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Abstract: We summarize our metadata analysis of the last 38 well-attended annual conferences,
organized by the Society of Exploration Geophysicists. In 2018, Schlumberger and Saudi Aramco
had the highest number of publications among service and production companies. In 2019, BGP and
PetroChina took the lead. Throughout history, US academics have had the highest number of
publications, but in 2019 Chinese academia came close to taking the lead. Analysis of the publication
activity of oil-producing and oilfield service companies provides insights into the state of geophysical
research. The number of publications from industrial companies in the energy sector reflects their
financial standing and aspirations for the near future. Publications from academia in different
countries tell us about state and private funding of research in each country, and indirectly reflect
the geopolitical situation in the world. The changing number of publications over time reflects the
dynamics of the transformation of research in geophysics, and allows us to understand better what is
happening and make forecasts.

Keywords: geophysics; web data analysis; data mining; limited computing power; information
abundance

1. Introduction

The amount of digital data has been erupting in the recent years. In 2018, the total
estimated size of the datasphere (“The notional environment in which digital data is stored;
especially the Internet viewed in this way.”, www.lexico.com/ (accessed 28 April 2020))
was 33 x 10?1 = 33 zettabytes (ZB) with a prediction of 175 ZB in 2025 [1]. The electricity
cost of storing and using one GB of information was estimated to be 5.12 kWh [2]. The cost
of use of 5.12 kWh was about $0.51 in 2012. In 2012, information and communication
technology (ICT)-related products and services accounted for 4.6% of worldwide electricity
consumption [3]. Another estimate puts this cost at 10% of global electricity consumption
in 2013 [4], and growing at 7%/ year [5], to about 16% today. In 2012, the global electricity
demand on data centers in 2018 was estimated to be 198 TWh, which is almost 1% of
global electricity demand [6]. KTH (KTH is the Royal Institute of Technology in Stockholm)
reports that about 10% of the world’s total electricity consumption is being used by the
Internet alone [7]. Estimated increase in the datasphere size suggests an inevitable increase
of power consumption over time. If linear scaling is assumed, we can say that a five-fold
increase in the datasphere will require a five-fold increase in the burning of valuable
hydrocarbons by 2025. BP, in its review of world energy, reports that in 2019, 84% of the
total energy was produced by burning coal, natural gas, and oil [8]. The remaining 16%
was produced by nuclear, hydro, and renewables. The five-fold increase in energy demand
cannot be sustained.

The Society of Exploration Geophysicists (SEG) annual conferences are dominated by
oil and gas companies, representing the customer, and oilfield service companies, repre-
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senting the service provider. Therefore, the number of publications and company presence
at an SEG conference reflects the company’s current and future activity in all these market
relationships we refer to as the geophysical market (GeoMrt). It is essential for oilfield
services and oil production companies to make good presentations at this conference.
Service companies advertise their technology advancements in this way, and oil companies
show their solvency in the market. Tracking the number of reports, we can talk about
the dynamics of R&D investments of a particular company. To understand the changing
Big Energy sector, the geophysical market is very important, because geophysicists find
and explore the mineral deposits on which our civilization is based. After a time delay,
changes in the geophysics sector trigger responses in the energy sector.

The SEG Annual Conference and Exhibition is one of the most significant gatherings
of geophysicists in the world. A presentation at this conference raises the prestige of a
company and demonstrates the scientific viability of an academic institution. These con-
ferences have been held annually for 9 decades and they have provided online access of
proceedings for the last 38 years [9], through 2019. The 2020 SEG Annual Conference was
held online, but at the time of the manuscript submission, the affiliation data was not yet
available on the OnePetro website and could not be included in the article. Researchers and
engineers report on their cutting-edge achievements, and so we get an annual account of
the most relevant technologies. The major keywords appearing in the SEG literature were
analyzed recently by Eltsov et al. [10].

