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The trade-off and synergy relationship of ecosystem services is an important topic in the current
assessment. The value of each service provided by the ecosystem is substantially affected by human
activities, and conversely, its changes will also affect the relevant human decisions. Due to varying trade-
offs among ecosystem services and synergies between them that can either increase or decrease, it is
difficult to optimize multiple ecosystem services simultaneously, making it a huge challenge for
ecosystem management. This study firstly develops a global Gross Ecosystem Product (GEP) accounting
framework. It uses remote sensing data with a spatial resolution of 1 km to estimate the ecosystem
services of forests, wetlands, grasslands, deserts, and farmlands in 179 major countries in 2018. The
results show that the range of global GEP values is USD 112e197 trillion, with an average value of USD
155 trillion (the constant price), and the ratio of GEP to gross domestic product (GDP) is 1.85. The trade-
offs and the synergies among different ecosystem services in each continent and income group have
been further explored. We found a correspondence between the income levels and the synergy among
ecosystem services within each nation. Among specific ecosystem services, there are strong synergies
between oxygen release, climate regulation, and carbon sequestration services. A trade-off relationship
has been observed between flood regulation and other services, such as water conservation and soil
retention services in low-income countries. The results will help clarify the roles and the feedback
mechanisms between different stakeholders and provide a scientific basis for optimizing ecosystem
management and implementing ecological compensation schemes to enhance human well-being.

© 2024 Published by Elsevier B.V. on behalf of Chinese Society for Environmental Sciences, Harbin
Institute of Technology, Chinese Research Academy of Environmental Sciences. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ecosystems, encompassing diverse landscapes, such as forests,
agricultural lands, and wetlands, offer a plethora of benefits to
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human society. They are essential sources of timber, medicinal re-
sources, food, and raw materials for industry and agriculture.
Moreover, ecosystems are pivotal in climate regulation, water
retention, wind and sand mitigation, and biodiversity conservation
[1]. These benefits have become fundamental prerequisites for our
survival and societal progression [2]. In the wake of the global
assessment conducted by the United Nations (UN) Millennium
Ecosystem Assessment (MA) project [3,4], the identification,
quantification, and conservation of ecosystem services have
emerged as dominant themes in academic discourse [5]. Numerous
scholars have significantly advanced the field of ecosystem service
nmental Sciences, Harbin Institute of Technology, Chinese Research Academy of
http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wuwj@caep.org.cn
mailto:jianghq@caep.org.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ese.2024.100391&domain=pdf
www.sciencedirect.com/science/journal/26664984
www.journals.elsevier.com/environmental-science-and-ecotechnology/
www.journals.elsevier.com/environmental-science-and-ecotechnology/
https://doi.org/10.1016/j.ese.2024.100391
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ese.2024.100391


J. Wang, W. Wu, M. Yang et al. Environmental Science and Ecotechnology 21 (2024) 100391
valuation. Daily, for instance, was instrumental in providing a
comprehensive and systematic definition of ecosystem services
[6e8]. Concurrently, Costanza [9e12] spearheaded the compre-
hensive assessment of the global value of ecosystem services,
revealing that their total value in 1994 was approximately USD 33
trillion. Subsequently, Ouyang et al. [13,14] introduced the Gross
Ecosystem Product (GEP) indicator, quantifying the final ecosystem
services to human society. Jiang [15] and Ma [16e18] were the first
to evaluate GEP for different countries globally and provinces
within China. Notably, the United Nations Statistical Commission
has incorporated the GEP into the latest international standard,
System of Environmental-Economic Accounting-Ecosystem Ac-
counting (SEEA-EA), endorsing it as a metric for monitoring prog-
ress toward the UN Sustainable Development Goals (SDGs) 2030
[19]. Now, factors such as rapid population growth and global
warming are straining the ecosystems’ capacity to meet the current
demands of human society. The urgency for scientific decisions and
actions to protect and restore ecosystems at a global scale is
imperative [20].

