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Balancing the relationship between forest resources and economic growth is
crucial for achieving sustainable development in China. Inner Mongolia, with its
unique geographical environment and relatively underdeveloped economy,
exhibits distinctive patterns in its forest resources development and changes.
This study investigates the impact of economic growth on forest resources in
Inner Mongolia using time-series data from 1980 to 2018 and the cubic curve
regression model based on the Environmental Kuznets Curve (EKC) hypothesis.
The results reveal an inverted N-shaped EKC relationship, with the forest coverage
rate undergoing a “decline-up-decline” evolution process, characterized by
turning points 1984 and 2015, and the forest stock volume exhibiting a
“decline-up” evolution process with a minimum turning point around 1999.
Remarkably, the forest stock volume continues to increase at present and over
a foreseeable future. Furthermore, the study finds that population density has a
negligible effect on the reduction of forest coverage rate in Inner Mongolia. Lastly,
the paper offers policy suggestions to promote the sustainable development of
forest resources in the region.
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1 Introduction

Inner Mongolia, situated on the northern border of China, as depicted in Figure 1,
encompasses an expansive area of 118.3 × 104 km2, stretching 2,400 km long from east to
west and 1,700 km wide from north to south. This vast region covers nearly 1/8 of China’s
total land area (Wu et al., 2023). The complex and diverse natural geographic conditions in
Inner Mongolia have given rise to a wide array of forest resources, characterized by different
types and structures. Moving from east to west, the region boasts various areas, including the
pristine Daxingan virgin forests, 11 secondary forest regions like Daxingan southern
mountains, and areas with artificial afforestation resulting from long-term development
efforts. In 2018, the forest area in Inner Mongolia reached an impressive 26,148.5×103 hm2,
ranking first in the nation, and its forest stock volume amounted to 1662719.8 × 103 m3,
ranking fifth (Zhen et al., 2006; Su et al., 2020).

The strategic location and distinctive natural conditions of Inner Mongolia make it a
vital ecological barrier in the north, playing a pivotal role in preserving and safeguarding the
ecological environment for northern China (Guan et al., 2020).

However, Inner Mongolia remains a relatively underdeveloped region in terms of
industry and technology. Over the past few decades, its economy has heavily relied on
the direct output of resources. For instance, Yufu Zhang (2006) conducted a study on the

OPEN ACCESS

EDITED BY

Maria Alzira Pimenta Dinis,
Fernando Pessoa University, Portugal

REVIEWED BY

Adnan Waseem,
National University of Sciences and
Technology, Pakistan
Maham Furqan,
Oregon State University, United States

*CORRESPONDENCE

Qingfeng Bao,
baoqingfengIMAU@163.com

RECEIVED 17 June 2023
ACCEPTED 24 July 2023
PUBLISHED 02 August 2023

CITATION

Wu X, Liu G and Bao Q (2023), Impact of
economic growth on the changes in
forest resources in Inner Mongolia
of China.
Front. Environ. Sci. 11:1241703.
doi: 10.3389/fenvs.2023.1241703

COPYRIGHT

© 2023 Wu, Liu and Bao. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original author(s)
and the copyright owner(s) are credited
and that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Environmental Science frontiersin.org01

TYPE Original Research
PUBLISHED 02 August 2023
DOI 10.3389/fenvs.2023.1241703

https://www.frontiersin.org/articles/10.3389/fenvs.2023.1241703/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1241703/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1241703/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2023.1241703&domain=pdf&date_stamp=2023-08-02
mailto:baoqingfengIMAU@163.com
mailto:baoqingfengIMAU@163.com
https://doi.org/10.3389/fenvs.2023.1241703
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2023.1241703


impact of socio-economic factors on changes in forest area in China,
and the findings indicated that income from forests remained a
significant component of Inner Mongolia’s economy. In 2001, the
primary industry’s contribution to GDPwas 23.2%, markedly higher
than the average level of 14.5% for Mainland China. Consequently,
economic development has exerted pressure on forests, and Inner
Mongolia still finds itself in the early stages of the U-shaped forest
resource curve. Additionally, the population growth and the
continuous pursuit of improved living standards have resulted in
substantial consumption of natural resources, particularly forest
resources.

