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Introduction

One of the key principles formulated in the Russian Federation’s S&T Development
Strategy is striving for leadership in specific S&T areas, in conventional and innovative
technology, product, and service markets alike, and creating a full-scale integrated in-
novation system [President of the Russian Federation, 2016]. In recent years, coopera-
tion with BRICS countries in a wide range of subject areas, including science and tech-
nology, is increasingly becoming a high priority. Popular tools commonly applied to
promote this development model include international S&T cooperation, international
R&D integration, establishing efficient partnerships with international R&D centres,
and agreeing S&T cooperation priorities with them [BRICS, 2014, 2015, 2016, 2017].

Meeting long-term socio-economic challenges requires the application of a sys-
temic, integrated approach to identify key S&T development areas — those with the
potential to make the biggest contribution to solving emerging problems on the national
and international levels. Meanwhile, international priorities define the S&T areas, and
research and innovation-related goals and objectives particularly important to groups
of countries, which require joint effort to accomplish.

Most of the developed and developing nations, including BRICS countries, have
been devoting considerable attention to S&T priority setting for quite a while now,
since such priorities serve as a basis for their science, technology, and innovation (STI)
policies [OECD, 2010; BILAT-USA, 2010; Gassler et al., 2004; Gokhberg et al., 2016;
Grebenyuk et al., 2016; Cagnin, 2014; Kuwahara et al., 2008; Li, 2009; Pouris, Rapha-
sha, 2015]. Relevant efforts are mainly focused on solving strategic socio-economic
problems, and making efficient use of national competitive advantages [OECD, 2012,
2014; European Forum on Forward Looking Activities, 2015; Meissner et al., 2013;
Shashnov, Poznyak 2011; Sokolov, Chulok, 2016]. S&T priorities are currently being
set through a comprehensive assessment of their possible contribution to achieving sus-
tainable socio-economic development, and strengthening the country’s competitive-
ness.

Accordingly, identifying S&T priorities shared by BRICS economies becomes in-
creasingly relevant for planning their cooperation [Kahn, 2015; Kotsemir et al., 2015].
This objective is partially accomplished in the scope of various bilateral S&T coop-
eration programmes implemented by BRICS countries. Developing joint approaches
to setting S&T cooperation priorities is becoming particularly important, followed by
their successful practical implementation. Especially interesting are cooperation areas
where joining forces can potentially produce major synergies. The partner countries’
long-term goal is turning BRICS into a full-fledged platform for ongoing and strategic
interaction on key issues, including science and technology.

A long-term objective is turning BRICS into a reliable and efficient mechanism
for current and strategic cooperation in key areas, including science and technology.
Participating in drafting a common agenda for international cooperation, to obtain
competitive advantages through S&T and innovation cooperation with foreign coun-
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tries, is important to Russia and other BRICS nations. Such advantages include iden-
tifying promising S&T development areas, and stepping up relevant research through
international cooperation; sharing risks and costs in the scope of promising large-scale
S&T projects, and pooling resources required for their implementation; participat-
ing in meeting global challenges (energy efficiency, climate change, etc.); establishing
long-term relations with leading R&D centres to create new knowledge and building
infrastructure for joint activities, etc.

Putting in place a reliable information basis for designing a relevant agenda that
is meaningful to all BRICS countries requires conducting a comprehensive analysis
of S&T potential and the socio-economic objectives of specific countries. Building a
system for setting long-term priorities for S&T cooperation between BRICS countries
should play an important role in accomplishing this objective, as a major aspect of
shaping policies to increase competitiveness of the R&D sector, and more efficiently
use public resources allocated to support its development, accelerate its modernisation,
and promote transformation of the national economies.

Setting up a common system of priorities should involve broad complementari-
ty, which would help to address the existing limitations through closer cooperation of
member countries, and application of their best practices.

In the future, shared priorities could provide grounds for stepping up BRICS
countries’ cooperation with other nations and international organisations. Such priori-
ties should be identified through the application of various quantitative and qualitative
techniques, involving top-level experts in priority setting and dealing with numerous
other methodological issues emerging in the course of identifying and selecting S&T
areas whose development would make the biggest contribution to accomplishing objec-
tives common to BRICS countries.

Approach to and Principles of Setting Priorities for BRICS
Countries’ S&T Cooperation

In most of the developed and developing economies (such as the UK, Germany, Chi-
na, the Republic of Korea, Japan, etc.) the system of national science, technology, and
innovation (STI) priorities is based on the results of major Foresight studies covering
all the most important S&T development areas [Grebenyuk et al., 2016; Gokhberg et
al., 2016; Johnston, Sripaipan, 2008; Choi, Choi, 2015; Kuwahara et al., 2008].

Foresight is a systemic process involving numerous participants, which allows the
bringing together of their experience to shape common visions of the medium and long-
term futures to support current decision making and taking concerted action [Gavi-
gan et al., 2001]. Foresight methodology is typically employed to deal with emerging
long-term socio-economic problems, when political decisions must be made to choose
strategic alternatives or set development priorities, and build consensus between major
stakeholders regarding the means of accomplishing agreed objectives.
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Setting international priorities is just that kind of a task: such priorities should
identify S&T areas particularly important to a group of countries, whose advancement
should be supported by their joint efforts.

The following basic principles of setting common S&T development priorities can
be suggested:

— orientation towards accomplishing major socio-economic objectives shared by

a group of countries, and joining forces in relevant areas to strengthen their com-

petitive positions and deal with relevant domestic issues;

— taking into account major global STI trends;

— providing member countries of the group with opportunities to implement their

competitive advantages (such as S&T capacity, available resources, previously laid

groundwork, etc.);

— setting a limited number of particularly important S&T priorities, to concen-

trate the available resources;

— applying more efficient STI policy tools.

Priorities for BRICS S&T cooperation can be subdivided into thematic and func-
tional categories (Fig. 1).

Social and economic tasks
*  High quality of life
¢ Sustainable economic growth
¢ Food security
«  Environmental safety
*  Integrated transport systems

Functional priorities Thematic priorities

Human resources development

. Basic research . ICT

*  New technologies Transport
*  Commercialisation of R&D results Space

. Energy

. Biotechnologies

Actors
Research organizations
Universities
Businesses, including small innovative enterprises
Federal and regional authorities
Funds and development institutions

Fig. 1. Structure of system of priorities for BRICS S&T cooperation

Thematic priorities are presented as lists of major R&D areas (such as ICT, space
systems, etc.) investing in which could bring significant social and/or economic ben-
efits in the medium to long term: higher economic growth rate, increased competi-
tiveness and accomplishing other key socio-economic and S&T objectives. Functional
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priorities include objectives aimed at facilitating the development and performance of
national research and innovation systems, e.g. accelerated development of human po-
tential, commercialisation of R&D results, etc. Joint implementation of such projects
would help accomplish major socio-economic objectives.

Approaches based on Foresight methodology play a major role in setting STI pri-
orities in all BRICS countries [Shashnov, Poznyak, 2011; Chan, Daim, 2012; Sokolov,
Chulok, 2012; Cagnin, 2014; Li, 2009; Pouris, Raphasha, 2015]. The selected priorities
tend to be oriented towards dealing with strategic socio-economic development issues.
To take such issues into account in the course of priority setting, and subsequently
facilitate their implementation, relevant stakeholders become involved in the process —
public authorities, companies, and members of the academic community, for example.
A wide range of experts also take part in priority setting.

Looking at the Russian experience, in the course of updating S&T priorities in
2014-15, particular attention was paid to drafting a list of major socio-economic objec-
tives, which would determine an S&T areas’ relevance over the next ten years [Grebe-
nyuk et al., 2016]. For this purpose, a wide range of information sources was analysed,
including national-level, industry-specific, and regional strategic documents and fore-
casts (such as addresses and decrees by the RF President, RF national programmes,
industry and regional-level programmes and development concepts). On the basis of
this analysis, a list of major socio-economic objectives was drafted, which subsequently
served as a key milestone for identifying priority S&T areas and critical technology for
the Russian Federation.

The application of the above approaches resulted in drafting lists of priority deve-
lopment areas and critical technology, long-term forecasts of S&T development pros-
pects based on qualitative and quantitative Foresight techniques. Subsequently these
results were applied in various strategic documents on the implementation of the iden-
tified priorities. In most BRICS countries, such documents comprise STI development
strategies, strategic plans, and programmes.

