
Introduction

With population growth, urbanization, and socio-
economic development, the structure and function of 

forest ecosystems have changed, and human beings are 
losing the basic goods and services of forest ecosystems 
[1-2]. Ecological and environmental problems have 
also appeared, which affects regional ecological 
security and sustainable development. In 1981, Ehrlich 
formally proposed the concept of ‘ecosystem services’, 
emphasizing the value and significance of natural 
ecosystem outputs to human society [3]. With an emphasis 

DOI: 10.15244/pjoes/200216 ONLINE PUBLICATION DATE: 

*e-mail: xiongkn@gznu.edu.cn

	  		   			    		   		  Review

Progress of Forest Eco-Industry and Rural 
Revitalization and Its Enlightenment  

to Those in Karst Desertification Control

Zhaohua Wang1, Yu Zhang2, Kangning Xiong1*, Jiawang Yan1, Song Zhang1

1School of Karst Science/ State Engineering Technology Institute for Karst Desertification Control, Guizhou Normal 
University, Guiyang 550025, China

2Tangshan Key Laboratory of Simulation of Urban Ecosystem, Department of Resource Management, Tangshan Normal 
University, Tangshan 063000, China

Received: 18 November 2024
Accepted: 17 January 2025

Abstract

The forest eco-industry (FEI) and rural revitalization (RR) are in a stage of rapid development,  
but the driving mechanism of the FEI for RR is not yet clear. The study of FEI and RR not only helps 
to coordinate the relationship between regional ecology and economy but also facilitates the sustainable 
development of the region. This study conducted a systematic literature review based on relevant articles 
retrieved from the Web of Science (WOS) and the China National Knowledge Infrastructure (CNKI) 
databases. The results showed that: (1) from the time series, the average annual published literature 
was less than 10 articles from 2009 to 2015, while the average annual literature grew after 2015.  
(2) The research mainly involved five aspects, including the measurement of the level of FEI,  
the measurement of the level of RR, the driving mechanism of FEI on RR, the optimization of the driving 
path of FEI on RR, and others. (3) They deepened the research on the mechanism and optimization 
path of FEI driving RR. Based on the above research, this study sheds light on FEI and RR in karst 
desertification (KD) governance in three aspects: optimizing the level of FEI, exploring the optimization 
of FEI to drive RR mechanisms and paths, and synergistic development of ecosystem services  
and eco-industry.
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on ecosystem services, forest ecosystem services are 
affected by the ecosystem structure, process and human 
selection preferences, and diversification needs, and the 
relationship between ecosystem services is exceptionally 
complex. It has become a hotspot and a difficult point 
that requires continuous attention in forest management 
and administration [4]. Research on forest ecosystems 
has made people pay more attention to protecting the 
ecological environment.

With the rise of people’s awareness of environmental 
protection and the study of ecosystem services, the 
concept of ‘ecological industry’ has arisen along with 
the idea of ‘industrial ecology’ [5-6]. Eco-industry 
is a network-type and evolution-type industry based 
on the carrying capacity of ecosystems, organized 
according to the principles of ecological economy and 
the laws of knowledge economy, and with efficient 
economic processes and harmonious ecological 
functions. According to the definition of eco-industry, 
the forest eco-industry (FEI) is a production sector 
that uses the characteristics of the forest ecosystem to 
play a protective role based on the carrying capacity 
of the forest ecosystem. The forest ecological industry 
is important in rural areas to promote economic 
development.

About 15 percent of the earth’s ground is covered 
by karst landscapes, and a quarter of the global 
population survives [7]. Karst areas are characterized by 
ecological fragility and their vulnerability to damage. 
With continuous population growth, the region has 
been subjected to overloaded human activities, and 
the contradiction between man and land has become 
more prominent, with degradation of ecosystems, 
aggravation of soil and water erosion, and serious karst 
desertification (KD). KD has become a major ecological 
and environmental problem limiting the sustainable 
socio-economic development of the karst region [8], 
which has aroused extensive concern and attention 
from the state and society [9]. The KD control (KDC) 
project has been implemented in the karst region of 
southern China and takes into account ecological and 
economic benefits, consolidates the achievements of 
KDC, develops a highly efficient characteristic forest 
industry according to local conditions in the process 
of ecological restoration, and establishes sustainable 
FEI. This is an important development direction for the 
restoration and reconstruction of vegetation cover in 
KD areas (KDA) [10]. Most of the KDA are mountain 
villages, and China’s ‘14th Five-Year Plan’ clearly 
puts forward adhering to the priority development of 
agriculture and rural areas, comprehensively promoting 
the revitalization of the countryside. After years of 
efforts, China’s KDC has been effective in achieving 
results and led the people of poor mountain villages out 
of poverty to become rich, implementing the national 
strategy of rural revitalization (RR) and completing  
a double harvest of ecological and economic benefits.

Research on forest ecosystem services and FEI can 
help coordinate ecological protection and economic 

development, optimize ecosystem function, and improve 
the ecological environment. The research on ecosystem 
services and eco-industry, as well as RR, is in the stage 
of rapid development, and extensive research has been 
conducted on the optimization of forest ecosystem 
functions, the development of eco-industry, and the 
level of RR. However, the mechanism and path of forest 
ecosystem service-based eco-industry-driven RR are 
yet to be studied in depth, and the driving mechanism 
and path are unclear. Therefore, this study, based on a 
systematic combing of literature, aims to (1) clarify 
the development trend of research on FEI and RR;  
(2) summarize the landmark results of research on FEI 
and RR; and (3) condense the key scientific issues to be 
solved in the research on FEI and RR. It helps to achieve 
theoretical reference for FEI to drive the RR mechanism 
and provide scientific support for the transformation of 
forest ecosystem service value in KDC.

