when using this method.
First, most EFM studies do not clearly define an ecosystem, resulting
in confusing terminology usage for ecosystem types. For example, it is
difficult to clearly classify land-use types in urban ecosystem into forest,
grassland, urban, or artificial ecosystems. Second, although the EFM cal-
culation process has been revised in some studies (Fu et al., 2016; Rao
et al., 2018), further improvements for the adjustment of equivalent co-
efficients according to the local ecosystem structures, production func-
tions, economic development, and demographic characteristics of the
study site are still required.

The purpose of our comparison of estimated results between the
EFM and non-EFM was not to suggest that one is superior to the other.
For a given type of ecosystem or service, the most appropriate method
should be selected depending on time and budget constraints, the pur-
pose of the valuation results, and the ES characteristics (de Groot et al.,
2012).

4.3. Economic development with ESV

As the GDP per capita significantly affects the ESV, considering the
intrinsic influencing mechanisms may aid in further determining the
economic development condition in future valuation studies. Some po-
tential factors affected by economic development, such as the residents'
income level, environmental demand, and individual environmental at-
titude, may greatly impact the ESV. First, people in more developed re-
gions are more likely to have higher incomes and pro-environmental
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attitudes (Wang and Kang, 2019). Higher incomes and environmental
awareness would result in a higher WTP for ESs (Carrasco et al., 2014;
Santiago et al., 2015; Song et al., 2016). Additionally, the estimated
value information indicates scarcity. In an area with a higher level of
economic development, the demand for ESs is higher because the frac-
tion of potential ecosystem values, particularly for tourism and provi-
sioning services is larger (Latinopoulos, 2014; Teoh et al., 2019). The
high demand of a large population in areas with higher income and
the limited supply level will lead to a scarcity of ESs, which would
then increase the ecosystem value. Moreover, economic growth is also
a limiting factor in the maintenance of biodiversity in ecosystems (He
et al., 2014). In less-disturbed habitats with lower economic develop-
ment, ecosystems are expected to provide higher species richness and
aggregated values.

Therefore, the development of evaluation strategies for ESs is an
important issue, which are needed to properly capture the depen-
dence of these factors on economic conditions. For instance, a
lower WTP statement and environmental awareness of residents
may lead to the underestimation of actual ESVs in low-income
regions. Therefore, governments or other stakeholders may priori-
tize short-term benefits and compromise them with the target of
ecosystem conservation. Given these results, we recommend that
the evaluation models should be optimized by combining some con-
trol variables, such as environmental awareness, income level, and
biophysical parameters.

4.4. Implications of the predicted value information in decision-making

As shown in the predicted matrix, the food provision service of cul-
tivated land had a higher value than forests. Such value differences cre-
ate strong incentives for farmers to change land-use from forests to
cultivated land. However, from a social perspective, the total economic
value should be considered, rather than the direct use value. Based on
our prediction, converting forests to cultivated land causes a loss of
30,026 yuan/ha/yr, and converting grassland to cultivated land causes
a loss of 4914 yuan/ha/yr.

As the first nationwide analysis examining the factors that affect
ESVs in China, this predicted value matrix could work as a quick tool
to make a more balanced decision regarding land-use options. In past
decades, the degradation of forests and grasslands triggered by the con-
tinuously increasing demand for food production and tourism recrea-
tion has become one of the strongest drivers of soil erosion and
biodiversity loss (Wang et al., 2019). Although the conversion of forests
or grassland to cultivated land could bring greater market benefits on
the short run, it substantially diminishes the aggregating values, espe-
cially the regulating values of natural ecosystems. This can be easily
demonstrated by the results in the predicted value matrix.

In China, the government has implemented some national payment
for ecosystem services (PES) projects, such as the “Grain for Green Pro-
gram (GGP).” The differences in the values of food provision and regu-
lating services observed here could aid in appraising the compensative
standards of this program. For example, Table 2 shows that the differ-
ence in the food provision values of cultivated land and forests is
1446 yuan/ha/yr, i.e., 96.4 yuan/mu/yr. Mu is a Chinese unit of land
measurement equal to 0.0667 ha. Following the GGP policy for 2015, if
a farmer chooses to convert cultivated land into forest, they would
receive a total subsidy of 1500 yuan/mu. This subsidy standard is higher
than the economic loss of food production over 15 years (96.4 × 15 =
1446). Additionally, farmers could adopt more sustainable tangible
goods (such asmulberry) and intangible ecotourism resources from for-
ests (Hou et al., 2004), thereby allowing the ecosystem functions of reg-
ulation, habitat provision, and tourism to be simultaneously realized.
Our results not only aid in supporting the effectiveness of other similar
programs in deterring the losses of the total ESV, but also provide a
quantitative guideline for the government to trace changes in the ESV
in the future.
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4.5. Limitations of the study

Although this study has included most ESV studies in China and
identified a direction for further research, several limitations
should be mentioned. First, although the studies selected for our
research are distributed across multiple ecosystems in the country,
some ecosystems and regions are underrepresented. For instance,
although the grassland areas of Qinghai, Tibet, and Inner
Mongolia accounted for 50.21% of the total grassland area in
China, only four studies have focused on grassland ecosystems in
these three provinces. Additionally, only one study focused on Gui-
zhou Province. The lack of studies in some regions may prevent our
meta-analysis from adequately capturing the differences across
study sites.

Second, some uncertainties that may cause errors in the meta-
analysis have not been analyzed in this study.Most primary research se-
lected in our database provides little information regarding the
uncertainties of their values, such as the respondents' income and envi-
ronmental attitude; thus, it is difficult for us to consider more indepen-
dent variables in our meta-analysis. Additionally, this study did not
consider other gray literatures. The uncertainty in the selection of
prior research causes random errors, such as publication selection
bias, which can affect the results. Several approaches to overcome
these potential sources of uncertainties should be considered in the fu-
ture, such as closer adherence to the research selection protocol, stan-
dardized application of the analysis model, and recording of potential
uncertainties.

5. Conclusion

This study provides the first comprehensive review of empirical
studies conducted on the ESV in China.We demonstrate that the eco-
system type, ESs, valuation methods, economic development, longi-
tude of the study area, and journal types are significant factors in
explaining the discrepancies in the ESV outcomes. We discuss the
differences in ESV for each ecosystem and ESs, as it provides quanti-
tative evidence for policymakers when making more balanced deci-
sions regarding land-use options. Moreover, the estimated results
are sensitive to valuation methods. Challenges also remain in the se-
lection of valuation methods for Chinese scholars, particularly in the
use of the EFM. The terminology of ecosystem types should be de-
fined and equivalent coefficients should be modified according to
local environmental and economic characteristics if an EFM is to be
followed. Finally, the inconsistencies in the impact of economic de-
velopment on different categories of services suggest that economic
development is beneficial for the recreational service value. How-
ever, without strict conservation efforts, continuing economic
growth will not be beneficial to the habitat functions of natural
ecosystems.
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