A similar approach was employed to design a system of S&T cooperation priorities
for BRICS countries. The application of Foresight methodology implies considering
an integrated set of goals and objectives reflected in official international and national
documents, taking into account their S&T potential and the opinions of the expert
community. The approach was based on the need to advance the BRICS countries’
S&T potential and concentrate it on major economic and social development areas,
while keeping in mind expected technological breakthroughs. Particular attention was
paid to making use of the countries’ competitive advantages: only a limited number of
especially important S&T priorities were identified for full support for their implemen-
tation to be provided.

A wide range of methodologies and techniques were applied in the course of S&T
priority setting, including document analysis, bibliometric analysis, and various expert-
based procedures (Fig. 2).
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Fig. 2. Scheme of defining priorities for S&T BRICS country cooperation

Analysis of BRICS Countries’ International and National
Strategic and Forecasting Documents

The information basis for designing a common system of S&T development priorities
for BRICS countries comprised the following:

— Each BRICS country’s Official documents on S&T cooperation (bilateral and

multilateral), approved by the countries’ governments or government ministries

responsible for shaping and implementing S&T and innovation policies;

— Strategic national documents and Foresight reports from BRICS countries re-

lated to ST1 development.

As was already noted, results of national long-term Foresight studies serve as a
basis for designing a system of S&T development priorities. A major objective of such
studies is building an information basis for subsequent priority setting exercises, among
other things taking into account major global STI development trends. Concerning
relevant Russian experience, three rounds of S&T Foresight studies were implemented
in the country in recent years [Gokhberg, Sokolov, 2017]. E.g. the results of the Rus-
sian S&T Foresight 2025 (2007—2008) were applied to adjust the lists of priority devel-
opment areas and critical technology. These materials were used to assess global and
national-level challenges to socio-economic development; identify prospective innova-
tive product and service markets, and technology that would help Russia progress along
the advanced sustainable innovation-based development path.

In 2011—-2013, Russian S&T Foresight 2030 was conducted, approved by the RF
Prime Minister on 3 January 2014. The goal of this exercise was to identify S&T develop-
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ment areas with the best long-term prospects for Russia, together with appropriate technol-
ogy and technological solutions that could potentially enable the country to make use of its
competitive advantages, taking into account global challenges and windows of opportunity.

The project combined the “technology push” and “market pull” approaches,
and covered seven major S&T areas: information and communication technologies;
biotechnology; medicine and health; new materials and nanotechnology; efficient
environment management; transport and space systems; energy efficiency and ener-
gy saving. A wide range of analytical and expert-based techniques were applied in the
course of the study, including interviews, expert surveys, and expert panel discussions
[Sokolov, Chulok, 2016].

Threats to, and windows of opportunity for, Russia were identified in each of
the above seven areas on the basis of: previously identified trends, along with relevant
prospective markets, product groups and potential segments of demand for innovative
Russian technology and solutions; descriptions of priority S&T subject areas prepared;
more than 1,000 priority R&D objectives were formulated. The current state of Russian
R&D in these areas was assessed and benchmarked against the world leaders.

The results of this Foresight study (which took into account global S&T develop-
ment trends) were applied to draft preliminary lists of priority areas and more specific
thematic fields for cooperation with BRICS countries.

In line with the suggested principles and methodological approaches to setting
priorities for S&T cooperation among BRICS countries, major national-level strategic
documents and forecasts were analysed, together with bilateral and multilateral agree-
ments between those nations (Table 1).

The relevant documents were analysed in terms of the thematic or functional pri-
orities they reflect. E.g., the first thematic priorities for international cooperation be-
tween BRICS countries were set in documents drafted following the first and second
meetings of BRICS education and science ministers [BRICS, 2014, 2015]. These doc-
uments stress the need to strengthen STI cooperation to help meet common global and
regional socio-economic challenges on the basis of shared experience, complemen-
tary efforts, joint creation of new knowledge, the development of innovative products,
services and processes using relevant funding mechanisms and investment promotion
tools, and encouraging partnership with other strategic players in emerging countries.

The above-mentioned documents identify several particularly important areas for
international cooperation (such as food security and sustainable agriculture; managing
natural disasters; new and renewable energy sources and energy efficiency; nanotech-
nology; information and computer technology, etc.).

A number of fundamental documents such as the Moscow Declaration on BRICS
Countries’ S&T Cooperation, approved by BRICS science, technology and innovation
ministers in 2015, and the BRICS Science, Technology and Innovation Work Plan for
2015-2018, play a major role in promoting international activities. Agreeing priority
S&T areas is also necessary for implementing the BRICS Multilateral Research Initia-
tive in the scope of the BRICS Framework Programme.
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Table 1. Key strategic and forecasting documents in BRICS countries

on collaboration

Countries,
groups Strategic and forecasting documents
of countries
BRICS Memorandum of Understanding on Cooperation in Science, Technology and Innovation
documents between the Governments of The Federative Republic of Brazil, The Russia Federation,

The republic of In-dia. The People’s Republic of China and The Republic of South
Africa/ Brasilia. 18 March 2015

First BRICS Science, Technology and Innovation Ministerial Meeting (2014) Cape Town
Declaration. 10 February 2014

Moscow Declaration of BRICS countries’ Science, Technology, and Innovation
Ministers of 26 October, 2015

Brazil

National Strategy for ST&I 2016—2019
Growth Acceleration Program
The Greater Brazil Plan

Russia

Russian S&T Development Strategy

Priority S&T Development Areas for the Russian Federation

National Technology Initiative

Russian S&T Foresight 2030

Priority S&T Development Areas of the Russian Science Foundation

RF National Programme “Development of Science and Technology for 2013—2020

India

Science, Technology and Innovation Policy 2013
Twelfth Five Year Plan

Vision 2030; National Action Plan on Climate Change
Atal Innovation Mission

China

National Medium and Long-term Plan for the Development of Science and Technology
13th Five-Year Plan for Economic and Social Development

Innovation Driven Development Strategy

Strategy 2050

20 Strategic Emerging Industries 2010—2020

National Key Technologies R&D Programme

South Africa

Our future — make it work

National Development Plan 2030

Innovation Towards A Knowledge-based Economy

The Ten-Year Innovation Plan for South Africa 2008—2018
The New Growth Path

Strategic Plan 2016—2021

Source: composed (by the authors) on the basis of analysis of BRICS countries’ national
strategic and forecasting documents (see Appendix 1).

In 2015, BRICS education and science ministers signed the Moscow Declaration
on Cooperation, which outlined its major future areas and the support tools to be used,
including establishment of work groups on major research infrastructures, funding
multilateral research projects, technology commercialisation, and innovation. It paid
particular attention to setting up a joint research and innovation platform to coordinate
how the national research communities within BRICS countries’ approached each of
the five agreed (and assigned to specific countries) areas of S&T cooperation:

— Prevention and management of natural disasters (supervised by Brazil);

— Water resources, and prevention of water pollution (supervised by Russia);
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— Geospatial technology and its application (supervised by India);
— New and renewable energy; energy efficiency (supervised by China);
— Astronomy (supervised by South Africa).

Along with the above-mentioned, other national and international documents
were also analysed (see Appendix 1). The provisions of these documents were summa-
rised in tables reflecting BRICS countries’ national and international S&T priorities
(Table 2), grouped by major global S&T development areas. It served as the basis for
drafting lists of S&T areas (fields) whose advancement would make the biggest contri-
bution to accomplishing socio-economic and STI development objectives common to
all BRICS countries.

The draft list of S&T development priorities for BRICS countries assumed they
should meet the following requirements:

— the priorities should cover major S&T development areas being advanced by

several BRICS countries, and match global S&T trends; these areas should have

similar levels of commonality, while the subject fields covered should overlap as
little as possible.

— the names (designations) of subject areas should to the maximum possible ex-

tent match STI development priorities reflected in national and international stra-

tegic documents.

