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Introduction: Timber and its products are key carriers of carbon stocks and can
cause a hysteresis effect of carbon release in the carbon cycle of forest
ecosystems. The literature regarding the cross-regional flow of timber carbon
stock mainly pays attention to production- and consumption-based perspectives,
which cannot reflect how the primary inputs drive timber carbon stock flow. The
income-based perspective accounting can identify the influence of primary input
suppliers and supplement research on timber carbon stock embodied in trade.
The goal of this paper is to explore the cross-regional flow of global timber carbon
stock and identify the critical countries from an income-based perspective.

Methods: We used the Ghosh-multi-regional input-output (MRIO) model to
calculate the income-based timber carbon stock flow among 190 countries.
Furthermore, combined with the Leontief-MRIO model, a comparative analysis
is carried out to analyze the different results of the income-based, production-
based, and consumption-based methods.

Results: The results showed that the income-based timber carbon stock of the
United States and China were among the top countries in imports and exports
simultaneously. However, their export volumes were significantly larger, meaning
that these countries have invested more primary resources in timber products.
The timber carbon stock of the United States mainly flows into Canada and Brazil.
In China, the largest flow went to Canada. Furthermore, the flow to the United
States increased significantly. Moreover, comparing the three perspectives shows
that the United States’ primary inputs have a greater impact on the global timber
production chain than their production- and consumption-based roles. Brazil and
Russia, as main primary resource suppliers of timber carbon stock, are more
important than as final consumers.

Discussion: The research can contribute to clarify the flow of forest resources
embodied in global trade activities. Furthermore, it also provides a scientific basis
to fairly account for carbon offset shares to achieve better the goal of forest
resource protection agreed upon in COP26.
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1 Introduction

Global climate change has seriously endangered the living
environments of human beings. As the largest ecosystem on
land, forests play an important role in mitigating climate
change by fixing carbon dioxide through photosynthesis
(Abderrahmane et al., 2021). The ecological functions of forests
are critical for maintaining biosphere stability (Winjum et al.,
1992; Köhl et al., 2015; Zhang L. et al., 2020; Girona et al., 2023).
According to the 15th Sustainable Development Goal proposed
by the United Nations, deforestation and desertification caused
by human activities and climate change have brought challenges
to sustainable development. It also affects the livelihoods of
millions of people and poverty alleviation goals. Furthermore,
the twenty-sixth session of the Conference of the Parties
(COP26) to the United Nations Framework Convention on
Climate Change (UNFCCC) held in Glasgow, UK, in
2021 announced “Glasgow Leaders’ Declaration on Forests
and Land Use,” committing to halt and reverse deforestation
and land degradation by 2030. They also committed to
providing $19 billion for protecting and restoring 13 million
square miles of forest. All these international actions have
shown the significance of forests in global sustainable
development and climate change. Furthermore, they have
determined how to manage forests and combat deforestation.

Timber and timber products, as key carriers of carbon stock
(Beamesderfer et al., 2020), can cause a hysteresis effect of
carbon release in the carbon cycle of forest ecosystems (Backéus
et al., 2005; Lal, 2005; Jasinevičius et al., 2018; Johnston and
Radeloff, 2019). Moreover, timber is one of the most critical
production factors and raw materials in the processing
industry, and the direct or indirect demand for timber in
different sectors of various countries inevitably leads to the
cross-regional flow of timber and timber carbon stock. We
analyze global timber carbon stock from three perspectives:
income-based perspective (enabled by the primary input, e.g.,
labor, land, and fixed assets) of a certain sector in a country),
production-based perspective (directly produced by a certain
sector in a country), consumption-based perspective (caused
by the final demand of a certain sector in a country). These
three perspectives are studied from different stages of the
production chain. They can clarify the role of different
countries in the production chain and provide a decision-
making basis for promoting the timber production process.
Studies have explored the cross-regional flow of timber carbon
stock from production- and consumption-based perspectives.
Zhang Q. et al. (2020) calculated the volume and flow of timber
carbon stock in the main nations of the world from production
and consumption perspectives, respectively. The results showed
that developed nations consumed much carbon stock from
undeveloped nations through international trade. Taking
the countries of the Belt and Road as the research object;
Li et al. (2022a) studied consumption-based timber carbon
stock and pointed out the main factors having effects on
the change of the timber carbon stock. They identified that
final demand (products that have been finally processed
or consumed in the region) has a positive effect. However,

