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The establishment of ecosystem accounts helps to promote and practice sustainable
development. In China, the establishment of ecosystem accounts based on the
System of Environmental-Economic Accounting—Ecosystem Accounting (SEEA
EA) facilitates government decision-making regarding the ecological transformation
of economic and social development. There have been attempts to develop
ecosystem accounts in some southern Chinese provinces and cities, but little has
been done to develop an ecosystem account for northern China. This study
examined the potential and challenges of constructing ecosystem accounts in
methods and policies in northern China and promoted the practice of EA accounts
by constructing ecosystem extent, condition, ecosystem services supply and use
accounts, and biodiversity accounts in Liaoning Province. The testing accounts
cover provisioning, water supply, air filtration, water purification, global climate
regulation (carbon storage), soil erosion management, and recreation services in
2019. The results show that due to the difference in climate between northern and
southern China, there is no accounting for temperature regulation and flood
regulation services, but water supply services are considered; Policy, demographic,
and socioeconomic factors affect the extent and condition of ecosystems. This
study illustrates how ecosystem accounts can contribute to policy and decision-
making, foster sustainable development, and inform the application of ecosystem
accounts in northern China and other countries and regions. In this paper, we
identify difficulties, including data availability and quality, that limit the integration
of ecosystem accounting into policy. Future research is suggested to address these
gaps and facilitate the implementation of ecosystem accounting.

Keywords: China; ecosystem accounting; natural capital; SEEA EA; sustainability

1. Introduction

The Sustainable Development Goals (SDGs) were adopted by the United Nations
General Assembly in 2015 in order to guide public policies and motivate societal
actors to promote sustainable development (Biermann et al. 2022). They covered soci-
ety, the economy, and the environment (UNSD 2015c), the three key elements of sus-
tainable development. Natural capital interacts with built, human, and social capital to
support and sustain human, economic, and societal well-being (Costanza et al. 2017),
which is referred to as ecosystem services. Ecosystem services have been estimated in
spatially explicit form and are available in several different valuation units, including
monetary values (Costanza ef al. 2016), presenting the integration of social, economic,

*Corresponding author. Email: youtaosong@sina.com

© 2023 Newcastle University


http://crossmark.crossref.org/dialog/?doi=10.1080/09640568.2023.2269473&domain=pdf&date_stamp=2023-10-26
http://www.tandfonline.com

2 J. Ji et al.

and environmental information. It is essential to monitor these three components of
information effectively and sustainably in order to accomplish the SDGs (UNSD
2015b). Therefore, the valuation of ecosystem services can provide useful scientific
support for the prevention of ecological harm and improvement of ecosystem quality,
hence encouraging sustainable development (Langemeyer et al. 2021).

The United Nations has developed the System of Environmental and Economic
Accounting (SEEA) as an international standard accounting framework. SEEA can
effectively complement economic statistics on the contribution of natural capital by
paralleling economic indicators such as GDP (UN 2021). It consists of Central
Framework (CF) and Ecosystem Accounting (EA). SEEA CF addresses natural capital
from the standpoint of resource stocks (Yang ef al. 2021). SEEA EA builds on years
of experimental practice and was officially introduced in 2021. SEEA EA measures
primarily the physical and monetary quantities of ecosystem services and monitors
changes in ecosystem size and condition (McMahon et al. 2022). Compared to CF,
SEEA EA emphasizes ecological fluxes and relates them to human activities in order
to depict nature’s contribution to humans (Mokany et al. 2022). In this regard, the
information from SEEA can assist with monitoring and reporting initiatives related to
SDGs for their policy relevance, analytical soundness and measurability (Pirmana
et al. 2019).

However, according to the Global Assessment of Environment Statistics and
Environmental-Economic Accounting (UNSD 2007, 2015a; UNCEEA 2018), the
development and implementation of SEEA is constrained by the lack of human and
financial resources, and the compilation of SEEA accounts is impeded by the availabil-
ity and quality of data. As of 2018, only 69 countries around the world have environ-
mental economic accounting programs (UNCEEA 2018). The newly released EA has
only been implemented by a few countries/regions. Farrell et al. (2021) compiled an
extent and condition account of a catchment case study in Ireland, highlighting the
role of data gathering and stakeholder engagement. Vysna et al. (2021) developed
extent, condition and service accounts of the European Union, and combined results
on crop provision with economic and social variables on agricultural production.
Australia addressed the Indigenous perspective on EA (Normyle et al. 2022). The
Netherlands developed a comprehensive set of accounts and found compiling the eco-
system accounts was a major undertaking, even in a relatively small and data-rich
country such as the Netherlands (CBS and WUR 2021).