Keeping these requirements in mind, eight areas were initially selected, covering
all major avenues of global STI development. Some of them were subsequently broken
down into more specific subject fields, e.g. life sciences were divided into two areas:
health and medicine and biotechnology; energy — into three areas: energy efficiency
and energy saving, nuclear energy and renewable energy. Also, the names of certain
areas were changed to more accurately reflect relevant goals and objectives.

To assess the practicality of the second requirement, BRICS countries’ S&T deve-
lopment resources were analysed, along with conducting bibliometric and patent ana-
lysis of their S&T potential; the results allowed the identification of particular count-
ries’ specialisation areas and therefore more promising fields for cooperation.

BRICS Countries’ S&T Development Resources

All BRICS countries, except South Africa (SAR), are among the world’s largest econo-
mies and have significant potential for meeting current global challenges provided that
they pool and efficiently apply their resources.

China is the biggest scientific power in the BRICS group (Fig. 3). In terms of
gross domestic R&D expenditures (GERD) ($408.8 billion in purchasing power pari-
ty (PPP) in 2015) it comes second after the US ($502.9 billion). In 2015, the Chinese
GERD exceeded the total GERD of the EU28 countries, and amounted to more than
three times the combined GERD of all other BRICS countries.

40



SUSTAINABLE ECONOMIC GROWTH: CHALLENGES AND OPPORTUNITIES

uoneordde

S)1 pue A3o[ouyo9) [enedsoan
¢so130[0U109] JUBAJ[I pUB
‘saIpnys Jejod pue QULIBIA
{$191SESIp [BINJRU JO JUdW
-9SeuBW puE UONUIAJIJ ‘U0
-eorjdde Ioy) pue sarsojouyd)
[enedsoan sarpnjs seare Jejod

SuI0A031 9)SBA\
SJUQWUOIIAUY
£S90INOSAI JOJBA\
CAWIOU099 U210
{$92IN0SAI [RIdUILU

ASo[ouyo9) duLIRIA
‘AydeadoueadnQ ‘uon
-onpouid [eIourjy
{S92IN0SAI JOJRA\
‘uornelo[dxa 1jem
-doa(q ‘Burup

pue Sunoadsoxd
doo ‘yuowruosiauyg

JUSWASBUBW QJSBAA $SOOINOSAI
[eJourw [anj-uoN ‘ASojouydd)
UJAI0) {WI)SAS0d UBAR[RWIH
{AZ0[OWSIaS ‘SAIUDISOIN) (ST
-pNJS QULIBA] $S9OINOSAT JAJRAN

fu01309101d JuaWUOIIAUY

S1BaIY] 21U2301q pue I
-udgodoiyjue FuLRIUNO)
‘s1918esIp orud3odoryjue
pue [eINJRU JO S9OUINDIs
-u0d Suideurw pue ‘SYSLI
Suronpay SUOqIed0IPAY
Jo Surssadoid daop pue
uononpoid JuAdIJJo

AKJISIQAIPOIq
SUIAIRSAI] (AWOU0D9
udaIn) fuononpord
U0QIBdOIPAH ‘seare
[€1SBOD pUE ‘UBIO(Q
£S90INOSAT JOJBA
fa3ueyo ayewI)D

pue suLrew ‘uonnfod 1ojem Jo uononpoid ¢A301007 s901n0SaI “1oedwr agueyd 9RO QIO ‘JuowaSeuswr uon | JuowaSeurw JUSW
SuISeurW ‘S92INOSAI JOJRA\ ‘a8ueyd arewn) [BISUIW PUB JOJRA\ Sunoipald o3ueyd aewWI) JUSTIUOIIAUD JUIIDIH | -99301d JUSWUOIIAUY -UOJIAUD YUY
A3ojourdajoueN A3ojouyoajouru pue s[e
QOUQIIS ‘S[erojew pue A3ojourdajoueN -LI9JeW MAN] ‘sanbruyo9) A3ojouyod9jouru
S[eLIdIeA ‘ASojoutoajoueN SWAISASOUBN ‘S[eLI91BW MIN] S[ELIdJRA] | USISOP pue S[BLISJBU MAN KSojouyoaioueN ‘S[eLIoJBW MAN]
SUWIQISAS
K19A119p pue uononpoid
19)eM PUB POOJ [BUOSId]
{A3ojouyd9jorg Spooj
Anrenb-y3ry ‘aes jo uon
-onpold ‘sjonpoud [ein)
-[nouge jo Suissadoid pue
23e103S JUDIDIJQ ‘SWAISAS
A3ojouyoarorg uonodj01d SfewruR WLy
{AyIsIRAIpOIg pue sdoid [ed130[01q pue A3o1ouyo9jorg
{Aiddns poo, | A3ojouyo9jorg ‘Ansnp A3ojouyoalorg 21D JUAIDIYJR faIn} (ANIsIdAIpOIg
ASojouyoaolg ‘arnymnouse {SALIAYSI -ur pooH :syonpoid ‘Suruey fewiuy faIn) | -[noenbe pue aanjnousge LInynouldy
J[qeuILRISNS puek ‘AILINdIS pOO] LImnoudy | pooJudY aInnoLsy -[nouge oqeureisng | udais aanonpold A[ysiH {Aiddns pooq AM)NOLIZY
A3ojouypajorg
90ULIdSOINAU ‘A3ojouydsjoIndN A30
pue aIed Y3eay Surpnjoul ‘ouro A3ojourdajorg -[01q 91U IUAS pue
-Ipawolq pue A3ojoutddjorg ‘sonnaosewreydolq SOIWOUAN) YI[BdY pue A3ojouyo9jorg
¢(S[er191BWOIq ‘SOIEWLIOJUIONq Awouoovorg ‘sonnadseulIeyd QUIDIPIJA ‘ASofouyoa) {SOIIOU02901q
‘SULI93UISUD [BOIPAWOIQ) SAOU ‘sonnaseuneyq {0UQIISOINAN A3ojouyoalorg Surrordwii-yireay pue saworg
-10S QI pue QUIpaWOIg {A3ojouyoarorg SQUIDIPIIN <QIed Juawdinba [eo1poN ‘areoyreay yod-ysiy ‘sonnasewreyq
{ASo[ouyo9101q puE SUIDIPIA yireoHq -yireay ‘yIesq ‘sonneseureyd ‘yiesq ‘QUIDIPAW PASI[BUOSId] ey SIOUAIOS AJI']
SUWIQISAS JuaWIaSeuLU
SUOIBDIUNWIIOI[A] pue [o1)uo)) ‘suonedruNw AJLINDISIQAD)
{SOIUOIIDJ[A PADUBAPY -wod wnjuen) oudTI| {A3o[ouyoa) uon
soruojoyq Sunndwod | Awouod? [eN3Iq {AIIND3SI12gAD Sul SAI8 | -[ouul [RIDIJIMR ‘SuTUIRd| -BOIUNWIWOD

dourwIopd-y3ry ‘A3
-0[ouyo9) uonedIUNW
-WO0d PUE UONBULIOJU]

{A3o10Uyd9) UOT)
-BOIUNWIWOD
puE uoIeWIOJU|

-pnpour ‘oedsIagi)
A30
-[Ouy59) UOHBWLIOJU]

-0[0UT[99) UONBIIUNUIWOIII],
{A3o[ouyod) uonedTUNW
-WOd puE UONBWIOJU]

QUIYORW ‘SWAISAS BIR(
31g ‘A30[0uyd9) uonedIu
-NWWOD PUB UONBWIOU]

pue uoneuwLIoju|
{K)a1008 1eN3Ip
pue ‘soruouody

SUWIQ)SAS
UOIBOIUNWIWOI9[}
puE UOHRWIOJU]

SJUSWNIOP [BUOHEUId)U]

BV yinog

euy)

elpuy

BIssmy

pzeag

vary

seare uoneradooos Aurond pue ‘sanuiorid JuswdooAsp UOTIBAOUUL pUE ] 29S [BUOIBU SILIIUN0D SO 7 21901

41



INTERNATIONAL ORGANISATIONS RESEARCH JOURNAL. Vol. 12. No 4 (2017)

(1 xipuaddy 93s) sauunod SO Jo Ad1jod [ LS JO sjuawundop 21391e13S JO SISA[BUE JO SIseq aU) uo sioyine Aq patedaid :a0.4m0g

