
land

Article

Evolutionary Overview and Prediction of Themes in the Field
of Land Degradation

Xinhai Lu 1,2,†, Yanwei Zhang 1,† , Chaoran Lin 3,4,* and Feng Wu 1

����������
�������

Citation: Lu, X.; Zhang, Y.; Lin, C.;

Wu, F. Evolutionary Overview and

Prediction of Themes in the Field of

Land Degradation. Land 2021, 10, 241.

https://doi.org/10.3390/land10030241

Academic Editors: Agata Novara

Received: 19 January 2021

Accepted: 23 February 2021

Published: 1 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 College of Public Administration, Huazhong University of Science and Technology, Wuhan 430074, China;
luxinhai@hust.edu.cn (X.L.); bsonyan@hust.edu.cn (Y.Z.); d201981173@hust.edu.cn (F.W.)

2 College of Public Administration, Central China Normal University, Wuhan 430079, China
3 College of Computer Science and Technology, Harbin Engineering University, Harbin 150001, China
4 School of Economics and Management, Harbin Engineering University, Harbin 150001, China
* Correspondence: linchaoran@hrbeu.edu.cn
† These authors contributed equally to this work.

Abstract: Land degradation has become one of the major global environmental problems threatening
human well-being. Whether degraded land can be restored has a profound effect on the achievement
of the 2030 UN Sustainable Development Goals. Therefore, the ways by which to identify the current
research status and potential research topics in the massive scientific literature data in the field of
land degradation is a crucial issue for scientific research institutions in various countries. In view
of the shortcomings in the current research on the thematic evolution and thematic and thematic
prediction, such as the ignorance of random features during scientific innovation, the defects of
manual classification, and the difficulty of identifying technical terms, this research proposes a new
combined method. First, the Latent Dirichlet Allocation (LDA) algorithm in machine learning is
used to capture the potential clustering of themes in the literature sample set of land degradation
research. The distribution characteristics and evolution of themes in each period are then analyzed.
The method is combined with the Hidden Markov Model (HMM), which contains double stochastic
process to quantitatively predict the trend of future thematic evolution. Finally, the above-mentioned
combined method is used to analyze the evolution characteristics and future development trends
of the themes in the field of land degradation. Comparative experiments show that the method in
this study is effective and practical. The research results show that rangeland degradation, surface
temperature, island, soil degradation, water quality, crop productivity and restoration are important
research topics in the field of land degradation in the future. In addition, based on the advantages
of this model, this model can be widely used in the thematic evolution and prediction analysis of
different research fields in land use science.

Keywords: land degradation; latent Dirichlet allocation; hidden Markov model; thematic evolution;
thematic prediction

1. Introduction

Land degradation is not only a serious ecological and environmental problem but
also a global social issue that causes poverty and hinders the sustainable development of
the society [1]. According to relevant data released by Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES), human intervention has caused
approximately 80% of agricultural land, 10–20% of pastures, and 87% of wetlands around
the world to be severely degraded [2]. Land degradation is prevalent in all countries, land
use types, and landscape types [3]. The problems caused by the loss of biodiversity [4],
food and energy security [5], environmental pollution [6], and the sustainable development
of the socio-economic system [7] have directly or indirectly affected the welfare and basic
benefit of approximately 3.2 billion people worldwide [8,9].
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To alleviate and improve land degradation on a global scale, United Nations Conven-
tion to Combat Desertification (UNCCD) proposed the new concept of Land Degradation
Neutrality (LDN) in 2015 on the basis of the Zero Net Land Degradation goal. The con-
cept aims to achieve the goal of maintaining the ecosystem service function and value by
ensuring the quantity and quality of productive land [10]. On this basis, the UN 2030 Sus-
tainable Development Goals (SDGs) have clearly listed “containing, reversing and restoring
land degradation and slowing down economic growth at the expense of environmental
degradation” as its 15th goal [11]. However, human demand for land resources is con-
stantly increasing at this stage. According to Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) forecasts [12,13], the two factors of land degra-
dation and climate change will reduce the average global crop yield by an average of 10%
by 2050 and even 50% in some regions. Moreover, these two factors may force large-scale
population transfers around the world, trigger social conflicts, and affect world stability.
Therefore, the health status of land resources must be fully understood, and analysis and
research on the driving factors of land degradation must be carried out. Furthermore, the
threats faced by the ecosystem must be determined, and model methods for predicting
its future change trends must be used [14,15]. These tasks are of great significance for
global biodiversity conservation, maintaining the balance of ecosystems, and enhancing
human well-being [16]. On this basis, scholars have carried out extensive research in terms
of the following: clarifying the mechanism of land degradation [17], strengthening the
research and development of land degradation monitoring technology [18], speeding up
the formulation of land degradation prevention and control policies [19], and promoting
the ecological restoration and reconstruction of degraded land [20]. The terms involved in
this article and their meanings can be found in Table 1 (Appendix A).