With the occurrence of weather fluctuations and the degradation
of ecological environment, particularly the frequent onslaught wind-
borne dust, China’s awareness of forest resource protection and
sustainable development has steadily grown in recent years. To
achieve this, a series of polices have been implemented across the
country. Among these, the Six Key Forestry Projects initiated in
1998, have had a notably effective and widespread impact in Inner
Mongolia. These projects encompass initiatives such as the Natural
Forest Protection Project, Returning Farmland into Forest Project,
and Wildlife Conservation and Nature Reserve Construction
Project. Inner Mongolia stands as the sole province where all
these projects have been fully implemented, leading to
remarkable achievements in enhancing forest resources and
improving the ecological environment. Notably, the eighth Forest
Resources Inventory Report in 2018 revealed an increase in forest
coverage rate from 21.03% to 22.03%, accompanied by a reduction
of 416.88×103 hm2 in desertification land and 343.51 × 103 hm2 in
sandy land compared to 2015.

Given the unique socio-economic environment of Inner
Mongolia, various factors such as economic growth, policies, and
more may have a distinct and substantial impact on changes in its
forest resources (Tasseda et al., 2023). While previous studies have
examined changes in China’s forest resources and their relationship
with socio-economic factors, such as the economy, population, and
industrial structure (Hao et al., 2019; Zhang and Ke, 2020), these
analyses primarily operated at the cross-country or regional level
using panel data. A long-term study at the provincial level based on

time-series data is still lacking, and the conclusions or policy
recommendations may carry bias when applied to a specific
province like Inner Mongolia, with its abundant natural
resources and unique socio-economic conditions.

To address this knowledge gap, this article utilizes
comprehensive long-term macro-level data, spanning from
1980 to 2018, specifically focusing on Inner Mongolia. The main
objective is to analyze the impact of economic growth on forest
resources while considering other factors as control variables,
including population and policies. This study aims to achieve
three primary contributions: firstly, to scrutinize changes and
trends in forest resources at the provincial level, leading to more
precise and targeted policy recommendations; secondly, to
investigate the influence of several socio-economic indicators,
including population, industrial structure, and policies, on forest
resources; and finally, to identify relevant stages and trends of forest
resource changes in Inner Mongolia based on the Environmental
Kuznets Curve (EKC) hypothesis.

2 Literature review

Forest resources are among the most valuable natural assets on
earth, serving not only as essential materials for economic
development but also playing a crucial role in preserving local
ecosystems (Beytollah et al., 2023). Scholars have conducted
numerous studies on the dynamic changes and factors
influencing forest resources, revealing that over the past century,
extensive deforestation has occurred worldwide to meet the rising
demand for wood products driven by urbanization and economic
growth in various countries. Consequently, there has been a
continuous decline in global forest resources (Meyfroidt et al.,
2010; Keenan et al., 2015; Savari et al., 2019; Talebmorad et al.,
2020; Hernandez et al., 2021; Zane et al., 2023). For instance,
according to the 2020 Global Forest Resources Assessment
Report published by the Food and Agriculture Organization of
the United Nations (FAO), the global forest area has reduced by
178 million hectares since 1990.

The academic community widely acknowledges that the growth
and decline of forest resources are primarily influenced by both
natural conditions and socio-economic factors. However, while
natural conditions act as objective factors with a relatively fixed
impact on forest resources in a specific region, socio-economic
factors, including economic growth, population, urbanization
rate, and policies, are variable and controllable, thus carrying
special significance in driving changes in forest resources (Silva
et al., 2016; Wang et al., 2018).

Of all the socio-economic factors, economic growth is
commonly emphasized as having the most substantial impact on
forest resources. For instance, Naidoo (2004) analyzed data from
70 countries and discovered that countries experiencing more rapid
declines in forest resources had faster economic growth than those
with higher rates of forest protection. Consequently, numerous
studies have focused on investigating the relationship between
economic growth and forest resources (Wang, 2007; Hao et al.,
2019; Caravaggio, 2020).

In earlier research, the relationship between deforestation and
economics was often modeled using simple linear regression with

FIGURE 1
Location of inner Mongolia in China.
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cross-sectional data (Allen and Bames, 1985; Kahn and McDonald,
1995; List, 1998). However, later studies commonly employed panel
data regression models to overcome the limitations of cross-
sectional data (Bhattarai and Hamming, 2004; Hou and Yao, 2019).

Among the various methods used to study the relationship
between forest resources and economic growth, the
Environmental Kuznets Curve (EKC) model is more widely
accepted by most scholars. The EKC was first proposed by
Grossman and Krueger (1991) when analyzing empirical
evidence of atmospheric quality data. It demonstrated an
inverted U-shaped relationship between environmental quality
and per capita income, and the name “EKC” was inspired by the
original Kuznets Curve discovered by Kuznets (1955). When
studying the dynamic changes of forest resources, many scholars
have applied the EKC theory to explore whether there is a
connection between changes in forest resources and economic
growth.