the production- and consumption-based perspectives cannot
clearly bring out the supply-driven effect of upstream
production chains, that is, the driving role of primary inputs
(e.g., labor, land, and factory buildings) (Steininger et al., 2016;
Li J. et al., 2021). The income-based perspective considers
pollution emissions or resource consumption in subsequent
production caused by production factor suppliers that obtain
income by providing primary factors (Yan et al., 2016; Zhang
et al., 2019; Zhang et al., 2022). For example, Liang et al. (2016)
revealed the relative contribution of changes in primary supply-
side inputs to greenhouse gases (GHG) in the United States.
Changes in the primary input level (i.e., the amount of primary
inputs per capita) were the largest contributor to GHG emissions
from 1995 to 2009. Li et al. (2022b) investigated the global flows of
trade-embodied polycyclic aromatic hydrocarbons (PAH) from
consumption- and income-based perspectives. Our results showed
that, in 2014, 16.8% and 10.1% of global PAH emissions were
transferred through international trade by consumption and
primary inputs, respectively. From an income-based perspective,
India and the rest of Asia experienced a significant increase in net
income-based outflows, indicating leakage of income-based
emissions from emerging markets. These studies show that
international trade not only separates the production and
consumption sides in geographic space. Additionally, it also
separates the primary input on the global supply chain. The
analysis from primary suppliers perspective can complement
production- and consumption-based studies to thoroughly
understand the driving forces of the global transfer of pollution
and resource consumption. However, research on the global
flow of timber carbon stock has not been conducted from an
income-based perspective. As a critical primary input, timber can
influence downstream production; thus, income-based analysis
can show the timber carbon stock embodied in trade driven by
primary suppliers.

This study aims to identify the crucial primary suppliers that
drive the transfer of timber carbon stock embodied in trade.
Moreover, we analyze the various results by comparing income-
based, production-based, and consumption-based analyses,
emphasizing the significant role of primary input countries in
the timber supply chain. The organization of this article is as
follows. In Section 2, it presents the research methods and
data sources. This study used the Ghosh-multi-regional input-
output (MRIO) model to calculate the income-based timber
carbon stock flow among 190 countries. Furthermore, combined
with the Leontief-MRIO model, a comparative analysis is
carried out to analyze the different results of the income-
based, production-based, and consumption-based methods.
Section 3 demonstrates the results of imports and exports
as well as the net trade distribution of global timber carbon
stock driven by primary inputs. It also demonstrates the
patterns of the global flow of timber carbon stock from
three perspectives. Finally, Section 4 concludes the study. The
research results can help clarify the flow of forest resources
embedded in global trade activities. Furthermore, it also
provides a scientific basis to fairly account for carbon offset
shares to achieve better the goal of forest resource protection
agreed upon in COP26.
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2 Methods and data collection

