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Abstract

The existing forest resource accounting system is limited to the valuation of wood and forest products; the service value of
the forest resource ecosystem is not yet included. This study adopts an empirical approach to studying the rationality and
influencing factors of compiling a forest resource balance sheet (FRBS). An FRBS can systematically reflect the contribution
of forest resources to the economy, ecology, and society in terms of both physical quantity and value quantity. A
questionnaire survey was used to collect the data. We found that the determination and measurement of forest resource assets
and liabilities and the calculation of the service value of the ecosystem had a supporting effect on the rationality of compiling
an FRBS. This study expands the field and scope of forest resource accounting, facilitates the compilation of natural
resources and government balance sheets, and presents the practical significance for the theory and practice behind the

development of an FRBS.

Owing to market failures caused by factors such as
public goods and other externalities, forest resources cannot
be optimally allocated through the market, and as a result,
those resources contribute to humanity in a complex and
usually non—market-oriented way. Furthermore, the value of
forests has not been studied scientifically; hence, forests are
often excluded from the public market system. A globally
unified carbon emission trading market has not been
established yet, and there are great differences in forest
carbon emission prices among different regions. Measure-
ments using the fair value method are too subjective, and it
is difficult to obtain the fair value of forest resource
ecosystem services. According to the United Nations Food
and Agriculture Organization (FAO), 22.30% of global
forests are used for producing wood and nontimber forest
products, and 73.53% are used for soil and water
conservation, and biodiversity protection. However, the
existing System of National Accounts (SNA) only reflects
the value of forests through wood, food, energy, and
medicinal materials that are attributable to forests in
agriculture and manufacturing and excludes the utility of
forests in the ecological environment. This leads to an
ineffective macromanagement of forest resources, misjudg-
ment of decision-makers, and blind predatory development
of forest resources. Hence, the lack of forest accounting has
had a negative impact on biodiversity and the economy
(Patil 2017). Assessing the service value of the forest
resource ecosystem is crucial for evaluating the achieve-
ments of the ecology of forests, thereby transcending the
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pursuit of short-term economic benefits in favor of
ecological benefits.

In addition to many material products, forests provide
society with a wealth of ecological products (Lebling et al.
2020). Since 1970, humanity’s ecological footprint has
surpassed Earth’s capacity to regenerate, gradually destroy-
ing the planet’s health and humanity’s future (World
Wildlife Fund [WWF] 2020). Without appropriate mea-
sures, it is estimated that by the end of this century, the
global temperature will be 2.6 to 4.8°C higher than that prior
to industrialization (Pachauri et al. 2014). Carbon seques-
tration in forests is one of the main ways to mitigate climate
change. With the growing concern for fossil fuel depletion
and the environmental carbon footprint, there is a strong
interest in exploring the renewable biomass materials as
substitutes for petroleum-based feedstock (Zhao et al. 2016).
Trees absorb a large amount of carbon dioxide (CO,) in the
atmosphere through photosynthesis and release it in
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vegetation and soil; this can slow down the greenhouse
effect. In response to the goal of reducing climate change,
Lebling et al. (2020) proposed restoring 350 million
hectares of deforested and degraded lands by 2030, and
678 million hectares by 2050.

The current forest resource accounting system is
distributed in fields like accounting, statistics, and finance,
which is relatively scattered and cannot fully reflect the
function and service value of forest resources. This study
argues that the forest resources balance sheet (FRBS), which
is compiled by using the principles of accounting equations
and learning from the System of Environmental-Economic
Accounting (SEEA), can systematically reflect the contri-
bution of forest resources to the economic, ecological, and
social fields in terms of both physical and value quantity.
Questionnaires (Appendix 1) were designed to understand
the knowledge and attitudes of the industry insiders on the
necessity, feasibility, and scientific nature of the preparation
of the FRBS. Factor analysis and multiple linear regression
analysis were used to examine the influence of recognition
and measurement of assets and liability of forest resources
and the counting of ecological service value on the
preparation of the forest resources balance sheet. This study
argues that the FRBS can reflect the stock and change of
forest resources assets, improve the performance evaluation
and accountability of a system of relevant subjects or
responsible personnel in forest resources management and
protection, and provide information support for forest
resources early warning, monitoring, and decision-making.
In this study, we explore the composition of the FRBS and
the measurements of these elements. This study will
promote the preparation and application of forest resource
balance sheets, as well as the recognition and measurement
of forest resources assets and liabilities.

Theoretical Framework and Hypotheses

Large-scale production during the Industrial Revolution
enabled tremendous improvements in productivity; howev-
er, the corresponding negative effects, such as pollution and
depletion of natural resources, are not reflected in national
income statistics (Kuznets 1971). The ‘“‘research report on
the measurement and evaluation of forest public welfare
efficiency,”” issued by the Japanese Forestry Agency in
1972, pointed out that the ratio of forest ecological benefits
to economic benefits was 19:1 (Chen 1987). The research of
Costanza et al. (1997) was the first of its kind to
systematically design an indicator (environmental service
indicator [ESI]) to calculate the service value provided by
the world’s ecosystem services and natural capital. It was
estimated that the annual value of ecosystem services per
hectare of forest in the world was USD $969, with total
global cashflow of USD $47,060 trillion. The ESI is now a
classic theory and approach for valuing the ecosystem
services of natural resources (including forests).

China has carried out ecological value assessment of
forest resources. Similar results were obtained in China’s
eighth national forest inventory: the total carbon stored in
forest vegetation was 8.427 billion tons, and the annual
value of ecosystem services reached USD $2.06 trillion
(China Forest Resource Accounting Research Project
Group. 2015). An FRBS is an institutional work for the
dynamic accounting of forest resources, which facilitates the
inclusion of forest resources into the SNA (Zhang and Li
2019). Based on the aforementioned studies, we contend
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that an FRBS is a scientifically necessary and practical
approach to value forest resource ecosystem services.