SJRAIYLIOQAD
pue ‘sjeary) [eInjnd

AInoas AIINJ3SIAQAD -0100s ‘oruagoiq oruagd
uonewsoyu] | Surpnpout ‘adeds1aga) -odoiyjue SurIUNO)) AIINJ3SIAQAD) Andag
SOIUOIY :SWA)SAS AIOSUIS
{A3010UUd9) W)SASOID
-IW pue -OUBU UO paseq
SIOIAQP pUB SJUSWINIISU]
(SWIQ)SAS DIUOIIBYDIIW pUR
SwdIsAs uononpoad 2110qO1 10J AS0[oUId)
QAI)IPPE S2110qOY Jewg (A30j0uyd9)
‘swa)sAs uononpoid AANIPPY :SAIZo[ouLd9)
A3o[ouyody uon |  MeWS SAI30[0ULIA) Surmjoejnuen uononpold yews
-onpoid pasueapy | uononpoid padueapy ‘uononpoud [ernsnpuy pue [e)ISIP PAOUBAPY Ansnpuj uononpoid
SWIAISAS uonerodsuer)
Juowdinba pauuRWU() SWAISAS
Kem[rey S[9SSIA 1[29) SI[OIYA [BLIOR pauUBWUN
-ySiy ‘uononpoid PANQLISI(] SWAISAS
QuISUD JJeIdITY doeds pue J1odsuel], sed
{Ansnpur afiqowony -Ie J110IBJUY pUR O1)OIY
‘sAem[rel paads ‘SuBaD0 “2oeds 1IN0 pue
uonedrjdde -y3Iy ‘1odsuer] doedsire Jo Juawdo[orap
$J1 pue A30j0uyd9) [enedsodn) ‘uonesiaeN A30 {SWIQYSAS SONSISO] puk | SWAISAS paads-ysiy
SUOIIBAIISQO YlIey ‘AWOUOoI)SY Awouonsy -[ouyo9) d9oedg J1odsuer) ueqin uoneyodsuen) (SwasAs | Surpnpour ‘prodsuel]
($90UQI0S UoIIRIAR ‘Juatudo A3ojou | Judwdinbs soedsoroy A3ojou UONBOIUNWIIOI[A) ooedg ‘sar3ojou SUIAISAS

-[9A9p pue uonelo[dxa aoedg

-[09} aoedsoloy

‘uonerofdxa soedg

-[29} pue uonero[dxa aoedg

pue uodsuer) ewS

-09} 9oedsoloy

Joeds pue podsuer ]

$90In0s ses [euorn
-U9AUOJUN pUE SBS [eINjeN
(so130]0Ud9) [BOD UBI[D
{AOURIDIJ)9 ASI0UH (S90INOS
ASI9UQ 9[qBMAUAI pUB MIN

A31oug

$90IN0S
AS19U9 9[qeMAUAI-UOU
pue 9[qemaudr ‘A31ou9
Jea[onu uoneIdudd
-1XAN ‘Suraes AS1oug
(A310UQ0IpAH ‘ASIouyg

$92IN0S ATIAUD I[qEMIUIY
{A310U9 Iv[0S (ASIOUD JRI[ONN
{Aouaronyye AS1ouy (AS1oug

$90IN0S
A310U9 MIN] {ASIUD IBJ[D
-NUOWIAY} pUe JBI[ONN
‘3urAes AS13u9 pue AU
-1}J0 ASIouy {ASojouyodl
93e10)S pUE UOISSILISULI)
ASI9U9 MU $SA2IN0OS
A319U9 MAU {uONBIOUAT
A319uU9 SUIABS-30IN0SAI
‘aJes A[[eIuaWUOIIAUY

[enjorg

£$90In0s A3I0Ud
J[qemausy A31oud
JegponN ‘ASroug

A31ouyg

SHUWNIOP [euonjguIU]

BV yinog

Buy)

elpuy

BISSIY

nzeig

BV

42



SUSTAINABLE ECONOMIC GROWTH: CHALLENGES AND OPPORTUNITIES

500,0 i
J//soz,g
450,0
410 408,8
400,0
350,0 3253 /,/
869,5 d
250,0 ”s
1
.
200,0 /,
150,0 /
100,0 /83’/
48,1 50,3
50,0 33,1 ;/ 7 P\
— ! e 1
15,8 e — 38,4 3
Wie—e 26 M_l

y ) 5,0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
e=BRAZIL e=NDIA e=sCHINA e==SOUTHAFRICA essUNITED STATES

Fig. 3. Dynamics of volumes of gross expenditure on research and development (bln. USD, PPP)
in BRICS, EU28 countries, and the USA in 2000—2015

Note. PPP means “purchasing power parity.”

Source: USA, EU28, China, Russia, SAR — OECD MSTI (Main Science and Technology
Indicators database); Brazil, India — UNESCO Institute of Statistic database (section “Science,
technology and innovation”). Data were updated at September 2017.

Russian, Indian, and Brazilian GERD in recent years were comparable, at about
$35—$50 billion (PPP). South Africa’s R&D investments were much smaller, at about
$5 billion (PPP) during the last few years (Table 3).

In China, GERD has increased 11.2 times in the last 15 years; in other BRICS
countries the growth has been much lower, from 1.85 times in India to 4.23 times in
Russia. It should be noted that in China, annual GERD growth (at about $30—40 bil-
lion) was in recent years comparable with the total annual GERD in Russia, India, and
Brazil.

During the last 15 years, R&D intensity steadily grew in China, while in other
BRICS countries relevant indicators remained largely unchanged, especially during
the last 5 years. E.g. GERD as a percentage of GDP in China has grown from 0.90% in
2000 to 2.07% in 2015, exceeding the relevant figure for the EU28 countries for 2013.
In the EU and US, GERD, measured as a share of GDP during the last 15 years, grew
insignificantly.
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Table 3. Key indicators of BRICS countries’ R&D potential

Country 2000 | 2005 | 2000 | 2015
Gross expenditures on research and development (GERD), billion USD (purchasing power parity (PPP)),
in current prices
Brazil 15.8 20.5 32.5 38.4 (2014)
Russia 10.5 18.1 33.1 38.1
India 15.7 26.5 43.7 50.3
China 33.0 86.8 213.5 408.8
South Africa 2.6 (2001) 4.1 4.4 5.0 (2013)
USA 269.5 328.1 410.1 502.9
EU28 183.0 226.8 308.3 386.5
GERD as % of GDP
Brazil 1.00 1.00 1.16 1.17 (2014)
Russia 0.99 1.00 1.06 1.10
India 0.74 0.81 0.82 0.63
China 0.89 1.31 1.71 2.07
South Africa 0.72 (2001) 0.86 0.74 0.73 (2013)
USA 2.62 2.51 2.74 2.79
EU28 1.67 1.66 1.84 1.96
Number of researchers (full-time equivalents)
Brazil 73.9 109.4 138.7
Russia 506.4 464.6 442.1 449.2
India 115.9 154.8 192.8 283.0
China 695.1* 1118.7* 1210.8 1619.0
South Africa 14.2 (2001) 17.3 18.7 23.3 (2013)
USA 983.3 1101.1 1198.8 1380.0
EU28 1117.8 1374.8 1601.1 1840.7
GERD per researcher, thousand USD (PPP), in current prices
Brazil 214.3 187.8 234.5
Russia 20.7 39.0 74.9 84.9
India 135.1 171.4 226.5 177.6
China 47.5 77.6 176.3 252.5
South Africa 183.3 (2001) 234.1 236.8 213.1 (2013)
USA 274.1 298.0 342.1 364.4
EU28 163.8 164.9 192.6 210.0

Note. For all countries in the table, the number of researchers is calculated according to the
OECD Frascati Manual: Proposed Standard Practice for Surveys on Research and Experimental
Development. In China, researcher data has been collected in line with the Frascati Manual
definition since 2009 only. Beforehand, this was only the case for independent research institutions,
while for the other sectors data collection was in accordance with the UNESCO concept of “scientist
and engineer.”