Methods

Based on the diversity of global languages and the 
unique geographical characteristics of the research 
content, two authoritative databases were selected for 
literature retrieval: the Web of Science (WOS) and the 
China National Knowledge Infrastructure (CNKI). 
English is a widely used and understood language in 
the world. The WOS database collects high-quality 
academic works in different disciplines and has a 
large number of readers. Therefore, we choose the 
WOS database for English literature retrieval. FEI and 
RR are closely related to China, and KDC is mainly 
implemented in southern China. CNKI is the largest, 
most comprehensive, and most important database 
in China, and it is the best choice to obtain Chinese 
literature [11]. In this paper, we searched literature 
with the theme of “forest ecological industry/forest 
industry” and “rural revitalization/rural development”. 
The following inclusion criteria were used: (1) search 
terms should appear in the title, abstract, or keywords; 
(2) the study should be included in the WOS and CNKI 
databases; (3) research should be related to FEI and 
RR; (4) languages should be in English and Chinese.  
The following exclusion criteria were used: (1) literature 
repetition; (2) non-FEI and RR studies; (3) unavailable 
literature. The results of the literature search were as 
follows. A total of 208 articles were retrieved from both 
databases. A total of 168 articles were obtained after 
screening. Fig. 1 shows the process of literature search 
and screening.

Results and Discussion

Distribution of Literature

We know that the earliest research began in 2009 
from searching the relevant literature databases. 
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Between 2009-2024.06, domestic and foreign research 
on FEI and RR can be roughly divided into three stages: 
2009-2015 is the first stage, with 37 articles; 2016-2021 
is the second stage, during which articles are constantly 
published; and 2021-2024.06 is the rapid development 
stage, where research on the relationship between FEI 
and RR can be gradually deepened.

All the literature reviewed was classified and 
summarized according to the research content by the 
level measurement of FEI, the level measurement of RR 
development, the driving mechanism of FEI on RR, and 
the research related to the optimization of the path of RR 
driven by the FEI (Fig. 2a). Of which, 40 articles on the 
level measurement of FEI accounted for 24% of the total 
number of articles; 52 articles on the level measurement 
of RR development accounted for 31%; 34 articles on the 
driving mechanism of FEI on RR accounted for 20%;  
25 articles on the optimization of the path of RR driven 
by FEI accounted for 15%; and 17 articles on other 
studies accounted for 10%.

Keywords carry the most important and core 
information, and analyzing the keywords helps to 
understand the research hotspots in the field. Literature 
keywords were analyzed by VOSviewer 1.6 software, 
and the co-occurrence frequency of greater than 5 times 
was set. Fig. 2b shows the keyword density graph. The 
color ranges from green to yellow, indicating that the 
higher the frequency of keyword co-occurrence, the 
higher the research intensity of the literature. Forest 
and sustainability are the commonly used keywords, 
followed by management. In addition, the more 
common words are China, conservation, policy, rural 
development, deforestation, livelihoods, etc., which 

indicates that the sustainable development of FEI issues 
and factors affecting eco-industry development have 
attracted people’s attention.

In recent years, research on FEI and rural 
development has become more and more common, 
and the collation of the retrieved English literature 
regions revealed (Fig. 2c) that the research on FEI and 
RR is mainly concentrated in the countries of Asia, 
North America, Europe, and Oceania. China has the 
highest number of articles published at 38, followed 
by the United States, Germany, Australia, India, and 
Canada, respectively, with 25 articles (10, 9, 7, and 6, 
respectively), while other countries have less than 5. This 
shows that China has paid more attention to the forest 
industry and rural development in recent years. There 
are many research units, but the ones with more articles 
are mainly universities and agricultural and forestry 
institutions, such as Northeast Forestry University and 
the Chinese Academy of Sciences.

Research Progress

Measurement of FEI Levels

Through the study of the ecological and economic 
benefits of forest resources, it is proposed that forest 
ecological resources should be utilized according to 
local conditions and that forest eco-industries with both 
ecological and economic benefits should be developed 
to provide a reference for the development of forest 
eco-industries in ecologically fragile areas. As an 
important component of terrestrial ecosystems, forests 
provide essential benefits and services, both ecological 

Fig. 1. Literature search screening.
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and economic [12]. Management and conservation 
of forest resources (Fig. 3a) has become one of the 
major issues of global environmental protection [13]. 
Forest ecological resources are key environmental 
resources that are widely valued by society and have 
an increasing impact on national economies [14-15]. 
Forest ecological industrial resources are resources for 
forest management and development built on existing 
scientific and technological means and social values 
[16]. Due to the limitations of people’s understanding 
of forest ecological benefits, they cannot reasonably use 
forest resources to develop industries, which makes it 
difficult to establish a balance between protectors and 
beneficiaries of forest ecology and does not effectively 
exert its economic benefits. As people’s understanding 
of the benefits of forest resources continues to deepen, 
however, different types of forest eco-industries are 
being developed according to different forest ecological 
industrial resources, which are divided into understory 
planting, understory breeding, special economic forests, 
forest tourism, forest recreation, and the cultivation 
of precious forest trees. FEI is a multi-dimensional 
utilization of forest resources, which is of great 

significance to constructing biodiversity and building 
complex ecosystems.

As the ecological environment of KDA is fragile 
(Fig. 3b) and their economic development is backward, 
ecological and economic benefits should be weighed 
in the process of KDC to consolidate the results. 
Therefore, in the process of KDC, its market demand 
and market competition should be fully considered, and 
in the process of ecological restoration, a high-efficiency 
characteristic forest industry should be developed 
according to local conditions. The industrial chain and 
ecological chain should be organically integrated to 
establish a sustainable local eco-industry [17].

Through research on the relevance of the high-quality 
development of FEI, an index system is created with five 
aspects: driven innovation, coordinated development, 
green resources, openness and stability, and sharing and 
harmony. This is based on the theoretical foundation 
of the new development concept. The FEI is one of the 
pillar industries of China’s economic development and 
plays an important role in developing China’s national 
economy [18]. The level of FEI construction has been 
significantly improved, with China accounting for about 

Fig. 2. Distribution of literature a) content division b) hotspot distribution c) regional distribution.
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development, with different main tasks in the early, 
middle, and late stages of RR development. As 
industrialization, urbanization, and information 
technology continue to advance, China’s rural 
development faces many challenges, such as the loss 
of rural populations, the hollowing out of villages, and 
the unbalanced development of urban and rural areas. 
In the early stage of rural development, the main task 
is to solve the ‘two main worries and three guarantees’ 
of farmers and, simultaneously, to ‘clear the obstacles’ 
for implementing the RR strategy. During this period, 
the residents’ food, clothing, medical care, housing, and 
education face serious challenges, and the countryside 
mainly faces the pressure of survival [24]. In the middle 
stage of rural development, the main task is not to return 
to poverty on a large scale and, at the same time, to 
make preliminary explorations for the implementation 
of the RR strategy, which pays more attention to the 
quality of life of the residents as well as the extension 
of the industrial chain in this period [25]. The late stage 
of development mainly takes the implementation of the 
RR strategy as the main task and improves the level 
of public services and governance in the countryside, 
stimulates the internal vitality of the countryside, and 
solves the problems of a low level of public services in 
the countryside, insufficient cultural vitality, and the 
lack of village governance capacity using diversified 
social subject inputs and the construction of digital and 
networked villages [26]. The implementation of the RR 
strategy is intended to provide a policy basis for the 
development of China’s countryside and the Chinese 
experience for the progress of the world’s countryside.