2.1 Income-based method of cross-regional
pollution and resource consumption

The MRIO model reveals interdependent relationships
between sectors across countries (Malik et al., 2018;
Wiedmann and Lenzen, 2018; Xu et al., 2020). Production-
based methods have been used to study resource consumption
or environmental pollution caused by direct producers (Pan
et al., 2008). However, they cannot reflect the pollution or
resource consumption embodied in the cross-regional supply
chain; thus, the consumption-based method is proposed to
quantify the resource use and emissions caused by final
demand (Rodrigues and Domingos, 2008). Numerous studies
have been conducted to account for carbon emissions (Mi et al.,
2017; Lenzen et al., 2018; Liang et al., 2020; Lu et al., 2020; Yang
et al., 2020), energy consumption (Soulier et al., 2018; Ezici
et al., 2020; Wang and Ge, 2020), particulate matter
2.5 emissions (Liang et al., 2017a), and water resource use
(Lenzen et al., 2013; Yang et al., 2021). However, these two
methods fail to capture the driving role of primary input at the
beginning of the supply chain. Income-based methods can
reflect resource consumption and pollution emissions driven
by primary suppliers (Qi et al., 2019; Wang et al., 2020; Li R.
et al., 2021; Yang et al., 2022). Income-based timber carbon
stock accounting indicates timber carbon stock caused
by income from wages, profits, and rents (payments for
primary factors). The principle of income-based analysis is
that the production factor suppliers provide primary factors
to producers that use the factors to manufacture goods or
provide services. Furthermore, the final products and services
are supplied to downstream producers and consumers (Lenzen
and Murray, 2010; Miller and Temurshoev, 2017). The income-
based perspective states that although primary factor suppliers
do not directly generate pollution emissions or resource
degradation, they cause emissions by providing production
factors for downstream producers. In this process, primary
input suppliers obtain income from wages, profits, or rent
from the production factors. Such economic benefits drive
the generation of emissions in the production chain
(Marques et al., 2012; 2013; Yuan et al., 2018). Liang et al.
(2017b) found that the income-based accounting method can
reveal new critical countries and sectors of GHG emissions by
comparing production- and consumption-based analyses. Xie
et al. (2017) estimated the amount of interprovincial carbon
emissions transferred in China from a supply-side perspective.
The results show that central and western regions mainly
transferred their carbon emissions to eastern coastal regions.
They put forward that the central and western regions should
select downstream enterprises with low carbon emission
intensity and high resource utilization to achieve low-carbon
production goal. Chen et al. (2019) compared the
CO2 emissions of 30 provinces in China from three
perspectives based on production, consumption, and income.
In previous studies, they found that the tertiary industry,
generally considered a low-carbon industry, was the main
contributor to China’s income-based carbon emissions,

accounting for 31% of China’s total income-based carbon
dioxide emissions. These studies show obvious differences
between income-based, production-based, and consumption-
based pollution and resource consumption transfer methods.
Therefore, an income-based perspective can provide a new
scientific reference for cross-regional pollution and resource
transfer. We compare the differences between production-
based, consumption-based and income-based in order to
observe the role of different countries in the timber supply
chain from the three perspectives, to better explore the income-
based research findings and highlight the primary suppliers of
timber carbon stock to provide a basis for the decision-making.

2.2 Calculation of timber carbon stock
embodied in trade

We integrated the MRIO model and the accounting method for
timber carbon stock to trace the global transfer of timber carbon
stock embodied in trade. The Ghosh-MRIO model traces the global
flow driven by primary suppliers. Furthermore, the Leontief-MRIO
model reveals the characteristics from a consumption-based
perspective. Previous studies have provided the basis for timber
carbon stocks accounting methods (Zhang L. et al., 2020; Li et al.,
2022a), the MRIO extended matrix of timber carbon stock was
calculated using the carbon conversion factors released by the
Intergovernmental Panel on Climate Change (IPCC) and timber
harvest volume from the Food and Agriculture Organization of the
United Nations (FAO) database1. We used the Global Trade
Analysis Project (GTAP) database2 for the MRIO analysis and
selected 141 nations (regions) for data acquisition.

2.2.1 Ghosh-MRIO model to calculate
income-based timber carbon stock

According to the Ghosh-MRIO model, Xij represents the use of
the intermediate input of the products of department i by
department j and Vi denotes the primary input of department i
(i.e., added value). The column balance of the input-output table can
be expressed as

∑
n

i�1
xij + vj � xj (1)

Introduce the direct sales factor: bij � xij/xi(i, j � 1, 2,/, n),
representing the share of direct sales from department i to
department j. Thus, Eq. 1 is organized as follows:

∑
n

i�1
bijxi + vj � xj (2)

Eq. 2 is expressed as a matrix:

XT × B + V � XT (3)
XT � V 1 − B( )−1 (4)

1 https://www.fao.org/faostat/en/#data/ FO

2 https://www.gtap.agecon.purdue.edu/databases/
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XT is the row vector of the total input, and V is the row vector of the
sector-added value. I is identity matrix and B is supply coefficient
matrix. Eq. 4 is the Ghosh model that reflects the relationship
between the total input and intermediate input, where (1 − B)−1
is the Ghosh inverse matrix. Based on the above Ghosh model, we
define income-based timber carbon stock (IBTCS) as the total
amount of timber carbon stock caused by a nation’s primary
input (i.e., driven by the added value). Therefore, it is expressed as

IBTCSr � Vr I − B( )−1E′ (5)
E is the coefficient matrix of the timber carbon stock, and E′

indicates the transpose of the matrix E.

2.2.2 Leontief-MRIO model to calculate
production-based and consumption-based
timber carbon stock

The total output X can be expressed based on the row balance
of the input-output table and the Leontief-MRIO model
principles as:

AX + Y � X (6)

Where A indicates consumption coefficient matrix and Y
represents the final demand matrix. Eq. 6 can be transformed into:

X � 1 − A( )−1Y (7)
Where (1 − A)−1 is the Leontief inverse matrix.
Our previous study (Zhang Q. et al., 2020) derived a calculation

method for the carbon stock of timber on the production and
consumption sides as follows:

Production − based timber carbon stock: PBTCSr � EXr (8)
Consumption − based timber carbon stock: CBTCSr

� E 1 − A( )−1Yr (9)

Where lri denotes the proportion of production in sector i
consumed by one unit of output in country r.

2.3 Data source

In this study, the MRIO data were obtained from the 10th edition
of the GTAP database. The research objects included 141 countries

FIGURE 1
Income-based timber carbon stock in 16 main countries in the world in 2014 (unit: 104 tons).
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and regions worldwide. Additionally, the time series data included
2004, 2007, 2011, and 2014. The timber harvesting data was obtained
from the FAO, and we used the carbon conversion factor parameter
from “the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories” to calculate timber carbon stock. Referring to our
previous research method (Zhang L. et al., 2020; Li et al., 2022a),
only the forestry logging sector has the primary input of timber carbon
stock to calculate. Furthermore, other sectors do not conduct logging.
Thus, the input coefficient of the timber carbon stock is zero in other
sectors. Due to the differences in the carbon conversion factors of
timber harvested in different climatic zones, we classified the countries
according to the different climatic zones to improve the accuracy of
the timber carbon stock (Zhang Q. et al., 2020)

3 Results and discussion

3.1 The main import and export countries of
income-based timber carbon stock

Figure 1 reports themain importers and exporters of income-based
timber carbon stock in 2014. It can be found that the top 5 countries in
terms of export volume are the United States, China, Germany, Russia,
and France. Among them, the United States, China, and Germany
import and export timber carbon stock simultaneously. However, they
export more, meaning that they are major suppliers of primary timber
carbon stock products. China had a large population, and the cost of
human resources was relatively low from 2004 to 2014. Therefore, more
human capital is invested in timber production. With a rich forest
resource endowment, the United States has a high per capita forest

allocation. It has invested more primary resources (such as labor and
land, among others) in timber products. Additionally, it has provided
the world with more timber carbon stock (Zhang L. et al., 2020).
Notably, Figure 1 shows that the import volume of Canada’s income-
based timber carbon stock is much higher than its export volume,
indicating that Canada is a major country of importing income-based
timber carbon stock. This result is the opposite of that of the
United States (see Figure 2), although they are both developed
forestry countries located in North America. A large part of
Canada’s domestic timber carbon stock comes from importing
forest resources from other countries instead of its domestic primary
input (Gilani et al., 2020). Thus, Canada obtained higher factor
payments in the timber supply chain. Compared to the
United States, Canada’s population is one-tenth the size of the
United States (according to the data from WorldBank3). This could
be related to a relatively higher human resource cost, as previous studies
have reported (JonesG.W., 1992). Thewood-processing industry in the
United States is more developed than in Canada (Das et al., 2005). The
United States has produced approximately twice as many wood-
processed products in the last decade (Hu et al., 2015). The climate
in the United States is relatively better for tree growth (Peichl et al.,
2006), especially in the South where trees growmuch faster. In contrast,
except for the west coast, the climate in other places in Canada is colder,
where the timber grows more slowly (Tardif et al., 2006). Thus, the
previous findings could be related to Canada’s forests having a lower
carbon stock capacity in Canadian forests in comparison with those