As an international statistical standard, the SEEA Central
Framework of 2012 has been used to solve the shortcomings
of national economic accounting in dealing with the
relationships between the economy and environment. At
its core, this framework includes environmental flows,
stocks of environmental assets, and economic activity
related to the environment; it helps indicate the total
amount and composition of environmental assets and
reasons for any changes (UN 2014). The SEEA Experi-
mental Ecosystem Accounting framework includes the
Common International Classification of Ecosystem Services
(CICES), which divides ecosystem services into three
categories: provisioning, regulation and maintenance, and
culture. For each category, the expected capital flow of
ecosystem services is calculated according to the type of
land use. In addition, the CICES provides available pricing
methodologies for evaluating the economic value of
different ecosystem services. Under SEEA’s influence, the
2004 report published by the FAO (2020) categorized forest
accounts into asset accounts, flow or production accounts,
environmental protection and resource management expen-
diture accounts, and environmentally adjusted macroeco-
nomic aggregates (Hada 2009). Meanwhile, the 2002
European Framework for Integrated Environmental and
Economic Accounting for Forests integrated ‘‘the monetary
and physical data on nonmarket environmental and
protective functions of forests, biodiversity, [and] the health
status of forests’” (Eurostat 2000). Forest resource account-
ing has been applied in practice in Sweden, South Africa,
and Romania, and its value has been demonstrated from the
perspective of national forest resources (Lange 2004).

In the SEEA-2012 Central Framework, the physical asset
accounts for natural resources are applied using the
following formula: Opening stock + additions to stock —
reductions of stock = closing stock; this is a new framework
for forest resource accounting that establishes the basis for
the assessment of the ecological value of forest resources.
However, the formula only provides a general framework
and does not consider liabilities; therefore, the SEEA-2012
framework does not fully reflect the value of forest stock
(Huang and Zhao 2015). In the 1930s, several scholars
proposed applying corporate balance sheet techniques to
national economic accounting (Dickinson and Eakin 1936).
Given that the balance sheet reflects the logical relationship
between items, value of resources, and financial risk, it has
become one of the key macroeconomic analysis methods
used since the beginning of this century (Li et al. 2013a. In
addition to using the SNA and Global Forecast System to
prepare government balance sheets, the United Kingdom,
Canada, and Australia have also applied accounting
methods for this purpose. The former approach is led by
the statistics department of the state, while the latter by the
finance department. The basis for compilation subsequently
shifted from cash-based accounting toward accruals ac-
counting (Yoshida 2001, Wilson et al. 2006, Du 2015).
Morgan (1968) explored the compilation of the natural
resources balance sheet to account for the economic and
ecological value of natural resources based on the format of
corporate balance sheets. Alcamo et al. (2005) used a
“nature balance sheet” to reflect the progress made in
ecosystem services and used a global ecosystem service
early warning model, based on soft-linked demographics,
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economic development, climate, and biosphere cycles, to
predict changes in global ecosystem services from 2050 to
2100. However, research on FRBSs does not have a long
history, and a comprehensive theoretical system is still
absent.

Forest resource assets, as an indicator of the value of
forest resources, are a unique type of asset and a
foundational requirement for forest resources to be included
in the national economic accounting system (Xu 1991, Wei
et al. 2001). The standing timber of forest products creates
the direct value of forest ecological services. It constitutes
the main content of the economic value of forest resources
(Zhang 2016, Zhao and Zhao 2019). The role of forest
ecological function has been gradually recognized and
accepted during the centuries of human economic pursuits.
Thus, the ecological value of forests should be included in
asset category accounting (Liu et al. 2012a). Zhang (2018)
referred to the system of physical asset accounts for forests
and other wooded land, physical asset accounts for timber
resources, monetary asset accounts for land, and monetary
asset accounts for timber resources—established by SEEA-
2012—as the “‘forest resource balance sheet.”” For forests,
this sheet is an extension of, an important resource account
for, and a subcategory of the natural resource balance sheet.
The natural resource balance sheet plays an important role
in promoting the compilation of national and government
balance sheets. The theoretical framework of this study is
presented in Figure 1.

In 2014, Chinese scholars began conducting research on
FRBSs. Subsequently, in 2016, the National Forestry
Administration and National Bureau of Statistics of China
jointly designed a general plan for the compilation of
FRBSs. The purpose was defined as the promotion and
improvement of the ecological accountability system,
allowing audits to be conducted prior to the departure of
officials from their positions in forest management and
protection, and establishing and promoting the compensated
use of forest resources and other ecological compensation
systems (China Forest Resource Accounting Research
Project Group 2015). Pilot projects for the compilation of
FRBSs have been implemented in several regions in China,
such as Zhalantun (Inner Mongolia), Jingdong County
(Yunnan Province), the state-owned forest farm of Guang-
dong Province, and the state-owned forest farm of Hunan
Province (Zhang 2016). However, current practice lacks
standardized and unified theoretical guidance as well as
institutional norms. In summary, forest resource assets are a

the practical assessment of
forest resource assets and
liabilities

the fair value of forest
resource assets and L
liabilities

the compilation of FRBS

the valuation of the forest
resources ecosystem

Figure 1.—The theoretical framework.

FOREST PRODUCTS JOURNAL VoL. 71, No. 4

prerequisite for the formation of liabilities; forest resource
liabilities need to be determined to ensure the integrity of
the forest resource balance sheet. Referring to the principles
of accounting equations, the SEEA-2012 framework, and
Zhang’s (2018) proposal, we hypothesize that the practical
assessment of forest resource assets and liabilities is an
important factor in the compilation of FRBSs.

The International Accounting Standard (IAS) 41 adopts
the fair value principle when valuing assets; fair value can
be defined as the price that would be received to sell an asset
or paid to transfer a liability in an orderly transaction
between market participants at the measurement date
(namely, an exit price). This is a better method compared
to using historical costs and improves predictive accuracy
and decision-making. For example, the market price of
tradable CO, can be used for the valuation of the carbon
sink service of forests (Haiilemariam et al. 2012). Referring
to the viewpoints of Morgan (1968), Yoshida (2001),
Haiilemariam et al. (2012), and IAS, we hypothesize that
the fair value of forest resource assets and liabilities is an
important factor in the compilation of FRBSs.