Vlad [11] performed an analysis of the Geophysics journal affiliations, and he fo-
cused on academic institutions and the change in the number of publications over time.
He reviewed metadata of 11,658 publications made between 1936 and 2017 by various
universities around the world. In journal articles, a severe decrease in the contributions
from the industry is observed, while in conference articles, we do not observe such a
decline. Vlad notes an increase in the number of co-authors per article and an increase in
the number of publications of the Chinese academy and academy of other Asian countries.
We agree with the conclusions of Vlad on the analysis of the geophysics article metadata.
However, we do not consider publications by individual universities. Instead, we ana-
lyze the number of publications by various industrial companies. In our paper, we try
to describe historical and market prerequisites for changing the number of publications.
The main difference between our article and Vlad'’s article is that we interpret the change in
the number of publications over time and associate metadata with the events in oil market
and the industry. To the best of our knowledge, the presented metadata analysis approach
has not been applied yet to conference materials.

In this paper, we analyze the GeoMrt based on the proceedings of the SEG Annual
Conferences. We see that the number of publications from oil and oilfield service companies
reflects their stock market price, and the number of publications from academia in various
countries speaks to the state funding of scientific work. The goal of our study is to give a
general overview of the data set and provide several illustrative examples. The manuscript
size limits the number of such examples. Therefore, we consider only the largest com-
panies and countries most represented at the conference. Our results will interest young
researchers, PhD students, postdocs, petroleum engineers, geophysicists, and specialists
working in oilfield services and oil production market. We encourage researchers to use
our database outside the scope of this paper [12].

2. Science as an Economic Activity

When modern science is regarded as an economic process in terms of inputs and
outputs, two significant considerations arise, says Nicholas Rescher [13] in his monograph
on the economics of research in natural sciences:

1. Asasphere of human effort, science is a massive undertaking, and one which (through-
out the recent history) has been rapidly accelerating in scale under the benefit of a
vast input in terms of labor, expenditure, and information.
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2. As a productive enterprise, science has delivered a massive and (over the recent
period) rapidly accelerating output in the strictly quantitative terms of the literature
which reports its findings and all other forms of sharing activities (conferences,
international colloquia, etc.)—as well as in an impressive and rapidly increasing
menu of technological “spin-offs.”

Rescher’s seminal work leads to the following conclusions:

1. In contrast to the numeric rate of generation of products of science (the number
of papers, abstracts, patents, etc. per year), the knowledge content of science has
increased at a much lower rate that may have been more linear than exponential.
Also, the surprise or information content of many papers and patents is negligible.

2. The rate of growth—exponential or not—of science has been quite uneven; for exam-
ple, the number of papers in geosciences has been vastly smaller than in biochemistry
and biology. However, it does not follow that the information content of a biochem-
istry paper is higher than that of a paper in geophysics or petroleum engineering.

3. The usefulness, however defined, of new information generated in research and devel-
opment (R&D) should be questioned. Such questioning helps in coming down from a
rather ethereal plane of the seemingly boundless possibilities of a physical science
to a more practical context of what is feasible and realistically impacts a society that
bankrolls the science.

3. Materials and Methods

We used the OnePetro online library [14] to obtain metadata of the peer-reviewed
papers. The OnePetro website offers ample opportunities for fetching and analyzing meta-
data. Along with OnePetro, CrossRef service can be used for metadata fetching. Different
spelling versions and typos affected our study of affiliations. Moreover, many organizations
have since ceased to exist (were acquired, went bankrupt, split, etc.), which also compli-
cated the analysis. We use the open-source Python libraries to obtain and process metadata:
Requests-HTML, sqlite3, and NumPy. For printing the graphs, we use Matplotlib, Plotly,
PIL (Python Imaging Library), and Inkscape.

In total, we have analyzed 24,500 SEG conference papers over the 38 years period.
The number of non-unique authors for the entire time span chosen in this work exceeds
75 thousand. Figure 1 shows the data processing workflow. We received metadata for all
38 conferences and sorted them into academia and industry. By “academia”, we mean the
educational, scientific institutions, universities, colleges, national laboratories and scientific
institutes sponsored by the state budget. By “industry”, we mean oil and gas production
companies and oilfield services companies, as well as all private companies that provide
services in the market for prospecting, exploration and mining. We sorted all affiliations
from the industry by company name and academic affiliations by country. Not all affilia-
tions were complete; sometimes they looked like “University of”, “Geological Institute”,
“Unive”, “Faculty of Geology and Mining” etc. These mislabels did not allow us to deter-
mine the country of an implied academic institution. In this case, we have defined such an
affiliation as an “unknown academic institution” and included it in a special list.