Exploring trade-offs and synergies between ecosystem services
at both global and regional scales has emerged as a critical field in
recent years [21,22]. The term “trade-off”, derived from economics,
implies that an increase in one service often leads to a decrease in
other services [23e27]. The concept is always represented by awin-
lose relation [28e30]. Recognizing these trade-offs, particularly at
spatial and temporal scales, is crucial, as overlooking them could
significantly inhibit the benefits of ecological restoration or other
engineering construction. The construction of dams serves as a
pertinent example of such trade-offs. While dams are critical en-
gineering structures for flood prevention, disaster reduction, irri-
gation, and electricity generation, they may also bring potential
drawbacks, including alterations in downstream flow, reduction in
submerged areas, and changes in river species [31]. Moreover,
research shows that while large-scale ecological projects have
augmented vegetation coverage in North and Northeast China,
effectively mitigating the risk of soil degradation and erosion, they
have also led to substantial consumption of water resources and a
decrease in surface runoff withinwatersheds [32]. Synergy pertains
to scenarios where external disturbances simultaneously enhance
(win-win) or diminish (lose-lose) two or more ecosystem services.
Synergistic relationships are typically more conspicuous than
trade-off relationships. Huang [29] revealed synergistic relation-
ships between water production and net primary productivity
(NPP) and between water production and livestock supply in
Xizang. Furthermore, the manifestation of trade-offs/synergies will
be inconsistent if the spatial scale changes [29,33]. When tran-
sitioning from the autonomous region scale to the county scale, the
relationship between water production and NPP shifts from syn-
ergy to trade-off. It is noted that some trade-offs are inherent,
originating from underlying biophysical processes, while others
can be moderated to a certain degree through management, for
example, diversifying the regulatory, supportive, and cultural ser-
vices provided by a single landscape through strategic decisions.
Therefore, comprehensive understanding and balancing of these
trade-offs and synergies among ecosystem services are crucial for
formulating effective ecosystem policies and managing or restoring
ecosystems.

While trade-off relationships can be attributed to shared drivers
between different services and their interactions [34,35], a
comprehensive understanding of the influencing factors behind
ecosystem service trade-offs/synergies is a prerequisite for effective
management. Current research primarily focuses on identifying the
spatiotemporal characteristics of trade-off/synergy, with relatively
insufficient attention given to the mechanisms behind it. The
influencing factors could be categorized into environmental,
2

ecological, and socio-economic factors. Feng [36] demonstrated
that the proportion of forests and grasslands was the primary factor
influencing the trade-off between carbon sequestration and water
production services in the Loess Plateau. Among various natural
environment drivers, rainfall may exacerbate these trade-offs,
while forest reduction and grassland expansion can mitigate
these trade-offs. Gross domestic product (GDP) and income level
are significant socio-economic factors. A study led by Warchold
from the Potsdam Institute for Climate Impact Research examined
the changes in SDGs trade-offs/synergies among countries with
different income levels. This research utilized the classification
standards issued by the World Bank (high-income, upper-middle-
income, lower-middle-income, and low-income). Among all 17
goals, synergies outweighed trade-offs, providing a positive foun-
dation for implementing the SDGs 2030 Agenda. However, the
study also highlighted that the SDGs' trade-offs/synergies can vary
by income levels and regional groups [37]. MA also provides evi-
dence of trade-offs and synergies at different income levels. It in-
dicates that fisheries serve as a major source of animal protein for
nearly one billion people. Among the 30 countries primarily relying
on fish as a protein source, 26 are developing nations [3]. Increased
fishery production frequently results in a decline in other
ecosystem services. To accurately comprehend these dynamics and
identify where and how trade-offs and synergies may arise and
evolve, this paper quantifies the trade-offs and synergies among
different ecosystem services across different spatial distribution
and income level groups. The trade-offs/synergies relationship for
each continent enables purposeful mitigation of the competitive
effects between ecosystem services while strengthening the syn-
ergistic enhancements [22,23,38]. Additionally, this analysis offers
technical support for optimizing global ecosystem service man-
agement policies [39].

2. Methods and data sources

2.1. Technical framework

Fig. 1 provides a technical framework for exploring trade-offs
and synergies of ecosystem services in 179 countries.

2.2. Calculating methods

This research focused on the year 2018 and covered 179 major
countries and regions worldwide. The research only included
terrestrial ecosystems, such as forests, wetlands, grasslands, de-
serts, farmlands, and urban ecosystems. The value of the global
marine ecosystem was not considered.

2.2.1. GEP accounting method
The accounting framework for the global GEP and the detailed

calculating methods were comprehensively constructed based on
relevant guidelines such as “Technical Guidelines of Gross
Ecosystem Product Accounting of Terrestrial Ecosystem”, “Ac-
counting Specifications for Gross Ecosystem Product”, MA, and
SEEA-EA.