China compiled EA accounts for Guangxi and Guizhou, which are located in
Southern China, a tropical-subtropical zone with high temperatures and rainfall and
evergreen seasons. NBS China (2021) found that it impossible to compile an ecosys-
tem service supply and use table because data were collected by different functional
departments and organized by administrative division, not by ecosystem type. In add-
ition, EA compilation can be different since climate differences can lead to distinct
ecosystem compositions that provide different ecosystem services (Tang ef al. 2018;
Zilio et al. 2017). China’s latitudes, distance from the sea, terrain heights, landscape
types, and mountain ranges create four diverse geographical regions: northern, south-
ern, northwest, and Qinghai-Tibet. Therefore, this study aims to address the gaps in
previous studies, compile EA accounts for northern China with a regional applicable
manner and conducts a case study in Liaoning Province, the economic heart of
Northeast China, one of China’s four key economic regions (W. Li et al. 2020). In
addition, the study uses a land cover dataset with 30 m resolution obtained from
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Chinese environmental disaster monitoring satellites (HJ-1A/B) and US terrestrial sat-
ellites (Landsat OLI) in order to classify ecosystems to resolve the problem encoun-
tered in Guangxi and Guizhou. The development of EA accounts in Liaoning Province
not only practices EA standards in Northern China, but it also localizes SEEA EA and
highlights the difficulties in compiling SEEA EA accounts in Northern China, thereby
facilitating its acceptance within China.

2. Methods and data
2.1. Building ecosystem accounts

The SEEA EA presents accounts that are integrated, internally consistent, and interre-
lated, as shown in Figure 1. These accounts encompass the extent and condition of
ecosystems (in physical terms), the supply and use of ecosystem services (in physical
and monetary terms), and ecosystem assets (in monetary terms). Thematic accounts,
such as biodiversity and carbon, can be created to address specific policy-relevant con-
cerns or to supplement existing accounts (Edens ef al. 2022). Moreover, its organiza-
tion allows it to be utilized equally well in sections (Farrell et al. 2021). We have
developed four SEEA EA core accounts (ecosystem extent accounts, ecosystem condi-
tion accounts, and physical and monetary accounts of ecosystem services) and a the-
matic account (Biodiversity) in Liaoning. This paper addressed the issues of data
availability, data quality, and supply-use table development for the implementation of
ecosystem accounting in China by using cross-sectoral data collection, Arc GIS satel-
lite data interpretation, Aries platform accounting, and literature review on the supply
and use side of the classification service as much as possible.

An ecosystem extent account was compiled for the year 2019. The ecosystem
extent account consists of a map of the ecosystem types in Liaoning (Figure 2) from
2009 to 2019. Land cover data with 30 m resolution from Chinese environmental disas-
ter monitoring satellites (HJ-1A/B) and US terrestrial satellites were utilized to obtain
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Figure 1. The accounts of the SEEA EA (UN 2021).
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Figure 2. Ecosystem structure of Liaoning Province in 2009 and 2019.

classification information for ecosystems (Landsat OLI). Object-oriented multi-scale
segmentation change detection was utilized to classify these remote sensing data. The
accuracy of the classification findings from remote sensing was confirmed by sampling
at random, and it exceeded 85%. (i) land cover, (ii) land use, and (iii) ecosystem serv-
ices determined ecosystem types. The second requirement implies that ecosystem types
inherently supply multiple services (Hasan et al. 2020).

The condition account gives indicators of an ecosystem’s general health as well as
stressors that have the ability to damage it (UN 2021). State indicators depict the state
of the land, air, water, and plants. Indicators of pressure represent environmental pres-
sures such as pollution, groundwater management, and urbanization. Pressures have an
effect on ecosystems and, consequently, their capacity to deliver services (Hein et al.
2020). In ecosystem accounting, measuring ecosystem condition is of central impor-
tance because (i) the monitoring of ecosystem condition is relevant to a wide range of
environmental policies, such as those focusing on water quality and biodiversity
(Hillebrand et al. 2018); and (ii) ecosystem condition is a measure of ecosystems’
future capacity to provide ecosystem services (Matasov et al. 2020). The most policy-
relevant indicators were chosen for the condition accounts based on the Opinions on
Establishing a Mechanism for Realizing the Value of Ecosystem Products released by
the State Council of China. The Liaoning ecosystem condition account relied heavily
on existing datasets (such as the data on water quality from the Water Resources
Bulletin). For various pressure indicators (such as air pollution and acidification), the
current situation was depicted by combining available statistics with reference values
from the scientific literature.

