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Introduction 
Open access (OA) refers to unrestricted online access to documents published in scholarly 
journals. It emerged in the Internet age and is intrinsically tied to the development of the 
Internet (Swan and Brown 2004; Laakso et al., 2011). Open Access is changing the 
traditionally subscription-based scholarly publishing and communication landscape 
(Laakso et al., 2011).   
There are two main types of Open Access: Gold OA and Green OA (Harnad et al., 2008). 
Gold OA means that publications, either completely or partly, are available directly from the 
publishers for free. Green OA refers to author self-archiving, which is the practice of 
depositing articles (peer-reviewed articles and/or not peer-reviewed preprints) in an open 
access repository. This can be an institutional or a subject repository, or to a personal website 
(Laakso et al., 2011; Tennant et al., 2016). In addition, Hybrid OA is an intermedium form of 
OA, providing opportunities for authors to free individual articles from access barriers in 
subscription-based journals (Walker, 1998; Prosser, 2003). Besides, the emergence of Open-
access mega-journals (OAMJs), such as PLOS ONE, Scientific Reports, AIP Advances, and 
BMJ Open, indicates the increasingly important role of open access in the scholarly 
communication environment (Spezi et al., 2017). 
OA journals have started to emerge since the early 1990s (Björk 2004). As of January 2018, 
there were approximately 10,780 open access journals listed in the Directory of Open Access 
Journals (doaj.org) from 122 countries, with around 2,800,000 articles published. Björk et al. 
(2010) suggested that 8.5% of all scholarly journal volume in 2008 could be found free 
through some form of Gold OA. A 2015 study by the Max Planck Society reported the share 
of gold open access articles was 13% of all research papers (Schimmer, Geschuhn & Vogler 
2015). Archambault et al (2014) used automated web scraping to identify OA content to make 
a large-scale measurement of open access availability. According to their results, as of April 
2014, more than 50% of the scientific papers published from 2007 to 2012 were open access. 
Torres-Salinas & Orduna-Malea (2014) analyzed data from WoS to investigate OA literature 

1 This work was supported by the “National Natural Science Foundation of China” (71673038, 
71503031, 61301227). 
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percentage (published in gold OA journals), before the agreement with ImpactStory. 
According to the survey of the Universities UK OA monitoring group (2017), 30% of UK 
outputs (vs. 19% globally) in 2016 were published on immediate Gold OA terms. In addition, 
UK has kept an annual growth rate of over 30% throughout the period of 2012 to 2016.  
ScienceMetrix (2018) shows that, as measured in Q3 2016, the global proportion of articles 
published on Gold OA terms rose from 17.4% in 2006 to 23.3% in 2014, but decreased to 
19.3% in 2015. The percentages of OA across scientific domains are very different. For the 
publication year 2014, the proportion of Gold OA articles in health sciences was 33%; while 
in Arts & Humanities, the proportion was only 7%. At the country level, Brazil has 41% of its 
publications published on Gold OA terms in 2014, ranking the first in OA availability among 
the countries with the most papers indexed in the WoS. The SciELO repository, which is an 
effective platform used to diffuse scholarly papers published in Brazil, contributed to this. 
Sweden tied with Poland in the second place, with a gold OA proportion of 29%. In addition, 
the UK, Netherlands, and Switzerland had a gold OA proportion of 28%. Piwowar et al. 
(2017) estimated that at least 28% of the scholarly literature was published on OA terms 
(19M in total). The most recent year analyzed (2015) had the highest percentage of OA (45%), 
including 9.4% Hybrid and 11.3% Gold. Based on Norway’s data, Mikki (2017) suggested 
that 68% of all articles were openly available. Literature about the estimation of open access 
share of papers is controversial as different methods have been applied, and different results 
achieved. 
Open access articles are more immediately recognized and cited than non-OA articles 
(Eysenbach 2006). OA articles receive 18% more citations than average (Piwowar et al. 2017). 
Wang et al. (2015) confirmed the OA citation advantage and extended the observations to 
downloads and social-media interest, reporting that OA articles were downloaded, cited, and 
mentioned more than non-OA articles.  
 
Research Gap and research questions 
Restricted by the availability of large-scale data, previous studies usually conducted small-
scale analyses focusing on one specific field, journal, or institution. Therefore, they not only 
lack generalizability but also can sometimes produce contradictory findings.  
In this research, with the availability of large-scale data from Web of Science, which indexes 
over sixty million documents, we explore the following research questions: What is the 
worldwide landscape of Gold Open Access? Considering the OA ratios, which countries are 
(not) active in open access implementations? How is the evolution of gold OA rates of 
different countries during the past three decades? 
 