Biophysical quantity assessment was carried out in three cate-
gories: provisioning services, regulating services, and cultural ser-
vices provided by the ecosystem, such as food output, timber
output, and soil maintenance quantity. The output of mainly
ecosystem products could be obtained through the existing eco-
nomic accounting system, and the physical quantity of some other
ecosystem regulating services could be estimated by combining
mathematical models with data from some open source. Then, the
monetary value assessment required determining the prices of
various ecosystem products and services, such as the price per unit



Fig. 1. The technical framework diagram of the research.
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of timber, water resources, and soil conservation. Pricing methods
included alternative market technology methods and simulated
market technology methods. Alternative market technology used
“shadow price” and consumer surplus to express the price and
economic value of ecosystem service functions. Simulated market
technology estimated the value of different ecosystem services by
3

integrating all consumers’ willingness to pay through surveys,
questionnaires, bidding, etc. This paper used the market value
method to estimate the value of ecosystem provisioning services,
the replacement cost method to estimate the value of ecosystem
regulating services, and the travel cost method to estimate the
value of ecosystem cultural services. The specific accounting
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indicators and related methods are shown in Table 1.
2.2.2. Spatial correlations method
Many methodologies were available to appraise trade-offs and

synergies [40]. This study primarily analyzed the trade-offs/
synergistic relationships between pairwise ecosystem services
within a single year. To this end, the spatial correlations method
was selected for direct calculation. The Spearman correlation co-
efficient [41] and the Pearson correlation coefficient [42] were
utilized, employing SPSS software for analysis. Then, we measured
the synergistic effect by examining the competing relationship or
synergistic effect among these different indicators. The Spearman
correlation coefficient (rs) calculation formula and Pearson corre-
lation coefficient (rp) were used to determine whether two
ecosystem services were positively or negatively correlated and to
run the significance test, with a significance level of a at 0.05 (or
0.01). It was noted that a positive correlation between two
ecosystem services implied a synergistic effect, while a negative
correlation suggested a competitive relationship.

(1) The calculation formula of Spearman correlation coefficient
rs:

rs¼

Pn
i¼1

ðAi � AÞðBi � BÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi" Pn
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(2) The calculation formula of Pearson correlation coefficient rp:
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In equations (1) and (2), A and B denote the ranks of each pair of
ecosystem services, while n represents the number of countries. A
Table 1
The indicators and accounting methods of global GEP

No. Service type Specific products
or services

Physical quantity Physic

1 Provisioning
services

Biomass
provisioning

Output S

2 Provisioning
services

Water supply Water usage S

3 Regulating
services

Water
conservation

Water storage Water ba

4 Regulating
services

Flood regulation Water area of the reservoir S

5 Regulating
services

Soil retention Soil quantity The Revised
Equat

Regulating
services

Soil retention Soil quantity The Revised
Equat

6 Regulating
services

Carbon
sequestration

Carbon dioxide quantity Carbon
me

7 Regulating
services

Oxygen release Oxygen quantity Oxygen rel

8 Regulating
services

Climate regulation Energy consumed through
vegetation transpiration

Transpirat

Regulating
services

Climate regulation Energy consumed through water
evaporation

Transpirat

9 Cultural
services

Tourism-related
services

Total number of visits S

4

positive correlation coefficient for two ecosystem services that
passed the significance test at the 0.05 (or 0.01) level implies a
significant synergistic relationship between these two ecosystem
services. Conversely, a negative correlation coefficient that passed
the significance test indicates a trade-off relationship between
these two ecosystem services.