FIGURE 2
Global net exports of income-based timber carbon stock in 2004 (A), 2007 (B), 2011 (C), and 2014 (D) (unit:104 tons). Note: The green represents net
importers and the red represents net exporters.

3 https://data.worldbank.org.cn
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from the United States. In addition, Canada’s deforestation rate is low
and the area of forest used for production only accounts 6% of the total
forest area (Gilani and Innes, 2020). Thus, Canada’s income-based
timber carbon stock imports are affected by population, climate, and
forests factors. In addition, they import more compared to the export
volume of timber carbon stock in Brazil and India, indicating that they
get more timber carbon stock processed products from abroad.

Global net exports and imports of timber carbon stock from the
income-based perspective from 2004 to 2014 are shown in Figure 2.
Bounded by 4million tons, from the point of view of the net importing
country, Canada and Brazil are large net importers of timber carbon
stock. The other net importers mostly reveal a low volume of timber
carbon stock. In the aspect of the net exporters, the nation with the
large volume of timber carbon stock is the United States, and its net
export value is much higher than that of China, which ranks second.
From the perspective of the time change trend, compared with 2004,

the regional distribution of the global net trade timber carbon stock in
2014 has changed greatly. Russia’s imports of timber carbon storage
have always been greater than exports from 2004 to 2014. However,
the difference between imports and exports is narrowing. Notably,
China’s net trade in timber carbon stocks changed significantly
between 2004 and 2014. China changed from a net importer to a
net exporter after 2007. This change indicates that from 2004 to 2014,
China provided an increasing primary input for processing timber
products and gradually shifted from exporting simple processed
timber to exporting high-value-added timber processing products.

In terms of outflows, as Figure 3 shows, the United States had the
largest outflow of income-based timber carbon stock from 2004 to
2014. The largest volume of timber carbon stock of the United States
flowed into Canada. Additionally, the flow from the United States to
Brazil showed an evident upward trend. The outflow of China’s
income-based timber carbon stock increased significantly, with the

FIGURE 3
Income-based timber carbon stock flows among major countries in 2004 (A), 2007 (B), 2011 (C) and 2014 (D) (unit:104 tons).
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most volume flow going to Canada in 2004 and 2007. The flow from
China to the United States increased by 38.7%, from 493,600 tons in
2004 to 684,700 tons in 2014. Japan’s income-based timber carbon
stock has mainly flowed to China, Canada, and the United States.
However, the total outflow has been declining annually. In terms of
inflows, Canada, Brazil, Russia, and India were net inflow countries
from 2004 to 2014. Furthermore, most of their income-based timber
carbon stocks were from the United States and China. However, the
total timber carbon stock from the United States to these four
countries have dropped by 31.68% in 2014 compared to 2004. In
addition, China was a net importer before 2007. Furthermore, China
was a net exporter in 2011 and 2014. The largest inflow source was
the United States. However, from 2004 to 2014, the outflow of
timber carbon stock from the United States to China decreased by
50.77%, from 951,200 tons to 468,300 tons, reflecting the US
restrictions on the export of China’s income-based timber carbon
stock. To summarize the global trend of income-based timber
carbon stock, it can be seen that from 2004 to 2014, the outflows
of timber carbon stock enabled by the primary supply from the
United States and Japan showed a downward trend, while that of
China showed an upward trend.

