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Abstract: The most important step for the installation of a wind farm is to know the wind regime in the region,
since an error in estimating this wind speed causes an error proportional to the cube of power, resulting in
financial losses for investors. Therefore, knowing the methods used for predicting wind speed becomes
important and the knowledge of how research and studies in this area are going helps map the subject and
outline strategies for developing research in strategic areas. For this purpose, the Scopus database was used
considering some keywords, such as ("forecast" OR "prevision") AND "wind" AND ("turbine" OR "power" OR
"energy" or "velocity" or "speed"), considering the period since 2019, and analyzing the data of the documents
found using the Bibliometrix package. With the results found, it was possible to map researchers, institutions
that are developing work in this area, in addition to the most cited articles, among other aspects analyzed.

Keywords: forecasting; prevision; wind speed; wind power; renewable energy; Scopus base;
Bibliometrix.

1. Introduction

Greenhouse gases are contributing to global warming resulting in the amplification of several
problems, including environmental problems. One of the ways to control the concentrations of these
gases is, e.g., by the reduction of fossil fuels in energy sectors.

Therefore, wind energy is an important ally in this process. Thus, energy forecasting and
planning are important for different stakeholders” decision-making in global energy development.
Forecasting studies related to wind energy are essential to know the potential of a given location and
for the installation of wind farms, once a forecast study with high uncertainty will generate a cubed
error on the predicted power value, which can result in huge losses for investors. Therefore, knowing
research trends in this area can guide researchers and investors in decision-making, avoiding future
losses. Forecasting is the means of obtaining predicted ranges based on future demand from present
and past data, generally investigating future trends [1].

Among some important articles that portray the importance of the subject, we can cite [2—4].
There are several forecasting models, their applications are quite comprehensive, therefore, this
review article highlights the cutting-edge works on wind speed forecasting models, considering a
period of the last five years, since 2019, whose objective is to conduct a bibliometric analysis on the
scientific production applied to the study of wind speed forecasts, using the Scopus database and the
Bibliometrix tool. The bibliometric analysis allows identifying trends, patterns and gaps in scientific
production on the subject, in addition to providing relevant information for the formulation of public
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policies and investments in research and development within this field. Through data analysis, it is
possible to better understand the evolution and geographic distribution of scientific production,
identify the main thematic areas of research, the main institutions and authors involved, among other
relevant information. Based on these results, it is expected that we are able to contribute to the
advancement of scientific knowledge on the subject.

2. Materials and Methods

For this study, the Scopus database was used as the source for the extracted scientific data in
April 2023. Containing many articles from reputable sources, Scopus is a widely accepted and often
used tool for both scientific research and data extraction. This study proposes mapping trends in the
field of wind speed forecasting. The literature was searched considering all the last years, since 2019,
using the advanced search options of “title, abstract and keywords”. Bibliometrics helps to understand
research traditions, employing citations, refinements and mapping clusters, indicating research
networks. To compile the data and perform an analysis of the information, the Bibliometrix tool
(https://www .bibliometrix.org/) was used, a free software written in the R language [5].

The search was performed by applying “advanced search”, and when looking for the terms
("forecast" OR "prevision") AND "wind" AND ("turbine" OR "power" OR "energy" or "velocity" or "speed "),
applying filters, according to Table 1, for "article and review", English language, final publication stage,
type of source, there were 1,534 documents left, which were divided into the sub-areas described in
Figure 1.

Table 1. Scope, database, terms, and filters referring to the bibliometric analysis performed with the
Bibliometrix tool [6].

("forecast” OR
"prevision”) AND
"wind” AND
Scopus ("turbine” OR 1.534
"power” OR “energy”
or "velocity” or
"speed”),”

Documents: Scientific Articles and
Review
Publication stage: Final
Source Type: Journal
English language

Source: Scopus Base, Apr.2023.

The final set contains a total of 1,534 documents, of which 1,484 are articles and 50 are review
papers, distributed across 331 sources and with the participation of 4,376 authors. Thus, a thorough
analysis to evaluate the participation of the newest developments, future research perspectives was
carried out using this dataset.

Aiming to obtain accurate and reliable data based on the selected words, this search query was
then implemented, including title, abstract, and author keywords. The systematic search was carried
out considering the period since 2019, using Scopus database, up to the first week of April 2023,
searching for published works in indexed journals to improve the understanding of the current
situation of scientific research about wind velocity prediction. The search date was set as the first
week of April to account for any changes in the number of articles that may have occurred over time
as new articles were published. Data were obtained in .bib format, and analyzed in bibliometric
software. The “Bibliometrix” package (R language) was used to obtain graphs, tables, and diagrams.
Scopus (https://www.scopus.com/) is the world's largest database of peer-reviewed interdisciplinary
articles and it is continually expanding [1], [7]. It is an important provider of global research output
across a multidisciplinary spectrum [8], which is the reason it is a great choice for bibliometric studies.