Scientific literature contains the research results of human wisdom and also reflects the
evolutionary process of technological development. At present, scholars have qualitatively
combed the literature in the field of land degradation. For example, Oliveira believes that
preventing and reversing land degradation requires strong land use management policies,
as well as effective spatial planning mechanisms. Therefore, Oliveira reviewed the strategic
spatial planning literature published from 1992 to 2017 in order to explore the mechanism
of strategic spatial planning to reduce land degradation. The research results show that the
current sustainable development and environmental issues have become the core issues for
strategic spatial planning in recent years [21]. However, it rarely involves the governance of
land degradation. Therefore, in the future, governments should formulate corresponding
strategic spatial planning and land use policies for global land degradation phenomena.
Halbac-Cotoara-Zamfir pointed out that in the Mediterranean region without extreme
ecological conditions, land degradation is still very serious. Therefore, Halbac-Cotoara-
Zamfir discussed the performance of southern European land use policies in reducing
land degradation. The results of the study show that development policies that indirectly
address land degradation have shown to be an important carrier for more specific measures
to reduce the risk of desertification, thus creating a favorable environment for direct
intervention to mitigate or adapt to climate change [22]. However, qualitative analysis of
the changes in the research hotspots in the field of land degradation lacks accurate judgment.
Therefore, research on the thematic evolution and prediction of scientific literature in the
field of land degradation can help scholars fully understand its historical evolution and
future trends and find the breakthrough. This work can provide references for the research
layout of scientific research institutions in various countries. Therefore, the study of
thematic evolution prediction is of great significance to the field of land degradation. At
present, several scholars have used different methods to analyze research themes in the
field of land degradation. Xie used Sankey diagram to analyze the evolution of research
themes in the field of land degradation from 1990 to 2019 on the basis of co-word analysis.
The research results show that the evolutionary relationship of themes in the field of land
degradation in various periods is complex and unstable [23]. Escadafal conducted a social
network analysis of the key words contained in scientific literature in the field of land
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degradation. The research results show that the keyword “Land” has a closer relationship
with the humanities and social sciences (such as sociology, anthropology, economics, and
public administration science). The keyword “Soil” is closely related to natural science
(such as microbiology, biotechnology, optics, and astronomy) [24]. However, most of the
above-mentioned studies focus on co-word analytical method. The co-word analytical
method is improved on the basis of word frequency analysis by using a co-word matrix for
clustering and strategic diagram or cluster network map to reflect the correlation between
themes [25]. However, several problems prevail in the selection of themes compared with
topic model. These problems include strong subjectivity, difficulty in determining the
dividing point between high-frequency and low-frequency words, and complications in
reflecting the deeper semantic relationship between themes.

In recent years, scholars have used the Latent Dirichlet Allocation (LDA) model for
thematic research in the field of bibliometrics to solve the above-mentioned problems and
achieved good results. The dimensionality of the text can be reduced, and dimensional
disasters can be avoided when the LDA model is applied to massive heterogeneous text
data. At present, scholars of different disciplines have widely used the LDA model in sci-
entific literature in the fields of biomedicine [26], computer linguistics [27], economics [28],
and library information management [29], automatically mining research themes in a large
number of literature and understanding research trends in a certain field.

However, most current bibliometric studies focus on the analysis of the status quo
in a certain field and are mostly subjective interpretation. Relatively few studies have
been conducted on topic prediction. The manner by which to integrate the internal and
external characteristics of scientific literature and construct a rigorous model to effectively
predict the future trend of research themes needs to be extensively studied. At present,
scholars generally use gray forecasting method [30], life cycle method [31], time series
analysis [32], and neural network forecasting methods [33] for forecasting research. How-
ever, randomness is an essential phenomenon during innovation. These research methods
generally ignore the random nature of innovation. In the quantitative prediction of the
evolution trend of the themes of land degradation, the continuity of existing themes will
be overestimated, and the explosive growth of new themes will be underestimated if
randomness is ignored. Hidden Markov Model (HMM) is a double random process. The
transition between states and the observed values of states are random. Therefore, HMM
is a probabilistic model that can describe the uncertainty of state transition. However,
no research has applied HMM to quantitative prediction research on the themes of land
degradation research.

This study proposes a combined method to solve the above-mentioned problems:
combining LDA and HMM. First, LDA is used to perform theme modeling on massive
heterogeneous scientific literature data. Then, the model is trained to generate themes
and avoid efficiency and accuracy problems caused by manual labeling. The thematic
change is discussed from the micro perspective of its heat and content changes through the
introduction of HMM with double stochastic processes. Future research topics in the field
of land degradation are predicted and visualized.

2. Materials and Methods
2.1. Data Sources

This study uses Web of Science as the data source, and the database is limited to
the core collection of Web of Science. “TI=*land* and degradation” is used as the search
formula [23,24], the document type is limited to “Article”, and the search time is constrained
to 1997–2020 (12 October 2020). The title, abstract, and publication time data of the literature
in Excel format are downloaded. After deduplication, cleaning, and sorting steps, a total of
1395 studies were obtained.
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2.2. Research Method
2.2.1. Thematic Extraction Module of Literature

The main function of topic model is to extract an understandable and relatively stable
latent semantic structure. The topic model adopts the bag-of-words method, which treats
each literature as a word frequency vector, thereby transforming text information into
mathematical information that is easy to model. The main assumption of topic modeling is
that a series of themes connects a collection of words and documents, and themes can be
understood as the probability distribution of words. LDA is a literature thematic generation
model that uses a probabilistic generative process [34]. The LDA is also known as the
three-layer Bayesian probability model, and it contains a three-layer structure of words,
themes, and documents [35]. The model seeks clusters by maximizing the co-occurrence
probability of words, introduces the Dirichlet prior distribution in the probabilistic latent
semantic analysis to describe the document generation process, and limits the number of
themes. This model solves the problems of overfitting of the Probabilitistic Latent Semantic
Analysis model and many parameters to be estimated. Furthermore, the hidden themes of
the documents can be efficiently extracted, and the documents can be clustered.