Forest coverage and biodiversity are important evaluation
indicators of the ecological environment. Furthermore, the
quality of the ecological environment is directly propor-
tional to the density of forest resources. Referring to the ESI
and SEEA Experimental Ecosystem Accounting Frame-
work, we hypothesize that the valuation of the forest
resources ecosystem service is diversified and an important
factor in the compilation of FRBSs.

Methodology
Data collection

In order to increase the public’s awareness on the roles
that forests play in curbing global warming and maintaining
biodiversity and other ecosystem functions, this study
explores the necessity of the preparation of the balance
sheet of forest resource and the items that this balance sheet
should contain. Referring to the literature review, the
interview results of experts and scholars in the field, and
our own viewpoints, we designed a questionnaire to
investigate the factors that influence the rationality of the
design and compilation of FRBSs. The questionnaire used
the Likert scale to rate respondents’ understanding and
perceived importance of the items. The results were used to
test the hypotheses and explore influential factors. An FRBS
collocates various categories of resources, such as forest,
ecological, and environmental resources, and applies an
array of calculation methods including statistics, account-
ing, and asset valuation; hence, the statements are highly
technical and require individuals with specific professional
backgrounds to ensure the validity of the survey results. To
improve the quality of the survey results, the survey was
conducted among individuals in specific professional fields
and included enterprise managers in the forest industry,
leaders of the government departments of forestry and
ecological environment, and researchers in ecoenvironmen-
tal protection and forestry economic management. The
questionnaires were distributed to representatives of uni-
versities, research institutes, journals, newspapers, and
academic organizations participating in the 2020 Annual
Meeting of the China Forestry Economics Association.
Social networking platforms were also used for distributing
the questionnaire, allowing easy access and response from
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the participants. As such, the participation rate (100%) was
satisfactory, and the distribution and collection of the
questionnaires progressed smoothly.

The questionnaire was divided into six parts and included
46 items. Part 1 was used to collect the demographic
information of the participants (five items), including their
affiliated industry and organization (industry/organization),
educational background (education), time of employment or
enrollment in the institution (service year), academic
degrees received (academic degree), and the region in
which they worked or studied (work/study region). These
data were used to examine the differences in responses for
each demographical variable. Parts 2, 3, 4, 5, and 6,
respectively, investigated respondents’ attitudes and under-
standing of: the rationality of compiling FRBSs (seven
items), the influence of identifying forest resource assets,
and liabilities (12 items), the influence of forest resource
asset and liability valuation in the context of FRBSs (five
items), the influence of valuing ecosystem services in the
context of FRBSs (nine items), and other information
related to the compilation of FRBSs, such as foundational
theories and frameworks (eight items). Parts 2 to 5
represented the core components of the questionnaire and
used Likert scales. Part 1 mainly included multiple choice
questions where the respondents were asked to select just
one of the choices, while part 6 mainly included multiple
choice questions where the respondents were asked to select
several choices, as applicable. During the design stage of the
questionnaire, seven experts and scholars in the field were
interviewed, and revisions were made according to their
suggestions.

Preliminary data analysis and hypotheses
formation

Cronbach’s alpha (o) was used to assess the internal
consistency and reliability of the questionnaire. The
proximity of the value of Cronbach’s o to 1 indicates the
reliability of the questionnaire (Cronbach 1951). The lowest
o in this study was 0.781, and the remaining three were all
above 0.8, suggesting that the reliability was satisfactory.
Exploratory factor analysis was applied for dimension
reduction of the 33 items, yielding four common factors
(Table 1). The factor load matrix for each variable is listed
in Appendix 2. SPSS 21.0 was used to perform principal
component analysis (PCA); the characteristic root was
defined as 1, and matrix rotation was performed to
maximize variance. The Kaiser-Meyer-Olkin Measure of
Sampling Adequacy test and Bartlett sphere test were
performed prior to the factor analysis to determine whether
the questionnaire was suitable for factor analysis. Four

Table 1.—Hypothetical factors.

factor analyses (FAs) were conducted to evaluate the
independent variables (for parts 2, 3, and 4) and the
dependent variables (for part 1). For independent variables,
there are two factors with the first dimension eigenvalue
greater than 1; therefore, two common factors are extracted.
Similarly, there is one factor with the second dimension
eigenvalue greater than 1, so one common factor is thus
extracted. The third dimension of the independent variable
has only one factor whose eigenvalue is greater than 1, so
one common factor is extracted. For dependent variable,
there is only one factor whose eigenvalue is more than 1,
hence, a common factor is extracted. Factor loading of item
19 was approximately 0.5. Following matrix rotation, the
factor loadings revealed few changes. Removing the items
did not affect the FA results, while the value of Cronbach’s
o improved following rotation for each. The results suggest
that the respondents prefer a mixed measurement model for
forest resource assets and liabilities based on fair value.
The compilation of FRBSs aims to comprehensively
reflect the consumption of forest resources in economic
activities. It is crucial in evaluating the quality of the
ecological environment and an important tool for political
decision-making. From 1990 to 2020, the global forest area
has decreased by approximately 178 million hectares, and
natural and biological diversity has declined at an alarming
rate (FAO 2020). The respondents agreed on the necessity,
required scientific rigor, and importance of feasibility of the
FRBS. They believed that it was a reasonable approach to
value forest resources. Specifically, 85.19% respondents
believed that forest resource accounting was extremely
necessary, and only 8.89% thought it was not necessary.
Further, 74.82% believed that the forest resource balance
sheet played a positive role in strengthening the ecological
supervision of relevant officials, and 80.74% believed that
under current conditions, efforts to compile FRBSs were
feasible. Additionally, 82.96% believed that, besides natural
resource balance sheets, it was also necessary to compile
FRBSs; only 3.7% disagreed. Also, 79.26% believed that
FRBSs could provide more information than simple forest
resource accounts. Although the respondents either worked,
studied, or conducted research in related fields, 43.71%
reported lack of in-depth understanding of FRBSs.
Identifying assets and liabilities—Assets are resources
that bring economic benefits to the entity that owns the
resource, while liabilities are a realistic obligation that leads
to the outflow of economic benefits at some point in the
future (IASB 2018). Canada was among the earlier nations
that implemented the asset management of forest resources,
which played a significant role in the establishment of a
sound forest resource management system (Openshaw
1980). In 1993, China initiated a study of forest resource