The main objective here is to present a clear view of the technical progress and innovation within
the wind speed forecasting field, and why it is so important to understand this phenomenon of
nature, which directly impacts the production of wind energy. The methodology of this study was
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set by assessing the published works found in the Scopus database, for different “subject areas”, as
shown in Figure 1.

W Energy

M Engineering

H Environmental Science
Mathematics

B Computer Science

B Multidisciplinary

M Decision Sciences

B Chemical Engineering

Figure 1. Percentage of documents by sub-area.

This is the set of publications worked on using Bibliometrix, allowing the construction of maps
of journals, countries, institutions, and authors to understand the organization of the clusters.
Standard spreadsheets were also used for the analysis.

Figure 2 shows the chosen variables used to analyze information from articles of the Scopus
database: (a) list of most cited articles; (b) authors' names, as well as the year of publication of the
articles; (c) keywords; (d) number of citations of the documents; (e) journal sources; (f) most
prestigious journals and their impact factor (IF); (i) countries and (j) research gaps. It is important to
emphasize the importance of considering the impact factor (IF) of the journal and the h-index of an
author. The IF can be obtained from the Scopus website and is always up to date. The h-index is as
an indicator to quantify the research results of an academic. It is a unique value where & of total
publications (TP) hold a minimum of / citations each and (TP-h) articles have & citations each [9].

BIBLIOMETRIC

OR "VELOCITY" OR "SPEED")

DEFINED TOPIC —_— ANALYSIS: WIND SPEED
FORECAST
DATABASE ... SCOPUS
SELECTION ’, :
KEYWORDS: ('FORECAST" & DOCUMENT TYPES:
R . > ARTICLE E REVIEW :
('TURBINE" OR"POWER" OR "ENERGY" TIME INTERVAL: 2019 s

1534 DOCUMENT

RESULTS
BIBLIOMETRIC
ANALYSIS
: |ESEREGALS MANSsources =~ MAIN AUTHORS IMPACT FACTOR
E y PRODUCTION OVER MOST CITED
{  MAIN COUNTRES KEYWORDS E MOSTICITED

Figure 2. Structure and search criteria carried out in the Scopus base and the number of documents
found.
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Study limitations were added to promote insights and future developments in the research for
wind speed forecasting. Finally, an analysis of the most cited works was carried out to contribute to
an overview of the subject. The review’s results elucidate the outcomes of the bibliographic analysis
and make recommendations for further research based on relevant conclusions from other articles.

3. Results

Bibliometric analyzes are scientific specialties, posing as a major aspect of research evaluation,
especially in both the scientific and the applied sectors [10]. The present bibliometric work using
Scopus was carried out in the second week of April 2023, where, after using filters, 1,534 documents
were reached, published since 2019. All the papers included in this study were sourced from journal
articles and were published exclusively in English.

Figure 3 shows the search criteria and refinement conditions used.

Search criteria and refinement conditions

S R e —
Documents Authors

("forecast"O
R "prevision")

AND"wind"
AND Articles 331 Sources
Scopus = ("turbine” = since 2019 — (1,484) and — and 4,376 = English
OR"power" Review (50) Authors
OR "energy"

or "velocity"
or "speed"),”

[ 1,534 documents ]

[ Bibliometric Analysis ]

—_—

............................................

;" = Quantitative analysis of cited articles in relation to wind speed forecasting

i « Distribution by country of studies on wind speed forecasting and analysis of future trends
i« Annual distribution of articles and the increase of studies on wind speed forecasting

* « General survey results on wind speed forecasting

.................................................................................................................

Figure 3. Search criteria and refinement conditions.

The bibliometric study's findings on wind speed prediction are detailed in the sections that
follow, highlighting the most important research areas, keywords, affiliations, journals, authors, and
countries. Each aspect of the results is discussed to provide insight into the field of wind speed
forecasting's progress, trends, updates, and hotspots.

The number of citations in a field is a crucial metric for categorizing and comprehending current
research trends. It also serves as a clear indicator of the impact of a particular journal or publication,
providing transparent data on the most significant areas of research, as well as current trends in wind
speed prediction studies.