After initial filtering, we count the number of affiliations per year from each particular
company or academic institution in a particular country and analyze their changes over
time. The average number of authors per paper has been growing over the years. There are
many articles written jointly by authors from different companies. We divided the total
number of affiliations from all industrial companies and academia by the average number
of co-authors for each year. If one author used multiple affiliations, we took into account
only the first one mentioned. It is easy to identify the large company affiliations and typos
in the spelling of their names, but it is more difficult to analyze industrial companies that
published less than 10 papers. Since the authors of these publications often spelled the
names of their companies differently, we distributed them into different groups. We take
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note of the number of typographical errors in the “Schlumberger” company name. Schlum-
berger truly ranks first among all other companies, but its name is sometimes misspelled
as: “Schiumberger”, “Schulmberger”, “Shlumberger”, “Schlumbeger”, “Schlumbrrger” etc.
These errors are due in part to the carelessness and faulty machine recognition, but it is
worth paying a tribute to the Schlumberger company, which published the highest number
of articles over the observed period.

All Affiliations

Collect all affiliations from
OnePetro and sort them into two groups

Academia Industry
Sort entries by Sort entries by
country of origin company name

SQL Database

Analyze frequency of occurrence of different companies and academia
in different countries and what their connections are with market conditions

Trends in Geophysics

Determine who publishes the largest number of papers at the SEG Annual Conferences

and how these paper numbers correlate with the economic boom & bust cycles

Figure 1. Data processing workflow.

4. Results

Figure 2 reveals the average number of academic papers by country. Each coun-
try is represented by a unique color. The circle sizes scale with the average number of
publications per country. The inset in the lower-left corner shows a zoom-in of Europe.
The most considerable contributions are from the universities in the United States of
America (Colorado School of Mines, University of Houston, and Stanford University),
followed by the universities in China (China University of Petroleum, Jilin University,
and Tongji University), and Canada (University of British Columbia). Most of the remain-
ing papers are shared among the Netherlands, France, the United Kingdom, Germany and
the Russian Federation, followed by Norway, Italy and Switzerland.

China holds the leading position in Asia, followed by the smaller but notable contribu-
tions from South Korea, Japan, and India. In South America, academia in Brazil published
the highest number of abstracts. In the Middle East, the most represented country at the
SEG Annual Meetings over the past ten years has been the Kingdom of Saudi Arabia.
In 2009, Saudi Arabia had only one publication, and in 2019, this number grew to 23,
which was quite impressive. No academic institutions in other countries have shown such
a rapid relative growth in recent years. The total number of publications from the top
50 countries is presented in the Appendix A, and the full list can be accessed here [12].

The circle in the Antarctica represents incomplete affiliations or affiliations with typos
that were not correctly recognized; therefore, it was impossible to determine the paper
location. The size of this circle provides an estimate of the total error of the analysis +(0.3%
of the total number of the publications).
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Figure 2. The last 38-years of academic publications by country. Europe is in the zoomed inset in the lower-left corner.
The circle on Antarctica represents erroneous affiliations and serves as an error indicator.

Figure 3 compares the annual number of publications from industry and academia.
Both types of contributors have been producing more papers over the years, a trend asso-
ciated with an increase of fossil fuel consumption, oil price, and the governing economic
paradigm of eternal growth. In some cases, however, such a correlation is missing. For ex-
ample, the number of academic publications was hardly affected by the two recent crises of
2008 and 2014. On average, the number of industrial publications has only been partially
influenced by oil price dynamics, resulting in a slower growth rate in the last few years.
With the global COVID-19 pandemic and the unprecedented contraction of the industry
worldwide, the number of SEG publications will likely decrease sharply in 2021. Thus far,
however, it appears that on average the industry has become more efficient in research
expenditures, and managed to maintain a high number of publications, and even a slow
but consistent growth, when faced the shrinking market.
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Figure 3. The annual publication contributions by industry and academia.
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Curiously, the number of publications from academia in 2019 fell significantly. Figure 3
indicates a decrease in the number of publications from US academia in 2019 compared
with 2018. Perhaps this decrease was caused by a reduction in state funding of higher
educational institutions [15] (also see blue curve drop in 2018-2019 in Figure 6). However,
other factors could have affected this drop. For example, during this time, major oil
companies started to prepare for a “lower for a longer” scenario. They shifted focus from
resource replacement to value creation, alternatively it could be a signal from the European
major oil producers of an energy transition.