Through research on the macro-level, meso-level, 
and micro-level indicators of RR, it is found that there 
are obvious regional differences in the level of RR 
in China, and the development of RR is not balanced, 
with the overall distribution of the ‘east high, west low’ 
ladder. Many scholars have conducted quantitative 
research on the evaluation system of RR development, 
mainly based on the five requirements of the RR strategy 
as the main basis for constructing the indicator system. 
Due to the different definitions of the connotation of 
RR development by different scholars and differences in 
the level of research, there are variations in the setting 

70 percent of the world’s afforestation area, forestry 
helping to revitalize the countryside with remarkable 
results, and the main forestry industry driving the 
employment of more than 52 million people [19]. 
Taking the new development concept as the theoretical 
basis, the index system for high-quality development 
of FEI is constructed based on scientifically defining  
the connotation of high-quality forestry development. 
The new development concept of ‘innovation, 
coordination, greenness, openness, and sharing’ 
plays an important guiding role in developing a high-
quality economy [20]. At the same time, the new 
development concept is also the basic guideline for 
China’s economic development in the new era, which 
is increasingly becoming the judgment criterion for 
the modern economic system. The exploration of 
foreign scholars on the indicator system of high-quality 
economic development mainly includes five dimensions: 
economic development, innovation efficiency, residents’ 
livelihoods, ecological services, and environmental 
impact [21]. Domestic scholars’ exploration of the 
indicator system of high-quality economic development 
focuses on the new development concept and the 
establishment of the evaluation system for high-
quality development of the regional economy in the 
five dimensions of innovation, coordination, greenness, 
openness, and sharing [22-23]. Therefore, combining 
the characteristics of the FEI, the evaluation system 
of high-quality development of the FEI is built around 
the five dimensions of innovation-driven, coordinated 
development, green resources, openness and stability, 
and sharing and harmony, which provides a theoretical 
reference for promoting the realization of the high-
quality development of China’s forestry industry. 
There are problems, such as insufficient optimization 
in the structure of the FEI and inadequate scientific and 
technological support in the KDA. The development 
of the FEI in the KDA should follow and promote the 
concept of high-quality development.

Measurement of the Level of Development of RR

The study of the phased development of RR 
has revealed a regularity in the evolution of RR 

Fig. 3. a) FEI resources b) Karst ecological environment.
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of specific indicators. Macro-level research based on 
the national and provincial levels to build the indicator 
system, such as that of Jia Jin et al. [27] and Yan Zhoufu 
et al. [28], measured the level of RR development of 
China’s provinces in 2015 and 2016 and the results show 
that the level of RR development in China is generally 
low. The overall situation is a ladder-like distribution 
of ‘high in the east and low in the west’, with obvious 
regional differences. In fact, there are pronounced 
regional differences. The meso-level research constructs 
the indicator system for the level of prefecture-level 
cities and counties, such as Chen Junliang et al. [29], 
who selected 40 cities and municipalities in the Yangtze 
River Delta region as the object of research. The results 
show that the level of RR in Jiangsu and Zhejiang is 
significantly higher than that in Anhui, and there are 
regional differences in the level of RR development. 
Li Tan et al. [30] took 11 provinces and cities in the 
Yangtze River Economic Belt as the research object and 
found obvious regional differences in the level of RR 
in the Yangtze River Economic Belt, with an overall 
ladder-like distribution. The gap between the eastern 
region and the central and western regions was obvious. 
Wu Jiuxing et al. [31] measured the development level 
of RR in 331 prefecture-level cities across the country 
and found that the development of RR in China is 
uneven and proposed that the focus of RR development 
should be placed in the central, western, and northern 
regions. Micro-level studies have constructed distinctive 
village-level RR evaluation index systems based on 
micro-research data, such as Zhang Ting et al. [32], 
who extracted micro-data from 35 sample villages in 
10 Chinese provinces for four consecutive years, and 
Zheng Xingming, Cheng Ming et al., and Zhang Xue et 
al., who respectively extracted evaluation data from part 
of the village research in Fujian, Anhui, and Liaoning 
provinces [33-35].

The ecological environment of KDA is fragile; the 
ground surface is fragmented, surface water is scarce, 
groundwater is abundant [36], the economy is relatively 
backward, and the level of RR is low, so we should 
pay more attention to its rural development, construct 
a unique evaluation index system, and draw on the 
development experience of RR of the eastern region to 
narrow the differences.

The Driving Mechanism of FEI for RR

Through the research on the evaluation of the level 
of driving RR of the FEI, the driving evaluation system 
in terms of operation, output, and impact is constructed 
to provide a reference for the FEI to drive RR. Scholars 
have constructed an index system to evaluate the RR 
driven by FEI. The economy, society, and ecology are 
important factors affecting the development of RR 
driven by FEI [37-39]. Based on the theory of ‘triple 
surplus’ [40], Huang Senxin et al. constructed the 
input indicator system from five aspects: land, capital, 
manpower, system, and technology. Some scholars have 

added factors such as sustainable development ability, 
adaptability, product quality and safety, and learning 
and innovation ability into the index system [41-42]. At 
present, the construction of the evaluation index system 
of FEI mainly considers internal factors such as its own 
production efficiency and comprehensive performance, 
and less consideration is given to the efficiency of 
promoting RR and development, which needs to be 
strengthened.