Bartlett test

Factor name Questions included Cronbach’s o KMO test Approximate ¥* Sig.
Identification of forest resource assets (HI1-1) 13, 14, 16, 17, 18, 21 0.898 0.868 685.076 0.000
Identification of forest resource liabilities (H1-2) 15, 20, 22, 23, 24
Using a fair value-based hybrid model to measure forest 25, 26, 27, 28, 29 0.781 0.790 171.981 0.000
resource assets and liabilities (H2)
Methods used to measure the value of forest resource 30, 31, 32, 33, 34, 35, 0.893 0.875 564.769 0.000
ecosystem services are diversified (H3) 36, 37, 38
The rationality of compiling FRBS (dependent variable) 6,7,8,9,10, 11, 12 0.854 0.877 352.404 0.000
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asset accounting as a primary component of resource asset
management. The SEEA uses forest resource asset accounts
as a platform to calculate the economic value of forests. The
International Public Sector Accounting Standards (IPSAS)
proposes that forest resource assets are forest resources
formed by an entity’s past economic business, controlled by
the entity, expected to generate service potential, or bring
inflow of economic benefits, and should possess the
characteristics of scarcity, usefulness, and clarity in the
ownership of property rights. To achieve the sustainable
development of forests more effectively, Yue (2008) and
Liu et al. (2012b) defined the value of forest ecosystem
services as ecological assets. Haiilemariam (2012) proposed
that forests supply valuable environmental benefits to the
nation by providing watershed protection services (protec-
tion of soil erosion, logging, and downstream agriculture),
carbon sink services, and habitats for a variety of animals
and plants (biodiversity warehouses). Qu and Tian (2013)
adopted an accounting perspective and proposed that forest
biodiversity assets reflect preexisting unmeasured or
undiscovered value. Forest ecosystem assets can be
considered the fifth type of forest resource asset, in addition
to forest, forest land, wildlife, and landscape assets (Xiao
and Yin 2014).

Based on existing research on natural resource assets, Hu
and Shi (2015) suggested that natural resource liabilities are
obligations that humans undertake when using natural
resources and can be measured in economic terms that
need to be repaid with capital assets or labor services. Chen
et al. (2015), Feng et al. (2017), and Chen et al. (2015)
asserted that natural resource liabilities are excessive losses
of natural resources caused by humans during social and
economic activity and include a range of negative
externalities on the environment. Thus, forest resource
liabilities represent the costs of forest resource depletion,
environmental protection, ecological compensation, and
ecological restoration (Zhang 2018), or the consumption
of forest land and resources caused by economic activities
that exceed reasonable use (or resource depletion, e.g., use
exceeding forest land use quotas and forest logging quotas).
Thus, liabilities are overexploitation of forest resources
(Zhang et al. 2018).

Forest resource liabilities are an important aspect of
natural resource liabilities and have an inherent logical
relationship with forest assets. Thus, they should be
separately identified and measured. With that in mind, the
following subhypotheses were proposed:

HI-1: Identification of forest resource assets has a
significant positive impact on the rationality of compiling
FRBSs.

HI-2: Identification of forest resource liabilities has a
significant positive impact on the rationality of compiling
FRBSs.

Based on the hypothesis, we tested following equation:

Y =X+ xX1xX1] + X2X12 + €

where y represents rationality of compiling FRBSs, xi;
represents identification of forest resource assets, xi,
represents identification of forest resource liabilities, o is
a constant, and € is random error.

Measuring assets and liabilities—Assets and liabilities
are static figures. Therefore, forest flow data obtained
through statistics, business, and accounting measures should
be converted into stock data through discounting and other
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processing methods. In the 1980s, France issued the Natural
Resource Accounting and Environmental Accounting Sys-
tem, which focused on stock statistics and economic
valuation of natural resources (Huang and Zhao 2015).
Finland uses forest quality indicators (including ecological
indicator, special-purpose indicator, and changes, prices,
and quality indices) to measure forests’ comprehensive
ecological benefits. The SEEA-2012 Central Framework
advocates the use of two systems (physical assets and
monetary asset accounts) to measure natural resources; the
framework uses methods such as written-down replacement
costs and the discount value of future returns to measure
natural resource assets without referring to market price.
Japan’s forest accounting system mainly adopts a construc-
tion-substitution method of valuation. Specifically, projects
with equivalent benefits to specific functions in forest
ecosystem services are selected, and the annual depreciation
and operating costs of the project construction are used to
replace the unit benefit price, which is used to calculate the
value of forest ecosystem services (Huang and Zhao 2015).
IAS 41 adopts the fair value of the asset in its standards;
however, the standards only account for the economic value
of biological resources (Herbohn and Herbohn 1998).

The liabilities listed in the forest resource balance sheet
should be the forest resource gap caused by economic
development defined by current technology and existing
resource reserves, or the cost required to make up for the
gap (Qiao et al. 2015). For exhaustible resources, liabilities
refer to the economic cost to further reduce resource
consumption or finding alternative energy sources. For
nonexhaustible resources, liabilities refer to the demand for
resources in a given period that exceeds its regeneration
rate, or the threshold of maintaining regeneration (Huang
and Zhao 2015). Forest resource assets and liabilities should
be measured with a method that combines fair value (market
price) and cost. Furthermore, the measurement methods and
means should be standardized and unified. Based on this
discussion, the following hypothesis was proposed:

H2: Using a fair value-based hybrid model to measure
forest resource assets and liabilities has a significant
positive impact on the rationality of compiling FRBSs.

Based on the hypothesis, we tested following equation:

Y=o+ X1x3 + €

where y represents rationality of compiling FRBSs, x,
represents a fair value-based hybrid model to measure forest
resource assets and liabilities, o, is a constant, and € is
random error.