Data 
Since December 2017, open access status has been provided across the Web of Science 
platform as a result of a partnership with ImpactStory, which launched oaDOI 
(https://oadoi.org/), a knowledgebase of Open Access (OA) content. oaDOI makes it possible 
to discover and link to legal Gold (journal level), Hybrid Gold (open content in an otherwise 
paywalled journal), and Green (author self-archived) OA content.  
The oaDOI system uses the oaDOI service to crawl, aggregate, normalize, and verify data 
from various sources. The oaDOI contains records for all 88 million Crossref DOIs. It returns 
a link to a legally-available OA version of the article through the DOIs when the OA version 
is available. The recall of the oaDOI service is 77.0%, and the precision is 96.6% (Piwowar et 
al., 2017). DOIs cover a large share of WoS articles. Van Eck et al. (2018) estimated that 
88.9% of the WoS research and review articles can be matched with Crossref using DOIs as a 
crosswalking mechanism. Combining the statistics of the oaDOI service and the coverage 
estimation of Van Eck et al. (2018), we may estimate that the recall of the oaDOI service in 
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WoS is about 68.5%. In Web of Science, gold open access are identified as fully published 
articles available from the publishers without charge, including legel Gold and Hybrid Gold 
(https://images.webofknowledge.com/WOKRS527R13/help/WOS/hp_results.html). 
With the open access status at the article-level, it is possible for us to conduct a large-scale 
study of the OA status of publications. In this research, the data are collected from Web of 
Science, including Science Citation Index Expanded (SCI) and Social Sciences Citation Index 
(SSCI). The document types are restricted to Articles, Proceeding Papers and Reviews. The 
period of study is from 1990 to 2016. On the interface of search results, we refine the results 
by selecting the checkbox of “Gold” in the “Open Access” field. Then we get the Gold OA 
records. Publications are classified into two categories, which are Gold Open Access (OA) 
and Toll Access (TA). It is necessary to note that only Gold Open Access is considered in this 
study. The Gold Open Access articles here include articles published in Gold OA journals and 
OA articles published in hybrid journals. 
The top 15 countries with the most publications in the period from 1990 to 2016 are selected 
as our research objects. 
 
Results 
 
Growth trend 
We calculate the percentage of Gold Open Access articles among all WoS articles; Figure 1 
displays the growth trend of Gold OA articles from 1990 to 2016. The curve shows an 
obvious growing trend during this period. The open access articles take up a stable share of 
about 7.5% in the early 1990s and start to grow fast since 1995. Despite a few fluctuations in 
some years, the curve shows an overall upward trend. In 2015, the open access ratio has 
reached 25.40%, indicating that a quarter of articles are published in Gold OA. This ratio is a 
little higher than the result of 20.7% (11.3% Gold plus 9.4% Hybrid) reported in Piwowar et 
al. (2017). It is important to note that the evolution can be affected by the WoS journals 
coverage. Many OA journals emerged during the last decade, especially those OA mega-
journals, e.g., PLOS One (which was launched in 2006), Scientific Reports, BMJ Open and 
AIP Advances (which were launched in 2011), etc. The fast growth of OA journals may have 
bias on the evolution of the OA percentage in WoS. 
 

Figure 1: Overall trend of percentage of OA articles in all articles 
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Country analysis 
Table 1 lists the top 15 countries with the most articles indexed in WoS from 1990 to 2016. 
The country of an article is determined by the authors’ affiliations. Therefore, an article may 
belong to different countries if the authors are from different countries. We also calculate the 
OA percentage for each country, as shown in Table 1. Brazil ranks the first with an OA 
percentage of 32.80%, followed by Netherlands (25.19%) and UK (24.11%). Russia has the 
lowest OA percentage of only 5.95%, which is lower than India (10.39%) and China 
(15.40%). For the other countries, the OA percentages fall in a narrow range from 18% to 
23%. 
 