The forests in KDA are very different from 
the normal landscape due to the special nature of 
the growing environment and the vulnerability of 
the system. In the development of FEI, due to the 
vulnerability of its habitat and the interference of human 
activities, the forest grows slowly. With the limitation 
of lower productivity [43], the evaluation of the driving 
level of RR should be more considerate of multiple 
factors for a worthwhile construction of an evaluation 
index system suitable for KDA.

By analyzing the path of FEI driving rural 
revitalization, it was found that the driving path of 
FEI driving rural industry mainly consists of the 
behavioral and output paths. The FEI path mainly 
assesses the output path of forest ecological products 
in the process of production, supply, and sale [44], 
as well as its behavioral path. Evaluation methods 
contain both qualitative and quantitative aspects, 
and commonly used quantitative evaluation methods 
include structural equation model analysis, hierarchical 
analysis, logistic model analysis, prohibit model 
analysis, data inclusion analysis (DEA), factor analysis, 
etc. For example, Han Xiao used the structural equation 
model to explore how forest ecological product supply 
chain operating strategies affect their paths. With 
different operation strategies on its path [45], Zhao 
Jiajia et al. [46] constructed a structural equation 
model to systematically explain the factors affecting 
the organizational efficiency in the agricultural super 
supply chain; qualitative methods are mainly based on 
relevant theories to construct an analysis framework, 
based on typical cases, to deeply analyze the effect of 
factors such as the degree of participation, the amount of 
investment, and organizational strategies on the RR and 
development of the FEI [47]. In KDA, through the action 
path and output path, we can grasp the development 
direction of FEI to promote RR.

Optimizing the Path for FEI to Drive RR

The study of FEI driving rural industry and ecological 
revitalization proposes that the whole industrial chain 
of FEI should be constructed to create the added 
value of forest ecological products, convert production 
waste into production resources, and improve market 
competitiveness. The FEI integrates rural planting and 
raising, production, processing, and marketing and uses 
a supply and demand relationship as a link to make the 
upstream, midstream, and downstream of the industry 
into a whole industrial chain containing pre-production, 
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production, and post-production links [48-49]. This 
is conducive to the solution of the market-oriented 
operation of the FEI and the establishment of the forest 
ecological agriculture management and promotion 
system (Fig. 4). At present, the development of FEI in 
the KD area is rough, and most of the forest ecological 
products are primary products with low technological 
content, low added value, and a single product structure, 
and the added value of ecological products has not been 
effectively transformed into commodity value, which 
seriously affects the market competitiveness of the forest 
ecological products [50]. Therefore, the FEI should 
enhance the value of products, extend the industrial 
chain, carry out deep processing of forest ecological 
products, and enhance the conversion rate of ecological 
value.

In the development of traditional Chinese medicine 
and fruit and economic forest industries in the 
ecologically fragile areas of KD, those conducting 
species screening and the screening of the use of 
flowers and fruits and perennial species, such as 
prickly pear, honeysuckle, peppercorns, etc., should 
consider ecological environment management. This can 
help reduce land disturbances [51]. For example, the 
peppercorn industry in the region should be sensitive to 
the reproduction of the dried and discarded branches of 
the waste peppercorns, which could be used as grinding 
teeth sticks, foot wash basins, etc., extending the 
industrial chain and making full use of the resources.

Through the study of the practical path of FEI 
driving RR, it was found that in the process of 
industrial development, the diversified development 
of FEI should be promoted, the FEI service system 
should be perfected, and RR should be boosted to truly 
realize the co-development of economic, social, and 
ecological benefits in rural areas. RR should promote 
the diversification of FEI, grow the green industry 
(such as biomass energy), optimize the regional layout 
of forestry, and develop the tertiary industry, including 
cultural tourism and pollution control. This can be 

combined with rural characteristics, the development 
of characteristics of agricultural tourism parks, and 
supporting the economic forest industry. It should also 
establish and improve the FEI service system, deepen 
forestry reform, optimize the service system, promote 
the reform of the collective forest right system, improve 
the forestry transfer service, and protect the rights and 
interests of forest land transfer [52]. Then, it can stabilize 
the family contracting relationship, improve the forest 
resources insurance mechanism, strengthen forestry 
science and technology research and demonstration, 
promote science and technology in the countryside, and 
enhance productivity and literacy.

Discussion

In order to address the issue of high-quality 
development of the FEI, technical research should be 
invested in to increase the scientific and technological 
content of products and improve the development model 
of the FEI.

Science and technology support the FEI’s move 
towards high-quality development [53-54]. The 
economy of KDA is more backward than in other 
areas; the cognitive acceptance of managers is limited, 
independent research and development ability is not 
very strong, and the level is not high; the scientific 
and technological services of FEI are not sound, the 
promotion and application of technology is not in 
place, the conversion of productivity capacity is not 
strong and efficient, and the combination of research 
and industry is not close. The development mode of 
FEI in KDA is backward, with a short industrial chain 
and a single structure. Therefore, research on FEI 
technology should be strengthened, and the change from 
relying on national policy support to relying on product 
market competitiveness must be realized [55]. Through 
management innovation and scientific and technological 
innovation, it will gradually transform itself into  
the high end of the industrial chain so that research  
and actual production can be closely integrated to 
provide a new model for development.

To address the issue of how to fully exploit the value 
of FEI resources, a perfect asset assessment system 
for FEI resources should be constructed to transform 
resource advantages into economic advantages.

The value of forest resources goes far beyond the 
trees themselves. In the new period, how to reposition 
the value of forest resources and balance the relationship 
between the ecological value of forests and their 
economic value, the development of the existing 
forest industry is mostly focused on the forest itself. 
There is a lack of knowledge and development of the 
rich value of forest resources, such as under-forest 
economic development, processing of forest products, 
carbon sinks, forest recuperation, and forest tourism 
[13, 56-57]. In recent years, KDC has encouraged 
afforestation, and gradual artificial afforestation  
and mountain afforestation have greatly improved  Fig. 4. The whole industrial chain of FEI.
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the vegetation coverage rate and achieved good 
ecological benefits. At the same time, it has gradually 
realized the large-scale, intensive development of the 
industry and produced more obvious economic benefits. 
However, the current lack of a forest resource valuation 
system means that some areas have not yet established 
forest asset valuation institutions and a sound system for 
forest asset valuation standards [58]. The transformation 
of ecological resources is insufficient, and transitioning 
beautiful countryside into a functional economy still 
needs improvement, with poor diversity, inadequate 
use of natural resources, a low ecological recycling 
rate, low development, and other prevalent problems. 
A sound forest resource valuation system should be 
established, resources should be reasonably planned, 
and the efficiency of forest resource utilization should 
be improved. The KDA should construct a characteristic 
forest resource valuation system suitable for the KDA 
according to their own environment.