The valuation of forest resource ecosystem services.—
Forest ecosystem services are formed by forest ecosystem
and ecological process, which aim to maintain the natural
environment conditions and utility of human survival.
According to Millennium Ecosystem Assessment (2003),
forest ecosystem services should include supply services,
regulation services, cultural services, and support services.
Forest Ecosystem function is the internal characteristic of
the ecosystem. It is related to a series of states and processes
that maintain the integrity of the forest ecosystem. It is the
quality of the components of the forest ecosystem. It
includes processes such as decomposition, nutrient produc-
tion, cycling, and converting energy into matter. Forest
ecosystem functions include water conservation, soil carbon
fixation, oxygen release, nutrient accumulation, atmospheric
environment purification, forest protection, biodiversity
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protection, and forest recreation, among others. At present,
the research of forest resources has changed from the
evaluation of forest resources ecology to the development of
forest ecological service market, indicating that the research
has changed from demonstrating the importance of forest
resources to the realization of forest ecological value.

Studies in the United States and Japan suggested that the
ecological benefits of forests are 10 times their economic
value. Currently, there is no unified system of accounting
for valuing forest ecosystem services between nations.
Furthermore, the standards and contents of the accounting
systems are different. Costanza et al. (1997) evaluated the
economic value of 17 ecosystem services in 16 biomes. Hou
and Wang (1995) evaluated the value of three ecosystem
services of forest resources in China, including water
conservation, wind prevention and sand fixation, and air
purification. Zhao et al. (2004) assessed the total ecological
economic value of 13 functional indicators of China’s forest
ecosystem. Wang et al. (2011) used the methods proposed in
the ““Specifications for Assessment of Forest Ecosystem
Services” to assess the value of the national forest
ecosystem services, such as water conservation, biodiversity
protection, carbon fixation and oxygen release, soil
conservation, atmospheric purification, and nutrient accu-
mulation. Li et al. (2013b) used market value and shadow
pricing methods to evaluate the ecological benefits of
China’s national public welfare forests. The value of forests
in terms of carbon sequestration and oxygen releasing could
be measured using afforestation costs, carbon tax, damage
avoidance costs, carbon tax and mean distribution, industrial
oxygen production cost-benefit analysis, and shadow pricing
(Long et al. 2018). The value of forests in terms of water-
protection can be measured through the shadow project
method (the cost of a water storage project, such as a
reservoir, with the same function) (Brugnach et al. 2017).
The value of forests, in terms of maintaining soil fertility,
can be evaluated using expected income capitalization and
substitution costs (Shi et al. 2018; Cortés-Flores et al. 2019).
Based on this discussion, the following hypothesis was
proposed:

H3: Methods used to measure the value of forest resource
ecosystem services are diversified and have a significant
positive impact on the rationality of compiling FRBSs.

Based on the hypothesis, we tested following equation:

y =0+ x1x3 + ¢

where y represents rationality of compiling FRBSs, x;
represents methods used to measure the value of forest
resource ecosystem services are diversified, o is a constant,
and ¢ is random error.

Based on the above analysis, the initial research
framework was revised (Fig. 2).

Results and Discussion

The survey yielded 135 valid responses (Table 2).
According to the results of part 1, 39.26% respondents
were managers and accounting personnel of enterprises in
the forest industry, 22.22% were researchers of natural
resources and ecological environment, 17.78% were staff
from the government department of natural resources and
ecological environment, 11.11% were students of forestry
and economic management, 9.63% were staff from the
government forestry department. Further, 37.04% respon-
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Figure 2—Revised research framework.

Table 2—Sample characteristics.

Frequency in

Demographic characteristics the sample  Rate (%)
Profession
Students of forestry and economic 15 11.11
management
Staff from the government forestry 13 9.63
department
Staff from the government department of 24 17.78
natural resources and ecological
environment
Researchers of natural resources and 30 22.22
ecological environment
Managers and accounting personnel of 53 39.26
enterprises in the forest industry
Professional field
Forestry economics and management 38 28.15
Forest science and related disciplines 12 8.89
Other majors in economics and management 43 31.85
(including accounting, auditing, financial
management and statistics)
Environmental and ecological protection 21 15.56
Other majors 21 15.56
Education level
PhD graduate 32 23.7
Master graduate 52 38.52
Undergraduate 33 24.44
Junior college 11 8.15
Others 7 5.19
Region
Northeast 73 54.07
South 13 9.63
Northwest 17 12.59
Central 22 16.3
Southwest 10 7.41
Years of study and work
20 or more 22 16.3
10-19 21 15.56
59 39 28.89
1-4 37 27.41
Less than 1 16 11.85
LIN ET AL.
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dents studied forestry related subjects, 60.75% had more
than 5 years of work or study experience in the area, and
62.22% had master’s or doctoral degrees. Thus, respon-
dents were highly educated, and their work experience was
strongly associated with the theme of the survey, indicating
that they had a good understanding of the questions. The
respondents came from various regions, including North-
east, Southern, Southeast, Central, Northwest, and South-
west China, suggesting wide geographical coverage of the
respondents. Therefore, the structure of the respondents
was representative, adding to the overall validity of the
results.

The results of part 6 showed that 47.41% respondents
believed that forestry authorities at all levels of the
government should be the main body responsible for
compiling FRBSs. Further, 55.56% believed that the
interval of compilation should be aligned with the forest
resource inventory period (once every 5 years), while
25.93% believed that the annual reporting period that is
currently implemented was more appropriate. Additionally,
62.96% believed that accounting and statistical methods
should be combined when constructing FRBSs. More than
half of the respondents believed that the difficulties faced
while compiling FRBSs are related to the need for cross-
disciplinary data collection methods, a lack of supporting
technological infrastructure, challenges in identification and
measurement of assets and liabilities, and inconsistencies in
accounting methods. More than half of the respondents
believed that FRBSs required operational data from the
forestry department and statistical and accounting data.
Furthermore, 77.78% respondents recognized the ecological
value of forest resources, 76.3% recognized their economic
value, and 63.7% recognized their social value. The analysis
results of their attitudes toward the specific types of value of
forest resources further support these findings. The recog-
nition of the forest health, landscape, and recreational value
(social value) was smaller than 50%; the recognition of the
forest’s function in carbon sequestration and oxygen release,
water conservation, and biodiversity (ecological value) was
greater than 50%.