According to the observed data, the publication trend has been growing in recent years, with
268 articles published in 2019, 332 in 2020, 346 articles in 2021 and 438 documents in 2022. In the year
2023, so far, there are already 150 publications in this research area. Of course, an increase in the
number of articles leads to a rise of researchers with similar research interests.

Among current work, one can cite [4] which is concerned with leveraging hub height
measurements collected from a fleet of turbines on a farm to make turbine-specific short-term wind
speed and power predictions. Already in 20202, the authors of [11] offered a forecasting tool based
on a set of time series data to estimate wind energy. And [12] evaluated wind speed prediction and
power generation using statistical metrics. In [13] it is said that the accuracy of energy prediction
results can be impaired by insufficient modeling capacity. And finally, [14] proposes a unified model
for predicting wind velocity.
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3.1. Most relevant sources

Table 2 shows a list of the top fifteen journals that publish topics on wind speed forecasting, that
is, the most prominent scientific journals, according to the number of publications in the research
area. CiteScore or Impact Factor, h-index, and Total Publications are metrics that aid in measuring
citation relevance and journal growth [9], [15], [16].

Table 2. The sources with the most publications in the analyzed dataset.

CiteScore .
Sources TPh_index TC or Impact %) AC

Factor (IF)
ENERGIES 167 19 1323 3.252 10.89 7.92
ENERGY 89 26 2029 8.857 5.80 22.80
RENEWABLE ENERGY 78 26 1927 8.634 5.08 24.71
APPLIED ENERGY 74 28 2511 11.446 4.82 33.93
ATMOSPHERE 55 8 213 3.11 3.59 3.87
ENERGY CONVERSION AND MANAGEMENT 43 19 1294 11.533 2.80 30.09
IEEE TRANSACTIONS ON SUSTAINABLE ENERGY 40 16 1027 8.31 2.61 25.68
ENERGY REPORTS 36 10 513 4.937 2.35 14.25
INTERNATIONAL JOURNAL OF ELECTRICAL POWER AND ENERGY SYSTEMS34 14 481 5.659 2.2214.15
IET RENEWABLE POWER GENERATION 31 9 335 3.03 2.02 10.81
IEEE TRANSACTIONS ON POWER SYSTEMS 29 12 607 7.326 1.89 20.93
WIND ENERGY 28 8 181 3.71 1.83 6.46
ELECTRIC POWER SYSTEMS RESEARCH 24 11 348 3.818 1.56 14.50
RENEWABLE AND SUSTAINABLE ENERGY REVIEWS 22 10 550 16.799 1.43 25.00
JOURNAL OF RENEWABLE AND SUSTAINABLE ENERGY 21 6 122 1.37 5.81

Note: TPs = Total Publications; Pr(%) = Proportion; TC = Total Citations; IF = Impact Factor in 2023; AC = Average
Citation = CT/TPs.

A quantitative analysis of the publications from these 15 journals elucidates that they aggregate
more than 50% of the identified publications.

A total of 167 documents, which corresponds to 10.9% of the total articles published considering
this data set, were published in ENERGIES (https://www.mdpi.com/journal/energies), which is an open
access, peer-reviewed journal published biweekly online by MDPI. Despite the amount of published
works, that is, having the highest publication frequency, the journal currently has one of the lowest
impact factors in the list of the top 15 journals, 3.252, where the impact factor of a given year relies
on, for example, the number of citations in recent years. Subsequently, ENERGY journal
(https://www.sciencedirect.com/journal/energy) appears in second place in terms of publication
frequency, with 89 documents (5.80%), followed by RENEWABLE ENERGY journal
(https://www.sciencedirect.com/journal/renewable-energy), with 78 publications (5.08%).

Among the list of high-impact factor journals, RENEWABLE AND SUSTAINABLE ENERGY
REVIEWS (https://www .sciencedirect.com/journal/renewable-and-sustainable-energy-reviews)
obtained the highest ranking, having an impact factor of 16,799, even though the journal occupies a
lower position, 14th, in terms of publication of articles on the proposed topic, covering only 1.43% of
published documents, and this probably occurs because it is a journal that addresses several topics,
so this wind speed prediction topic is just one of them.

The ATMOSPHERE Journal (https://www.mdpi.com/journal/atmosphere) is in 5th place,
having published 55 documents in this area, corresponding to 3.59% of the total number of articles.