3.2 The comparison of the income-based,
consumption-based, and production-based
timber carbon stock

Income-based accounting revealed a different profile of global
timber carbon stocks compared to consumption- and production-
based perspectives. This profile reflects the effect of primary input
factors in the global timber production chain. This section compares
these three perspectives. From the income-based perspective
(Figure 4A), the top ten countries’ timber carbon stocks, including
the United States, India, China, Brazil, and Russia, account for 55.77%
of the global total. From 2004 to 2014, the United States ranked first in
income-based timber carbon stocks.Meanwhile, its income-based result
is much larger than the consumption- and production-based results.
These statistics imply that processed wood products containing primary
resources from the U.S. have a significant implication for the global
timber production chain. Brazil, Russia, and Indonesia, as the main
suppliers of the primary input of timber carbon stock, are more
important as primary resource suppliers of timber carbon stock than
as final consumers. During 2004–2014, the cumulative income-based
timber carbon stocks of Brazil, Russia, and Indonesia were 21%, 54%,

FIGURE 4
(A) Cumulative timber carbon stock. (B) Per capita cumulative timber carbon stock. Note: Cumulative timber carbon stock of nations is the sum of
the results during 2004–2014. Per capita cumulative timber carbon stock of a nation is equal to its cumulative timber carbon stock during
2004–2014 divided by its population in 2014.
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and 42% higher than their consumption-based cumulative carbon
stocks, respectively (Figure 4A). China is a major importer of raw
timber and a large exporter of processed wood products. Notably, the
income-based results show that China’s role as a primary input supplier
is as important as that of a direct producer in the global timber supply
chain. From 2004 to 2014, China was the third-largest contributor to
income-based timber carbon stocks (Figure 4A). China ranks high
because, in the midstream and downstream positions of the timber
industry, China imports raw timber materials and exports intermediate
products to other countries for subsequent processing. These actions
have put in a great deal of workforce and land factors during
manufacturing. Therefore, by comparing the three accounting
methods, we find that the income-based perspective emphasizes the
key role of primary resource inputs in the global timber carbon stock.

Regarding the per capita results of income-based, production-
based, and consumption-based economies, the top-ranking countries
from 2004 to 2014mainly include Finland, Sweden, New Zealand, and
Canada, which are developed economies with small populations. The
per capita income-based timber carbon stock in developed nations is
larger compared to developing nations, implying that developed
nations own larger endowments of per capita natural resources
(Figure 4B). In addition, China ranks 37th in per capita timber
carbon stock, down 34 places compared to the cumulative result.
A comparison of the three perspectives shows that the per capita
income-based and production-based timber carbon stocks are
remarkably larger than the consumption-based results because of
the high resource per capita rate.

In Figure 5, income-based carbon stocks in developing countries
(Nigeria, Ethiopia, Indonesia, Russia, Brazil, China and India)
continued to grow during 2004–2014 because land and labor costs
were relatively low. Furthermore, to promote the timber industry,
developing countries put in a large amount of primary production
factors resulting in a further increase in the income-based timber
carbon stock. In 2014, income-based timber carbon stocks in China,
Russia, and Brazil increased by 20.65%, 20.93%, and 9% (Figure 5),
respectively, compared to their 2004 levels. The primary inputs they
produce enable substantial downstream timber carbon stock flow. On
the other hand, income-based timber carbon stocks in developed
countries have remained relatively stable from 2004 to 2014 (e.g., the
United States), while Germany and Canada have experienced obvious
changes. Income-based timber carbon stock of Germany showed an
upward trend from 2004 to 2007 and a sharp decline after 2007 due to
the global economic crisis in 2008. With a relatively high export
dependence, Germany was greatly influenced by the economic
recession because of the sharp decrease in overseas orders due the
economic recession. The decline in the German economy in
2009 exceeded the average level in other countries and further
reduced the economic recovery. From 2004 to 2014, Canada’s
income-based timber carbon stocks showed a downward trend,
consistent with the decline in production-based results. Most of
Canada’s exported timber consists of logs and primarily processed
products. In 2014, Canada’s income-based timber carbon stocks
decreased by 23.6% compared with 2004 due to Canada’s timber
harvesting and export restrictions (Gilani and Innes, 2020).