Source: USA, EU28, China, Russia, SAR — OECD MSTI (Main Science and Technology
Indicators database); Brazil, India — UNECO Institute of Statistic database (section “Science,
technology and innovation”). Data were updated at September 2017.
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China has the largest number of researchers in the world — 1.62 million in 2015 (in
full-time employment equivalents). In the US, the figure (for 2014) is 1.35 million and
the EU28 total is 1.81 million. Russia, with 446.2 thousand researchers (in full-time
employment equivalents) lags only behind China, the US, and Japan (662.1 thousand).
The numbers of researchers in India (192.8 thousand in full-time employment equiva-
lents, 2010) and Brazil (138.7 thousand in full-time employment equivalents, 2010) are
comparable. South Africa has much fewer researchers than other BRICS countries —
23.3 thousand in full-time employment equivalents (2013).

In terms of R&D expenditure per researcher (in full-time employment equivalent)
Russia has the lowest figure among BRICS countries, at $80— $90 thousand (PPP)
over the last 5 years. In other BRICS nations relevant figures in recent years were be-
tween $200—$250 thousand, which is comparable with the average for EU28 countries
($200—$210 thousand) but much lower than in the US ($340—$355 thousand).

Analysis of R&D resource availability in BRICS countries revealed that China be-
came a leading global scientific power, dominating the BRICS group both in terms of
R&D expenditure and the number of researchers. Regarding GERD, China is gradual-
ly getting closer to the US, the world leader and is already ahead of the EU28. In terms
of the number of researchers (in full-time employment equivalents) China achieved the
leading global position in 2015.

China has the potential to support R&D in a wide range of priority areas; other
countries’ abilities are much more modest, this implies the need to set a sufficiently
limited number of priorities.

Publication Activity in BRICS Countries
and Knternational Cooperation

The following analysis of publication activities is based on the ‘Scopus’ internation-
al academic citation database (for details see [Shashnov, Kotsemir, 2015; Kotsemir,
Shashnov, 2017]).

The number of publications authored by BRICS country researchers has signifi-
cantly increased since 2000, along with their proportion of the global research commu-
nity (Fig. 4).2 In 2010, the total number of publications by BRICS researchers exceeded
that of the US, and in 2014 came very close to the relevant figure for EU28 countries.
This was largely due to the exceptionally high growth in Chinese publication activity.
In 2000—2015, the number of publications by Chinese authors grew 8.5 times, while
the overall growth rate of global publication activity in the last five years has declined.
Accordingly, between 2000—2015, China has moved up from 6" to 2" place in terms of
total publications. Due to its relatively high growth in publication activity over recent
years, China has managed to come much closer to the US, which has recently displayed
a rather low growth in publication numbers.

2 All calculations are based on Scopus data. Types of publications included: articles, reviews, and confer-
ence papers.
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Fig. 4. Growth of the number of publications indexed in Scopus in BRICS, EU28,
and US in 2000—2015 (thousands)

Source: authors’ calculations based on Scopus SciVal Benchmarking Toolbox. Types of publi-
cations included: articles, reviews and conference papers (last update: March 2017).

The number of Russian publications indexed in Scopus grew just 1.86 times in
2001—-2015, with the bulk of growth occurring over the last five years. Despite that fact,
Russia has moved down in the “Number of publications” rating from 9" to 13" place
in the same period. In 2000—2012, the number of publications by Russian researchers
remained at about 30—38 thousand a year, and only in recent years has Russian publi-
cation activity begun to increase rapidly. India, and to a lesser extent Brazil, along with
China displays a high growth rate of publication activity. The number of publications
by Brazilian authors indexed in Scopus in 2000—2015 grew from 14.1 thousand to 62.0
thousand. In the global “Number of publications” rating, Brazil moved up from 17®
place in 2000 to 14" in 2015. In 2000—2015, the number of Indian Scopus-indexed pub-
lications has grown from 23.5 thousand to 122 thousand. South Africa is also showing
a rapidly growing rate of publication activity. However, the high growth rate is largely
due to the “low start” effect. The number of publications by South African research-
ers grew 3.75 times from 2000 to 2015, 4.6 thousand to 17.1 thousand. In the overall
“Number of publications” rating, South Africa is low in the top 40. Generally, in 2015,
BRICS countries produced almost 29% of the world’s total number of Scopus-indexed
publications; of which; China contributed 18%, India — 5%, Russia and Brazil — 2.6%
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each, and South Africa — 0.72% (see table 4). In terms of the total number of Scopus-
indexed publications, BRICS countries came very close to the EU28 (30.5% of the

world’s total in 2015).

Table 4. Share of BRICS, EU-28 and the USA in the globalk volume of publications in Scopus

in 2000 — 2015

Country/Country group 2000, % 2005, % 2010, % 2015, %
Brazil 1,2 1,6 2,3 2,6
Russia 2,8 2,3 1,8 2,6
India 2,0 2,3 3,5 5,0
China 4,3 10,3 16,0 18,0
South Africa 0,39 0,43 0,53 0,72
BRICS 10,7 16,8 24,0 28,7
United States 28,5 27,5 23,8 22,1
EU28 33,0 31,8 30,9 30,5
World 100,0 100,0 100,0 100,0

Source: authors’ calculations based on Scopus database. Types of publications included:

articles, reviews and conference papers (last update: March 2017).

South Africa shows the most active involvement in international research cooper-
ation among all BRICS countries (Table 5). Since 2005, more than 40% of the nation’s
Scopus-indexed publications were co-authored with scientists from other countries.
Note that the share of internationally co-authored publications in South Africa has

been growing over the last five years.

Table 5. Share of publications n international collaboration in total number of publications

in Scopus in BRICS countries in 2000—2015

Country 2000 2005 2010 2015
Brazil 29,5 27,6 23,9 30,1
Russia 25,9 33,6 28,3 25,5
India 15,3 18,5 17,8 16,6
China 15,2 13,6 14,6 20,2
South Africa 29,8 40,5 422 47,4

Source: authors’ calculations based on Scopus database. Types of publications included:
articles, reviews and conference papers (last update: September 2016).
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In Russia, the share of internationally co-authored publications for the last 15 years
has remained at 25—35%. Note that in Russia, unlike South Africa, China, and Brazil,
this figure has been steadily decreasing in recent years — from 33.6% in 2005 to 25.5%
in 2015. The level of participation by Brazilian scientists in international research co-
operation was somewhat lower than in Russia (25—20% during the last 15 years). As
in South Africa, the share of internationally co-authored publications by Brazilian re-
searchers has grown in the last 5 years (from 23.9 to 30.1%). In India and China, sci-
entists are integrated into international research cooperation to a lesser extent than in
other BRICS countries (the relevant figure is about 15—20% for the last 15 years). In
the last 5 years, China has managed to increase its share of internationally co-authored
publications from 14.6% in 2010 to 20.2% in 2015. In India, the relevant figure has
slightly dropped during the same period, from 18.5% in 2005 to 16.6% in 2015. At the
same time, Asian countries with advanced research systems tend to display rather low
participation in international scientific cooperation, for example, in 2015 only 20.9%
of Scopus-indexed publications by Iranian authors were internationally co-authored;
for Turkey the figure was 21.1%, for Japan — 26.6%, for the Republic of Korea — 26.5%
[HSE, 2017].

The involvement of BRICS countries in international research cooperation (ex-
cept South Africa) is much lower than that of European countries’. E.g. in France in
2015, 51.8% of all Scopus-indexed publications were internationally co-authored; for
the UK the relevant figure was 50.0%, for Germany — 48.5%, and for Italy — 43.9%. In
Scandinavia the relevant values are even higher: 59,1% in Sweden, 58.5% in Denmark,
57.1% in Norway, and 56.0% in Finland. In the US the share of internationally co-
authored publications in 2015 was 32.8% [HSE, 2017].

BRICS countries do not yet constitute key research partners for each other
(Fig. 5).

The main partner for all BRICS countries in 2015 was the US (as in all other
years). E.g. 44.6% of all internationally co-authored Chinese publications were writ-
ten jointly with American scientists, while the share of China’s second biggest partner
(the UK) was just 9.9%. No BRICS country was among China’s ten biggest research
partners. Russia’s structure of research partners is different from China’s, Brazil’s, and
India’s. It has two key research partners — the US and Germany, with 25.4% and 23.7%
internationally co-authored publications in 2015, respectively. Then, in descending or-
der: France (14.1%), the UK (13.2%), Italy (9.6%), and China (8.4%). Other BRICS
countries play much smaller roles in Russia’s international cooperation. The share of
internationally co-authored Russian publications written jointly with Brazilian scien-
tists is 3.9%; the relevant figure for India is 3.8%, and for South Africa — 2.1%.