In 2020, the SEG Annual Conference was held online and there were 777 technical
papers [16]. Since 2009, there have always been more than 800 articles per conference
proceedings, and now we see that the number of speakers has decreased compared with
1080 back in 2019. Considering the current situation, we assume that the number of
participants in the 2021 conference is unlikely to reach the level of 2019 or 2012.

Figure 4 shows that the number of co-authors per paper has increased, and we observe
a correlation with the world trend exemplified by a related field of the Earth and Plane-
tary sciences. The increase in the number of authors per paper is a worldwide trend [17].
Scientific research is becoming more interdisciplinary and thus more collaborative. Start-
ing around 2010, the average number of co-authors of SEG papers became almost constant
at 3.6 co-authors per paper, but in 2019 it increased, reaching 3.9. With that, we see an in-
crease in the number of organizations involved in the SEG Annual Conferences. Most likely,
the number of authors per article will continue to grow but should eventually plateau.

—— SEG Annual Conference
—— Earth and planetary science

w w by B
o o <) ]
! ! ! !

Average number of authors per paper
N
U

2.04

19l85 19]90 19I95 20l00 20105 20I10 20l15
Year
Figure 4. Growth rate of the number of co-authors for the SEG Annual Conferences and the Earth
and Planetary science [17].

Figure 5 correlates the number of companies with the corresponding number of
publications. More than 2400 industry companies and academic institutions from 86
countries have presented their research at the SEG annual conferences so far. There are only
two companies that on average have published more than 500 publications (Schlumberger
and CGG), and there are more than 2100 companies that published five papers or less.
The five companies with the most significant number of publications in the SEG annual
conferences are (1) Schlumberger (Houston, TX, USA), (2) WesternGeco (Crawley, UK),
(3) CGG (Compagnie Générale de Géophysique, Paris, France), (4) BGP Inc., (BGP Inc.,
China National Petroleum Corporation, Beijing, China), and (5) BP plc (formerly The
British Petroleum Company plc and BP Amoco plc, London, UK). These five companies
accounted for about 30% of all paper affiliations over the last ten years. Schlumberger
constitutes about 8% of all affiliations, with WesternGeco adding about 5% in the past ten
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years. The number of companies that have published less than five papers over the years
has been growing gradually [12]. We suggest that increase in the number of companies
with a small number of publications indicates digital technologies adoption. After all, it is
cheaper to deal with data processing than exploration, which requires seismic equipment
and a large staff. It is reasonable to assume that the presence of small companies at the SEG
annual meetings will continue to grow.
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Figure 5. Average number of papers vs. the number of companies that published these papers.