This study assumes that the themes of scientific literature follow the hyperparameter
Dirichlet prior distribution:

Dir(θd|α) =
Г
(

∑k
k=1 αk

)
∏k

k=1 Г(αk)

k

∏
k=1

θ
αk−1
dk (1)

where θdk represents the distribution of scientific literature d in theme k. This study
generates thematic term distribution ∅k ∼ Dir(β) and θd ∼ Dir(α) for themes k and d,
respectively. Moreover, this study generates thematic term Zdn ∼ Multinomial

(
∅Zdn

)
for

the nth term in each literature. Therefore, the LDA likelihood model in this article can be
described as follows:

p(W|α, β) =
D

∏
d=1

∫
p(θd|α)

Nd

∏
n=1

∑
Zd

p(Zdn|θd)p
(
wdn

∣∣∅Zdn

)
dθd (2)

The key to the dimensional reduction effect of LDA lies in the accurate setting of
the number of potential themes in heterogeneous literature. However, the dimensional
reduction effect and recognition rate of LDA are general. This situation is due to LDA that
cannot effectively maintain local structural information under supervision. In addition,
LDA cannot generate the optimal number of themes. Teh [36] tried to obtain the number of
themes through nonparametric processing of Hierarchical Dirichlet Processes. However,
this method is inefficient. The iterative accuracy of large-scale text analysis is difficult
to ensure.

Scientific methods must be used to determine the optimal number of themes. Blei pro-
posed using perplexity as a method to determine the optimal number of themes [37].
Perplexity is an effective way to evaluate the effects of language probability models and
assist in parameter improvement. Based on information theory, this method calculates the
probability distribution or the information entropy of the model and obtains the reciprocal
of the geometric mean of the similarity of each sentence in the literature collection. This
study uses this method to determine the optimal number of themes in the sample literature.
The calculation formula of perplexity is:

Perplexity(D) = exp

(
−∑M

d=1 logDP(wd)

∑M
d=1 Nd

)
(3)

p(wd) = ∑
d

T

∏
n=1

T

∑
j=1

p
(
wj
∣∣zj = j

)
·p
(
zj = j

∣∣wd
)
·p(d) (4)
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where D represents the test set in the corpus, M represents the number of literature, Nd
represents the number of words in literature d, and p(wd) represents the probability of
wd generation. Perplexity can quantitatively evaluate the performance of the LDA. When
using perplexity for evaluation, the perplexity value will gradually decrease when many
themes are present. However, the computational cost of the LDA is great when many
themes are present. To avoid model overfitting, the selection of perplexity and the number
of themes should be comprehensively considered. The smallest value with the perplexity
and the least number of themes should be selected as the optimal number of themes for
LDA model training.

Finally, this study adopts Heinrich’s parameter estimation method, setting α = 50/k,
and β = 0.1. This study also uses Gibbs sampling to obtain the theme set K = {k1, . . . , kh},
and the theme attribution set Dk = {j1, . . . , jn} of each document.

2.2.2. Literature Thematic Evolution Trend Analytical Module

The two driving forces for the thematic evolution are as follows: the first one is the
enlightenment that scholars receive through reading historical research results and the
generation of new ideas during literature updating. However, this process is regarded as
an unobservable hidden sequence due to the lack of record carrier. The second one is that
under the first impetus, researchers use scientific literature to effectively record research
results into observable sequences. The latter is the micro foundation of the former, and the
former is the macro performance of the latter. Therefore, the thematic evolution of the land
degradation research can be regarded as the superposition of two processes.

HMM is a probability statistical model established by Baum in 1966 [38]. This model
was first used in the field of language processing and later popularized in other fields.
In comparison with MM, HMM can express potential changes in the time series data
structure through hidden states and recognize the transitions between hidden states, thus
improving the adaptability and interpretation capabilities of the model. On this basis,
this study uses HMM to describe the thematic evolution of the land degradation research.
The confusion and transition matrixes between the themes are determined by inferring
the state transition matrix in the HMM and the probability distribution of the initial
state. The evolution history and future evolution trends of the themes in the field of land
degradation are also determined. A complete HMM model can be described as a five-tuple:
γ = (S, π, A, B, O). On the basis of the above-mentioned ideas, this study constructs the
HMM model as follows:

(1) The hidden state random transition sequence is: S = {s1, . . . , sh}, where h is the
number of themes in the LDA model. Suppose the randomly generated hidden state
sequence is Q = {q1, . . . , qt}, where qt ∈ S. Variable t represents the number of themes in
the hidden state. The modification in the hidden state represents the change in the state of
the theme. Variable Q is the sum of all possible theme states.

(2) The probability distribution of the initial state of the system is π = {πi, 1 ≤ i ≤ N},
where πi is the occurrence probability of state Si. In general, the thematic evolution easily
occurs when the number of co-occurrences of themes in the field of land degradation is
high. Therefore, the normalized matrix of the thematic co-occurrence number is used as
the initial iteration value of πi in this study.

(3) The probability distribution of transition state is A =
{

αij
}

, where αij

= P
{(

qt+1 = Sj
∣∣qt = Si

)}
, 1 ≤ i, and j ≤ N, and satisfies αij ≥ 0,

N
∑

j=1
αij = 1. This ex-

pression represents the probability that the themes will shift from state Si to Sj during the
development of the land degradation research.

(4) When the state is Si, the probability distribution of the observed variable is
B = {bi(v)} = { f (Qt = v|qt = Si)}, where Qt is the tth observation variable.