In the regression analysis, the independent variable
adopts the average of the actual scores of all questions
included in the common factors grouped after factor
analysis, not the mean value or the sum of the factor scores,
and the same to the dependent variables. The results of the
hypothesis test are exhibited in Table 3.

Table 3—The regression analysis.?

Effects of identifying assets and liabilities

The regression results, using the identification of forest
resource assets and liabilities as the independent variable,
were statistically significant. The regression equation is

y =0.251 + 0.606x;; + 0.067x>.

This indicates that identifying assets and liabilities and
the rationality of compiling FRBSs had a significant
relationship. Identifying assets and liabilities helps deter-
mine the categories and structural arrangement of FRBSs;
hence, it is a key step in the compilation process and
promotes understanding of the balance sheets for all
relevant stakeholders.

The balance sheet reflects the status of forest resource assets,
liabilities, and equity in each geographical area, or those that
are owned/controlled by the balance-sheet-compiling entity at
a certain point in time (Zhang 2020). As a component of the
natural resource balance sheet system, FRBSs are useful in
compiling natural resource balance sheets and other macro-
level reports, such as government and national balance sheets.
However, uncertainties in the value created by forest resource
assets should not be a contributing factor for not assessing
them. Identifying assets is a gradual process. To speed up this
process, accounting standards should be formulated and
improved swiftly so that forest resource accounting, despite
its special requirements, can be included into the accounting of
natural resources. The results showed that the recognition of
the ecological value of forest resource assets was the highest,
followed by economic value; meanwhile, the recognition of
social value was the lowest. Forest ecological value, an
important component of the value of forest assets, reflects the
quantitative results of the ecological benefits in each period
and region and is not mutually exclusive from economic value.
The proportion of ecological and economic values to total
value may vary according to the environment and cultivation
goals. For example, in regions with fragile ecological
environments, the ecological value of the environment should
be highlighted more than the economic value.

The notion of forest resource liabilities is not recognized and
accepted by all scholars; however, the survey results show that
identifying forest resource liabilities is a rational approach.
Forest resource liabilities include the legal obligations of
overuse of resources during the process of maintenance and
restoration of the asset stock in the economic system and the
subsequent reduction in resource quality. These liabilities also
include the negative externalities of the inventory of assets

Collinearity

Factors Adjusted R? Variable mean B t Tolerance VIF
Identification of forest resource assets and liabilities 0.670 Constant 0.251 2.057
Identification of forest 1.933 0.606** 9.189 0.549 1.822
resource assets
Identification of forest ~ 2.247  0.271%* 4.017 0.549 1.822
resource liabilities
Using a fair value-based hybrid model to measure 0.446 Constant 2262  0.544 3.591
forest resource assets and liabilities 0.657** 10.437 1.000 1.000
Methods used to measure the value of forest resource 0.440 Constant 2.381 0.465 2.896
ecosystem services are diversified 0.657** 10.303 1.000 1.000

# In this analysis, the rationality of compiling a forest resource balance sheet is a dependent variable with a mean of 2.031. b values with asterisks are
significantly correlated at 0.05. N = 135.
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caused by deforestation and expropriation beyond the line of
sustainable use. Forest resource liabilities reflect resource
depletion and damage of forest resources, the management and
protection costs, compensation expenditures that may occur in
each period in the future, and the restoration costs of
maintaining or meeting the ecological red line. Forest resource
liabilities are unnatural losses of forest resources caused by the
mismanagement of the resource or natural loss caused by
natural disasters. When identifying forest resource liabilities,
property rights and responsibilities should be made clear and
measurable, and economic or ecological losses that have
occurred or are likely to occur in the future should be included.

Effects of measuring assets and liabilities

The regression results, using forest resource asset and
liability measurement as the independent variable, were
statistically significant. The regression equation is

y =0.544 + 0.657x;

This indicates that measuring assets and liabilities and the
rationality of compiling FRBSs had a significant relation-
ship. This measurement is also an important component of
all FRBSs.

Owing to the particularity and complexity of forest
resources, it is difficult to accurately measure them as assets
and liabilities; hence, finding a basis for valuation is an
important task (Wu et al. 2020). Assets should be valued at
fair value (market price) to be in line with social trends;
however, considering the different uses and cultivation
methods of forests, combining fair value and replacement
costs may be a more realistic approach (Macedo 2012).
Furthermore, a balance sheet that only reflects the physical
inventory of forest resources does not meet the needs of
macrogovernance. Hence, setting up physical inventory
accounts and monetary values that meet the unique
requirements of forest resources valuation facilitates the
identification, measurement, and reporting of the physical and
monetary value of forest resources, thereby generating a
value-based FRBS (Jiao et al. 2018). Both the physical
inventory and monetary value of assets are useful information
for users, while the calculation of the value of liabilities is
more meaningful. Assets and liabilities in the balance sheet
are static data. Using discount value to turn resource flows
into stock requires the determination of the discount rate and
calculation period and a calculation of the indicator values.
To resolve issues with converting physical inventory into
monetary value, the monetary values of forest land, timber,
and ecological values are all calculated according to
benchmarks following certain standards, methods, and
procedures. From an accounting perspective, the theoretical
basis of a forest resource balance sheet is “‘forest resource
assets = forest resource liabilities 4 forest resource equity.”
Forest resource equity is the difference between assets and
liabilities, and, therefore, need not be measured separately.

Accounting factors of the value of forest
resources ecosystem services

The regression results, using the value of forest resource
ecosystem services as the independent variable, were
statistically significant. The regression equation is

y = 0.465 + 0.657x3
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Expanding the coverage and improving accounting
methods make compiling FRBSs more feasible. Further-
more, the information provided by the balance sheet plays a
significant role in sustainable development and provides a
basis for policy decision-making in fields such as energy
conservation and emissions reduction.