The physical supply and use account for ecosystem services details the physical
flows of ecosystem services from nature to society (Abdullah-Al-Mamun et al. 2017).
Flow is the accumulation of an ecosystem service during a particular accounting
period, often one year. All selected services were rigorously defined to represent
nature’s contribution to humanity, and they were quantified using a wide range of met-
rics and resolutions, with human inputs excluded (UN 2021). However, some ecosys-
tem service definitions are contested in terms of classification. According to Costanza
et al. (2011), carbon fixation is a type of supporting service, despite being categorized
as a regulating service by Ouyang et al. (2020). When such controversial ecosystem
services are encountered, they are defined in this paper according to the concepts in
the SEEA EA, such as defining carbon fixation as a climate regulation service and
classifying it as one of the regulating and maintenance services. In this paper, we
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account for 10 ecosystem services based on data availability and quality according to
the government-issued guidelines in China (GEP) and the cross-section of the SEEA
EA ecosystem services inventory. Selected services were divided into three categories:
provisioning, regulating and maintenance, and cultural, in accordance with the refer-
ence list of ecosystem services in the SEEA EA. In addition, it is difficult to distin-
guish human capital effects from provisioning services; for instance, it is difficult to
account for the relative contributions of farmers and ecosystems to cropland yield.
Moreover, the limiting physical input to crop provisioning varies considerably based
on the type of habitat (e.g. temperature in boreal areas, water in semi-arid areas, plant
nutrients in many temperate agroecosystems) (Azeda ef al. 2021). There is currently
no widely acknowledged approach for assessing the contribution of ecosystems to agri-
cultural production in physical terms (Hein er al. 2020). Such issues encountered in
the physical accounts can be resolved in the monetary account, for example, farmers’
inputs which should be excluded from provisioning services can be quantified by the
value of fertilizer, pesticides, and labor in the statistical yearbook.

In this study, high-resolution spatial models were developed for a variety of eco-
system services. The modeling of 10 ecosystem services included five provisioning
services, four regulating and maintenance services, and one cultural service. These
ecosystem services have been researched and mapped. Physical supply tables are
generated and evaluated based on the outcomes of the geographical models. We gen-
erate an ecosystem services supply table for each ecosystem type. Users, not final
goods, were used to describe those who accessed ecosystem services. For instance,
the agricultural sector, not the customer who purchases the processed output, is the
user of ecosystem services associated with crop provisioning. Unless it was impos-
sible to establish a dominant user group, ecosystem services were normally given to
a single user group. The definition of users of location-dependent ecosystem services
as landowners.

The monetary ecosystem services account is constructed using the physical ecosys-
tem services account as a foundation. The exceptional feature of SEEA EA is that the
monetary valuation is accomplished in accordance with information from conventional
national accounts (Vysna et al. 2021). This property enables the comparison of ecosys-
tem services to other goods and services and the incorporation of ecological informa-
tion into typical economic models and evaluations of productivity (Dvarskas 2019).
The key notion of both the SNA and SEEA EA is the value transfer mechanisms,
which involve the actual exchange of services, labor, assets, or items for money
(Tapsuwan et al. 2021). This SEEA EA technique is based on the SNA, which
excludes consuming surplus but includes producer surplus and manufacturing costs.
When utilizing SEEA EA, it is essential to comprehend the relationship between the
values of ecosystem services and those currently available in the national account. In
the SNA, the value of ecosystem services that are used for production or consumption
can already be (partially) included in the value of GDP (Eigenraam and Obst 2018).
As described in the physical ecosystem services account, provisioning services make it
difficult to discern between the value provided by human civilization and the value
provided by natural capital. However, the monetary ecosystem service account would
be calculated with greater precision than the physical ecosystem service account due to
the monetary quantity data for artificial inputs such as pesticides and fertilizers. The
SEEA EA indicates that, in this instance, the ecosystem services can be valued using
either a lease price or a resource rent approach. Moreover, ecosystem services may
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contribute directly to household consumption, such as tourism and recreation that
depend on the natural environment (Cetin, Bourget, and Tezer 2021). This (additional)
final household consumption, in addition to being included in GDP as measured by
the SNA, is indicative of the value consumers assign to an ecosystem service (e.g.
recreation). Other ecosystem services can be valued using methodologies other than
GDP value transfer (as defined by the SNA). Since ecosystem services with public
attributes (e.g. water purification) are used directly for household consumption and
government consumption, they are frequently offered for free and are not included in
gross domestic product (as defined by the SNA).