The EKC theory posits that there exists an inverted U-shaped
relationship between forest resources and economic benefits. In
other words, as per capita income increases, forest resources will
initially decrease along with economic growth until a certain income
threshold is reached (i.e., there is a turning point). After this turning
point, forest resources will start to increase despite continued
economic growth.

Indeed, when applying the EKC theory to study the relationship
between forest resources and economic growth, various indicators
are commonly used to describe forest resources. These indicators
include deforestation, forest area, forest coverage rate, timber
output, or forest stock volume. On the other hand, per capita
GDP is typically employed as the indicator for economic growth
(Caravaggio, 2020).

In recent years, the researchers have established the extended
EKC models by adding some other impacting factors, such as social
economics, geographical features and policy factors, etc., (Richard,
2007; Hao et al., 2019).

In more recent years, researchers have expanded upon the
traditional EKC models by incorporating additional impacting
factors. These factors encompass various aspects, such as social
economics, geographical features, and policy factors (Richard, 2007;
Hao et al., 2019). The inclusion of these additional variables aims to
provide a more comprehensive understanding of the complex
interactions between economic growth and forest resources,
allowing for a more nuanced analysis of the relationship between
the two. By considering a broader range of factors, these extended
EKCmodels offer valuable insights into the drivers and implications
of changes in forest resources amid changing socio-economic and
policy environments.

The existing body of literature on forest resources in China has
indeed provided evidence for the presence of the Environmental
Kuznets Curve (EKC) relationship (e.g., Kang et al., 2016; Li et al.,
2016; Wu et al., 2018; Hou et al., 2019), but different studies have
yielded varying forms and turning points of the EKC for China’s
forest resources. For instance, Li et al. (2000) focused on the
southern collective forest area and found a positive association
between forest resource endowment and poverty levels. On the
other hand, some scholars conducting empirical analyses on specific
provinces observed a phenomenon of “rich resources endowment
resulting in poverty” (Ding et al., 2006). Conversely, Liu et al. (2015)

utilized national data from 1985 to 2012 and concluded that there
was a positive correlation between China’s forest resources and
economic development, refuting the resource curse theory in the
context of China’s forestry development.

Furthermore, Hao et al. (2019) conducted an extensive
examination of the relationship between forest resources and
economic growth using panel data from 30 provinces in China,
divided into three regions (eastern, central, and western). Their
results indicated that the EKC relationship between forest resources
and economic development followed an inverted U-shape at both
the national and regional levels in China. Specifically, China was
situated at a stage where the amount of timber output and
afforestation area decreased with economic growth, representing
the right part of the inverted U-shaped EKC.

However, despite the progress in understanding the relationship
between forest resources and economic growth, several gaps in the
existing research persist. Firstly, most studies have been focused on
national panel data or cross-sectional data of specific regions,
lacking investigations into the historical changes and future
trends at the local level, such as the provincial level using time
series data. Secondly, the quadratic EKC model has been
predominantly used, leading to U-shaped or inverted U-shaped
curves with finite increases or decreases after the turning point.
Thirdly, many studies have primarily considered the relationship
between forest resources and economic growth, but insufficient
attention has been given to other social factors that may affect
forest resources, such as population size, industrial structure, and
policy guidance.

To address these research gaps, this paper utilizes provincial
statistical data from Inner Mongolia for the period of
1980–2018 to investigate the relationship between forest
resources and economic growth based on the EKC hypothesis.
The forest coverage rate and forest stock volume are considered
as dependent variables, constant-price GDP per capita as the
explanatory variable, and various socioeconomic factors as
control variables. Based on the findings, the paper proposes
policy recommendations to enhance the sustainable
development of forest resources in the region.

3 Materials and methods

3.1 Data and variables

Properly selecting indicators that can accurately reflect the
changes in forest resource status is crucial when studying the
relationship between forest resources and economic growth
(Angelsen and Kaimowitz, 1999). In this paper, the research
objective and data availability led to the choice of two dependent
variables to measure forest resources: forest coverage rate and forest
stock volume.

The forest coverage rate serves as a significant indicator to assess
the abundance of forest resources and the status of ecological
balance. It reflects the proportion of land covered by forests,
providing insight into the extent of forest resources in a given
area. On the other hand, forest stock volume is a fundamental
variable that indicates the overall scale and level of forest resources
in a region or country. This measurement is vital for evaluating
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forest resource abundance and the quality of the forest ecological
environment (Chen and Wang, 2011).