In response to the question of how to balance the 
differences between the eastern and western parts of the 
countryside in terms of the level of development of RR, 
a scientific evaluation system should be constructed to 
analyze the factors affecting the differences in level.

The biggest development imbalance in society is the 
disproportion between urban and rural development; 
the biggest underdevelopment is the barrenness 
of rural areas [29]. The implementation of the RR 
strategy emphasizes accelerating the modernization of 
agriculture with rural areas as a priority option, adhering 
to the high-quality development of agriculture with rural 
areas as a necessary option, and vigorously developing 
and constructing vast rural areas. This should be in 
accordance with the overall requirements of prosperous 
industries, civilized rural customs, ecological livability, 
effective governance, and affluent living in order to solve 
the contradiction between people’s growing needs for a 
better life and unbalanced and inadequate development. 
This can help realize the visionary goal of common 
prosperity.

In the process of implementing the RR strategy, it 
was found that there are obvious differences between 
the levels of the East and the West [59]. Under the 
development pattern of ‘east-west imbalance’, the western 
region is not only lower than the eastern region due to 
the differences in the basic development conditions of 
the geographic environment, human capital, facilities, 
services, and endogenous development momentum but 
also shows uneven situations among the provinces and 
regions in the western region. The uneven level of RR 
is lower than that of the eastern region but also among 
provinces and regions in the western region [60]. The 
ecological carrying capacity of the KD region is low, and 
it is difficult for the ecosystem to support the production 
and living needs of the people in the region, which 
restricts the steady progress of the RR strategy [61].

To address the issue of the evaluation index system 
for RR in KDA, a scientific index system should be 
constructed by combining natural and human elements.

For KDA, ecological environmental protection and 
economic development are intertwined. Unlike general 
areas, the economic development of KDA should not 
only aim at improving people’s income but also take the 
protection of the environment as a prerequisite [62]. Yu 
Zhanping believes that an evaluation of the development 
level of RR is a manifestation of the social and economic 
phenomenon of ‘indexation’, which is the development of 
our scholars’ research on the evaluation system of foreign 
social and economic development and quantitatively 
evaluates social and economic development through the 
construction of a comprehensive evaluation system [63]. 
Qin Yan, according to the theory of target evaluation 
in policy evaluation, evaluates whether RR reaches 
the expected goal and also points out that due to the 
early stage of the RR strategy, only target evaluation 
can be carried out, and the process evaluation and 
result evaluation should be performed according to the 
process of RR [64]. It is of great practical significance 
to construct an evaluation system for the development 
level of RR and carry out a comprehensive evaluation 
of the development level at the right time. The current 
comprehensive evaluation system of the development 
level of RR mainly starts from the evaluation object, 
evaluation index, and evaluation method, which have 
important reference values for the implementation of the 
RR strategy. As forest ecosystems in KDA have poor 
ecological benefits, prominent human-land conflicts, 
and backward economic development, it is all the 
more important to combine the natural and humanistic 
characteristics of the region in the evaluation of RR to 
select indicators and construct an indicator system.

In response to the problem of weak grassroots 
efforts to drive RR in the forest ecology industry, it 
was proposed that the government set up a special 
management department to improve the quality of 
personnel employed in the forest ecology industry.

The problems faced by the forest ecology industry 
in its own development, such as the weak workforce  
in rural areas, the low management efficiency of 
employed personnel, and the generally poor quality of 
its staff, have all affected the improvement of the overall 
level of governance in the countryside to a certain 
extent, resulting in insufficient fulfillment of the forest 
ecology industry’s role as an effective driving force 
for rural governance. Ecological forest rangers in rural 
areas face problems such as older age, lower education 
levels, and declining motivation for participation.  
As the majority of rural laborers in KDA are elderly 
and have a low level of education, they are restricted 
from working in the forest ecology industry. With 
this in mind, the local government should set up a 
special management department to provide regular and  
periodic training to workers in the rural forest ecology 
industry and improve the quality of the employed 
personnel.

Address the problem of insufficient market 
adaptability and risk resistance in the FEI, establish  
a risk-resistant mechanism for the FEI, and improve  
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the market competitiveness of forest ecological products.
Most of the forest eco-industries in KDA are located 

in rural areas with a general lack of infrastructure 
construction, poor risk-resistant capacity, and relatively 
frequent natural disasters. The FEI has large initial 
inputs and slow results, is enacted over a long period 
of time, and may experience a shortage of funds.  
With a lack of development momentum and poor 
adaptability to the market, industrial development is 
unable to grasp market supply and demand information 
in a timely manner. Establishing a risk-resistant 
mechanism for the FEI will improve the market 
competitiveness of forest ecological products and 
promote the employment and enrichment of farmers.

To address the synergistic development of 
ecological environment management and eco-industry 
and economy in KDA, carry out research on the 
value enhancement of forest ecological products, the 
optimization of the development model of FEI, RR, and 
the coupling mechanism of KDC.

Eco-industry is the key to reversing the trend of 
ecological environment deterioration in ecologically 
fragile areas [65] by combining KDC, forest ecological 
product value enhancement, FEI development mode 
optimization, and RR organically to form a mutually 
reinforcing ring, exploring the mutual influence and 
coupling and coordination mechanism, and providing 
theoretical support for the realization of the coupled 
and coordinated development of the four. The FEI of 
KD governance can directly drive rural ecological 
revitalization, industrial revitalization, cultural 
revitalization, organizational revitalization, and talent 
revitalization. These ‘five revitalizations’ in RR support 
each other and synergistically promote the revitalization 
of the whole countryside [66]. We analyze the 
development status of FEI in different levels of KDA, 
consider the conditions of FEI development, and reveal 
the driving mechanism of FEI in KDA on RR to provide 
a scientific basis for solving the practical problems of 
ecological restoration and industry-economy synergistic 
development in KDA.