As the above data shows, an explosive growth in both R&D expenditure and pub-
lication activity allowed China to become a new scientific superpower on a par with
the US. If the current publication activity growth rate remains, in the next 3—5 years,
China may well get ahead of the US by total number of publications indexed in the
Scopus database. No other BRICS country has demonstrated such a high growth in
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Fig. 5. Share of publications in collaboration with other BRICS countries in the total number
of internationally collaborated publications of BRICS countries in Scopus in 2000—2015

Source: authors’ calculations based on Scopus database. Types of publications included:
articles, reviews and conference papers (last update: March 2017).

publication activity. Still, all of them became more “visible and important” within the
international academic community. They have managed to increase both the number
of scientific publications indexed in Scopus, and their citation indices. Unlike other
BRICS countries whose publication numbers steadily grew throughout the period in
question, Russia was only able to radically increase its presence in the Scopus database
over the last three years. This implies a significant accumulated growth in the BRICS
countries’ S&T potential, which can be applied more productively if members of the
group coordinate their efforts.

Thematic structure of BRICS countries’ publications

Structures of publications by BRICS country scientists were assessed using 27 major
subject areas of the Scopus database, and compared with the global publication struc-
ture to calculate each country’s Index of Scientific Specialisation or Revealed Com-
parative Advantages Index (RCA index) (see table 6). The RCA index of country j’ in
scientific field ‘I’, is calculated as the relationship between the share of its publications
in scientific field ‘i’, the total number of publications by country ‘j’ and the equiva-
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lent global figure. Those fields where the RCA value is greater than 1 are classified as
areas of the country’s scientific specialization. Subject areas where RCA index is sig-
nificantly greater than 1 (e.g. more than 1.5. or 2) may be called key areas of scientific
specialisation.

The Russian research sector has a predominantly “physics and technology” pro-
file whose origins go back to the Soviet era. The subject area with the highest pres-
ence of Russian researchers (Scopus-indexed publications in 2011—2015) was Physics
and Astronomy — 33.4% of all Russian publications. Other major subject areas be-
ing researched in Russia include Engineering (18.5% of all Russian publications in
2011-2015), Materials Science (18.1%), and Chemistry (15%). Such fields as Neuro-
science, Business, Management, and Accounting, Health, Decision Making, Psycho-
logy, Nursing, Veterinary, and Dentistry are represented very poorly in the structure of
Russian publications (less than 1% of the total number of published works). The share
of Physics and Astronomy publications by Russian researchers in all Scopus-indexed
publications (33.4%) is much higher than the relevant world’s average figure (12.3%).

Russia’s Scientific Specialisation Index (SSI) within the Physics and Astronomy
subject area was 2.72. It is the highest specialisation level in this area among all BRICS
countries. To compare, China’s SSI for this area is 1.26, India’s — 1.13, and in South Af-
rica and Brazil the figure is 0.82. A high SSI in the structure of Russian Scopus-indexed
scientific publications was noted for Earth and Planetary Sciences — 2.25 in 2011—-2015.
Again, it is the highest value among all BRICS countries. SSI ranging between 1.5 and
2.0 were noted in subject areas such as Material Science (1.77), Chemistry (1.69), and
Mathematics (1.54). At the same time, very low SSI values were noted in Psychology
(0.20), Nursing (0.19), Veterinary (0.06), and Dentistry (0.02).

China’s status as the “global manufacturer” is supported by its Scopus thematic
profile. The main area of Chinese research is Engineering (38.4% of all publications).
Other prominent areas in the structure of publications by Chinese authors include Ma-
terial Science (15.8%); Computer Science (15.5%), Physics and Astronomy (15.5%);
Medicine and Health (14.8); Chemistry (12.6); Biochemistry, Genetics, and Molecu-
lar Biology (11.1%). At the same time, numerous subject areas are very poorly repre-
sented in the structure of Chinese publications (less than 1% of the total number in
2011-2015): Decision Making; Humanities; Economics, Econometrics, and Finance;
Health; Veterinary; Psychology; Nursing; Dentistry.

China’s main specialisation areas include Engineering (SSI of 1.80 in 2011—-2015,
the highest value among all BRICS countries), Material Sciences (1.54), Chemical
Technologies (1.48), and Chemistry (1.42). Less important subject areas include Earth
and Planetary Sciences (1.27), Physics and Astronomy (1.26), and Computer Sciences
(1.25). The largest subject area (Engineering) accounts for 21.8% of all Scopus-indexed
publications in 2011—2015. Other major areas of Indian research include Medicine
(19.8%), Computer Science (15.4%), Chemistry (14.2%), Physics and Astronomy
(13.8%); Biochemistry, Genetics, and Molecular Biology (12.9%); and Material Sci-
ence (12.4%). Analysis of the country’s Scientific Specialisation Indices for the 27 top-
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level subject areas clearly reveals an Indian profile shift towards pharmaceutics and
chemical sciences. The country’s main specialisation area (in terms of Scopus-indexed
publications by local researchers) is Pharmacology and Pharmaceutics. India’s SSI in
this area in 2011—-2015 was 2.93 (the highest among all BRICS countries; to compare,
the relevant figure for Brazil was 1.13, and in other BRICS nations is below 1). Other
areas of specialism for Indian scientists include Dentistry (1.90); Chemistry (1.60);
Interdisciplinary Studies (1.58); Chemical Technologies (1.51); and Veterinary (1.44).

Brazil’s and South Africa’s publication structures are quite different from other
BRICS countries. Brazil gravitates towards medical and biological research, with major
Scopus-indexed areas being Medicine (29.5% of all publications by Brazilian research-
ers in 2011—-2015) and Agricultural and Biological Sciences (20.3%). Other important
fields include Engineering (11.7%), Biochemistry, Genetics, and Molecular Biology
(11.2%), and Physics and Astronomy (10.0%).

Brazilian publications stand out with extremely high SSI values in Dentistry (5.50
in 2011-2015) and Veterinary (4.42). These are the highest figures among BRICS
countries and among the highest in the world (for countries with a significant number
of publications). Other Brazilian specialisation areas include Agricultural and Biologi-
cal Sciences (2.57), Nursing (1.64 — the highest SSI in this area among BRICS coun-
tries), Microbiology and Immunology (1.54), and Health (1.49).

In South Africa, the main research area, as in Brazil, is Medicine (25.6% of all
Scopus-indexed publications by South African scientists in 2011—2015). Other impor-
tant research areas include Social Sciences (16.6%), Agricultural and Biological Sci-
ences (16.4%), Engineering (10.1%), Physics and Astronomy (10.0%).

South Africa, unlike other BRICS countries, specialises in social sciences and hu-
manities. Its SSI in these areas exceeded 2.00 in 2011—2015: Economics, Economet-
rics, and Finance (2.68), Humanities (2.31), and Social Sciences (2.20). These are the
highest SSI values among all BRICS countries: their relevant figures in the above areas
remain below 1. South Africa also has relatively high SSI in the following areas: Veteri-
nary (1.74), Microbiology and Immunology (1.65), Management Technology (1.49),
and Environmental Sciences (1.46). Brazil and South Africa also display high SSI valu-
es in Immunology and Microbiology.

The thematic structure of intra-BRICS publications strongly gravitates towards
Physics and Astronomy (Table 5). This area’s share in the total number of intra-BRICS
publications in 2011—2015 amounted to 35.8%. It remains the biggest field in all pos-
sible pairs of BRICS countries, and in many cases dominates their S&T cooperation.
The importance of Physics and Astronomy is particularly evident in the structure of
Russia’s cooperation with BRICS countries — the overall share of relevant publications
i 55.9%, while in the total number of joint Russian-Brazilian publications, the share of
this subject area is 75.6%; for joint Russian-Indian publications it is 72.3%.