The Liaoning Biodiversity Account is constructed in accordance with the SEEA
EA and the Convention on Biological Diversity. The Convention on Biological
Diversity (CBD) specifies that biodiversity consists of three levels: ecological diver-
sity, species diversity, and genetic diversity. The value of biodiversity primarily con-
sists of use value and non-use value, where the former refers to direct value and
indirect value and the latter refers to existence value and selection value (Nobel
et al. 2020). According to the classification, we can determine that the conservation
value of species diversity belongs to the category of non-use value, and that its con-
servation function is primarily to provide essential species and genetic resources for
ecosystem succession and biological evolution, as well as to play a role in the main-
tenance of ecosystem stability and biodiversity (Wintle ef al. 2019). It also contrib-
utes to the maintenance of ecological processes and stability (Valainis et al. 2021).
The species variety of trees was considered for account construction in this study. In
accordance with the SEEA EA principle, we chose to construct accounts with the
more plentiful and valuable tree species that are prominent in the region. For phys-
ical quantities, we picked accounting areas based on the availability of data; for
value quantities, we accounted for the conservation value of various species using
the Shannon-Wiener index (Sun and Ren 2021). The objective of the biodiversity
accounts constructed in this paper is to help integrate the conservation of forest-
based biodiversity into economic development planning and financial investment
decisions, mainstream biodiversity in economic life, and achieve biodiversity conser-
vation goals.

2.2. Data inventory

This study includes 2009 and 2019 data on land usage, administrative boundaries, and
nature reserve boundaries in Liaoning Province. The administrative division boundaries
and land use statistics for Liaoning Province were collected from the Resource and
Environment Science and Data Center of the Chinese Academy of Sciences, where the
land use data precision was 30 m x 30 m. Data on aboveground biomass and vegetation
cover were extracted from the National Data Center for Forestry and Grassland
Sciences database and utilized in prior research on the national dynamics of ecosystem
services. Socioeconomic, hydrological, meteorological, and pollution monitoring data
were compiled using the connected province and national government ministries’ pub-
licly accessible, official statistics sources. In addition, information on the physical and
economic (price-related) components of ecosystem services was acquired from trust-
worthy data sources and relevant literature. The monetary value of cultural services
was determined using data derived from relevant publications.
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2.3. Study area

Liaoning is located in the northeast region, one of the four major economic zones in
China, with the Yellow Sea and Bohai Sea to the south, a river dividing it from North
Korea to the east, and Japan and South Korea across the sea. It is the only coastline
and border province in the northeast. The province has a land area of 148,000km?, a
coastline of 2,292km, and an offshore water area of 68,000 km?. The terrain is ele-
vated in the north and low in the south, with hills and mountains separating the east
and west. Liaoning has a moderate continental monsoon climate zone with four distinct
seasons, making it excellent for a wide range of crops. It is a major national grain-pro-
ducing region and a vital production region for cattle, fisheries, high-quality fruits, and
a wide range of specialty items. There are 14 provincial cities and 100 counties (cities
and districts) in the province, which has a total population of 42.71 million people.

3. Results and discussion
3.1. Ecosystem extent and condition account

Figure 2 provides a summary of the study on ecosystem extent, including a map of the
ecosystem types in 2009 and 2019. Forest and woodland, rivers and lakes, cropland,
urban area, nursery, wetland, grassland, reservoirs and ponds are included in the
account. The most notable change during this time period is the 8,831 km? rise in crop-
land in the Liaoning Province and the decrease in grassland. These major changes may
be attributable to the development of agriculture and livestock in Liaoning Province as
a result of population growth (Duro et al. 2020). Moreover, although urban ecosystem
accounts for only 5.43% of Liaoning, it has increased by 21.7% since 2009, demon-
strating the fast urbanization caused by economic development and population growth
(Buhaug and Urdal 2013). There is no alteration to rivers and lakes, and only a slight
impact to wetlands and the reservoir.

