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EXECUTIVE SUMMARY

Executive summary

Analysis of Research Related to the
Sustainable Development Goals

This report, commissioned by the Departamento Administrativo de Ciencia Tecnologia e Innovacion Colciencias,
provides an objective, bibliometrics based analyses of Colombia’s research on the United Nations (UN) Sustainable
Development Goals (SDGs). The analyses presented herein assess the SDG-related publication output of Colombia,
Mexico, and Brazil compared to five leading countries in the SDG field during the period 2007-2016. Each of the 17
SDGs have been analysed with regards to publication output and impact, measured by Field-Weighted Citation
Impact and Field-Weighted Download Impact. Additionally, we present the most relevant key phrases per SDG to
provide insight on the topics of focus for each country’s SDG-related research.

The publication output of Colombia ranges from just 19
publications on SDG4 (Quality Education) to 620 publications
on SDG13 (Climate Action). However, most of the SDGs
range between 100 and 300 publications. In fact, this
publication output somewhat reflects the global publication
output on the SDG. The ones with the most publications
globally do show the highest number in Colombia as well.

All SDG display a double digit annual growth rate across the
period, mostly between 20 and 30%. SDG11 (Sustainable
Cities) and SDG 12 (Consumption) have the highest annual
growth rate with 42% and 40%, respectively. The lowest
growth is seen for SDG10-related research (Reduced
Inequalities) which has only 12% growth from 2007-2016.

The impact of Colombia's SDG publications, measured by
field-weighted citation impact (FWCI), is above the global
average for all research for every SDG except SDG4 (FWCI of
0.72). SDG5 (Gender Equality) and SDG3 (Hunger) are the
most impactful areas with FWCl valuesof 2.11 and 1.77. This
means, that publications from Colombia within these fields
have been cited on average around twice as much as the
global average for publications. The rest of the SDG yield
FWCI values between 1.01 and 1.40.

Assessing patent counts per SDG reveals interesting trends
in terms of where research supports real world applications
and where this is less relevant. For SDGs related to the
equality and reduction of the wealth gap (that is, SDG1,
SDG4, SDG5, SDGS8, SDG10, SDG16), very few patents are
seen from either Colombia or worldwide. However, numerous
patents are observed for SDGs related to climate change,
energy efficiency and improved health.
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PREFACE

Preface

With a global population of more than 7 billion a sustainable development is more
important than ever. Sustainable development is defined as the “ability to make
development sustainable - to ensure that the needs of the present are met without
compromising the ability of future generations to meet their own needs.”
Acknowledging this need, in September 2000 the Millenium Development Goals (MDGs)
were agreed by the heads of states at the UN headquarter. The Millennium Development
Goals (MDGs) covered peace, the environment, poverty and many other challenges, and
the eight goals were to be achieved by 2015. Although some of the goals made progress
over the years, it became clear that a revision would be required.

The successors of the MDGs are the Sustainable Development Goals SGDs, which have
been developed through a process of international collaboration, resulting in a proposal by
the Open Working Group of 17 goals and 169 targets. These constituted a new set of
goals that are actionable and aspirational, intended to help UN member states develop
policies and set relevant agendas over the next 15 years. Finally, in January 2016, the
Sustainable Development Goals (SDGs) replaced the Millennium Development Goals
(MDGs). Unlike the MDGs, the SDGs are universal, applying to low-, middle- and high-
income countries alike. They also constitute a much more complex agenda than the MDGs,
explicitly seeking to integrate poverty alleviation with economic, social and environmental
issues, and were the result of an exceptionally inclusive process

However, what has been gained in comprehensiveness with a set of 17 goals and 169
targets, has been lost in brevity. This poses some challenges for countries for the practical
applications of the SDGs. How will countries prioritize implementation and resource
allocation for different targets and integrate them into their existing plans and policies?
How will they set targets that reflect national circumstances and take into account
starting points? Equally importantly, how are governments planning to monitor progress
and make this information publicly available and comparable at the regional and global
level?

Colombia was not only very engaged in the formulation of the SDG agenda but was also
one of the first countries to make plans to align its national development objectives with
the goals. Already in 2015, still during the debate about the content of the SDGs at UN
level, Colombia launched the Inter-Agency Commission for the Preparation and Effective
Implementation of the Post2015 Development Agenda and the SDGs. With this step,
Colombia's government has ratified its commitment to the SDGs and put itself forward as
a partner for this new global agenda.