Another major area of BRICS country research cooperation is Medicine: it ac-
counts for 18.9% of intra-BRICS publications in 2011—2015. Medicine is particularly
important for joint Brazilian — South African publications (33.1%), and least impor-
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tant for joint publications by Russian and Chinese researchers (8.3%). The share of
medical publications co-authored by Russian and BRICS countries’ scientists (10.3%)
is much lower than the relevant figures for other BRICS nations: 17.1% for China,
21.5% for India, and 24.1% for Brazil. The thematic structure of Russia’s research co-
operation with BRICS countries matches both the overall structure of Russian Scopus-
indexed publications, and the structure of internationally co-authored publications by
Russian scientists. As for other BRICS countries (especially Brazil and China), there is
a certain mismatch between the thematic structures of intra-BRICS collaboration and
the overall structure of internationally co-authored publications by those countries’
researchers.

Our analysis revealed 15 S&T areas where BRICS countries have the highest rela-
tive shares or specialisation indices (marked with * in Tables 6 and 7). These are among
the top-priority areas for R&D cooperation, since BRICS countries have already laid
the groundwork. In some of these areas (first of all Physics and Astronomy, and to a
lesser extent Engineering), BRICS countries are already collaborating quite actively; in
others (Biochemistry, Genetics and Molecular Biology, Material Science, Agricultural
and Biological Sciences), cooperation between BRICS countries is less active, though
they maintain good contacts with other nations. Comparing subject areas selected at
this stage with those specified in BRICS countries’ strategic documents (see Table 2)
allowed to draft a list of priorities for group members’ S&T cooperation.

Priorities for S&T Cooperation between BRICS Countries

On the basis of analysing BRICS countries’ strategic documents and assessing their
S&T potential, 14 subject areas were selected for inclusion in the list of those countries’
priorities for S&T cooperation:

— Information and telecommunication technology;

— Nanotechnology and next-generation materials;

— Advanced production technology and robotics;

— Space systems and astronomic observations;

— Transport systems;

— Energy efficiency and energy saving;

— Nuclear energy;

— Renewable energy sources;

— Search, exploration, production and mining of mineral resources;

— Climate change, environment protection, natural disaster management;

— Water resources and their management;

— Food security and sustainable agriculture;

— Health and medicine;

— Biotechnology.

The above subject areas are considered priorities by all (or almost all) BRICS
countries, as confirmed by their national strategic documents (development strategies,
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strategic plans, five-year plans, initiatives, mission statements, etc.). These areas are
also included in most of bilateral agreements signed by BRICS countries. These areas
have a wide scope for practical application, and open opportunities for making use of
national comparative advantages (such as territory, available resources, S&T potential,
etc.). In the framework of overall priority systems, the issue of wide complementarity
can also be considered, which would help tackle existing S&T problems and limitations
through increased cooperation and exchanges between participating countries, and the
sharing of best practice. Furthermore, in most of these areas, BRICS countries have a
significant S&T potential — evidenced by their science specialisation and citation indi-
ces calculated on the basis of Scopus data. All calculations were made using the follow-
ing conversion table (from Scopus subject areas and subject categories to the 14 priority
areas; see conversion table in Appendix 2).

The number of publications, specialisation and citation indices for the summary
list of national S&T areas are presented in Table 9. In one of the above subject areas
(Search, Exploration, Development and Mining of Minerals) four BRICS countries
have RCA values in excess of 1; in seven other areas, there are three such countries; and
only in four subject areas — one or two such countries.

In only three areas (Transport Systems, Health and Medicine, Biotechnology)
does a single BRICS country have SSI above 1, while for all others that value is below 1.
At the same time, these areas were still included in the list of priorities, since they of
great importance to all BRICS countries — which is reflected in relevant national and
international strategic documents adopted by them.

Citation impact figures in the selected subject areas in most cases are below the
global averages. Only in two areas (Energy Efficiency and Energy Saving, and Renew-
able Energy Sources), do four BRICS countries have citation impact figures higher
than world average values; in two other areas, two or three countries have relevant va-
lues higher than 1; in the remaining areas either a single country has a citation impact
in excess of 1, or all of them are below global averages. In most of the selected areas,
BRICS country researchers display significant publication activity, though their cita-
tion levels remain relatively low. Note that SAR and China have the highest citation
figures. Analysis of SSI and citation values allowed assessing the scope for stepping up
BRICS countries’ cooperation in implementing S&T priorities.

All BRICS countries are active in areas where Russia could organise cooperation
on a parity basis, or act as either a “leader” or a “catch up” country. E.g., Russia con-
ducts active research in energy efficiency and energy saving areas, but citation of rele-
vant Russian publications is lower than of those published by scientists from four other
BRICS countries. Russia could significantly increase the number of, and demand for
publications in this field by establishing close cooperation with BRICS countries. To
increase productivity of Russian research and development, stepping up cooperation
with China as the principle partner would seem a wise course. A positive effect could
also be achieved by collaborating with India, Brazil, and in certain areas, with SAR.
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Fourteen top-level priority areas have been selected so far. Subsequently they will
be broken down into smaller categories/groups: about 70 major subject fields (on ave-
rage, five subject fields per subject area). E.g., the following fields are suggested for
consideration in the Information and Communication Technologies subject area:

— high-performance computing architectures and systems;

— technology and communication infrastructure for high-speed data transfer;

— data analysis and processing technology, artificial intelligence;

— human-machine interfaces, neural and cognitive technology;

— smart control systems, smart infrastructures, machine-to-machine interaction,

the internet of things;

— new component bases, electronic devices, quantum technology;

— information security technology.

Information about the importance of these subject fields and the potential for their
implementation will be collected by polling experts in all BRICS countries. Similar
subject fields will be identified for all other priority areas. Their names will be formu-
lated using, to the maximum possible extent, the names of relevant subject fields speci-
fied in national and international strategic documents adopted by BRICS countries.
Depending on the readiness of most of the technology required for the implementation
of these priority areas, specific STI policy tools will be chosen.

Priorities can also be structured on the basis of potentially interested partici-
pants and technology readiness level: e.g. cooperation between R&D organisations
and universities to develop technology, which requires public support; public-private
partnerships at pre-competitive stages; the participation of businesses, including small
innovation companies, in developing prototypes and applying advance technological
solutions, etc. Shared S&T development priorities create a basis for mutually beneficial
cooperation, in the framework of which scientists from different countries would be
able to extend the scope of their research, step up collaboration, share experience, and
ultimately strengthen Russia’s S&T cooperation with other countries. The list of priori-
ties for BRICS country S&T cooperation may be useful for drafting inter-agency agree-
ments with BRICS countries on conducting R&D, preparing work plans (roadmaps)
for stepping up S&T cooperation, and applying other relevant tools and mechanisms.

Based on the results of assessing BRICS countries’ potential, calls for joint R&D
project proposals can be arranged (aimed at developing innovative technology, pro-
moting S&T-based entrepreneurship, and the application of R&D results with high
commercialisation potential). The results of such projects could subsequently be inte-
grated into a database to be used by various participants in national innovation systems,
which would help them quickly identify suitable areas for further S&T cooperation with
BRICS countries, find partners (including R&D organisations, universities, compa-
nies operating in various industries), and identify more efficient and productive coop-
eration mechanisms and formats.
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Conclusion

As the experience of BRICS countries shows, S&T priorities are usually set in the
context of designing long-term sustainable development strategies, to support the ac-
complishment of key national and global socio-economic objectives. The results of our
analysis allowed a number of prospective S&T areas to be identified in which BRICS
countries may be interested in stepping up bilateral and multilateral cooperation and
thus more efficiently implement their own national priorities. The similarity of S&T
and innovation development priorities within BRICS countries is a major factor in
promoting the establishment of sustainable long-term partnerships between them. Fur-
thermore, recent cooperative practice shows that such partnerships tend to strengthen
the participants, specifically in the scope of projects implemented in priority subject
areas, with the potential to produce significant economic and social effects. Coop-
eration between BRICS countries becomes more efficient and productive the more
it covers all stages of the innovation cycle — from creating new basic knowledge to
its practical application — new technology, products, and services. This implies that
such stages may be “distributed” between BRICS countries, in line not only with their
respective S&T priorities but also their production potential. Subsequently, an infor-
mation database could be created on the basis of the obtained results to support the
various participants in national innovation systems, so that they would quickly be able
to identify suitable subject areas for S&T cooperation with other BRICS countries, find
partners (including R&D organisations, universities, industrial enterprises specialising
in various sectors of the economy, etc.), and identify the best formats and mechanism
for cooperation. Acting in the international arena as a single group, BRICS countries
could become a global node of advanced STI development.
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Appendix 1. List of Strategic Documents on BRICS Countries’
S&T Policy Analysed in the Course of the Study

Brazil

Government of Brazil (2008) National Plan on Climate Change.