3.2. Most cited articles

The growing demand for energy imposes the search for renewable energy sources and modern
energy systems to meet recent and future energy needs [17]. Among the most used and studied
renewable sources today is wind energy, whose production depends directly on the wind potential
of the region where a given farm can be installed. An error in estimating the wind parameter can
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generate a cubed error in the power to be generated. Therefore, studying methods for predicting this

wind speed is extremely important to try to work with data as close as possible to reality.
In this sense, Table 3 lists the 15 most cited articles, considering the general set of researched

documents. The following information was extracted from them: i) Name of the first author of the
article; ii) Title of the article; iii) Total citations per article; iv) Journal that published the 15 most cited
articles; v) year the article was published and vi) the country of the first author.

The chosen articles add up to a total of 2,565 citations. The journal that received the most

publications in the area was “Applied Energy (https://www.sciencedirect.com/journal/applied-
energy)”, receiving 5 of the 15 most cited documents in this data set.

country listed in this table corresponding to the first author of each article.

Table 4. The 15 most cited articles considering the set of documents studied, with the author and

TOTAL
RANK  AUTHOR/CITATI TITLE RNAL YEAR TRY
N UTHOR/C ON CITATIONS JOURN COUN
A new prediction model of ]ourn'al of
battery and wind-solar Ambient
1 Farzaneh Mirzapour [18] atiery and wind-soid 285 Intelligence and 2019 Iran
output in hybrid power .
Humanized
system .
Computing
A critical review of
comparative global historical
2 Tanveer Ahmad [19] energy consumption and 253 Energy Reports 2020 China
future demand: The story
told so far
Review of the current status,
3 H. Diaz [20] technology and future 183 Ocean 2020  Portugal
trends of offshore wind Engineering
farms
Spatio-Temporal Graph IEEE
. Deep Neural Network for Transactions on
4 hdi Kh 21 1 201 A
Mahdi Khodayar [21] Short-Term Wind Speed 80 Sustainable 019 us
Forecasting Energy
Wind power forecasting Elsevier
5 Halil Demolli [22] based on daily wind speed Energy 2019 Kosovo
data using machine learning Conversion and
algorithms Management
Short-term forecasting and
uncertainty analysis of wind
6 Jinhua Zhang [23] turbine power based on long 167 Applied Energy 2019 China
short-term memory network
and Gaussian mixture model
A novel hybrid model for
Applied Soft
7 Pei Du [24] short-term wind power 165 pphie ,SO 2019 China
- Computing
forecasting
Forecasting short-term
renewable energy
R 1
8 Wenging Wu [25] consumption of China using 162 enewable 2019 China
) . Energy
a novel fractional nonlinear
grey Bernoulli model
A combined forecasting
9 Liu, Zhenkun [26] model for time series: 157 Applied Energy 2020 China
Application to short-term
wind speed forecasting
A Two-Layer Nonlinear
Combination Method for
IEEE Internet of
10 Min-Rong Chen [27] Short-Term Wind Speed 149 Thin :f:nfn; 2019 China
Prediction Based on ELM, gsJou
ENN, and LSTM
A novel two-stage
11 Yan Hao [28] forecasting model based on 146 Applied Energy 2019 China

error factor and ensemble
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method for multi-step wind
power forecasting

A review of wind speed and
12 Yun Wang [29] wind power forecasting with 142 Applied Energy 2021 China
deep neural networks

Wind speed prediction
method using Shared
13 Zhendong Zhang [30] Weight Long Short-Term 141 Applied Energy 2019 China
Memory Network and
Gaussian Process Regression

A revi the selected
review on the selecte Renewable and

14 Adil Ahmed [31] applications of forecasting 133 Sustainable 2019 Saudi
models in renewable power . Arabia
Energy Reviews
systems
A novel genetic LSTM
15 Farah Shahid [32] model for wind power 130 Energy 2021 Pakistan
forecast

The work of [18] studies the short-term energy forecast of wind energy to evaluate the available
power output, where the proposed forecasting approach includes a resource selection filter and a
hybrid forecast engine established on neural networks (NN) and an intelligent evolutionary
algorithm, and the effectiveness of the proposed method was applied on real data. The article by [19]
presents a critical analysis of mixed energy demand in developed/developing countries,
summarizing time series and concluding that there is a large future global demand for energy until
2040 under several scenarios.

The authors of [20] provide a comprehensive overview of the present state and future trends of
offshore wind farms worldwide. They discuss the technological difficulties associated with wind
farm layout and key components, such as the number of turbines, installed capacity, distance from
shore, and water depth. In the article by [21] a graph-based deep learning model is built to capture
the powerful spatiotemporal characteristics of wind speed and direction data from neighboring wind
farms.