Furthermore, this paper further examined the relationship be-
tween GEP indicators and various natural-social factors (including
land area, protected area, population density, GDP, etc.) based on
the grouping criteria of the continents of each country and the per
capita national income issued by the World Bank. The results are
presented in Section 3.3.
2.3. Data sources

This paper used the World Bank's World Development In-
dicators (WDI) database [43] to obtain group data on the protected
areas, population, GDP, and per capita national income in 2018. The
basic data used to calculate the provisioning and cultural services
also come from the WDI database. Among them, the basic data
about agricultural, forestry, and fishery products were obtained
from WDI statistics on the annual added value of agriculture,
forestry, and fishery in different countries and regions. The basic
data about the cultural service was obtained fromWDI statistics on
tourism revenue worldwide. In addition, the data used to calculate
the value of water resources was obtained from the World Water
Outlook database [44]. Data used in the accounting of ecosystem
climate regulation, carbon sequestration, oxygen release, and water
storage included 2018 global vegetation NPP, 2018 global evapo-
ration data (ET), and 2018 Global Land Use Data (LUCC). NPP and ET
data came from the MODIS land standard products provided by the
NASA Land Process Distributed Data Archive Center, which were
MOD17A2 and MOD16A2 [45,46], respectively, while LUCC data
came from the global land cover data of the European Space Agency
[47].

The World Bank divided global economies into four groups
based on per capita national income [48]: high-income countries
(per capita > 12,535 US dollars (USD)), upper-middle-income
countries (USD 4046 � per capita � USD 12,535), lower-middle-
income countries (USD 1036 � per capita < USD 4046), and low-
al measure Monetary value Monetary
measure

urvey Output value Market value

urvey Water value Market value

lance method Water value Replacement
cost

urvey Value of flood regulation Replacement
cost

Universal Soil Loss
ion (RUSLE)

Value of reduced sedimentation Replacement
cost

Universal Soil Loss
ion (RUSLE)

Value of reduced non-point source pollution Replacement
cost

sequestration
chanism

Value of carbon sequestration Replacement
cost

ease mechanism Value of oxygen release Replacement
cost

ion mechanism Value of temperature and humidity regulation
by vegetation transpiration

Replacement
cost

ion mechanism Value of temperature and humidity regulation
by water evaporation

Replacement
cost

urvey Value of tourism Travel cost
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income countries (per capita < USD 1036). The criterion would be
used in subsequent trade-offs and synergies analyses among
ecosystem services under different income levels.

3. Results

3.1. The structural composition and spatial distribution

The global GEP calculated at constant prices was approximately
USD 155 trillion in 2018, 1.85 times the global GDP for the same
year. The unit area GEP was USD 1.07 million km�2, and the per
capita GEP was USD 20,300 per person, a 4.81% and 2.89% increase
compared with 2017, respectively [15]. However, this growth rate
was slightly lower than the average annual growth rate of the
global ecosystem service value from 1994 to 2011, calculated in
2014 [11]. Those differences could be attributed to the different
accounting indicators, scopes, and price factors.

The global terrestrial ecosystem's regulating service value was
about USD 140 trillion, accounting for 90.31%, followed by the
material product supply service value of the global terrestrial
ecosystem, accounting for 5.36%, and the cultural service value,
accounting for 4.33%. In 2017, the value of these three service
functions accounted for 89.84%, 5.70%, and 4.46%, respectively.

The total GEP, per capita GEP, and GEP per unit area vary
significantly across different regions. The total GEP is mainly
distributed in the Americas, Asia, and Africa, as shown in Fig. S1.
Developing countries have a total GEP of about 3.45 times higher
than developed countries. However, their per capita GEP is only
54.61% of developed countries' GDP. The top 15 countries account
for 65% of the total global GEP, and the five countries with the
highest total GEP are Brazil, the United States, China, Russia, and
Canada, with the combined GEP of these five countries accounting
for 37.68%, slightly lower than the 40.90% in 2017.

3.2. Synergistic relationship between ecosystem services and other
factors

Fig. 2 reveals a significant positive correlation between the total
amount of ecosystem services and protected area sizes in five
continents, with some variations among countries within the same
continent. In the Americas and Oceania, the growth rate of
ecosystem services gradually slows down and approaches a
threshold as protected areas increase. This suggests that an increase
in the protected areas will also increase the total value of ecosystem
services within a certain range. However, further expansion of
these areas eventually limits the available space for human eco-
nomic and social activities, leading to a stabilization of this value. In
Africa, the correlation between the total amount of ecosystem
services and protected areas is comparatively weaker. This can be
attributed to Africa's economic development model, which heavily
relies on exporting primary raw materials. Additionally, while a
positive correlation exists between the total amount of ecosystem
services and land area, it is weaker than that with protected areas.
Social factors like population density may also affect these corre-
lations. There is a negative correlation between population density
and ecosystem services intensity. High population densities are
more likely to adversely impact the value of ecosystem services due
to increased human activity.