From 2001 to 2019, global forests absorbed approximately
twice as much carbon dioxide as they emitted, at approxi-
mately 7.6 billion tons absorbed per year. These figures
provide an intuitive view of their role as a “‘carbon sink”
(Lebling et al. 2020). The ecological function of forests, in
terms of air purification, soil and water conservation, and wind
and sand stagnation, is apparent. Although identifying,
measuring, and disclosing these ecological functions is a
difficult and complex process, ignoring the value of services
provided by forests could reduce awareness of the significance
of planting and maintaining trees. Most nations no longer
regard forests as a material resource that only provides fuel,
food, furniture, and housing, but rather value them more for
their ecological functions. Thus, the purpose of compiling the
forest resource balance sheet is to reflect the ecological value
of forest resources in the form of assets and to recognize the
liabilities of various inputs needed to maintain forest resources
and achieve sustainable social development.

CONCLUSION

Using a questionnaire survey, this study used empirical
methods to study the rationality of compiling FRBSs. To the
best of our knowledge, this is the first study in the field to do
SO.

The results of the questionnaires have passed the
reliability and validity test, the contents of the question-
naire and the quality of the data obtained are both highly
reliable, hence, it is suitable for factor analysis. In factor
analysis, 33 Likert scales variables are divided into five
common factors, and representative questions are extract-
ed to represent independent and dependent variables. In
regression analysis, all independent variables have
significant effects on dependent variable. The forest
resource balance sheet should reflect not only the
economic value of forest resources, but also the
ecological value of forest resources. This balance sheet
can also show the physical and value quantity of forest
resource assets, as well as the value quantity of forest
resource liabilities. FRBSs should change the flow index
into the stock index by means of discounts. The
measurement of forest resource assets can use the fair
value (market price) and the cost of mixed value. The
carbon sink in the ecological value of forest resources has
the conditions to adopt the measurement of fair value.
The values of other ecological service should be
measured according to the conditions of value quantity
or physical quantity. The results showed that respondents
recognized the necessity, alongside the importance of
scientific rigor and feasibility, of compiling FRBSs. Most
respondents believed that identifying forest resource
assets and liabilities, using hybrid valuation methods
based on fair value, and assessing the value of forest
resource ecosystem services were the main influential
factors for this compilation. This study enriched the forest
resource accounting literature, laid a foundation for
subsequent compilation of FRBSs, and provided a
reference for other natural resource accounting studies.

LIN ET AL.
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Limitations and suggestions for future research

This research on FRBSs was exploratory. The conclu-
sions drawn based on the survey results are of practical
significance for the compilation. However, the industries
and regions investigated were limited, and the questionnaire
design could be further improved. Given that the literature
on FRBSs is still in its infancy, theoretical results that can
be used as a reference are limited; therefore, the approaches
to constructing FRBSs have not yet been unified into
standards, and their overall framework has not been fully
validated. There is still no relatively authoritative and
unified system for evaluating the service value of forest
resource ecosystem, and the differences in levels of fair
value measurement can result in the uncertainty of value
evaluation results. The channels for obtaining the basic data
for FRBSs are neither unified nor standardized, and the
responsible body for preparing the report is unclear. The
aforementioned shortcomings require further study. Future
research can determine the boundaries of natural resources
through identification and valuation of forest resource assets
and liabilities and ecosystem services, providing useful
forest resource information for all sectors of society.
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Appendix |

QUESTIONNAIRE
PART |: PERSONAL INFORMATION

QI. Profession

A. Students of forestry and economic management; B.
Staff from the government forestry department; C. Staff
from the government department of natural resources and
ecological environment; D. Researchers of natural resources
and ecological environment; E. Managers and accounting
personnel of enterprises in the forest industry.

Q2. Professional field

A. Forestry Economics and Management; B. Forest
science and related disciplines; C. Other majors in
economics and management (including accounting, audit-
ing, financial management and statistics); D. Environmental
and ecological protection; E. Other majors.

Q3. Education
A. PhD graduate; B. Master graduate; C. Undergraduate;
D. Junior college; E. Other.

Q4. Region
A. Northeast; B. South; C. Northwest; D. Central; E.
Southwest.

Q5. Years of study and work
A. 20 years and more; B. 10—19 years; C. 5-9 years; D.
1-4 years; E. Less than 1 year.

PART 2: ATTITUDES ON WHETHER IT IS
NECESSARY TO COMPILE A FOREST
RESOURCE BALANCE SHEET

Please choose the one that you think is the best
according to the actual situation:

1. Strongly disagree; 2. Disagree; 3. Neutral; 4. Agree;
5. Strongly agree.

No. Question 1 2 3 4 5

Q6. Forest resource accounting is very
necessary.

Q7. The existing forest resource accounting
system can’t meet the requirements of
ecological construction and information.

Q8. Through the previous reading or
introduction, you have a good
understanding of the forest resource
balance sheet.

Q9. On the basis of the natural resource
balance sheet, the forest resource balance
sheet still needs to be compiled.

Q10. Forest resource balance sheets can provide
more information than pure forest
resource accounting accounts.

Q11. The leader’s outgoing audit requires a
forest resource balance sheet.

Q12. Existing conditions can meet the
requirements for compiling a forest
resource balance sheet.
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PART 3: UNDERSTANDING OF HOW TO
IDENTIFY THE ASSETS AND LIABILITIES
OF THE FOREST RESOURCES BALANCE

SHEET

Please choose the one that you think is the best

according to the actual situation:

1. Strongly disagree; 2. Disagree; 3. Neutral; 4. Agree;

5. Strongly agree.

PART 4: UNDERSTANDING OF HOW TO
MEASURE THE ASSETS AND LIABILITIES
OF THE FOREST RESOURCES BALANCE
SHEET

Please choose the one that you think is the best
according to the actual situation:

1. Strongly disagree; 2. Disagree; 3. Neutral; 4. Agree;
5. Strongly agree.

No. Question No. Question 1 2 3 4 5

Q13.  Forest resource balance sheets should Q25.  Assets and liabilities in the forest
not just reflect the economic value of resource balance sheet are static data.
forest resources. Therefore, the flow indicator should

Q14.  The economic value and ecological be converted into a stock indicator
value of forest resource assets are not through discounting and other
mutually exclusive and should be methods.
calculated together in the forest Q26. The assets in the forest resource
resource balance sheet. balance sheet should be priced at the

Q15.  In the forest resource balance sheet, historical cost or replacement cost
assets reflect both physical quantity actually incurred.
and value, while liabilities only Q27. In order to reflect the actual value of
reflect value. forest resources, the assets in the

Q16. The economic and ecological values of forest resource balance sheet should
forest land and trees need to be be measured at fair value (market
reflected in the forest resource price).
balance sheet. Q28.  The assets in the forest resource

Q17.  The public welfare forest in the forest balance sheet should be priced at a
resource balance sheet reflects not mixed valuation based on fair value
only ecological value, but also (market price) and cost valuation.
economic value. Q29.  The methods for measuring assets and

Q18.  The commercial forest in the forest liabilities in the forest resource
resource balance sheet reflects not balance sheet should be unified
only the economic value, but also the across the country.
ecological value.