Figures 6 and 7 shows a breakdown of academic publications by country for the eight
most highly represented countries as reported in Appendix A. The error bar size is +0.3%
of the publication number, which is similar to the marker size in our plots. The five most
highly represented universities in SEG Annual Conferences over the 38 years have been
(1) the Colorado School of Mines, (2) the University of Houston, (3) China University of
Petroleum, (4) Stanford University, and (5) Delft University of Technology. US academia
is ahead of everyone in terms of the number of papers published annually, as well as the
total articles published. The Netherlands and Canada have regular contributions, and their
publication activity is constant over time. Other countries, such as France and Germany,
seem to follow the crude oil price trend. In contrast, China maintains a steady growth rate.
In 2006, the Chinese government initiated a powerful program of research development,
“Medium and Long-term Plan for the Development of Science and Technology (2006-2020)”
with a target of the 2.5% General Engineering R&D (GERD)/GDP ratio by 2020 [18].
The strong government support of geoscience, allowed Chinese academia to exhibit the
record growth between 2008 and 2015. In 2013, we observed a 15% increase in R&D
spending by China compared with 2012 [19]. The number of publications by Chinese
academia is now almost equal to that in the USA. Figure 7 indicates that Europe has been
reducing investment into exploration technology since the 1990s. Perhaps this is due to the
maturity of many oilfields, and the low probability of discovery of new profitable oil fields.
In short term, we do not expect a significant decrease in the number of USA academic
publications. At the same time, we foresee fewer publications from the European and
Chinese Academy due to travel restrictions.
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Figure 8 shows the average number of papers by oilfield service companies. The most
frequent guests at the SEG annual conferences have been Schlumberger, WesternGeco,
CGG, and BGP. Although WesternGeco is now a part of Schlumberger, we show them
separately according to the affiliation. Schlumberger dominates industrial geophysics
research, followed by CGG and BGP. In general, the number of publications by the major
oilfield service companies grew steadily. Although oilfield service providers depended on
oil prices, we surprisingly observe that after the 2014 crisis, the number of Schlumberger
publications peaked for several consecutive years [21], followed by a decline in 2018.
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It should be noted that in 2014, Schlumberger reported an outstanding revenue of $48.6
billion. The dynamics of Schlumberger’s papers reflect the dynamics of oil prices with a
delay of a few years. The number of CGG publications follows crude oil prices too, but since
2014, the number of publications from CGG has been declining. The 2015 Annual Report
by CGG mentions the extremely difficult market environment [22], and the cost reduction
measures: a reduction in the number of employees from 11,060 to 7353, the 55% general and
administrative cost cuts, and a 64% cut of the cost of marine vessels (A comparison of the
2013 and 2015 indicators). In January 2020, CGG reported its exit from marine acquisition,
and the sale of its ships and seismic equipment to Shearwater company [23]. It is, therefore,
likely that we will see fewer publications from CGG in the coming years.
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Figure 8. The average number of publications by oil-service companies and OPEC crude oil prices.

The change in the number of BGP publications shows a similar correlation with the
crude oil prices, with one or two years of delay. In 2019, BGP became a leader by the
number of publications among oil-service providers.

Many oil and gas companies that no longer exist made significant contributions to
the SEG annual conferences in the 1980s, and early 1990s. They are Arco Oil and Gas Co.,
Mobil E&P, OYO Corporation, Statoil, and others. These companies either merged with
others, changed their names, or were acquired.

Figure 9 displays five oil production companies with the most significant numbers of
publications. The picture is conceptually different from oil-service companies. For example,
ExxonMobil’s and BP’s number of publications peaked in 2005 and 2006, respectively,
and declined since then for both companies. At the same time, we notice a spike in BP’s
publications in 2016. 2005 was outstanding for ExxonMobil, with a net income of 36 billion
USD and a 31% increase in the number of employees [24]. We observe steady growth in
several of the key economic indicators of the company since the beginning of 2000. At the
same time, a decrease in the number of publications indicates a difficult period for the
company. For instance, in 2014, we found only one paper from ExxonMobil, which had
not happened over the past 15 years. The 2014 ExxonMobil Summary Annual Report [25]
shows that compared with 2013, market valuation at the end of the year decreased by
12%, and we observe further erosion of the stock market price of ExxonMobil in 2015.
A decrease in profit immediately affects research financing. Saudi Aramco demonstrates
steady growth; it had the biggest number of publications of all production companies
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in 2017 and 2018. Interestingly enough, the leadership was taken by PetroChina in 2019,
followed by Shell and Saudi Aramco. In 2021 BGP and PetroChina will have the largest
number of publications among oilfield service and o0il companies. They have gained a
significant momentum in the number of publications and will keep releasing new results for
the next few years, including 2021, and the annual conference in 2021. Schlumberger and
WesternGeco advance more slowly. We presume they will maintain number of publications
in 2021, but will soon go on decline along with CGG, because they have stopped marine
seismic research. We do not expect an increase in publications from BP or Exxon Mobil.
In contrast, the biggest players, such as Saudi Aramco and/or Shell, will compete with

BGP and PetroChina in the coming years.
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Figure 9. The average number of publications by oil and gas production companies [24-26].