Table 1. Top 15 countries with the largest number of WoS records 
Rank Country OA articles Articles OA percentage 

1 USA 1,599,449 7,927,016 20.18% 
2 UK 500,401 2,075,315 24.11% 
3 Japan 421,475 1,871,447 22.52% 
4 Peoples R China 369,667 2,400,381 15.40% 
5 Germany 367,542 1,994,905 18.42% 
6 France 265,891 1,428,668 18.61% 
7 Canada 239,576 1,175,806 20.38% 
8 Italy 199,420 1,074,436 18.56% 
9 Brazil 171,526 523,018 32.80% 

10 Australia 167,913 817,933 20.53% 
11 Netherlands 164,871 654,381 25.19% 
12 Spain 154,599 837,630 18.46% 
13 South Korea 125,004 666,523 18.75% 
14 India 81,289 782,318 10.39% 
15 Russia 39,962 671,293 5.95% 

 
Figure 2 shows the temporal trend of the OA percentages of these 15 countries. Most 
countries fall in a narrow band with a similar temporal trend. However, there are some 
exceptions worthy to pay attention to. For instance, Japan had the highest OA percentage in 
the early 1990s and had kept a relatively high level among all countries until the late 1990s. 
For Brazil, the OA percentage was in the same range to most of the other countries in the 
beginning (1990 - 1996). Its remarkable growth began in 1997 and its OA percentage has 
been well ahead of the rest since then. In 2007, the growth of Brazil OA began to accelerate. 
The leading superiority of Brazil lasted from 1999 to 2015 until it was surpassed by the UK 
and Netherlands in 2016.The OA percentage of Brazil shows a downward trend since 2012.. 
For Russia, it has the lowest OA percentage and the lowest growth rate among all countries 
since 1990. In Russia, several federal and regional programs have been developed to render 
informational support to different domains as well as a program of electronic libraries 
construction. Most of them concentrate more on strategies rather than on the financing issues 
(http://www.unesco.org/new/en/communication-and-information/portals-and-platforms/goap/access-
by-region/asia-and-the-pacific/russian-federation/).  For China and India, the OA percentages are 
at a similar level with the same growth rate from 1990 to 2010. The divergence occurs in 
2011, when China started its faster growth. The temporal trend of South Korea displays 
another different pattern. At the beginning, the OA rate of South Korea was at the similar 
level as India and China. It began to rise faster in 1997 and exceeded China and India since 
then. In 2007, the growth rate of South Korea began to accelerate and reached the level where 
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most countries belong. The top three countries with the highest growth rate in the last five 
years are the UK, Netherlands and China, while most countries have declined slightly, 
including Japan, Canada, and Germany, etc. 
 

Figure 2: Comparison of temporal trends of countries 

 
 
Conclusions and discussion 
The worldwide landscape of Gold OA shows that USA, UK and Japan are the top three 
countries with the most OA articles on WoS, followed by China and Germany. Particularly, 
using the OA filter of WoS incorporates an important bias in the data. We consider not only 
the absolute number of Gold OA literature but also the gold OA ratio of countries. Brazil, 
Netherlands and UK are the top three countries with the highest OA ratios, followed by Japan 
and Australia. Meanwhile, Russia, India and China have the lowest OA ratios. The landscape 
regarding the ratio of OA articles is very different with the rank based on the count of OA 
articles. Compared with the results of Torres-Salinas & Orduna-Malea (2014), except Brazil, 
the OA ratios of most countries are much higher than the results generated by the new OA 
filter option on WoS. Compared with the results of ScienceMetrix (2018) in 2014, the OA 
ratios of China, India, Brazil, Russia and South Korea are almost the same. However, the OA 
ratios of other countries in this study is a little higher, among which UK has the biggest 
difference (36% in this study and 28% reported in ScienceMetrix (2018)). 
Through the data in a long-term period, we witnessed the evolution of OA in the past three 
decades. In 1990, the share of OA articles in all Web of Science documents  is less than 8%. 
Nevertheless, now the share has risen to over 25%, indicating the fast development of OA.  
Different countries display different Gold OA performance patterns. Most countries fall in a 
narrow band and show the same temporal trend since 1990. The OA percentage of Brazil, an 
upper outlier, is much higher than other countries, except the sharp decrease in the recent 
years. China, India and Russia are the lower outliers. However, the OA performance of China 
is developing faster in recent years. In 2016, China has narrowed its gap between most of the 
other countries greatly, while India and Russia have not made as much progress. 
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Limitations 
There are some limitations in this study. Firstly, there exists a WoS coverage bias that favors 
English language literature, as well as publications in natural science and life/health science 
(Mongeon & Paul-Hus, 2016). Secondly, the robustness and accuracy of oaDOI used in WoS 
needs to be paid attention to (now the recall is 77.0%, and the precision is 96.6%). Thirdly, 
the effects of OA policies on OA publishing needs to be further tested with econometrics 
models.  
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