3.3. Synergies/trade-offs among different ecosystem services

Based on the results of countries with different income levels in
the world in 2018, there is a significant correlation among
ecosystem services across each group (p < 0.01), as shown in Fig. 3.
It is noted that the oxygen release service, climate regulation
5

service, and carbon sequestration service have a strong synergy
(r > 0.75) in all groups due to the photosynthesis of the ecosystem.
Plants absorb carbon dioxide and release oxygen through photo-
synthesis while fixing carbon to mitigate global warming. Addi-
tionally, plants can regulate temperature and humidity through
transpiration. Suppose any of the services in oxygen release, carbon
fixation, and climate regulation are not effectively managed. In that
case, the value of the other two services will also be affected,
resulting in a functional relationship of “one prospers and one loses
all.” The cultural service provides spiritual enjoyment for human
society, while the provisioning service provides the material basis
for survival, improving the quality of life and social welfare. The
provisioning and spiritual value provided by the ecosystem at the
global level also show strong synergy.

A comparison of the synergy among GEP indicators in the
countries with different income levels shows that in high-income
and upper-middle-income countries, there are more than ten
pairs of ecosystem services with strong synergy (r > 0.75), and the
number of ecosystem services with strong synergy reaches 20 in
high-income countries, accounting for more than 70%. However, no
more than ten pairs of ecosystem services show strong synergies in
lower-middle-income and low-income countries. In 2018, the
majority of global ecosystem services exhibited synergistic re-
lationships. However, a trade-off was observed between flood
regulation and other services, such as water conservation and soil
retention in low-income countries. This reflects the increase in the
value of flood regulation and storage services in these regions,
which would adversely impact their water conservation and soil
retention capabilities. Furthermore, considering the results for each
continent, the synergy between ecosystem regulation services is
more pronounced in American and European countries. However,
in African countries, trade-offs are observed between soil retention
and flood regulation services, climate regulation and cultural ser-
vices, water conservation and flood regulation services, and water
conservation and cultural services. Upon analyzing GDP levels, it
becomes apparent that in developing countries, trade-offs are
observed between flood regulation and soil retention services, as
well as between flood regulation and water conservation services.
In general, a correlation exists between the income levels and the
synergy among ecosystem services within each nation. The ulti-
mate goal of human activity is to maximize the benefits of
ecosystem services in synergy through a “win-win” model.

4. Discussions

4.1. Comparative analysis

In 2018, the GEP and GDP rankings of countries exhibited sig-
nificant differences. Notably, for most countries, their total GEP was
substantially higher than their total GDP. Countries generally
ranked high in both GEP and GDP, but African and other underde-
veloped nations had higher rankings in GEP compared to GDP. The
increasement of the global GEP in 2018, relative to 2017 [15], may
potentially obscure the fact that certain nations experienced a
decline. Specifically, the GEP of 69 countries declined in 2018, while
the rest showed an increasing trend. However, only 84 countries or
regions, including China, demonstrated concurrent growth in both
GEP and GDP. Among the top ten countries in terms of GEP, only
China, Congo (Kinshasa), Indonesia, and Australia manifested
growth in both metrics. Focusing on China, its global ranking in
total GEP value in 2018 was third. However, its per capita GEP and
per unit area GEP rankings were 134th and 101th, respectively.
Despite an increase of five places in per capita GEP compared to
2017, reaching USD 8800 per person (at current price), it remained
significantly below the global average. This ranking was even lower



Fig. 2. The relationship between the total amount of ecosystem services and the land area. aed, Protected area: Continental scale (a); Asia (b); America (c); and Oceania (d). eeh,
Land area: Europe (e); Asia (f); America (g); and Oceania (h). The circle size represents the total amount of GEP in each continent. The larger the GEP amount, the larger the size of
the circle.
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than the per capita GDP of USD 9900 per person (65th globally). On
the other hand, China's GEP per unit area was USD 1,288,200 km�2