In the study by [22], long-term wind energy prediction was conducted based on daily wind
speed data using five machine learning models. They concluded that machine learning algorithms
can be implemented to predict long-term wind energy values against historical wind speed data, also
proving that machine learning-based models can be applied to a location other than the locations
trained by the model. According to [23], the authors suggest that improving the accuracy of wind
turbine power prediction is an effective measure. To this end, they implemented a deep learning
network based on a long short-term memory (LSTM) algorithm to forecast wind turbine power.
Furthermore, they employed a Gaussian mixture model (GMM) to analyze the error distribution
characteristics of short-term wind turbine energy forecasting, achieving better performance and
evaluation than other methods.

According to [24], wind energy forecasting has a major effect on the planning, operation, and
maintenance of wind farms. Therefore, to increase forecast accuracy, the authors developed a hybrid
model that incorporates a wavelet neural network enhanced by optimization methods and used to
implement wind energy forecasting. In the paper of [25], a new non-linear gray Bernoulli model with
fractional order accumulation, abbreviated as the FANGBM(1,1) model, is proposed to predict
China's short-term renewable energy consumption. Using updated data sets, the model can predict
both total and wind consumption.

To overcome some challenges and further enhance the performance and stability of wind speed
forecasting, the authors of [26] developed a forecasting system based on a data pre-treatment
strategy, a modified multi-objective optimization algorithm, and various forecasting models. In
another article [27], a two-layer nonlinear combination method called EEL-ELM is implemented for
short-term wind speed forecasting for both 10 min and 1 h ahead. The first layer is comprised of an
extreme learning machine (ELM) architecture, an Elman neural network (ENN), and an LSTM layer
to separately predict wind speed.
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The authors of [28] proposed a new two-stage forecasting model based on the error factor, a non-
linear ensemble method, and the multi-objective gray wolf optimizer algorithm for wind energy
forecasting. According to [22], due to the improvement of artificial intelligence technologies,
especially deep learning, an increasing number of models based on deep learning are being
implemented for wind speed and wind power (WS/WP) prediction because of their superior ability
to deal with complex nonlinear problems. Therefore, the authors comprehensively analyzed a
plethora of deep learning methodologies used in WS/WP prediction.

According to [30], obtaining reliable and high-quality wind speed forecast results is important
for wind energy planning. In their study, the authors proposed the Shared Weight Long Short-Term
Memory Network (SWLSTM) method to reduce the number of variables to be optimized, as well as
the training time of the LSTM without substantially impacting the accuracy of the forecast. They also
combined a new hybrid SWLSTM and GPR model to obtain reliable probabilistic wind speed forecast
results. In [31], the authors analyze works about selected topics applying renewable resources and
energy prediction models to promote the optimal integration of renewable energy (RE) in power
systems. The authors of [32] proposed a new structure of long-term genetic memory (GLSTM)
composed of long-term memory and genetic algorithm (GA) to forecast short-term wind energy and
realized that GLSTM, on average, boosts wind power forecasts from 6% to 30% compared to existing
techniques.

It is important to emphasize that among these 15 research works, different techniques and
methods were used trying to analyze which is the best to predict wind speed.

3.3. Most Relevant Affiliations

With regard to the performance of the institutions, the 20 most productive ones, that is, those
that most developed articles in the considered area, are listed in Table 5. The number of articles linked
to them, the country or region where they are located, and the percentage that each one represents in
view of the global amount of publications are also presented.

Table 5. The 20 institutions that have the most impact on the area and where they are located.

Rank Institution/Affiliation Articles Country Percentage (%)
1 NORTH CHINA ELECTRIC POWER UNIVERSITY 53 China 3.45502
2 TSINGHUA UNIVERSITY 31 China 2.02086

HUAZHONG UNIVERSITY OF SCIENCE AND .
3 TECHNOLOGY 28 China 1.825293
4 TECHNICAL UNIVERSITY OF DENMARK 28 Dinamarca 1.825293
DONGBEI UNIVERSITY OF FINANCE AND i
5 ECONOMICS 24 China 1.564537
NATIONAL RENEWABLE ENERGY .
6 LABORATORY 20 United States 1.303781
7 ISLAMIC AZAD UNIVERSITY 19 Iran 1.238592
8 SHANDONG UNIVERSITY 19 China 1.238592
9 LANZHOU UNIVERSITY 18 China 1.173403
10 SOUTHEAST UNIVERSITY 17 Bangladesh 1.108214
11 WUHAN UNIVERSITY 17 China 1.108214
12 ZHEJIANG UNIVERSITY 17 China 1.108214
13 HOHAI UNIVERSITY 15 China 0.977836
14 GUANGXI UNIVERSITY 13 China 0.847458
NATIONAL CENTER FOR ATMOSPHERIC .
15 RESEARCH 13 United States 0.847458
16 SOUTH CHINA UNIVERSITY OF TECHNOLOGY 13 China 0.847458
NAN]JING UNIVERSITY OF INFORMATION .
17 SCIENCE AND TECHNOLOGY 12 China 0782269
18 UNIVERSITY OF STRATHCLYDE 12 United Kingdom 0.782269
19 CENTRAL SOUTH UNIVERSITY 11 China 0.71708
20 PACIFIC NORTHWEST NATIONAL 1 United States 0.71708