Data on these two variables were collected from the Forest
Resources Inventory Report of China for the period of 1980–2018.
Since the inventory was conducted every 5 years, some defaulted
data points between inventory periods were supplemented using
interpolation methods. This approach assumes that the changes in
forest resources between two inventory times were uniform,
enabling the measurement of continuous variations in forest
resources over the entire period of study.

In this study, per capita GDP was employed as the explanatory
variable to represent economic growth. The data for per capita GDP
were obtained from the Inner Mongolia Statistical Yearbook, and all
GDP values were adjusted to real GDP per capita at constant
1980 prices.

The study also recognizes that various socioeconomic factors
can influence changes in forest resources. Therefore, the following
factors are included as control variables.

3.2 Population density

Population density is defined as the total population at the end of
each year divided by the area of Inner Mongolia, measured in
persons per square kilometer (persons/km2). As regional
population increases and economic development progresses,
human activities expand into ecological environments,
consuming resources and potentially damaging forestland areas
and forest resources. Population density is included in the study
to examine the effect of population expansion on the ecological
environment quality of forests. Data on population density for each
year was obtained from the Inner Mongolia Statistical Yearbook.

3.3 Industrial structure

The proportion of tertiary industry to the national economy in
China has gradually surpassed that of the secondary industry,
becoming a pillar of national economic development (Yang,
2016). However, the resource consumption, environmental
pollution, and ecological issues are still mainly attributed to the
secondary industry. The industrialization and urbanization
processes in China have imposed considerable pressure on forest
resources (Shen et al., 2005). Therefore, the industrial structure is
represented by the proportion of value added by the secondary
industry to the GDP. It is included in this study to describe the
influence of changes in industrial structure on forest resources. Data
on the industrial structure for each year was sourced from the Inner
Mongolia Statistical Yearbook.

3.4 Government support

To account for the impact of policies on forest resource changes,
a dummy variable called “government support” was introduced.
Specifically, considering that the Six Key Forestry Projects, which
had a significant impact on Inner Mongolia, were implemented in
1998, a 2-year lag in generating the effect was assumed. As a result,

the year 2000 is taken as the dividing line for the dummy variable. It
takes the value “0” for the years 1980–1999 and “1” for the years
2000–2018 in this paper, representing the presence or absence of
government support during those periods.

As a summary, Table 1 provides an illustration of all the
variables used in this study, while Table 2 presents the
descriptive statistics for these variables. Notably, for the
subsequent modeling, natural logarithms were applied to the
variables Y1, Y2 and X, as shown in Table 2.

3.5 Econometric approach

3.5.1 Model setting
Before conducting the empirical analysis and modeling, a

correlation analysis was performed between the indicators of
forest resources and economic growth in Inner Mongolia. The
correlation coefficients are presented in Table 3. From the results
of the correlation analysis, it is evident that both forest resource
indicators (forest coverage rate and forest stock volume) show a
positive correlation with per capita GDP. This information will be
utilized in the subsequent modeling process, illustrating the
existence of a positive relationship between forest resources and
economic growth in the region.

The Environmental Kuznets Curve (EKC) is an empirical curve
that describes the nonlinear relationship between environmental
quality and per capita income (Culas, 2007; Choumert et al., 2013).
In previous studies, a quadratic curve has been commonly used for
model setting, resulting in an inverted U-shaped curve (Cropper and
Griffiths, 1994; Waluyo and Terawaki, 2016). However, the cubic-
curve regression model, which tends to form an inverted N-shaped
curve, offers greater flexibility. It is worth noting that the quadratic
curve is merely a special form of the cubic curve, where the
coefficient of the cubic term is 0, effectively reducing it to a
quadratic curve regression.

In this study, the cubic curve regression model is selected to
examine whether the variables pass the unit root test and whether a
cointegration relationship exists between the variables. This
approach is utilized to determine the specific model form and
explore the intricate relationship between forest resources and
economic growth in Inner Mongolia. By adopting the cubic curve
regression model, the study aims to obtain a more comprehensive
and nuanced understanding of the relationship between these
variables.

Based on the EKC method, the regression models in this study
are set as follows:

lnFt � α + β1 lnXt + β2 lnXt( )2 + β3 lnXt( )3 + β4Pt + β5St+β6Gt

+ μt
(1)

Let: D1 � lnXt,D2 � (lnXt)2, D3 � (lnXt)3
Then the above equation can be written as:

lnFt � α + β1D1 + β2D2 + β3D3 + β4Z1 + β5Z2+β6Z3 + μt (2)
Accordingly, the formulation transforms the original equation

into a standard multiple-linear regression problem. Subscript t
denotes the time index, and F denotes the forest coverage rate
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(Y1) or forest stock volume (Y2), respectively. X denotes the real per
capita GDP at the 1980 constant price, and to mitigate
heteroscedasticity in the data and reduce data fluctuations, the
natural logarithm processing is applied to process the per capita
GDP variable.