The aggregated ecosystem condition account for the Liaoning Province in 2009
and 2019 is shown in Table 1. The account comprises three condition groups—abiotic
characteristics (physical and chemical states), biotic characteristics (composition, struc-
ture, and function), and landscape characteristics—to illustrate the condition of the
Liaoning ecosystem in its entirety. This condition report’s data collection can aid in
identifying an ecosystem’s dominant trend (UN 2021). During the accounting period,

Table 1. Ecosystem condition account for Liaoning Province (2009 and 2019).

Change

Condition group  Condition class Descriptor Units 2009 2019 (% per decade)
Abiotic Physical state Temperature °C 8.5 10.28 20.94%
characteristics Chemical state  Rainfall mm/year 566 699.92 23.66%
SO, (Air) ug/m®  43.99 19 —56.81%
NO; (Air) ug/m> 33.00 28 —15.16%
PM,, (Air) ug/m? 88.99 70 —21.34%
Biotic Composition Ecological Index Index 61.50 67.2 9.27%
characteristics ~ Structure forest coverage % 35.13% 39.24% 11.70%
Function Vegetation coverage - Index 0.467 0.507 8.57%

NDVI

Landscape Non-commercial % 48.40% 53.58% 10.70%

characteristics forest ratio
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both temperature and precipitation increased by more than 20%, which may indicate
global climate change (C. Li ef al. 2021). Changes in climate can affect the biodiver-
sity and function of aquatic and terrestrial ecosystems (Klove et al. 2014), which can
result in alterations to ecosystem services (Weiskopf et al. 2020). The advancing
desulfurization technology and the implementation of desulfurization price subsidy pol-
icy have led to considerable reductions in SO, in China (Ai et al. 2021). The reduction
of NO, and PM,, almost entirely driven by wintertime decreases, is indicative of
decreasing anthropogenic NOx emissions (Fan et al. 2021; Lin et al. 2019). The forest
coverage and vegetation coverage — NDVI increased by 11.70% and 8.57%, respect-
ively, in this decade due to the Liaoning Province government’s supply-side structural
reform of forestry. The growth in the proportion of non-commercial forests between
2009 and 2019 demonstrates the positive development of forest ecosystems in
Liaoning Province.

Ecological index is a mixture of indicators (biological abundance index, vegetation
cover index, water network density index, land stress index, pollution load index, and
environmental limitation index) used by the Chinese government to indicate the eco-
logical environment quality status of the evaluated area. Its ecological environment is
categorized into five levels based on the condition of its ecological environment: The
ecological environment condition index more than or equal to 75 is exceptional, with a
high vegetation cover, a rich biodiversity, and a stable ecosystem; 55 to 75 is good,
with a high vegetation cover, a rich biodiversity, and an ecosystem suitable for human
life. In the range of 35 to 55, the vegetation cover is average, the amount of biodiver-
sity is average, and the environment is more favorable for human existence, but there
are limits that are not acceptable for human life. Nevertheless, there are limiting varia-
bles that are unsuitable for human existence; 20 ~ 35 are poor, with inadequate vegeta-
tion cover, severe drought and low rainfall, fewer species, and factors that obviously
limit human life; less than 20 are extremely poor, with bad conditions and human life
being constrained.

The ecosystem extent and condition account show the changes in land use and eco-
system quality in Liaoning Province from 2009 to 2019. Overall, according to the
basic characteristics and spatial pattern of the land use change study in China, national
macro policies, regional development policies, and socioeconomic development were
the main drivers of land use change in China at the beginning of the twenty first cen-
tury (Liu et al. 2010). The improvement in people’s living standards and internal
restructuring of agricultural land were the main factors leading to the change in culti-
vated land in northern China (Li ef al. 2004), which may be the reason for the upward
trend in cultivated land area in Liaoning Province from 2009 to 2019. Population
growth, poor grassland management and overgrazing may have contributed to the
decreasing trend of grassland area in Liaoning Province (Fu et al. 2007). Mao et al.
(2018) found that Eastern China (including Liaoning in northeastern China) lost
2,394km? due to urban expansion, which may be the reason for the decrease in wet-
land in Liaoning Province from 2009 to 2019. Meanwhile, studies have pointed out
that the level of socio-economic development and industrialization is the driving factor
of urban area expansion (Wu and Zhang 2012), and the GDP for Liaoning Province
increased by 94.5% during 2009-2019, so this may be the reason for the increase in
urban land area in Liaoning Province. The decrease in pollution indicators and the
increase in ecological indicators in the status account indicate the improvement in eco-
logical quality in Liaoning Province during 2009-2019, which may be due to the
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adoption of vertical supervision reform in ecological governance by the Chinese gov-
ernment. The vertical supervision reform reduces the financial pressure and improves
the capacity of ecological governance, and enhances the authority to regulate enter-
prises in terms of structural effects, which reduces the local number of polluting enter-
prises (Lin and Xu 2022).