(5) The observation sequence is O = {O1, . . . , Ot}. The observation value of a certain
observation state sequence at time t is Ot; it can be described as Ot = (α(t), β(t)) in
vector form. Variable α(t) represents the inflow frequency at time t, and β(t) denotes the
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outflow frequency at time t. The vector sequence formed by the inflow and outflow of all
observation samples can be regarded as observation state O. The above-mentioned model
is shown in Figure 1.
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The initial value of model training is set as follows: O = Q = {pt1, . . . , pt2}. The
Baum–Welch algorithm is used to estimate the parameters of the above-mentioned model
to obtain a single optimal state sequence. The research topic structure after k years is

obtained according to Ôtk =
N
∑

j=1
AK(i, j)E

(
bj(v)

)
. The model setting in this work is shown

in Figure 2.

2.2.3. Thematic Extraction of Land Degradation Literature

The LDA needs to set its operating parameters. First, the LDA is a machine learning
algorithm, and its learning effect is closely related to the number of iterations. In this
study, the contribution of new iterations to the increase in log likelihood approaches zero
when the number of iterations reaches more than 300. Considering the computational
time cost, this study sets the number of iterations to 300 (Figure 3). This study calculated
the perplexity value of 6 to 82 themes. When the number of themes is 27, the perplexity
is the smallest, and the value is 386.7168 (Figure 4). Thus, this study sets the number of
themes to 27.

This study uses the LDA library in the Python database to calculate the thematic
information and derive the keywords of each theme. Moreover, this study sets the number
of keywords extracted under each theme to 40. Each keyword is outputted in a descending
order of probability, and the keywords with the top five probability contained in each
theme are selected as the meaning representative of the theme. Furthermore, this study
combines the information provided by other output keyword and excludes clusters (4)
with unclear meaning, leaving 23 themes. The boundaries between these themes are clear,
and the classification results are ideal. This study names each theme for ease of reference,
and the results are shown in Table 1.
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Table 1. Keywords and theme naming.

No. KW1 KW2 KW3 KW4 KW5 ID

1 land degradation change region result land degradation
2 degradation environmental analysis present regional environmental degradation
3 land degradation management assessment sustainable sustainable land management
4 vegetation datum degradation index trend vegetation degradation
5 agricultural management land impact farmer agricultural land
6 increase region population year influence population increase
7 degradation activity restoration factor study restoration
8 productivity indicator crop high per crop productivity
9 erosion soil risk study loss soil erosion
10 river water quality natural increase water quality
11 landscape state evaluate assess model landscape model
12 rainfall period zone result rate rainfall rate
13 soil degradation sample content microbial soil degradation
14 grassland degradation china degrade ecosystem grassland degradation
15 model ecosystem pattern change spatial spatial change
16 site island low condition decline island
17 degradation temperature effect surface result surface temperature
18 sediment lake year fire tree lake sediment
19 soil carbon organic degrade biomass soil organic carbon
20 wetland degradation flow community bacterial wetland degradation
21 rangeland degradation graze ecological condition rangeland degradation
22 plant specie vegetation community effect plant species
23 forest deforestation loss stock tropical forest degradation

To evaluate the correctness of the LDA model for extracting themes in the field of
land degradation, this study draws a sample of documents based on 10% of the number of
documents in the topic, and the accuracy of each topic is shown in Figure 5. This study
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selects a sample of literature based on 10% of the number of literatures to evaluate the
thematic accuracy (Figure 5). The average correct rate is 95.06%, and the overall effect
is good.

Land 2021, 10, x FOR PEER REVIEW 10 of 26 
 

 
Figure 5. Accuracy of each thematic classification. 

3. Results and Analysis 
3.1. Analysis of the Annual Development Trend of Themes in the Field of Land Degradation 

Based on the above-mentioned research results, this study draws the heat map of the 
number and percentage of themes in the field of land degradation (Figure 6). The theme 
will change accordingly over time. This change is reflected in the intensity and number of 
types. The thematic intensity reflects the degree of attention of the theme and also ex-
presses the popularity of the theme in a certain field. The number of thematic types rep-
resents the breadth of themes that researchers are concerned about. The first appearance 
time and annual trend of the themes in the field of land degradation in Figure 6 demon-
strated that the number of themes is gradually enriched and continuously subdivided. 
Only themes 2 (environmental degradation), 3 (sustainable land management), 4 (vegeta-
tion degradation), 5 (agricultural land), 8 (crop productivity), 12 (rainfall rate), 13 (soil 
degradation), 20 (wetland degradation), and 23 (forest degradation) existed in the early 
days (Figure 6b). The following are the three trends in the thematic evolution in the field 
land degradation after 2008: first, scholars are committed to studying the manner by 
which to effectively improve the level of sustainable land management. To take reasona-
ble restoration measures for degraded land, the management and utilization of the land 
ecosystem are strengthened, and effective governance of the land structure and function 
is promoted. Zhang argued that the peatland degradation in Ruoergai area (China) is 
mainly due to drainage and overgrazing [39]. The author proposed that the establishment 
of blocking canals is an effective sustainable land management measure to restore the hy-
drological function of the degraded peatland and promote vegetation restoration. Second, 
the types of degraded land are diversified, such as grassland degradation (theme 14), wet-
land degradation (theme 20), rangeland degradation (theme 21), and forest degradation 
(theme 23). 

Figure 5. Accuracy of each thematic classification.