Additionally, variables P, S and G, are included as control
variables, representing the popularity density, industrial structure,
and government support, respectively. The intercept effect is
denoted by α, and μt denotes a random error accounting for all
other factors that may influence forest resources. The coefficients to
be estimated are represented by β1-β6.

In summary, the regression equation seeks to model the
relationship between forest resources (forest coverage rate or

forest stock volume) and economic growth (real per capita GDP)
while accounting for the influence of control variables (population
density, industrial structure, and government support) and other
random factors.

The coefficients to be estimated, namely, β1, β2 and β3, have
different values, which will result in variations in the shape of the
curve (Li and Long, 2013). Table 4 illustrates these differences.

3.5.2 Stationary test of the variables
3.5.2.1 Root unit test

To ensure the validity of the empirical analysis and modeling, it
is crucial to test the stationarity of each variable, especially since they
belong to time series data. The ADF (Augmented Dickey-Fuller)
unit root test is a commonly used method for this purpose, and it has
been selected for conducting the stationarity tests in this study. The
tests were performed using the software EViews, and the results are
presented in Table 5.

From the results presented in Table 5, it can be observed that
the variables “lnY1, lnY2 and lnX” fail to reject the null hypothesis
at the level for first-order difference. However, these variables
pass the ADF test at the 1% significance level for second-order
difference.

On the other hand, the variable “P” passed the test at the 5%
significance level for both the level and the first-order difference, and
also passed the test at the 1% significance level for second-order
difference.

Similarly, the variable “S” passed the test at the 1% significance
level for both the first-order difference and second-order difference.

TABLE 1 Illustration of the variables used in this study.

Variables Definitions Unit Variable types

Y1 Forest coverage rate % Dependent variable

Y2 Forest stock volume ×108 m3 Dependent variable

X Per capita GDP CNY, at constant 1980 prices Explanatory variable

P Population density Person/km2 Control variable

S Industrial structure % Control variable

G Government support — Dummy variable

TABLE 2 Descriptive statistics of the variables used in this study.

lnY1 lnY2 lnX P S

Mean 2.794897 2.497741 7.790038 19.35513 41.65128

Maximum 3.0956 2.8112 9.8175 21.42 56

Minimum 2.581 2.2471 5.8435 15.86 31.7

Std. Dev. 0.192448 0.165723 1.271562 1.677157 7.362382

Skewness 0.299222 0.194056 0.228218 −0.62141 0.61468

Kurtosis 1.410278 1.910358 1.68623 2.122136 1.994945

Observations 39 39 39 39 39

TABLE 3 Correlation coefficient between forest resources and economic growth.

Forest coverage rate Forest stock volume

Per-capita GDP 0.9346 0.9253

TABLE 4 Shapes of the curve with different values of β1, β2 and β3.

Values of β1, β2 and β3 taken Shapes of the curve

β1 ≠ 0, and β2 = β3 = 0 Monotonically increasing or decreasing linear relationship

β3 = 0, and β1 < 0、β2 > 0 “U”- shaped quadratic curve

β3 = 0, and β1 > 0、β2 < 0 Inverted “U”- shaped quadratic curve

β3 < 0, and β1 < 0、β2 > 0 Inverted “N”-shaped curve

β3 > 0, and β1 > 0、β2 < 0 “N”-shaped cubic curve
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In summary, all the indicators and variables can be transformed
into integrated second-order variables after undergoing the
appropriate processing. As a result, the subsequent cointegration
analysis can be conducted with these transformed variables,
ensuring reliable and meaningful results for the study.

3.5.2.2 Cointegration test
After completing the unit root test on each variable, it is crucial

to conduct a cointegration test. Identifying a cointegration
relationship is essential because although the variables have been
integrated, failing to establish cointegration can lead to spurious
regression. In this study, the Johansen method is employed for the
cointegration test to investigate the potential cointegration
relationship between the indicators of forest resources (lnY1 and
lnY2) and the variables lnX, P, and S. The Johansen cointegration test
results are shown in Table 6.

The results of the cointegration test indicate that there is a
cointegration relationship between each indicator of forest resources
(lnY1 and lnY2) and the independent variables (lnX, P, and S)
determined in this paper. This cointegration relationship implies
a long-run equilibrium association between the variables,

confirming their interconnectedness and mutual influence over
time. As a result, a regression analysis can be directly conducted
using the cointegrated variables.