3.2.  Physical ecosystem services account

The physical ecosystem services account comprises accounting tables detailing the sup-
ply and usage of each ecosystem service by economic sector. According to the SEEA
EA definition, supply and demand are equal in value in this account. Data for biomass
provisioning services and cultural services are from the Statistical Yearbook, data for
water supply, air filtration and water purification services are from the Government
Public Documents, and global climate regulation services and soil erosion control serv-
ices are accounted for using ARIES for SEEA. The table of physical supply is shown
in Table 2 below. The supply table reveals that forests and woodlands provide the
greatest variety of ecosystem services, while cropland provides the highest level of
global climate regulation service, in part because these ecosystem types cover the
greatest areas. More natural ecosystem types (such as wetlands, forests and woods, and
rivers) provide a greater diversity of ecosystem services per square kilometer than do
fewer natural environment types (urban area). Due to the fact that each service is
expressed in distinct indications, it is not possible to sum the quantities of distinct
services. The table of physical use is provided in Table 3. The usage account illustrates
how economic sectors utilize ecological services. Agriculture uses the most ecosystem
services among industry sectors, while the government use the most ecosystem serv-
ices (6). The government has been allotted the usage of the four regulating services
(global climate regulation, air filtration, water purification, and soil and sediment reten-
tion) based on land ownership.

3.3. Monetary ecosystem services account

The monetary ecosystem services account documents the monetary value of ecosystem
service flows across the accounting period (e.g. one year). Table 4 and Table 5 provide
an overview of the ecosystem outcomes. Data for biological supply services were
obtained from the Statistical Yearbook (removing the cost of fertilizer, pesticides, and
labor, etc.), water supply, air filtration and water purification services were based on
physical account data using the replacement cost method, cultural services were
accounted for by travel cost, and global climate regulation services and soil and water
conservation services were accounted for using ARIES for SEEA. The overall value of
the five provisioning services in Liaoning Province was 233,971 million, the value of
the four regulating and maintenance services was 1,813.1 million, and the value of the
cultural services was 623,263.2 million. The provisioning service is significantly
higher than the regulating and maintenance service, most likely because: (i) the soil
conditions (soil microorganisms, organic matter, etc.) in Liaoning Province are condu-
cive to crop growth (Zhang er al. 2018); (ii) the commercial forests in Liaoning
Province are close to 50%; and (iii) the final service being counted in the regulating
and maintenance service includes only four major services due to difficulties in data
acquisition. The values for nature-related recreation that were determined using the
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spending method were higher. These costs include transportation to natural regions and
park entrance fees (entry fees must be paid for only a few parks, and most of the value
is from travel costs). According to the trade-offs and synergies analysis model pro-
posed by Briner et al. (2013), the crop provisioning service can increase carbon
sequestration (global climate regulation service). Hence, there would be a synergetic
effect between crop provisioning service and global climate regulation service. The
decrease in livestock provisioning will reduce greenhouse gases. The increase in wood
provisioning service can increase the amount of carbon sequestration and increase the
soil and sediment retention service. Due to the non-allocatable input characteristic of
land, crop provisioning service and cultural service are dependable, which means using
land to provide food affects the corresponding landscape’s cultural services. There is a
need for additional study on the SEEA EA in order to gain a better understanding of
which regulating and maintenance services should be selected and how regulating serv-
ices should be valued. In addition, certain services, such as those connected to marine
fishing and coastal protection, are still absent from the accounts. Moreover, in order to
further analyze the complexity of ecosystems and their dynamic relationship with
human society, the conversion of ecosystem services to human society and methods
for accounting for ecosystem service values need to be further investigated.

3.4. Biodiversity account

Table 6 presents an overview of Liaoning’s biodiversity accounts, including ecosystem
extent and ecosystem values, i.e. the conservation values of endemic species. There
are 10 species of natural forests and 18 species of planted forests, with an area ratio of
1.15. The Shannon-Wiener index is a standard diversity index, which can indicate both
the species richness and the uniformity of species distribution within a community,
which means the higher the number of species, the higher the diversity (Song et al.
2016). In this method, the conservation value of species diversity per unit area was
calculated using the forestry industry standard of the People’s Republic of China. The
conservation value of natural forests in Liaoning Province in 2019 is 52.91 billion
yuan, and the conservation value of planted forests is 41.67 billion yuan, with a ratio
of 1.27 between the two.