3. Results and Analysis
3.1. Analysis of the Annual Development Trend of Themes in the Field of Land Degradation

Based on the above-mentioned research results, this study draws the heat map of the
number and percentage of themes in the field of land degradation (Figure 6). The theme
will change accordingly over time. This change is reflected in the intensity and number of
types. The thematic intensity reflects the degree of attention of the theme and also expresses
the popularity of the theme in a certain field. The number of thematic types represents
the breadth of themes that researchers are concerned about. The first appearance time and
annual trend of the themes in the field of land degradation in Figure 6 demonstrated that
the number of themes is gradually enriched and continuously subdivided. Only themes
2 (environmental degradation), 3 (sustainable land management), 4 (vegetation degrada-
tion), 5 (agricultural land), 8 (crop productivity), 12 (rainfall rate), 13 (soil degradation),
20 (wetland degradation), and 23 (forest degradation) existed in the early days (Figure 6b).
The following are the three trends in the thematic evolution in the field land degradation
after 2008: first, scholars are committed to studying the manner by which to effectively
improve the level of sustainable land management. To take reasonable restoration measures
for degraded land, the management and utilization of the land ecosystem are strengthened,
and effective governance of the land structure and function is promoted. Zhang argued
that the peatland degradation in Ruoergai area (China) is mainly due to drainage and
overgrazing [39]. The author proposed that the establishment of blocking canals is an
effective sustainable land management measure to restore the hydrological function of the
degraded peatland and promote vegetation restoration. Second, the types of degraded land
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are diversified, such as grassland degradation (theme 14), wetland degradation (theme 20),
rangeland degradation (theme 21), and forest degradation (theme 23).
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Figure 6a shows that the number of documents with the theme of “grassland degrada-
tion” has been increasing. The research interest has also been increasing in recent years.
Grassland degradation is the process of degradation of grassland quality (including vegeta-
tion and soil quality) caused by human activities or unfavorable natural factors, reduction
of productivity, economic potential and service functions, environmental degradation
and reduction of biodiversity or complexity, and the reduction and loss of restoration
functions [40]. This process not only affects the sustainable economic development of
pastoral areas but also threatens the global ecological security. At present, scholars have
conducted substantial research on the causes, mechanism, succession rules, management,
monitoring, and evaluation of grassland degradation [41–44]. The third trend is to study
the consequences of land degradation, such as changes in soil organic carbon [45], vegeta-
tion degradation [46], biodiversity reduced, increased river sediment concentration [47],
and other adverse consequences. If scholars can correctly understand the causes and conse-
quences of land degradation and conduct dynamic, effective, and quantitative monitoring
and evaluation of land degradation within the region, then the degradation information
can be quickly fed back and adjusted in time to achieve the ecological protection and
sustainable development of land in a certain area.
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3.2. Analysis on the Evolutionary Path of the Themes in the Field of Land Degradation

If the keywords are similar between themes, then the probability of confusion or
transition between themes is high. In view of this idea, this study adopts the keyword co-
occurrence analytical method and counts the co-occurrence frequency of 40 main keywords
in 23 themes as the representation of the similarity between themes. On this basis, this
study constructs a 23 × 23 symmetric matrix of co-occurrence words and draws a heat
map (Figure 7a). Given that each theme has the highest degree of co-occurrence with itself,
an obvious diagonal line can be observed, and the other areas have varying shades of
color due to the different number of co-occurrence words. The normalized co-occurrence
words matrix (Figure 7b) is used as the initial confusion matrix and transition matrix of
the HMM model, and the Baum-Welch algorithm is used to obtain the optimal confusion
matrix (Figure 7c) and optimal transition matrix (Figure 7d).
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The confusion matrix represents the probability that the hidden state can be observed
as the observable state. In this study, this probability is used to measure the threshold
barriers for the transfer of themes in the field of land degradation in the evolutionary
process. This study also shows the direction and possibility of a certain theme changing
during the evolutionary process. The dark squares in the confusion matrix represent themes
that are prone to migration during the evolutionary process. Figure 7c demonstrates that
most themes in the field of land degradation have the characteristics of little confusion,
relatively independent research content, and high threshold for migration. Specifically,
barriers exist between most themes, and transfer is difficult. In this study, the themes
with probability of confusion exceeding 10% are drawn as confusion relationship network
diagram (Figure 8), where the thickness of the line represents the likelihood of confusion.
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Figure 8 shows that the theme in the field of land degradation is easy to transfer to
themes related to different land use types (such as agriculture land and grassland degrada-
tion) and land consolidation (such as sustainable land management and restoration). Many
themes are transferred to population increase (theme 6). Rapid population growth, acceler-
ated urbanization, and unreasonable human activities play an important role during land
degradation [48]. The reason is that population growth, dietary changes, and increased
income have increased the demand for livestock products in countries around the world,
resulting in large-scale pasture expansion, which has led to grassland degradation and
intensified land desertification [49]. In many developing countries, people have to increase
the scale of cultivated land to maintain their livelihoods due to the dual pressures of popu-
lation expansion and economic poverty. A large amount of forest land has been reclaimed
into cultivated land, which has caused ecological environmental degradation. Specifi-
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cally, a vicious circle of “population expansion-poverty-cultivated land expansion-land
degradation-poverty” is formed [50].