4 Results and discussion

The relationship between each indicator of forest resources (lnY1

and lnY2) and independent variables (lnX, P, and S) was estimated
according to the selected econometric regression analysis model (1)
in EViews, and are presented in Table 7 for lnY1 and in Table 8
for lnY2.

The results presented in Tables 7, 8 demonstrate that the forest
coverage rate and forest stock volume, used as indicators to measure
forest resources, have been analyzed separately using the regression
model (1). The overall fitting effect of the regression model is
considered good, indicating that the EKC cubic-regression model
is appropriate for the analysis. The t-tests for all the first-order,
quadratic, and cubic terms of the explanatory variable lnX have
passed the 1% significance level, and their estimated coefficients are
significantly “negative, positive, negative.” This signifies that the

TABLE 5 Results of the root unit test.

Variables Difference order Test mode (C, T, K) ADF value Prob.

lnY1 Level (C, T, 1) −2.8335 0.1951

1st difference (0, 0, 1) −0.7553 0.3823

2nd difference (0, 0, 1) −6.0011*** 0.0000

lnY2 Level (0, 0, 1) 2.1440 0.9908

1st difference (C, T, 1) −2.4482 0.3497

2nd difference (0, 0, 1) −5.3371*** 0.0000

lnX Level (C, T, 1) −1.8945 0.6372

1st difference (C, 0, 1) −2.3404 0.1653

2nd difference (0, 0, 1) −9.0539*** 0.0000

P Level (C, 0, 1) −3.2255** 0.0263

1st difference (0, 0, 1) −1.9979** 0.0451

2nd difference (0, 0, 1) −8.0256*** 0.0000

S Level (0, 0, 1) −0.1575 0.6225

1st difference (0, 0, 1) −4.7385*** 0.0000

2nd difference (C, T, 1) −7.6447*** 0.0000

Notes: **, *** indicate that parameters have statistical significance at the 5% and 1% levels, respectively. (C, T, K) indicates whether the model of ADF, unit root test contains the terms of

intercept, time trend and lag length; C means that the test equation contains the intercept term, Tmeans that the test equation contains the time trend term, and Kmeans the order of lag length.

TABLE 6 Results of the Johansen cointegration test.

Eigenvalue Trace statistic 0.05 critical value Prob.

lnY1 — lnX, P, S 0.578958 62.83803 47.85613 0.0011***

lnY2 — lnX, P, S 0.625571 57.68626 47.85613 0.0046***

Notes: *** indicates that parameters have statistical significance at the 1% level.
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EKC curve exhibits an inverted “N” shape, as indicated in Table 4. In
other words, forest resources first decline, then rise, and again
decline with per capita GDP.

Figure 2 visually illustrates the fitted EKC curve between
forest coverage rate and GDP per capita. The curve exhibits two
turning points, corresponding to specific GDP per capita
values: Q1 (565 CNY) and Q2 (15,381 CNY). These turning
points are associated with the years around 1984 and 2015,
respectively.

Figure 3 illustrates the fitted EKC curve between forest stock
volume and GDP per capita. Within the range of the sampling data,
a minimum point, denoted by Q1 = 565 CNY, is evident,
corresponding to the year 1999 approximately. This minimum
point represents a critical stage in the relationship between forest
stock volume and GDP per capita, where the forest stock volume
reaches its lowest value in response to the given GDP per capita level.

Regarding the forest coverage rate, it serves as a significant
indicator reflecting the actual level of forest resources and forest land

TABLE 7 Estimation results with the lnY1 as the dependent variable.

Explanatory variables Coefficient Std. Error t-statistic Prob.

C 15.25063*** 1.51265 10.08206 0.0000

lnX −5.05886*** 0.589987 −8.574532 0.0000

(lnX)2 0.661479*** 0.075044 8.814518 0.0000

(lnX)3 −0.02760 *** 0.003138 −8.794427 0.0000

P −0.001007 0.010062 −0.100113 0.9209

S −0.003591*** 0.000716 −5.011898 0.0000

G 0.033213** 0.012222 2.717507 0.0105

R2 0.9973

Adjusted R2 0.9968

F-statistic 1945.155

Prob (F-statistic) 0.0000

Shape Inversed N

Turning point (CNY) 565 (1984); 15,381 (2015)

Notes: **, *** indicate that parameters have statistical significance at the 5% and 1% levels, respectively.

TABLE 8 Estimation results with the lnY2 as the dependent variable.