LABORATORY
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NORTH CHINA ELECTRIC POWER UNIVERSITY, TSINGHUA UNIVERSITY, and
HUAZHONG UNIVERSITY OF SCIENCE AND TECHNOLOGY, all three universities located in
China, lead with a total of 112 documents, corresponding to 7.3% of the total documents analyzed.

Furthermore, it can be inferred that a significant part of the affiliations was found to be Chinese
institutions, where of the 20 institutions with the most publications, 13 are from China, responsible
for a total of 271 documents that correspond to almost 18% of general publications.

Figure 4 shows the growth of the five main institutions over the time considered.

Affiliation Production over Time

40

Articles

20

oD o IF o~ (3]
= o™ o o o
(=] o] (=1 [=3 (=1
™~ o™ o~ ™~ [
Year
Affiliation

DONGBEI UNIVERSITY OF FINANCE AND ECONOMICS
— HUAZHONG UNIVERSITY OF SCIENCE AND TECHNOLOGY
— NORTH CHINA ELECTRIC POWER UNIVERSITY
— TECHNICAL UNIVERSITY OF DENMARK

TSINGHUA UNIVERSITY

Figure 4. Growth over time of publications from the 5 institutions with the most publications in the

area.

There is a growth in the number of published works related to this subject in all five institutions
considered. However, it is possible to notice that NORTH CHINA ELECTRIC POWER UNIVERSITY
has been having a greater growth in relation to the number of publications over the years and
standing out in the area in question.

Among the articles linked to these institutions, we can mention the work of [33], from the North
China Electric Power University, which already had 172 citations, and the document [34], with 121
citations. From Dongbei University of Finance and Economics, one can cite the article by [35], which
already had 159 citations, the work[36] already with 147 citations, and the work of [37] with 114
citations. With regard to works developed by researchers from Huazhong University of Science and
Technology, one can cite the document [38] with 145 citations and the work of [39] with 102 citations.
The Technical University of Denmark has the work of [40] with 100 citations.

3.4. Number of articles by the county of the authors’ affiliations

The network mapping of countries and territories, together with their publications and citation
analyses, are displayed in Table 6. Table 6 shows the number of documents by countries taking into
account not only the corresponding authors but any author that is in the publication.
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Table 6. Number of articles by country and number of citations by country.
Region Number of documents Percentage (%) Total Citations
CHINA 1154 75.23 8298
USA 414 26.99 1571
INDIA 211 13.76 750
IRAN 131 8.54 1249
UK 112 7.30 473
SPAIN 102 6.65 471
AUSTRALIA 98 6.39 530
ITALY 98 6.39 461
GERMANY 94 6.13 329
BRAZIL 86 5.61 359
FRANCE 71 4.63 176
PAKISTAN 69 4.50 295
SOUTH KOREA 67 4.37 310
TURKEY 63 4.11 392
DENMARK 60 3.91 291
JAPAN 59 3.85 183
CANADA 58 3.78 269
POLAND 54 3.52 114
PORTUGAL 50 3.26 281
SAUDI ARABIA 46 3.00 104

This result shows the considerable participation of Chinese researchers in the various works,
both as authors and co-authors.

For the present study on the wind speed forecast, the results elucidate that the maximum
number of articles are from Chinese authors (1154 articles), corresponding to more than 75% of the
papers published in the area, considering that the total number of retrieved documents is 1534. The
second largest amount of published works is from the United States (414 articles), followed by India
(211 articles), Iran (131 articles), and the United Kingdom (112 articles). The participation of Chinese
researchers exceeds the participation of researchers from other countries both in terms of the number
of articles as well as in the number of citations received, while Iran only does not surpass China and
the United States in the number of citations, that is, articles with researchers from Iran are the second
most cited.