To address the issue of optimizing the internal path 
of FEI-driven RR, establish a perfect compensation 
mechanism for the FEI and form an effective supervision 
and incentive mechanism.

The main investment in FEI in KDA has been in 
afforestation and seedling planting, with little in the way 
of a safeguard system being constructed or a perfect 
compensation mechanism and effective supervision 
and incentive mechanism being formed. At present, the 
content of the ecological compensation system in KDA 
lacks scientific policy path design, unified planning, 
or management and has insufficient consideration of 
policy integrity, coordination, or stability. This leads to 
the implementation process still needing work, as the 
compensation coverage is incomplete, with inadequate 
coverage of the field, duplication of compensation 
[67-68], and difficult compensation supervision  
and assessment methods. Therefore, it is necessary to 

build and improve the compensation mechanism of 
FEI and form an effective supervision and incentive 
mechanism.

Conclusions

A systematic review of FEI and RR was conducted 
through 168 publications in two databases, WOS and 
CNKI, and the study condensed the current research 
progress and put forward the key scientific issues to 
be solved in this field. The main results are as follows:  
(1) In recent years, the research on FEI and RR has been 
on the rise. (2) The current research mainly includes 
measuring the FEI level and the RR level, the driving 
mechanism of FEI to RR, the optimization path of 
FEI driving RR, and five other aspects. (3) There are 
fewer studies on the relationship between FEI and 
RR, and the research results point out the direction 
of the development of FEI and RR in the KDC area.  
In the future, based on the special geographical 
environment of the KDC area, we should deepen the 
research on the relationship between forest ecological 
industry and rural revitalization, improve the FEI 
system in the KDC area, promote the development 
of RR, and realize the coordinated development of 
ecological environment and regional economy.

Acknowledgments

This work was supported by the Project on Social 
Science Development of Hebei Province: Research on 
Eco-product Value Realization in Karst Areas of Hebei 
Province (No. 20230302024), the Project of Science and 
Technology for Higher Education Institutions in Hebei 
Province: Comparative Study on Efficient Forest Industry 
with Characteristics of Karst Desertification Control in 
North and South China (No. QN2021412), the Project 
of Geographical Society of Guizhou Province: Study 
on Vegetation Restoration and Efficient Forest Industry 
in Karst Desertification Control (No. 2020HX05),  
and the China Overseas Expertise Introduction Program 
for Discipline Innovation (No. D17016).

Conflict of Interest

The authors declare no conflict of interest.

References

1.	 ALI A. Linking Forest Ecosystem Processes, Functions 
and Services under Integrative Social-Ecological Research 
Agenda: Current Knowledge and Perspectives. Science of 
The Total Environment, 892, 164768, 2023.

2.	 DAILY G.C., MATSON P.A. Ecosystem Services: From 
Theory to Implementation. Proceedings of the National 
Academy of Sciences, 105 (38), 9455, 2008.



Zhaohua Wang, et al.10

3.	 EHRLICH P.R. 2 – Diversity and the Steady State. Quest 
for A Sustainable Society, 13, 22, 1981.

4.	 CHEN Q.T., PENG B.F., CHEN D.L. Research Progress 
and Topic Prospect of Forest Ecosystem Services. 
Agriculture and Technology, 43 (22), 51, 2023.

5.	 KORSCHING P. Multicommunity Collaboration: An 
Evolving Rural Revitalization Strategy. Rural Development 
News, 1992.

6.	 LUO Y.C., LI Y.L., WEN C.H. Constructing Modern Eco-
Industrial System: Connotation Determination, Logical 
Framework and Promotion Path. Journal of Nantong 
University (Social Sciences Edition), 37 (2), 130, 2021.

7.	 YANG M.D. On the Fragility of Karst Environment. 
Yunnan Geographic Environment Research, 3, 21, 1990.

8.	 FORD D.C., WILLIANMS P.D. Karst Hydrogeology and 
Geomorphology. John Wiley & Sons, 2007.

9.	 ZHANG Y., ZHANG Z.H., ZHANG M.S., YUAN Z.W. 
The Global Situation of Karst Desertification Research 
Based on Forest Ecology. Forests, 15, 126, 2024.

10.	 XIONG K.N., HE C., ZHANG M.S., PU J.B. A New 
Advance on the Improvement of Forest Ecosystem 
Functions in the Karst Desertification Control. Forests, 14 
(10), 2115, 2023.

11.	 YAN J.W., XIONG K.N., FU Y., YU N.N., ZHANG Z.F., 
ZHENG P. Research Progress on Eco-product Value 
Realization and Rural Revitalization and Its Inspiration 
for Karst Desertification Control: A Systematic Literature 
Review between 1997 and 2023. Frontiers in Sustainable 
Food Systems, 8, 1420562, 2024.

12.	TIEMANN A., RING I. Towards Ecosystem Service 
Assessment: Developing Biophysical Indicators for Forest 
Ecosystem Services. Ecological Indicators, 137, 108704, 
2022.

13.	 FANG Q.S., LI H.X. The Concept Delimitation, the Value 
Realization Process, and the Realization Path of the 
Capitalization of Forest Ecological Resources. Natural 
Resources Forum, 45 (3), 424, 2021.

14.	 THOMAS A., HUBO C. Multiple Crises as a Policy 
Window for Forest and Nature a Power-Analysis from 
Germany. Forest Policy and Economics, 169, 103349, 2024.

15.	 LI H., LIU S., CAI T.J. Measurement of Forest Ecological 
Benefits Based on Big Data. Sustainability, 14, 7248, 2022.

16.	 JIA H. Evaluation of Sustainable Development of Rural 
Tourism Resources in Chongqing. Chinese Journal of 
Agricultural Resources and Regional Planning, 40 (4), 
246, 2019.

17.	 XIAO J., XIONG K.N. A Review of Agroforestry 
Ecosystem Services and Its Enlightenment on the 
Ecosystem Improvement of Rocky Desertification Control. 
Science of the Total Environment, 856 (1), 158538, 2022.

18.	 TANG Y.L. Problems and Countermeasures in the Process 
of Sustainable Development of Forestry Economy. South 
China Agriculture, 16 (10), 66, 2022.

19.	 LI H. Look at How the Forestry Industry Can Achieve 
Transformation and Upgrading. China Forestry Industry, 
21, 62, 2018.