Variable Coefficient Std. Error t-Statistic Prob.

C 5.695859*** 1.325639 4.296688 0.0002

lnX −1.618347*** 0.517046 −3.129988 0.0037

(lnX)2 0.174155** 0.065766 2.648085 0.0125

(lnX)3 −0.005886** 0.00275 −2.140192 0.0401

P 0.086413*** 0.008818 9.799804 0.0000

S −0.003004*** 0.000628 −4.783663 0.0000

G 0.047184*** 0.010711 4.405204 0.0001

R2 0.9972

Adjusted R2 0.9966

F-statistic 1877.930

Prob (F-statistic) 0.0000

Shape Inversed N

Turning point (CNY) 1830 (1999)

Notes: **, *** indicate that parameters have statistical significance at the 5% and 1% levels, respectively.
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occupation. From Figure 2, it can be observed that after entering the
1980s, the forest coverage rate of Inner Mongolia started to increase
continuously with economic growth, representing the ascending
part of the inverted “N” shaped EKC. After approximately 2014,
when per capitaGDP surpassed Q2, the forest coverage rate began to
decline slowly with economic growth, indicating that it had reached
the maximum turning point of the EKC. This finding aligns with the
expectation that the forest coverage rate cannot perpetually increase
due to the influence of factors such as land use area, urban
expansion, and population growth.

In Figure 3, it is evident that when per capitaGDPwas below Q1,
approximately corresponding to the years 1980–1999 within the
range of the sampling data, the forest stock volume decreased with
the increase of per capitaGDP, representing the first descending part
of the inverted “N" shaped EKC. The year 1999 served as the turning
point for the minimum value of the EKC. Subsequently, after 1999,

the forest stock volume increased with the increase of per capita
GDP, entering the part of the EKC inverted “N” type. This
phenomenon can be attributed to the implementation of China’s
reform and opening policy during the period 1980–1999, which led
to rapid economic development, increased urbanization rate, and
greater consumption of timber resources in industrial production
and construction. However, alternative resources were not
adequately utilized during this period. Additionally, the stock of
forests per unit area in the young forest stage during the forest-
growth process was small, particularly due to the cold and drought
weather in Inner Mongolia, leading to a longer growth period before
reflecting in the forest stock volume. As a result, the growth rhythm
of the forest stock volume lagged behind the forest coverage rate for
nearly 15 years, contributing to the increase in forest coverage rate
while the forest stock volume decreased during this stage. The model
predicts that there is no maximum turning point of the EKC within
the data scope studied in this paper, suggesting that the forest stock
volume of Inner Mongolia is expected to continue increasing with
the growth of per capita GDP for the foreseeable future.

The estimated coefficients of each control variable are as follows:

4.1 Population density (P)

In Table 7, the estimated coefficient of population density
is −0.001, which fails the test at the 10% significance level,
indicating that the negative correlation between forest coverage
rate and population density is not significant. This means that
when population density increases, the decrease in forest
coverage rate in Inner Mongolia is not significant. However, in
Table 8, the estimated coefficient of population density is 0.086413,
which passes the test at the 1% significance level, showing that the
positive correlation between the forest stock volume and population
density is significant. This finding is inconsistent with some studies
for the whole country, such as the studies by Gu (2007) and Hou and
Yao (2019), which found that normally the forest stock volume
would decrease with the rise of population density due to the
expansion of human activity spaces and urban expansion limiting
room for forest resource growth. However, when examining the
circumstances of population in Inner Mongolia as shown in
Figure 4, it becomes evident that during the period from 1980 to
1999 when the population density increased at a higher rate, the
corresponding forest stock volume decreased.

After a turning point appeared in the growth rate of population
density around 1999, during the period of 2000–2004, the
population density changed very little and almost remained
unchanged. Correspondingly, the forest stock volume reached its
minimum in 1999 and then rapidly increased. From 2004 onward,
the population density increased again, but at a slower rate than
before, and the growth rate of the forest stock volume exceeded that
of the population density, resulting in a continuous increase in the
standing tree stock.

4.2 Industrial structure (S)

The results in both Tables 7, 8 show that the estimated
coefficients of the industrial structure are negative and pass the

FIGURE 2
Fitted curve of forest coverage rate.

FIGURE 3
Fitted curve of forest stock volume.
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test at the 1% significance level. This indicates that an increase in the
proportion of the secondary industry leads to a decrease in forest
resources. A possible reason for this discovery is that the industrial
development in China, along with the increase in urbanization and
construction of infrastructure, factories, and public land, may raise
the demand for wood, as has been observed in other provinces in
China (Hou et al., 2019).