In addition, some research themes have important mediating roles in the thematic
evolution and are key links in the development and changes of themes. For example,
the landscape model provides technical support for exploring grassland degradation and
changes of plant species. The landscape model is the mathematical model developed to
simulate the spatial–temporal changes of the ecosystem at the landscape scale, and it is a
technology that is reflected and tested on the computer. This mechanism has become an im-
portant technical means to support the quantitative development of landscape ecology [51].
The essence of land degradation is the change of landscape structure. The landscape model
can not only quantitatively describe and predict the change trend of the composition,
structure, and function of the land type at the landscape scale but also explain the changes
in the spatial geographic area and distribution boundaries of the main plant population.
Therefore, this model can be widely used in many fields, such as monitoring and research
on vegetation, landscape and land change, resource management, and ecological environ-
mental evaluation [52,53]. Another example is soil erosion, which is the key node and
main reason for wetland degradation and island degradation. This phenomenon occurs
because human disturbance activities will affect the physical and chemical properties of the
wetland surface soil, leading to the attenuation of soil nutrients, weakening the ecological
functions of the soil sub-system, and resulting in wetland degradation. Other themes
that play similar role include rainfall rate, surface temperature, and water quality. The
confusion feature of the themes reveals the potential evolutionary path of the themes in
the field of land degradation and can provide scientific references for scientific research
institutions to determine future research directions.

The transition matrix represents the probability of transition between themes. In sum-
mary, the diagonal line in Figure 7d is still relatively obvious, indicating that most themes
have the stability to maintain their own research trends. From a single theme perspective,
several differences can be observed in the transfer characteristics between themes. This
study draws a thematic evolution diagram for themes with transition probability greater
than 5% (Figure 9). The themes that maintain their own strong research capabilities during
the thematic evolution include: spatial change (0.75684), forest degradation (0.75085), and
water quality (0.69955). The above-mentioned themes have maintained a high degree of
popularity during the evolutionary process, and they are the key research nodes in the
development of the land degradation research.

In addition, the theme with the largest transfer loss during the thematic evolution
is rangeland degradation. This theme mainly flows to vegetation degradation, rainfall
rate, soil erosion, and agricultural land. This situation occurs because soil moisture carries
the circulation and flow of nutrients in the soil system, which is the primary factor for
vegetation restoration and construction and determines the occurrence or reversal of
rangeland degradation. Therefore, soil moisture is the research topic in the field of ecology,
soil science, and eco-hydrology. Rainfall characteristics and vegetation coverage have a
significant influence on soil moisture. On the one hand, rainfall is the main source of
soil moisture. Rainfall is converted into soil water to be absorbed by plants and used to
complete a series of life activities, such as respiration, transpiration, and photosynthesis.
Therefore, the study of the response of soil moisture to different rainfall characteristics is
an important prerequisite for predicting and improving the productivity in pastoral areas
and preventing grassland desertification [54]. On the other hand, vegetation cover is an
effective measure to suppress evaporation after rain, improve soil moisture environment,
and increase crop yield and water use efficiency [55].

However, the current degradation of vegetation ecosystems has led to change in
soil structure, increase in soil temperature and humidity, change in community structure
and species composition, serious loss soil organic carbon and total nitrogen, reduction
in soil water holding capacity, and significantly degradation of ecosystem stability. In
view of this, scholars are currently devoted to exploring the response process and trend
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of soil environmental changes to vegetation degradation. This task not only helps in fully
understanding the relationship between the two themes but also provides prevention and
control measures for avoiding soil erosion and desertification [56,57]. The two research
themes that have received great attention are land degradation and vegetation degradation.
The research power of vegetation degradation mainly comes from rangeland degradation,
lake sediment, surface temperature, rainfall rate, and soil erosion.
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The relationship between surface temperature and vegetation is a mutual influence.
On the one hand, surface temperature, an important parameter of energy exchange between
land and atmosphere, plays an important role in the physical, chemical, biological, and
microbial changes of soil. Therefore, this parameter has a significant influence on the
germination of plant seeds and the growth of plants. On the other hand, vegetation is an
important part of the regional ecosystem, and its influence on the surface temperature is
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manifold. First, the vegetation absorbs part of the solar radiation, thereby reducing the
amount of heat that enters the epipedon and raises the ground temperature. In addition,
vegetation can reduce surface wind speed and the evaporation of surface soil moisture and
the intensity of heat release to the atmosphere. Vegetation also affects the energy balance of
the surface through transpiration and plays an important role in the regulation of regional
climate. At present, scholars have generally confirmed a negative correlation between
vegetation coverage and surface temperature [58,59]. Therefore, preventing vegetation
degradation and reducing surface temperature are of great significance to improving the
regional ecological environment. The transfer process of these research themes shows the
historical changes of different research directions in the field of land degradation and can
provide basis for predicting the future development of themes.

3.3. Forecast on the Thematic Evolution in the Field of Land Degradation

Given that this article is still in progress, all documents on land degradation in 2020 are
yet to be fully published. In the prediction of the future evolutionary trend of the themes in
the field of land degradation, this study uses the 2019 document set as the forecast sample
and imports the estimated confusion matrix and transition matrix parameters into the
HMM module in MATLAB. This study also obtains the Hidden Markov prediction result
of the thematic evolution of land degradation research from 2019 to 2026 (Figure 10).