20.	LI W. Six Connotations of High-quality Development. 
China Forestry Industry, 12, 50, 2018.

21.	 LIU W. Adhering to the New Development Concept, 
Promoting the Construction of a Modernized Economic 
System: Learning Xi Jinping’s Socialist Thought with 
Chinese Characteristics for a New Era on the New 
Development Concept. Journal of Management World, 12, 
1, 2017.

22.	PAN W., WANG J., LU Z., LIU Y.S., LI Y.R. High-Quality 
Development in China: Measurement System, Spatial 

Pattern, and Improvement Paths. Habitat International, 
118, 102458, 2021.

23.	YANG Y., DOU Q.B, YAO Y.Y. Measurement on High-
quality Development Level of the Yangtze River Delta 
Urban Agglomerations. Statistics & Decision, 37 (11), 89, 
2021.

24.	XIONG Z.B., HUANG Y.Z., YANG L.Y. Rural 
Revitalization in China: Measurement Indicators, Regional 
Differences and Dynamic Evolution. Heliyon, 8 (10), 2024.

25.	CAO Z., LI Y.B, CHEN Y.F. Approaches to rural 
transformation and sustainable development in the context 
of urban-rural integration. Acta Geographica Sinica, 74 
(11), 2560, 2019.

26.	TU S.S., ZHEN Y.H., LONG H.L., WAN S.M., LIANG 
X.L., WANG W. Spatio-temporal pattern of rural 
development and restructuring and regional path of rural 
vitalization in Guangxi, China. Acta Geographica Sinica, 
75 (2), 365, 2020.

27.	 JIA J., LI X.F., SHEN Y. Construction and Empirical 
Analysis of the Indicator System of Rural Revitalization 
Strategy. Finance & Economics, 6, 70, 2018.

28.	YAN Z.F., WU F.W. From Dualistic Segmentation to 
Integrated Development - Research on the Evaluation 
Indicator System for Rural Revitalization. Economist, 11, 
90, 2019.

29.	 CHEN J.L., SHI H.H., LIN Y., MAO D. Differentiated 
Strategies for Rural Revitalization in the Context of 
Yangtze River Delta Integration. East China Economic 
Management, 35 (1), 21, 2021.

30.	LI T., XU F. Dynamic Evaluation of Provincial Rural 
Revitalization Index in the Yangtze River Economic Belt. 
Jiangsu Journal of Agricultural Sciences, 36, 751, 2020.

31.	 WU J.X., HUANG X.J. Current Diagnosis and Spatial 
Differentiation Patterns of China’s Rural Revitalization 
Development: Empirical Evidence at the Prefecture-Level 
City Scale. Economy and Management, 34 (1), 48, 2020.

32.	ZHANG T., LI M.R., XU Y.M. The Construction  
and Empirical Study of Rural Revitalization Evaluation 
Index System. Journal of Management World, 34 (1), 99, 
2018.

33.	 ZHENG X.M. Research on the Evaluation Indicator System 
of Rural Revitalization Potential Based on Classification 
Promotion--Developing Farmers’ Professional 
Cooperatives to Promote Ecological Civilization from 
6 Villages in 3 Counties and Cities of Fujian Province. 
Journal of Social Sciences, 6, 36, 2019.

34.	CHENG M., QIAN L., NI X.F, WU B. Research on the 
Evaluation of the Effectiveness of Rural Revitalization 
and Influencing Factors in Deeply Poverty-stricken Areas-
Taking the Sample Data of Jinzhai County, Anhui Province 
as an Example. East China Economic Management, 34 (1), 
16, 2020.

35.	 ZHANG X., ZHOU M., HUANG L., ZHAO X.L. 
Evaluation and Path Optimization of the Implementation 
Status Quo of Rural Revitalization Strategy - Based on the 
Research Data of Liaoning Province. Issues in Agricultural 
Economy, 2, 97, 2020.

36.	ZHU D.Y., XIONG K.N., XIAO H. Multi-Time Scale 
Variability of Rainfall Erosivity and Erosivity Density in 
the Karst Region of Southern China, 1960-2017. Catena, 
197, 104977, 2021.

37.	 ZHAO J.R. Research on the “Triple Performance” 
Evaluation Model of Farmers’ Pecialized Cooperatives. 
Journal of Agrotechnical Economics, 2, 119, 2010.

38.	LI Q., LIU J.W. Coupled Coordination Analysis in the 
Perspective of Forestry Ecology,Conservation,Output and 



11Progress of Forest Eco-Industry and Rural...

Efficiency – An Empirical Test Based on Panel Data of 31 
Provinces in China. Forestry Economics, 44, 5, 2022.

39.	 QIAO Q., LEI S., ZHANG W.T., SHAO G.M., SUN Y., 
HAN Y.W. Contrasting Non-Timber Forest Products’ Case 
Studies in Underdeveloped Areas in China. Forests, 15, 
1629, 2024.

40.	HUANG S.W., ZHANG C.X., ZHENG Y.F., SU S.P., 
ZHENG J., HUANG A.S., XU J.S. Operational Efficiency 
of Specialized Forest Farmers’ Cooperatives. Scientia 
Silvae Sinicae, 51 (1), 95, 2015.

41.	 KLARIĆ K., KLARIĆ M., JOSIPOVIĆ S., TAFRO A. 
The Evolving Role of FSC Certification in Croatia: From 
Market Pressures to Sustainable Practices. Forests, 15, 
1717, 2024.

42.	NÄYHÄ A., WALLIUS V. Actors, Discourses and 
Relations in the Finnish Newspapers’ Forest Discussion: 
Enabling or Constraining the Sustainability Transition? 
Forest Policy and Economics, 169, 103331, 2024.

43.	 WEN L., WANG K.L., ZENG F.P., PENG W.X., DU H., 
LI S.S., SONG T.Q. Carbon Stocks and Allocation Patterns 
in Eucalyptus Plantation Forests of Different Ages.  
Acta Botanica Boreali-Occidentalia Sinica, 34 (6), 1676, 
2014.

44.	XU X.C. Performance Evaluation System of Agricultural 
Specialized Cooperatives and Its Validation. Journal of 
Agrotechnical Economics, 4, 11, 2009.