4.3 Government support (G)

In both Tables 7, 8, the estimated coefficients of government
support as represented by the dummy variable are positive, and they
pass the tests at the 5% and 1% significance levels, respectively. This
indicates that government support is positively correlated with
forest resources, suggesting that the government’s policy in Inner
Mongolia and the implementation of a series of key forestry projects
have achieved remarkable results, leading to the leapfrog
development of forestry.

5 Conclusion

The findings of this study indicate a significant relationship
between forest resources and economic growth in Inner Mongolia,
China. The analysis was based on the Environmental Kuznets Curve
(EKC) hypothesis, and the data from 1980 to 2018 was used to
investigate the impact of economic growth on changes in forest
resources. The results of the cubic curve regression model show that
the relationship between forest resources (measured by forest
coverage rate and forest stock volume) and economic
development is essentially an inverted N-shaped curve in Inner
Mongolia.

The forest coverage rate in Inner Mongolia exhibited a “decline-
rise-decline” evolution process with economic growth, and two

turning points were identified, corresponding to the years
1984 and 2015, respectively. After 1984 (almost immediately after
entering the 1980s), the forest coverage rate continued to increase in
tandem with economic growth, representing the second part of the
inverted N-shaped EKC (i.e., the rising part). However, after
reaching 2015, the forest coverage rate in Inner Mongolia ceased
to increase with economic growth, and it even experienced a slow
decline, indicating that it has already surpassed the maximum
turning point in the EKC curve for the forest coverage rate.

During the time period studied in this research, the forest stock
volume in Inner Mongolia exhibited a “decline-up” evolution
process with economic growth, representing both the first and
second parts of the inverted N-shaped EKC (i.e., the descending
and rising parts). Specifically, a minimum turning point was
identified, corresponding to the year 1999. Prior to 1999, as per
capita GDP increased, the forest stock volume in Inner Mongolia
decreased. However, after 1999, the trend reversed, and the forest
stock volume started to increase in response to economic growth.
Presently, and for an extended period, the forest stock volume in
Inner Mongolia is continuing to increase, indicating that it has not
yet reached its maximum point.

The impact of different control variables on forest resources
varies. Concerning the forest coverage rate, the estimated coefficient
of population density is negative, but statistically insignificant. This
suggests that the increase in population density has only a minor
effect on the reduction of the forest coverage rate in Inner Mongolia.
However, a significant positive correlation is observed between the
forest stock volume and population density. This means that as the
population size increases, the forest stock volume in Inner Mongolia
has not decreased, but instead, it has increased. This finding
contrasts with the situation in other regions of China, where an
increase in population density typically leads to a decrease in forest
resources. The unique socio-economic and ecological conditions of
Inner Mongolia may be contributing to this difference in the
relationship between population density and forest resources.

FIGURE 4
Variations of population density in Inner Mongolia of China.
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The increase in the proportion of the secondary industry has
resulted in a decrease in both the forest coverage rate and forest stock
volume in InnerMongolia. This finding aligns with expectations and
previous relevant studies, as industrial development, urbanization,
and infrastructure construction often increase the demand for wood
and lead to a reduction in forest resources.

Inner Mongolia stands out as the only province where forest
resource protection policies were implemented earlier and a series of
key forestry projects were fully covered. The remarkable effects of
these policies are evident in the estimated coefficient of government
support, which shows a significantly positive correlation with forest
resources. This result confirms that the government’s policy
measures and key forestry projects have been successful in
promoting the sustainable development and conservation of
forest resources in Inner Mongolia.

Based on the results of this study, there are some important
policy implications that can be drawn. Firstly, considering that Inner
Mongolia is characterized by arid and rainless conditions with
relatively barren land, it is essential to acknowledge the slow
growth rate of forests in the region. The research findings also
reveal that the forest stock volume has a longer lag time compared to
the forest coverage rate, and it is still increasing as the economy
grows. To ensure the sustainable growth of forests, the government
should prioritize increasing investments in funds and technology,
implementing measures to promote the growth of young and
middle-aged forests, and ensuring the overall health and vitality
of the forest ecosystem.

Secondly, the estimation results highlight the significance of
accelerating industrial structural upgrades. The positive
relationship between the development of the secondary industry
and the consumption of forest resources emphasizes the need for
strategic adjustments. To strike a balance between economic
growth and forest conservation, it is important to reduce the
proportion of the secondary industry while promoting the
development of the tertiary industry. Encouraging other
industries such as forest tourism and the under-forest economy
can also contribute to the sustainable management of forest
resources.
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