Hidden Markov predicts that the proportions of rangeland degradation, surface
temperature, island, soil degradation, water quality, and crop productivity have rapidly
increased. Goal 2 in the SDGs is to “eliminate hunger, achieve food security, improve nu-
tritional status and promote sustainable agriculture”. The goal proposes that agricultural
productivity needs to be doubled by 2030, while land productivity and output must be
increased, and soil quality must be gradually improved. At present, ~40% of the global agri-
cultural land degradation has caused a sharp decline in crop yields and ~9% of the land can
no longer be used for crop production [60]. However, deforestation, destruction of native
vegetation, loss of animal and plant habitats, extreme weather, and unsustainable farmland
and pasture management, especially intensive agriculture, have become important factors
that cause serious land degradation and threaten food security [61]. In addition, the source
of water pollution is not only the water body itself but also the human activities closely
related to land use in the basin. On the one hand, agricultural nonpoint source pollution
caused by irrational use of agricultural land has become the main source of surface water
pollution [62]. On the other hand, urban land use change has a significant influence on
the surface runoff and water quality. The rapid development of urbanization has led to an
increase in the impervious area of urban areas, which has changed the spatial–temporal
patterns of surface runoff and the balance of water volume, resulting in an increase in the
runoff coefficient. The urban land use process will simplify the shape of the water area,
thereby reducing its own ability to diffuse and degrade pollutants, such as Biochemical
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total Nitrogen (TN), and Total
Phosphorus (TP) [63]. Therefore, the manner by which to increase food production and
solve the problem of water pollution will be an important challenge facing sustainable land
use in the future.

Land degradation is the result of the interaction between the pressure of the natural
environment and the pressure of human activities. The two pressures drive each other
to cause different types of land degradation. The implementation of sustainable land
management measures such as land degradation restoration and ecological restoration at
the global and national levels can not only curb the spread of various types of land degra-
dation and desertification, but also have a long-term positive impact on the sustainable
development of the international society, economy and ecological environment. There
are six types of land degradation: suspected degradation [64], historical degradation [65],
sensitive degradation [66], elastic degradation [67], continuous degradation [68], perma-
nent degradation [69]. Among them, the suspected degradation and sensitive degradation
appear to be degraded on the surface, but they are still in an undegraded state and can be
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prevented through land protection. The object of land protection is potentially degraded
land [70]. Historical degradation may have lasted a long time, but it is easy to be mistaken
for land that has not yet undergone degradation. Elastic degradation refers to the possi-
bility of natural recovery when the external degradation pressure decreases. Continuous
degradation and permanent degradation are the land degradation states defined by IPBES.
Even if the pressure source of these two kinds of degradation is eliminated, if there is no
human measures, the two cannot be restored to the original land state. In addition, a lot of
manpower and funds are needed to restore to the original state and LDN.
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United Nations Convention to Combat Desertification (UNCCD) officially defined the
concept of LDN in its official report published in 2015 as: under certain spatial-temporal
scale and ecosystems, in order to maintain ecosystem functions and strengthen food
security, the quantity and quality of corresponding land resources remain stable or increase.
By focusing on the specific goal of “no net loss” in the quantity and quality of land,
many measures have been taken to hinder, reduce and repair the deterioration of the
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land environment, and ultimately achieve food security, coordinated ecosystems, and
healthy human development. This concept is similar to land degradation restoration and
ecological restoration (see Table 2). The core goal of LDN and land restoration is not limited
to improving the land ecological service function of a single goal, but is committed to
ensuring that the total value of the overall land ecological service in the region is steadily
increasing. More emphasis is placed on the optimization and overall improvement of
ecological resource elements under the spatio-temporal pattern.

Therefore, restoration is still the main research direction in the field of land degrada-
tion. Land engineering can turn unutilized land into usable land or make efficient and
sustainable utilization of used land. Therefore, land engineering technology plays an
important role in promoting the improvement of cultivated land quality, degraded land
management, waste land reuse, and land ecological restoration. At present, scholars in
the field of land engineering generally pay attention to the green, ecological, sustainable
development of land resources and the exploration of new technologies. The land reclama-
tion that takes the damaged land as the research object and the innovation of vegetation
restoration, reclamation materials, and reclamation technology as the main content [71].
land restoration with contaminated land as the research object, and multiple restoration
technologies as the research content [72,73]. The above-mentioned two land types have
become the focus of land degradation research.

Table 2. Analysis of the related concepts

The Name of
the Concept Goal Object Research Scale Implementation

Measures

LDN “No net loss” in land quantity
and quality

Various ecosystems
and land use type

The macro-scale is
based on the world,

regions and countries.

Land space planning
and sustainable land

management

Land
degradation
restoration

[74,75]

Ensure that the ecological
environment is structurally
complete and functionally

stable, and realize the benign
and healthy development of

the ecosystem

Degraded, damaged,
destroyed and other

fragile land ecosystems

From plot scale to
global scale

Social, theoretical,
institutional, legal,

technical and
engineering measures.

Ecological
restoration

[76,77]

Return the degraded or
damaged ecosystem to a stable,

healthy and sustainable
development state

Various types of
ecosystems

Small and medium
scale mainly based on

plots and regions

Give play to the
self-organization and

self-regulation
capabilities of the

ecosystem

3.4. Effect Evaluation of LDA-HMM

This study uses the literature collection obtained in Section 2.1 to evaluate the effec-
tiveness of the LDA-HMM method and Grey Forecast as an alternative method to obtain
the evolutionary trend. The effects of the two mechanisms are compared. This study
compares the LDA-HMM and LDA-Grey Forecast to obtain the average error between the
predicted and the actual values of the thematic weight and measures the pros and cons
of the two schemes. The results are shown in Table 3. The result showed that the average
error of LDA-HMM is smaller than that of LDA-Grey Forecast, and the prediction effect is
relatively good.