3.5. Sustainability in SEEA EA

In addition, SEEA EA can be used to analyze the accounting area’s sustainability (UNSD
2021). In sustainability theory, there are two schools of thought: the strong sustainability
philosophy and the weak sustainability philosophy. The weak sustainability concept
claims that natural capital and man-made capital are interchangeable and that the accu-
mulation of man-made capital may compensate for the loss of natural capital by main-
taining a constant total of natural and man-made capital (Gowdy and O’Hara 1997). The
capacity to give services to human society can be maintained so long as the sum of nat-
ural and man-made capital remains consistent. As long as the total amount of natural and
man-made capital remains unchanged, the capacity to continue the flow of services to
human civilization can be maintained (Biely, Maes, and Van Passel 2018). In other
words, the growth restriction imposed by the depletion of natural capital can be main-
tained by maintaining constant levels of both natural and created capital. The growth
restriction imposed by the depletion of natural capital can be circumvented by
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Table 6. Biodiversity account of Liaoning Province in 2019.

Natural forest Planted forest
Conservation Conservation
Advantageous tree value (million value (million
species Area (km?) yuan) Area (km?) yuan)
Sum 21,292 52,912.0 18,450 41,673.5
Akamatsu 95 190.0 31 62.0
Yaupon 635 1270.0 4076 8152.0
Oak 8115 24,345.0 886 2658.0
Birchwood 190 380.0 0
Water Hoang 1199 3597.0 32 96.0
Other hard and 381 1143.0 1639 4917.0
broad categories
Lime 62 124.0 0
Other soft broad 159 477.0 127 381.0
categories
Broadleaf mix 9982 19,964.0 1074 2148.0
Needle Broad mix 474 1422.0 1326 3978.0
Spruce 0 95 285.0
Larch 0 4454 8908.0
Red pine 0 539 1617.0
Sphagnum pine 0 253 759.0
Black pine 0 31 62.0
Cypress wood 0 95 190.0
Poplar 0 3128 6256.0
Coniferous mix 0 349 1047.0
Other economic 0 315 157.5

forests

technological advancement and knowledge innovation. The weak idea of sustainability,
which is predicated on the total substitutability of natural and man-made capital, justifies
the usage of massive capitalization. The idea of sustainability, which promotes the use of
substantial natural resource inputs for national economic development, indicates that nat-
ural capital can be monetized. This indicates that natural capital can provide economic
production. In the realm of ecosystem services, the Chinese government is supporting the
theory of ecological goods value realization. The notion of weak sustainability is the the-
oretical foundation for the value realization of ecological products, which tries to convert
the potential value of ecosystem services into their actual economic worth. Through eco-
industrialization and payment for ecosystem services, the objective is to convert the
potential value of ecosystem services into actual economic value.

Strong sustainability assumes that certain essential natural capital cannot be
replaced by man-made capital, or that the expense of replacing natural capital with
man-made capital would be unsustainable. The GEP is founded on the notion of strong
sustainability, which quantifies the value of ecosystem products and services in order
to effectively incorporate natural capital conservation into economic and social devel-
opment decisions. The Sanjiangyuan National Park, for instance, is a very important
national ecological security barrier, and the value of natural capital is so high and
unique that it is difficult to replace it with human or man-made capital, or that it
would be costly to do so. Therefore, the fundamental purpose of Sanjiangyuan
National Park is to safeguard natural capital, not to convert the value of ecological
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goods into commercial value. At this time, GEP accounting may play a key role in
integrating natural capital conservation into economic and social development deci-
sions by providing scientific support and a reference base.