45.	 HAN X., ZHANG A.L., ZHU Q.M., WAN K. Research 
on Land Transfer and Farmers’ Income Growth, Optimal 
Business Scale of Farming Households-Taking Hubei and 
Jiangxi Mountainous and Hilly Areas as an Example. 
Research of Agricultural Modernization, 36 (3), 368, 2015.

46.	ZHAO J.J., LIU T.J., TIAN X.J. Cooperative Intention, 
Ability, Degree and Organizational Efficiency of “Farm-
Supermarket Docking” – Taking “Farmers+Cooperatives
+Supermarkets” as an Example. Journal of Agrotechnical 
Economics, 7, 105, 2014.

47.	 BENOS T., KALOGERAS N., VERHEES F.J.H.M., 
SERGAKI P., PENNINGS J.M.E. Cooperatives’ 
Organizational Restructuring, Strategic Attributes, and 
Performance: The Case of Agribusiness Cooperatives in 
Greece. Agribusiness, 32 (1), 127, 2016.

48.	ZHANG Y.Y., XU X.C., XUE D.Y. Development 
of Farmers’ Professional Cooperatives to Promote 
Ecological Civilization. China Population, Resources and 
Environment, 24 (3), 423, 2014.

49.	 ZHANG Y.P., GUO B.W., FAN A.G., TANG X. Analysis 
of Vertical Collaborative Innovation Efficiency of Three 
Major High-Tech Industry Clusters in the Pearl River 
Delta-Based on the Perspective of Human Capital. Science 
Technology and Industry, 19 (1), 1, 2019.

50.	YANG B.L., ZHANG Y., XIONG K.N., HUANG H.Q., 
YANG Y. A Review of Eco-Product Value Realization 
and Eco-Industry with Enlightenment toward the Forest 
Ecosystem Services in Karst Ecological Restoration. 
Forests, 14 (3), 729, 2023.

51.	 REN B.M. Standardized Cultivation of Suitable Chinese 
Medicinal Herbs for Karst Desertification Treatment 
and Demonstration of Derivative Industry Technology 
and Demonstration. Master’s Thesis, Guizhou Normal 
University, 2016.

52.	ZHANG Y.W. Accelerating Forestry Construction to Help 
Rural Revitalization. Forestry in Hebei, 7, 22, 2018.

53.	 YANG H. Countermeasures Research on High-Quality 
Development of Forestry in Jiangsu Province under Rural 
Revitalization Strategy. China Forestry Economics, 54, 53, 
2021.

54.	CHEN D.C., CHEN L. The Importance of Forestry 
Technology Innovation in Modern Forestry Development. 
New Agriculture, 26, 71, 2021.

55.	 NING Y.Z., ZHANG Y., HU J., XIONG K.N., ZHANG 
Z.F. Progress of Forest Eco-Product Value Realization 
and Eco-Industry: Implications for Closing Mountain for 
Afforestation under Karst Desertification Control. Polish 
Journal of Environmental Studies, 236, 2024.

56.	CHEN P.J., HU C.S., TU D.Y., WU H., GUAN L.T. 
Progress and Prospect of Comprehensive Utilization of Oil 
Tea Hulls. China Forest Products Industry, 58 (1), 60, 2021.

57.	 HUANG Q.L., ZENG J.H., YOU L.N., XIE L.X., CHEN 
Q. Exploring the Path of Forestry Ecological Poverty 
Alleviation in the Context of Restricted Development-
Taking the Less Developed Mountainous Areas of Fujian 
Province as an Example. Journal of Hebei Agricultural 
Sciences, 23, 18, 2019.

58.	GU X.B., LI M., DOU Y.Q., ZHAO Y.R., Zhao X.D.  
The Improvement of a Forest Resource Valuation System  
– a Case Study of Beijing, China. Sylwan, 167 (5), 583, 
2023.

59.	 MA C.F., QIAO Z.Q. Study on the Influence Effect of 
New Urbanization Pilots on the Urbanization Level of the 
Yangtze River Delta Region. Research on Development, 2, 
108, 2021.

60.	LI G.D. Study on the Measurement of the Level of Rural 
Revitalization and Regional Differences in Western 
Provinces and Regions of China. Journal of Tibet 
University, 38 (1), 169, 2023.

61.	 DENG X.H., XIONG K.N., YU Y.H., ZHANG S.H., 
KONG L.W., ZHANG Y. A Review of Ecosystem Service 
Trade-Offs/Synergies: Enlightenment for the Optimization 
of Forest Ecosystem Functions in Karst Desertification 
Control. Forests, 14 (1), 88, 2023.

62.	CHEN A.J., YAN C.H. From Ecological Poverty to 
Green Well-being - The Road to Rural Revitalization in 
Ecologically Fragile Areas. Social Sciences in Yunnan, 1, 
24, 2020.

63.	YU Z.P. A Research on Rural Revitalization Strategy 
Indicator System Based on the Regional Characteristics 
of Tianjin – With a discussion on the construction 
and application of the indicator system. Theory and 
Modernization, 15, 86, 2020.

64.	QIN Y. Research on the Construction of Target Evaluation 
System for Rural Revitalization in China. Doctoral 
Dissertation, Xiamen University, 2021.

65.	 LI L., FAN Z.H., XIONG K.N., SHEN H.T., GUO Q.Q., 
DAN W.H., LI R. Current Situation and Prospects of the 
Studies of Ecological Industries and Ecological Products 
in Eco-Fragile Areas. Environmental Research, 201, 
111613, 2021.

66.	XIONG K.N., ZHAO R., ZHANG Z.Z., YAN J.W., LI 
Y.Y. Value Realization of Eco-products in the Karst 
Desertification Control and Its Implications for Rural 
Revitalization. Acta Ecologica Sinica, 44 (3), 488, 2024.

67.	 YANG Y., LI W.M., GU S.Z., WANG H.Q. Current 
Outstanding Issues and Challenges for Realization of 
the Value of Ecological Products in China. Development 
Research, 3, 54, 2020.

68.	LUO Q. Research on Practical Exploration, Constraints, 
Bottlenecks and Breakthrough Paths in Transforming 
“Green Water and Green Mountains” into “Gold and Silver 
Mountains”. Theory Journal, 2, 90, 2021.