FIGURE 5
Temporal trend of income-based, consumption-based and production-based timber carbon stock of nations during 2004–2014 (unit:104 tons).
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Income-based perspective can reveal new changing trends of
time in timber carbon stocks that consumption- and production-
based perspective cannot present. Specifically, the rapid growth of
labor and primary product exports in China, India, Indonesia,
Brazil, and Russia has driven income-based timber carbon stock
flows. In India and Brazil, income-based timber carbon stocks were
lower than production-based ones from 2004 to 2014 (Figure 5).
Germany’s primary inputs had a greater impact on the flow of
timber carbon stocks than direct harvesting activities. Moreover,
production- and income-based timber carbon stocks present similar
trends in China, Russia, and Indonesia, indicating that these
countries not only process timber products but also invest a large
amount of primary inputs such as labor and land production factors.
In addition, income-based timber carbon stocks in Nigeria showed a
sharp upward trend between 2004 and 2014 (Figure 5). In the early
stages of industrialization, Nigeria’s economy developed rapidly
during the study period and became the largest economy in
Africa. Nigeria’s abundant resources and steady population
growth have dramatically increased income-based timber carbon
stocks. Overall, the above research results show that consumption-
and production-based accounting cannot sufficiently reveal the
drivers of the global flow of timber carbon stocks. Accounting
from income-based perspective can be used to explore the effect
of primary resource inputs in the global timber production chain.

4 Conclusion and management
implications

This study uses an MRIO model to analyze the income-based
timber carbon stock of 141 countries from 2004 to 2014. We also
compare the differences from the production-, consumption-, and
income-based perspectives to comprehensively clarify the cross-
regional transfer of timber carbon stock and key driving countries.
This research draws the following conclusions: 1) The top five
countries in terms of export volume of income-based timber
carbon stock were the United States, China, Germany, Russia, and
France in 2014. The primary inputs to their production enable
substantial downstream timber carbon stock flow. Among them,
the United States and China were among the top in both imports
and exports simultaneously. However, their export volumes were
significantly larger, meaning that these countries have invested more
primary resources in timber products and provided more timber
carbon stock for the world. 2) The United States had the largest
outflow of timber carbon stock from income-based perspective from
2004 to 2014, mainly flowed into Canada and Brazil. In China, the
largest flow went to Canada. Furthermore, the flow to the
United States increased significantly. Japan’s income-based timber
carbon stock has mainly moved to China, Canada, and the
United States. However, the total outflow has been declining. 3) A
comparison of the three perspectives shows that the United States’
primary inputs have a greater impact on the global timber production
chain than their consumption-and production-based roles. Brazil,
Russia, and Indonesia, as main primary resource suppliers of timber
carbon stock, are more important than as final consumers.

The strict policy of restricting deforestation has made
Canada’s forest area stable, which is conducive to Canada

becoming an income-side timber carbon stock net-importer.
Germany’s income-based and consumption-based timber
carbon stock was higher than directly produced timber
carbon stock, which also shows the effectiveness of
Germany’s forest management policy. Forest management has
become an effective way to achieve rational forest harvesting and
cope with climate change. Therefore, countries should formulate
corresponding management measures according to the different
stages of timber production. Optimizing the allocation of
primary factors from the source of the production chain is
conducive to the rational utilization of forest resources, and
promotes the achievement of carbon neutrality targets.

Our research reveals the pattern of income-based timber carbon
stock, highlighting the important role of primary resource input in
the global timber carbon stock. The research findings can contribute
to identifying the driving countries of the cross-regional flow of
timber carbon stock from the entire timber production chain. It also
helps to understand better the role of timber carbon stock as an
ecological resource in related countries, which can bring attention to
forest quality and the ecological impact of forest product trade.
Aguilar et al., 2022, Gauthier et al., 2023, Li Y. et al., 2022.
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