Table 3. Statistical table of average error of LDA-HMM and LDA-Grey Forecast.

Model Name Average Error

LDA-HMM 0.0040
LDA-Grey Forecast 0.0078
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4. Conclusions

This study combines LDA and HMM to propose a new scientific literature thematic
mining and prediction technology. In this way, this technology realizes efficient and
unsupervised clustering of literature information without expert experience, quickly mines
the hidden thematic information, obtains key thematic nodes and thematic evolution trend,
and provides a new way for bibliometrics.

This method clusters the themes of the scientific literature in the field of land degrada-
tion into 23 themes. Among the themes, grassland degradation, sustainable land manage-
ment, and restoration have been deeply studied. Research on themes, such as rangeland
degradation, surface temperature, island, soil degradation, water quality, and crop pro-
ductivity, is the focus of future research in the field of land degradation. However, the
accumulation of scholars in these themes is still in its infancy, and innovation capabilities
urgently need to be strengthened. How to conduct further innovative research on these
research themes is the problem that scientific research institutions in various countries
need to solve in the future.

The model comparison analytical results found that the clustering effect of LDA-HMM
is good, and the average error is smaller than that of a similar thematic prediction method,
which fully demonstrates the effectiveness and practicability of the research method in
this study. In the future, the method can still be improved from the following aspects:
further enhance the accuracy of thematic identification in scientific literature, reduce the
complexity of the algorithm, and speed up the iterative efficiency to realize the analysis of
larger-scale literature data sets.
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Appendix A

Table 1. Key terms and their implication.

Key Terms Implication References

Land Land includes the atmosphere, soil, basic ge-ology, hydrology, plants, and animals above and below the
surface of a specific area of the Earth, as well as the results of past and present human activities within this
area. On the whole, land is a natural complex including geology, topography, climate, hydrology, soil,
vegeta-tion and other natural elements in a certain area of the surface.

[78]

Land degradation Land degradation refers to a land condition caused by the continuous decline or even loss of biodiversity
and land ecosystem functions and services, and this condition cannot be fully recovered in a short period
of time.

[79,80]

Soil erosion by water Soil erosion by water refers to the entire process of separation, migration and deposition of the Earth’s
surface soil and its parent material under the effects of raindrop splash, surface runoff and infiltration water.

[81,82]

Soil erosion by wind Soil erosion by wind refers to the process of positional movement of soil particles under the action of wind.
This movement process specifically includes three stages: entrainment of soil particles and sand, spatial
transport, and sedimentation.

[83,84]

Land pollution Land pollution refers to the phenomenon and process in which certain harmful substances in the soil
exceed the normal content (invasion of mining waste, industrial waste or agricultural chemicals), which
deteriorates the original physical and chemical properties of the soil, reduces the potential of land
production, deteriorates the quality of products, and causes harm to humans and the environment.

[85,86]

Landslides Landslide refers to the phenomenon that the soil or rock mass on the slope slides down the slope along the
weak surface or weak zone (affected by river erosion, groundwater activity, rainwater immersion,
earthquakes and artificial slope cutting).

[87,88]

Soil acidification Soil acidification refers to the process in which the soil absorptive complex receives a certain amount of
exchangeable hydrogen ions or aluminum ions, which leads to the decrease of soil pH and the leaching of
alkaline ions in the soil. Soil acidification will affect the activity of organisms in the soil, change the form of
nutrients in the soil, reduce the availability of nutrients, and promote the dissolution of free manganese and
aluminum ions into the soil solution, which has a toxic effect on crops.

[89,90]

Soil organic carbon Soil organic carbon is the sum of humus, animal and plant residues and microorganisms formed by the
action of microorganisms. Soil degradation is the analysis of changes in soil physical, chemical and
biological indicators from a microscopic perspective, such as the loss of soil organic carbon and the decline
in water holding capacity.

[91,92]

Waterlogging Waterlogging refers to the phenomenon of flooding of low-lying areas due to heavy rain, heavy rain or
continuous rainfall.

[93,94]

Deforestation Deforestation refers to the felling of an area with a high density of trees by sawing or felling the trunk with
a saw or axe.Deforestation has the following adverse consequences: (1) destroy the original forest resources
(2) inability to conserve water sources, resulting in a decrease in river flow (3) increased drought and flood
damage (4) increased soil erosion (5) artificial exploitation of land after deforestation, resulting in the
accumulation of harmful ingredients such as herbicides and fertilizers, water pollution, and long-term
potential hazards.

[95,96]

Overgrazing Overgrazing means that grazing exceeds the carrying capacity of the grassland, and the grassland plants
cannot return to their normal growth state, resulting in grassland degradation.

[97,98]

Agricultural
intensification

Agricultural intensification refers to the investment of more labor, technology and capital per unit of land
area to increase agricultural output while reducing agricultural production costs. However, the
homogenization of the agricultural landscape brought about by the excessive agriculture intensification has
become the main reason for the decrease of farmland biodiversity.At the same time, excessive agricultural
intensification is also the main cause of non-point source pollution and changes in water quality.

[99,100]

Aridity Aridity refers to a constant dryness in a given territory, assessed through an aridity index with climatic
values under the 0.65 mm/mm threshold, computed as a ratio between precipitation and potential
evapotranspiration over a multiannual period of at least three decades.

[101–103]

Desertification Desertification refers to any land degradation process under aridity conditions. [104,105]
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