A possible explanation for the surge in the number of publications and citations in the case of
the USA and China may be attributed to the fact that the developed countries started the renewable
energy usage discussion years before the developing countries, allowing them to set a relatively
effective management system for future advances [41]. In addition, due to environmental concerns
in the USA and the high consumption of fossil fuels in both countries, concerns have arisen around
the theme, contributing to the development of studies and research. It is interesting to mention that
these nations have some of the largest populations in the world and are the world's largest emitters
of COz [42].

Among the most cited works with Chinese authors, we can mention the work [43] with 172
citations, the work of [44] with 165 citations, the document [45] also with 165 citations, and the article
[46] with 160 citations. All these documents have the participation of Chinese authors and are fully
linked to the theme of this present study.

The Bibliometrix tool also analyzes the number of publications considering only the
corresponding author and observing whether the publications had contributions of authors from
other countries, and this information can be analyzed in Table 7, where the largest publications from
a single country (SCP) and publications from several countries (MCP) showed that researchers in
China have been working closely with other countries.
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Table 7. Number of articles, considering the first author, who collaborates with other countries.

Country Articles / (%) SCP MCP
CHINA 451 (29.4%) 343 108
USA 102 (6.65%) 81 21
INDIA 94 (6.13%) 84 10
IRAN 54 (3.52%) 35 19
SPAIN 41 (2.67%) 27 14
GERMANY 38 (2.48%) 29 9
ITALY 37 (2.41%) 22 15
AUSTRALIA 35 (2.28%) 18 17
KOREA 33 (2.15%) 26 7
BRAZIL 29 (1.89%) 20 9
UNITED KINGDOM 27 (1.76%) 9 18
TURKEY 24 (1.56%) 22 2
DENMARK 23 (1.50%) 14 9
CANADA 22 (1.43%) 15 7
JAPAN 23 (1.43%) 14 8
POLAND 24 (1.43%) 17 5
FRANCE 21 (1.37%) 15 6

These data show that globalization in wind speed forecasting expands substantially across Asia,
Australia, America, and Europe.

For the data in Table 7, the information given by the corresponding author that was considered
is the country and institution of origin of the works. The 17 most productive countries are home to
83.3% of total publications. China concentrates the most significant number of publications (451
publications, about 29.4% of the total), followed by the USA (102 publications, about 6.65% of the
total) and India (94 publications, about 6 .13% of the total). One can understand the interest of these
two powers in wind speed forecasting for the study of wind energy is due to the pursuit of clean
solutions and renewable energy sources and the commitment to the decarbonization of transport [47].

3.5. TreeMap - WordCloud

The TreeMap presents, in plot form, the most used keyword terms in a given topic and their
frequency of citation. For this set of data, Figure 8 was obtained, which portrays the author's
keywords that were considered most significant in the set of analyzed documents.

This research centers on analyzing the 20 most commonly utilized keywords that play a
significant role in the highest-ranked articles, aiming to uncover the primary areas of active research
within the wind speeds forecasting field. Figure 8 indicates the 20 most used keywords in the
keyword field, ranging in frequency from 164 to 951. The different sizes and colors of the fields
indicate keyword frequency and rank. According to this figure, the term wind power is the most used
keyword, with a frequency of 951, which corresponds to 19%. It is followed by the term weather
forecasting, forecasting, wind, and wind speed, with relative frequencies of 606, 489, 479, and 266.
Meanwhile, the term uncertainty analysis has a frequency of 112, which can be considered small for
this data set, but it is still a reasonable number because it is still greater than 100.

Notably, keywords, such as machine learning, long short-term memory, stochastic systems,
electric power transmission networks, deep learning, wind turbines, learning systems, and
uncertainty analysis, hold significance because they play a special role in facilitating the researcher
in locating and identifying information pertinent to work on forecasting wind speed. Keywords can
also indicate an attempt to identify what has been elaborated in the publications, along with the
knowledge structure of the topic and the interrelationships between distinct fields of wind speed
forecasting.
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Figure 8. Number of each of the keywords most cited by the authors.

It is noticed that the themes focus of this work appear little, what can show that it is a theme that
still has a lot to be explored and that there are still few works addressing the theme as a priority in
recent years.

Among works that present these keywords as those of the author, it can be mentioned, from the
year 2019, the paper [48] with 189 citations, the article [49] with 180 citations, and the document[50]
with 172 citations. From the year 2020, one can reference the paper [51], with 160 citations, and the
article [52] with 125 citations. And from the year 2021, the article[53] with 150 citations, and the
document[54] with 138 citations. As of 2022, one can reference the paper of [55] with 31 citations.