MINISTERIO DA SAUDE (2011) Plano Nacional de Satide — 2012-2015.

MCTI (2016) “Estratégia Nacional de Ciéncia, Tecnologia e Inovacdo 2016-2019”, Brasilia.

Russia

RF National Programme “Development of Science and Technology for 2013-202”,

S&T Development Strategy of the Russian Federation (approved by the RF Presidential
Dcree on 1 December, 2016 N 642). [in Russian]

Foresight of Science and Technology Development in the Russian Federation: 2030
(aproved by the RF Prime Minister’s order Ne DM-P8-5 of 3 January, 2014). [in Russian]

State Programme of the Russian Federation “Development of Science and Technology in
2013-2020” (approved by the RF Government Regulation of 15 April, 2014 Ne 301). [in Rus-
sian]

Federal Targeted Programme “Research and Development in Priority Areas for the Rus-
sian S&T Complex in 2014-2020”. Approved by the RF Government Regulation of 21 May,
2013 Ne 426. [in Russian]

Lists of priority S&T areas for the Russian Federation. Approved by the RF Presidential
Decree of 07.07.2011 Ne 899. [in Russian]

Lists of critical technologies for the Russian Federation. Approved by the RF Presidential
Decree of 07.07.2011 Ne 899. [in Russian]

Agency for Strategic Initiatives (2016). National Technology Initiative. [in Russian]

India

Department of Science and Technology (2007) Information and Communication Tech-
nology. Research & Development and Innovation Strategy, South Africa.

Ministry of Environment, Forest and Climate Change (2008) National Action Plan on
Climate Change, India.

Department of minerals and energy (2009) National Energy Efficiency Strategy of the
Republic of South Africa.

Government of India, Ministry of Water Resources, River Development and Ganga Re-
juvenation (2010) National Water Mission.

Ministry of Agriculture and Farmers Welfare (2010) “National Mission for Sustainable
Agriculture”, India.

Government of India (2012) Twelfth Five Year Plan (2012-17).

Government of India (2013) Science, Technology and Innovation Policy. New Delhi.

Government of India, National Institution for Transforming India (2016) Atal Innovaton
Mission, India.

Department of Water Affairs (2013) National Water Resource Strategy, South Africa.

Department of Agriculture, Forestry and Fisheries (2015). Strategic Plan for the Depart-
ment of Agriculture, Forestry and Fisheries 2015/16 to 2019/20, South Africa.

Department of Industrial Research and Promotion (2015) Make in India, India.

Department of Science and Technology (2015) National Biotechnology Development
Strategy 2015-2020, India.

Ministry of Earth Sciences (2016) Vision for 2030, India.
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China

Ministry of Science and Technology (2006) Implementation of the “National Medium
and Long Term Science and Technology Development Plan (2006—2020)” a number of sup-
porting policies, China.

Chinese Academy of Sciences (2009) Innovation 2050: Science and Technology and Chi-
na’s Future “Chinese Academy of Sciences Strategic Research Series released, China.

State Council, CPC Central Committee (2010). Decision of the State Council on Accele-
rating the Cultivation and Development of Strategic Emerging Industries, China.

State Council, CPC Central Committee (2014). Energy Development Strategy Action
Plan (2014-2020), China.

National Development and Reform Commission (2015). “Silk Road Economic Zone”,
China, Kazakhstan.

State Council, CPC Central Committee (2016) THE 13TH FIVE-YEAR PLAN FOR
ECONOMIC AND SOCIAL DEVELOPMENT OF THE PEOPLE’S REPUBLIC OF CHI-
NA (2016—2020), China.

Science and Technology Department of the People’s Republic of China (2016) National
Innovation-Driven Development Strategy Outline “Three-step to build the world’s science and
technology innovation in 2050” China.

State Council, CPC Central Committee (2016) “Healthy China 2030” Plan, China.

South Africa

Department of Science and Technology (2008) The Ten-Year Innovation Plan for South
Africa 2008—2018, South Africa.

South Africa Government (2010) The New Growth Path.

National Planning Commission. Republic of South Africa (2011) Our Future-make it
work. National Development Plan 2030.

Department of Science and Technology (2016) SOUTH AFRICAN RESEARCH
INFRAESTRUCTURE ROADMAP: First Edition.

Intergovernmental BRICS documents

Moscow Declaration of BRICS countries’ Science, Technology, and Innovation Minis-
ters of 26 October, 2015.

Working Plan on Science, Technology and Innovation for BRICS countries 2015—2018,
(2015).

BRICS, 2014. First BRICS Science, Technology and Innovation Ministerial Meeting
(2014) Cape Town Declaration. 10 February 2014. Cape Town, South Africa.

BRICS, 2015. BRICS Science, Technology and Innovation Ministerial Meeting (2015)
Memorandum of Understanding on Cooperation in Science, Technology and Innovation bet-
ween the Governments of The Federative Republic of Brazil, The Russia Federation, The re-
public of India. The People’s Republic of China and The Republic of South Africa. Brasilia.
18 March 2015, Brasilia, Brazil, 2015.

BRICS, 2016. BRICS STI Framework Programme Coordinated call for BRICS multilat-e-
ral projects — Pilot call.

BRICS, 2017. BRICS STI Framework Programme Coordinated call for BRICS multilat-e-

ral projects.
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Appendix 2. Conversion Kable from Scopus Subject Areas
and Subject Categories to 14 Priority Areas

Priority areas

Scopus subject areas and subject categories

1. Information and communication
technologies

All subject categories of subject area “Computer Science”

2. Nanotechnology and new materials

All subject categories of subject area “Material Science”

3. Advanced manufacturing
and robotics

Subject categories “Control and Systems Engineering”; “Electrical
and Electronic Engineering”; “Industrial and Manufacturing
Mechanical Engineering”; “Mechanics of

. ¢

Engineering”;
Materials”

4. Space systems and astronomical
observations

Subject categories “Space and Planetary Science”; “Aerospace
Engineering”

5. Transport systems (including aero-
space)

Subject categories “Automotive Engineering”; “Transportation”

6. Energy efficiency and energy saving

Subject categories “Energy Engineering and Power Technology”;
“Fuel Technology”

7. Nuclear energy

Subject categories “Nuclear Energy and Engineering”

8. Renewable energy resources

Subject categories “Renewable Energy, Sustainability and the
Environment”

9. Search, exploration, development
and mining of minerals

Subject categories “Economic Geology”; “Geochemistry and
Petrology”; “Geology” “Geophysics”; “Geotechnical Engineering

and Engineering Geology”

10. Climate change, environmental
protection and disaster management

Subject categories “Ecological Modelling”; “Ecology”;
“Environmental Engineering”; “Global and Planetary Change”;
“Management, Monitoring, Policy and Law”; “Nature and
Landscape Conservation”; “Pollution” “Atmospheric Science”;

“Earth-Surface Processes”

11. Water resources

Subject categories “Aquatic Science”; “Oceanography”; “Ocean

Engineering”; “Water Science and Technology”

12. Food security and sustainable
agriculture

Subject categories “Agronomy and Crop Science”; “Food
Science”; “Plant Science”; “Veterinary”

13. Healthcare and medicine

«Medicine» 1 «Health Professions»

14. Biotechnology

.

Subject categories “Biochemistry”; “Biophysics”;
“Biotechnology”; “Cell Biology”; “Molecular Biology”;
“Molecular Medicine”; “Structural Biology”; “Applied

Microbiology and Biotechnology”

Since no research areas and categories in the Scopus classification exactly match
the identified 14 priority S&T cooperation areas, a conversion table was designed to
provide an adequate basis for calculations. Each priority area for cooperation was treat-
ed as a set of Scopus areas (categories) reflected in the table. It was used to calculate
indicator values for priority S&T cooperation areas.
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