(at current price), slightly above the global average.
4.2. Uncertainty analysis

To analyze the synergistic effects among GEP indicators in
various countries worldwide, we must first consider the un-
certainties that arise in GEP accounting. Different researchers may
obtain varying results due to differences in accounting scope, in-
dicators, data, and methods. Moreover, accounting results may be
overestimated or underestimated due to differences in the acqui-
sition of accounting parameter coefficients. Regarding global data
required for accounting, there are limitations in animal husbandry
and bioenergy-related data in the World Bank's global WDI data-
base, which affects the calculation of the value of global ecosystem
material products and services. Additionally, rainfall, runoff, and
evapotranspiration data must be considered when calculating the
value of water resource services. However, obtaining runoff data for
all countries is difficult, so this paper uses an alternative algorithm
based on rainfall intensity, which may lead to overestimated re-
sults. Regional differences in cooling and humidification services
provided by ecosystems at different latitudes are fully considered in
the accounting process. However, relevant parameters for water
conservation services are converted according to relevant cost data,
such as labor costs, in major regions of the world, which may
impact the results. Furthermore, the value of soil conservation
services includes reducing sedimentation, mitigating non-point
source pollution, and maintaining soil fertility. However, due to
the challenges in obtaining the necessary parameters for the latter
two components, our analysis primarily considers the value of
6

sedimentation reduction services. This approach leads to an un-
derestimation of this part of the results. Lastly, the tourism revenue
data of natural scenic spots in various countries are limited to in-
ternational tourists arriving via airports. This method fails to ac-
count for non-airport inbound tourists, potentially leading to an
undervaluation of cultural services, especially in countries with less
developed air transportation systems. Global GEP accounting and
synergy analysis still face many difficulties in obtaining basic data,
particularly regional parameters. This would result in many un-
certainties in the final analysis. Therefore, it is very important to
strengthen the research support for global multi-regional param-
eters, monitoring, and assimilation simulation in the future.
4.3. Further implication

Human society frequently disturbs the equilibrium of ecosystem
service supply and demand, making it difficult to simultaneously
maximize the benefits of various ecosystem services. This imbal-
ance results in trade-offs of varying degrees, most notably in low-
income countries. Among these, African nations, which constitute
over 88% of the 26 low-income countries, face themost severe flood
challenges globally. Addressing flood-related issues requires a ho-
listic approach that values not only flood regulation and storage
services but also considers other ecosystem services. In other
words, a myopic pursuit of flood mitigation through reservoir
construction would inevitably hinder the achievement of optimal
regional ecosystem management. Moreover, it is proposed that
synergistic analyses among different ecosystem services be con-
ducted at different levels and regions promptly. This would provide
a scientific basis for establishing a global ecological fiscal transfer
payment (EFT). Ultimately, the scale of EFT and diversity funds,



Fig. 3. The trade-off/synergistic relationship among different ecosystem services.
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along with other funding channels could be expanded to offer
multilateral assistance to regions with high GEP but low GDP,
thereby promoting global sustainable development. Furthermore,
it is essential to thoroughly examine the relationship between
ecosystem services and natural social factors. Enhancing the eval-
uation system that integrates the social-economic-natural nexus,
particularly through the dual evaluation of GDP and GEP, is crucial.

5. Conclusions

In 2018, the global GEP was approximately USD 155 trillion (the
constant price), which is 1.85 times the global GDP. The growth rate
of GEP was slightly higher than that of the global GDP. The value of
ecosystem regulating services accounted for 90.31% of the total GEP.
Significant spatial differences existed in the total GEP, per capita
GEP, and GEP per unit area. The total amount of GEP was mainly
distributed in the Americas, Asia, and Africa. Developing countries
accounted for about 3.45 times the total GEP of developed coun-
tries, but their per capita GEP was only 54.61% of developed
countries. The five countries leading in total GEP were Brazil, the
United States, China, Russia, and Canada. A notable positive corre-
lation exists between ecosystem services and the protected areas
across five continents and, to a lesser extent, with land areas.
However, an increase in population density can lead to a decline in
the value of ecosystem services due to human activities. This study
also highlights strong synergies among oxygen release regulation,
7

climate regulation, and carbon sequestration services provided by
the global ecosystem, as well as between ecosystem cultural ser-
vices and provisioning services. Ineffective management of one
service can affect the value of other services. Additionally, there is a
correspondence between the income levels and the synergy among
ecosystem services within each nation. In low-income countries,
particularly in Africa, there is a trade-off relationship between flood
regulation and water conservation soil retention services. There-
fore, flood mitigation strategies such as reservoir construction
should be carefully balanced to avoid overlooking other vital
ecosystem services.
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