We see how hard it is for the companies to endure the recurring market crises. In this

case, the number of publications decreases, but behind these graphs there is usually a
decrease in research budgets, and once in a while it means a reduction in staff. The oil
industry is experiencing likely the biggest crisis ever [27]. For example, the prices of future
contracts on oil went negative briefly [28]. The authors understand that the growing crisis
in the industry has been exacerbated by the effects of the COVID-19 pandemic. At the same
time, it is also obvious that we will need hydrocarbons to ensure a decent life for all, and we
will need specialists who know how to find and extract the hard-to-reach resources. It is
not easy to make predictions for the future after the pandemic, and beyond 2021, but we
dare to assume that the GeoMrt will face significant changes in the direction of reducing
the amount of exploration and increasing computer data processing.

5. Conclusions

We presented metadata analysis of 24,500 SEG papers published by more than
75,000 authors over 38 years. Academic institutions from 86 countries and more than
2400 industrial companies contributed to the SEG annual conferences between 1982 and
2019. US academia has had the most significant impact on the proceedings of the SEG
annual conferences during the entire observation period. We observe that the number
of papers from Chinese academia is growing, and it is almost equal to that from the US.
Although highly uncertain in the COVID-19 world, our 2021 forecast is that the USA
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academy will hold first place followed by China and Canada. The level of research activity
of companies that participate in the SEG annual conferences correlates with their economic
well-being. Annual reports by CGG and ExxonMobil and other companies confirm this
statement. Depending on the strength of the market and the price of oil, the relative
publication contributions by academia and industry change. The number of companies
that publish only a small number of papers has been growing. In 2018, we observed
more abstracts from academia, but in 2019 the number of publications from academia
and industry was almost even. In 2019, the most published companies were BGP and
PetroChina. In 2021, we expect to see most of the publications from BGP and PetroChina
followed by Schlumberger, Saudi Aramco, and Shell. It is very likely that CGG publications
will plummet. The average number of authors per paper continues to grow over time
in agreement with the global trend of Earth and Planetary science, but at a slower rate.
The average number of authors per geophysical publication will keep on growing following
the global trend.
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Appendix A

Table Al. The Total Number of Academic Publications by Country.

Total Number of
#  Country Name Publications *
1  United States of America 5151.69
2  China 1649.95
3 Canada 952.47
4 Netherlands 608.15
5 France 546.53
6  United Kingdom of Great Britain and Northern Ireland 462.14
7 Germany 330.39
8 Australia 302.54
9  Brazil 264.0
10 Japan 205.62
11 Russian Federation 178.75
12 Norway 176.36
13 Italy 164.11
14 Saudi Arabia 145.46
15 Korea, Republic of 138.62
16 Switzerland 113.01
17 India 99.08
18 Mexico 62.15
19 Denmark 57.58
20 Israel 55.69
21 Taiwan 49.44
22  Sweden 41.45
23 Venezuela (Bolivarian Republic of) 28.01
24 Argentina 25.78
25 South Africa 24.53
26 Nigeria 23.96
27 United Arab Emirates 19.75
28 Czechia 19.34
29 Spain 17.86
30 Egypt 16.78
31 Singapore 14.98
32 New Zealand 14.77
33 Romania 13.7
34 Indonesia 13.42
35 Malaysia 12.66
36 Greece 12.06
37 Portugal 11.74
38 Ukraine 11.08
39 Colombia 10.25
40 Finland 9.8
41 Austria 6.92
42 Iran (Islamic Republic of) 6.78
43 TIreland 5.62
44 Belgium 5.43
45 Slovakia 5.35
46 Poland 5.22
47  Turkey 52
48 Serbia 4.5
49 Thailand 4.34
50 Jamaica 4.32

® The numbers are fractional because many articles were written jointly by authors from different institutions in different coun-

tries. We divide the total number of affiliations in each country by the average number of co-authors for each year.
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