3.6. Analytic issues and policy implications

In the Liaoning Province case study, the accounting structure can be challenging to imple-
ment. As in accounting, the supply and use tables require sufficient and exhaustive data,
but there is no structure in place for systematically assembling this database. Inadequate
accounting basic data can result in crude and conservative evaluations. A second concern is
about context and scale. The accounting region is picked by our researchers, yet there are
ecosystem effects that span boundaries. Change can have consequences in one location
with one species, and those effects can extend to other locations, regions, species, and eco-
systems. In addition, ecosystem services have far-reaching effects that extend beyond the
bounds of the region studied (e.g. wind pollination, which can span 101 km (Robledo-
Arnuncio 2011). None of these effects can be completely mapped or tallied. This reality is
both practical and theoretical. Furthermore, it is impossible to map ecosystem services
completely in time and space, both practically and theoretically. Existing research does not
provide comprehensive knowledge of the linkages between ecosystems and their relative
contributions (Costanza et al. 2017). Scholars have been unable to quantify not only the
spatial but also the temporal coupling of individual ecosystem processes (La Notte et al.
2017). This could result in double counting or undercounting.

In China, ecosystem accounting is in its early and promotional stages, with the
government issuing guidelines to encourage localities to propose and practice ecosys-
tem accounting. Currently, the form of ecosystem accounting in China is GEP, which
is presented as a separate number. The supply and use table in SEEA EA can be used
as a complement to GEP, reflecting how much ecosystem services are provided by dif-
ferent ecosystems to various industries (users). This also means that ecosystem data
monitoring and data collection in China is not in the same form as required by the
SEEA framework, making account creation difficult.

It is important to note, however, that despite the above challenges and limitations,
ecosystem accounting has been identified as having multiple policy uses in relation to
energy, biodiversity, green economic growth, and climate change. As a developing
country with a rapidly growing economy and abundant natural resources, China has
limited environmental regulatory mechanisms. By integrating key information on
trends in the extent, condition, ecosystem services and biodiversity into regular ecosys-
tem accounting based on SEEA EA, the Chinese government can assess the sustain-
ability of ecosystem use and progress toward sustainable development (Hein et al.
2020). Meanwhile, ecosystem accounts support multiple policy applications related to
ecology and planning, and assist in the green transformation of economic and social
development. For example, some Chinese provinces are currently practicing ecological
resource equity trading, which revolves around the management integration, conversion
and upgrading of natural resources, market-based trading and building a platform for
sustainable operation. However, the accuracy of the accounting results is a prerequisite
to guarantee the effective application of ecosystems. Even though we applied the more
detailed maps available and the accounting methods recommended by SEEA EA and
Chinese government guidelines, their limited practice does not ensure that they
adequately reflect the complexity of ecosystems and the relationship they have with
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human society. Consequently, with better maps and accounting models, ecosystem
accounting may provide more meaningful information to government decision-makers.

4. Conclusion

The application of SEEA EA faces several key trade-offs, especially in terms of which
ecosystem services to select. It was difficult to avoid being insufficiently comprehen-
sive when establishing ecosystem accounts for Liaoning Province, so feasibility and
conceptual rigor were prioritized based on data availability and quality. This study
complements previous experimental SEEA accounts established in southern China.
According to the study, there are three differences between the accounts established in
the south and the north: (i) Liaoning accounts for water supply services; (ii) it does
not account for temperature regulation services; and (iii) it also does not account for
flood storage services. It is a consequence of the significant differences in climate
between south and north China, with a temperate monsoon climate in the north and a
subtropical monsoon climate in the south, which has a major impact on the ecological
environment, resulting in more floods in the south and more droughts in the north.
Moreover, this study found that there has been an increase in cropland and urban areas
in Liaoning province. There was also a decrease in grassland area, a decrease in air
pollution, a decrease in forest diversity, and an increase in environmental indicators,
such as forest cover. This may be affected by a variety of factors, such as government
policies, population growth, socioeconomic development, and others.

Our study tested the SEEA EA application in northern China. It follows the princi-
ples of SEEA EA in establishing accounts and selecting accounting methods, and
incorporates the Chinese government’s pilot guidelines in monetary accounting. We
believe that this study brings added value to the pilot ecosystem accounts in China.
Just as ecosystem account applications are still in their preliminary stages, further test-
ing of ecosystem accounting will help in exploring the components that need to be
enhanced for wider application.

The Liaoning ecosystem accounts can help to clarify many of the linkages between
ecosystems and economic systems, and provide a reference for establishing ecosystem
accounts in northern China. There are still many data limitations and institutional bar-
riers to developing ecosystem accounts and using them for decision-making. Despite
these challenges, we believe ecosystem accounting has great potential for local and
national decision-making. Our study in establishing a testing ecosystem account in
Liaoning Province provides theoretical and methodological findings and guidance for
selecting and organizing data using the SEEA EA framework in the near future as eco-
system accounts are geographically expanded in China.
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