Q19.  The assets in the forest resource PART 5: ABOUT THE VALUE ACCOUNTING
balance sheet should be classified OF FOREST RESOURCES ECOSYSTEM
according to the age of mature SERVICES
forests, over mature forests, near- Please choose the one that you think is the best
mature forests, young forests, etc. . . N

Q20.  The assets in the forest resource accordlng to the actual situation:
balance sheet should be classified 1. Strongly disagree; 2. Disagree; 3. Neutral; 4. Agree;
according to arbor forests, shrubs, 5. Strongly agree.
bamboo forests, etc.

Q21.  The recognition of liabilities in Fhe No. Question T 2 3 4 5
forest resource balance sheet is
significant. Q30. The most important ecological value of

Q22.  The liabilities in the forest resource forest resources is the forest carbon
balance sheet reflect resource sink.
depletion, damage, management and Q31.  The value of carbon sequestration of
protection, and compensation forest resources should be priced at
expenditures in the next year. the domestic carbon sink market

Q23.  The liability in the forest resource price.
balance sheet is to maintain or meet Q32.  The value of carbon sequestration of
the ecological red line standard, that forest resources should be priced at
is, the restoration cost that exceeds the international carbon sink market
the critical value of the sustainable price.
use of resources. Q33. In the ecological value of forest

Q24. The net assets in the forest resource resources, the value of water

balance sheet do not need to be
classified and accounted separately, it
is just the difference between assets
and liabilities.

FOREST PRODUCTS JOURNAL
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conservation should be calculated by
replacing the construction cost of the
Teservoir.

Q34. In the ecological value of forest
resources, the value of conserving
soil should be calculated using the
market price of fertilizer converted
from soil fertility.
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Q35.  The value of forest resources to purify
the air should be calculated using the
cost of using air cleaners.

Q36. The value of purified water quality of
forest resources should be replaced
by the processing cost of tap water.

Q37.  The value of forest resources for
farmland protection should be
calculated according to the converted
value of reducing wind and sand and
increasing grain production.

Q38.  The value of forest resources for
oxygen release should be priced at
the market price of medical oxygen.

PART 6: OTHER ISSUES ON THE FOREST
RESOURCE BALANCE SHEET

Q39. The main body of preparation of natural
resource balance sheet or forest resource
balance sheet is: (single choice)

A. Accounting department; B. Forestry Administration;
C. Statistics Department; D. The leader’s outgoing audit
department; E. Other departments with information needs.

Q40. The time interval for preparing the forest
resource balance sheet should be: (single choice)

A. 1 year; B. Inventory period of forest resources (5 years);
C. A term of leadership; D. Irregular period.

Q41. The principle of forest resource balance
sheet compilation is: (single choice)

A. assets = liabilities + net assets; B. Beginning inventory
+ current increase — current decrease = ending inventory; C.
Other.
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Q42. The method of compiling the forest
resource balance sheet is: (single choice)
A. Accounting method; B. Statistical method; C.

Combination of accounting method and statistical method;
D. Other.

Q43. The main difficulty in compiling the forest
resource balance sheet is: (Multiple choice)

A. Accounting methods are not uniform; B. Technology
and data collection are cross-domain; C. Uses are not clear;
D. No actual value; E. It is difficult to identify and measure
assets and liabilities.

Q44. The data source of the forest resource
balance sheet is: (multiple choice)

A. Accounting data; B. Statistics data; C. Forestry
department business data; D. Other department data.

Q45. Considering the feasibility and necessity,
currently, the value accounting in the forest
resource balance sheet should include: (multiple
choice)

A. Economic value; B. Ecological value; C. Social value;
D. Cultural value

Q46. Considering the feasibility and necessity,
the ecological value of forest resources should
include: (multiple choice)

A. Carbon fixation and oxygen release; B. Forest
protection; C. Conservation of soil; D. Conservation of
water sources; E. Biodiversity; F. Forest nutrient retention;
G. Purification of the atmospheric environment; H. Forest
health.
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Appendix 2 FACTOR ANALYSES

Factor load Cumulative interpretation
1 Eigenvalues variance percentage Common factors
Q6 0.667 3.775 53.926 The rationality of compiling FRBS (dependent variable)
Q7 0.754
Q8 0.547
Q9 0.746
Q10 0.791
Q11 0.801
Q12 799

Factor load . .
Cumulative interpretation

1 2 Eigenvalues variance percentage Common factors
Q13 0.639 0.381 3.778 34.343 Identification of forest resource assets (H1-1)
Ql4 0.688 0.368
Q16 0.766 0.263
Q17 0.700 0.254
QI8 0.737 0.216
Q21 0.798 0.068
Q15 0.343 0.589 2.783 59.639 Identification of forest resource liabilities (H1-2)
Q20 0.309 0.713
Q22 0.427 0.628
Q23 0.494 0.605
Q24 —0.029 .838
Q19
Factor load Cumulative interpretation

1 Eigenvalues variance percentage Common factors
Q25 0.805 2.680 53.601 Using a fair value-based hybrid model to measure
Q26 0.734 forest resource assets and liabilities (H2)
Q27 0.689
Q28 0.717
Q29 0.710

Factor load Cumulative interpretation

1 Eigenvalues variance percentage Common factors
Q30 0.727 4.861 54.009 Methods used to measure the value of forest resource
Q31 0.667 ecosystem services are diversified (H3)
Q32 0.701
Q33 0.779
Q34 0.722
Q35 0.755
Q36 0.781
Q37 0.711
Q38 0.763
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