Through the terms that appear in less occurrence, it is possible to indicate a direction of which
themes need to be further explored and researched, where additional work is needed, but it is
important to carry out a preliminary evaluation of these terms. Therefore, it can be based on some
terms that have a low occurrence may be used as a guide for future research, showing new fields to
be explored and researched.

3.6. Grouping by Coupling (bibliographic link)

Two articles are said to be bibliographically linked if at least one cited source appears in the
bibliographies or reference lists of both articles. Clusters of terms most used to refer to a particular
topic and their relationship with other terms can be graphically presented, in the form of a map
and/or network. This data can be visualized by the analysis units, author, document, or source, and
coupled with abstracts, references, titles, and keywords.

3.6.1. Co-occurrence Network

Graphically presents the formation of networks of the most representative words of a given
theme, according to the network of authors, and its connection with other networks of words. These
words may be derived from keywords, abstract, title, or words most used in the text. In the case of
this work, the network was a result of the keywords.
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Figure 9. Network of most representative words within the set of keywords.

In Figure 9, one can see the clusters that group the subjects, delimiting the communities that are
working on them with similar efforts.

The connectivity of the keywords that have the strongest binding strengths is depicted,
containing several clusters that include wind, wind power, foresting, and weather foresting, all
focused on wind speed forecasting. The blue cluster contains most of the terms related to wind speed
prediction. Within this network diagram, different colors represent different groups, and the
conformation of the groups was set on the connections between elements (instances of keyword
occurrences across documents), leading to groups of closely related elements. In this bibliometric
investigation, the keywords were categorized into 4 clusters. The map depicts the different groups,
and size of the circles directly reflecting the overall strength of links associated with each keyword.
Also, the distance between the terms suggests whether they were related to each other or not.

Here we can refer to some review works between these groups, such as the paper [56] of 2022
with 31 citations, developed in the United Kingdom, and the article [57] of 2022, with 11 citations,
developed by researchers from China, Denmark, and Germany and[58] with 10 citations from 2021,
with the participation of researchers from Denmark.

3.6.2. Co-citation network

It graphically presents the networks of authors, allowing to show which are the main authors of
each network (those who publish the most) and the intensity of the connection with the other
networks of authors.

Figure 14 displays the co-citation network map encompassing the most cited references. The
colors designate the clusters assigned to cited references based on the strength of their associations.
The circle’s size represents the number of citations, while the lines connecting the circles signify
linkages. This may be a good starting point for a researcher to explore this field.
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Figure 14. Authors network.

3.6.3. Collaboration world map

Figure 16 graphically presents, in a world map format, the collaboration networks between
countries and their productions, the line red color indicates as there is collaboration occurring in that
country, allowing us to identify the countries that collaborate most for the publication of a certain
theme.

Country Collaboration Map

P :
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~ ~ 2
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Longitude
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Figure 16. Collaboration network in the form of a map.
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As Figure 16 shows, several countries have published articles on wind speed forecasting. Taking
into account the affiliations of authors and co-authors (Figure 16), China stands out with 17
collaborations with Australia, 19 with the United Kingdom, and 43 with the United States, which has
15 collaborations with Iran. This reveals that collaborations among countries will be capable to
increase the number of publications, compared to publications of a single country.

5. Conclusions

This study has proven the scarcity of a significant number of documents highlighting wind
speed forecasting and future research can fill such gaps in this theme.

The present work had as its objective the bibliometric analysis on the subject of wind speed
forecasting, where a search was used considering the terms ("forecast" OR "prevision" ) AND "wind"
AND ( "turbine" OR "power" OR "energy" or "velocity" or "speed "), to encompass in the best possible
way the works related to wind speed forecasting, to assess the research trends in this area in order to
carry out this analysis in the spectrum of publications facing the world context.

For this purpose, the Scopus database was used and, later, an analysis of the data analysis was
carried out by Bibliometrix, allowing to identify trends, patterns, and gaps in the scientific production
on the subject, in addition to providing relevant information for the formulation of public policies
and investments in research and development in this area. In this study, a total of 1,534 documents
were analyzed, with 1,484 articles and 50 review papers, distributed from 331 sources and with the
participation of 4,376 authors, considering the period from 2019 to April 2023, when the research was
carried out.

It is conclusive that, over the years, analyses on the subject have been more widespread and
stimulated due to decarbonization pacts that made countries have to look for ways to reduce COz
production and invest more and more in renewable sources, including wind power, and for that, the
study of wind speed forecast is essential for any project. With this, the increase in research is
notorious, mainly between China and the USA, countries where renewable energy, including wind
energy, has become a fundamental and viable alternative. However, it is clear that much still needs
to be researched in this area.
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