World Commission on Environment and Development (WCED), Our Common Future (New York: Oxford

University Press, (1987), page 8
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INTRODUCTION

Introduction

Colombia was one of the first countries to make plans to align its national development
objectives with the Sustainable Development Goals. Already in 2015, still during the
debate about the content of the SDGs at UN level, Colombia launched the Inter-Agency
Commission for the Preparation and Effective Implementation of the Post2015
Development Agenda and the SDGs. This commission did not start from scratch since
Colombia has a National Development Plan that sets out the government’s priorities every
four years.

The first version of the Plan, “Todos por un nuevo pais”, was drafted in 2014 and runs to
2018. The Plan should thus form the basis for achieving the political coherence needed
for effective SDG implementation at the national level in Colombia.

There is a high level of alignment of the Colombian National Development Plan with the
SDGs: 91 of the 169 SDG targets are related to the indicators of the National
Development Plan.

In terms of priority policy areas, the National Development Plan outlined three - peace,
equity and education - that are clearly linked to the ‘five Ps” of the SDG agenda.

Researchrelated to SDGs can and will benefit Colombia's efforts in achieving SDG targets
and help Colombia in being perceived as on the forefront of sustainable development. An
objective, bibliometric assessment should inform on the current state of SDG related
research in Colombia and the Departamento Administrativo de Ciencia Tecnologia e
Innovacion Colciencias has asked Elsevier to provide them with this analysis. It is designed
to support decision making with regards to what areas might benefit from an increase in
funding.

As such, in this report, we compare Colombia's research output to that of 5 leading
countries in the SDG field. Leaders in the SDG field will be determined based on
publication output. Research output measured by publications and scientific impact along
with the most prolific authors, institutions, collaboration partners, and journals being
published in will be assessed. These analyses are done for each of the 17 SDGs. The SDG
is defined by keywords, and the resulting publication sets in Scopus are analyzed
according to the parameters below:

. Publications will focus on peer-reviewed publications and are thus defined as
articles, reviews, and conference proceedings.

. Patent information analysis will be included according to the availability of
information related to the SDGs.

. The study described herein will cover the period 2007-2016 (10 years).

. Included in the analysis will be aggregate level statistics on Colombia and five

leading countries in each SDG field.

The ‘five Ps’ are: prosperity, partnership, peace, people and planet

The National Development Plan
2014-2018 “Todos por un
Nuevo pais”(...) seeks to build a
peaceful, equitable and
educated Colombia, aligned
with the National Government
goals, with the best
international practices and
standards, and with a long-term
vision based on the Sustainable
Development Goals

{Colombian Congress, 2015)



ABOUT THE TABLES AND CHARTS

About the tables and charts

The tables and charts presented in this report use consistent formatting throughout this
report to facilitate easy visualization of minimum and maximum values.

For absolute counts and percentages, data in the tables are formatted according to the
following approach: the highest value in the column is shaded darkest red with white text
and the lowest value is shaded white with black text. For field-weighted citation impact,
values below 1.0 are shaded green with white text because these values fall below the
world average for all research. CiteScore values below 1.0 are also shaded green with
white text to facilitate easy identification of journals for which the average count of
citations for articles in the past 3 years is fewer than 1. An example of the data formatting
is shown below.

Minimum value for column (if multiple minimum values, cell is same color for all)

Maximum value for column

Minimum value for column (if multiple minimum values, cell is same color for all)
Maximum value for column

Value below 1.0, world average for all research

>
>
>

Publication
count

4
0
11
53
285

1784

23
188
78

FWCI

1.77
1.02




In this Chapter, we assess research related to SDG1, which aims to end poverty in all
its forms everywhere. Statistics are provided for the top 5 countries publishing
research in this field along with Colombia, Mexico, and Brazil.
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1.1 Key Findings

Goal 1: End poverty in all its forms

everywhere

WORLD RESEARCH OUTPUT

21,462

Number of SDG1 publications, 2007-2016.

SDG1 PATENTS

Number of SDG1 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

Colombia's SDG1 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

2%

Compound annual growth rate for Colombia's 2007-2016
SDG1 publications.

COLOMBIA TOP TEN PERCENTILE FOR CITATION

Colombia’'s SDG1 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

Average field-weighted citation impact for Colombia's SDG1
publications, 2007-2016.
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1.2 SDG1 - End poverty in all its
forms everywhere

According to the United Nations,
"Extreme poverty rates have been cut by more than half since 1990. While this is a remarkable
achievement, one in five people in developing regions still live on less than $1.90 a day, and there are
millions more who make little more than this daily amount, plus many people risk slipping back into poverty.
Poverty is more than the lack of income and resources to ensure a sustainable livelihood. Its manifestations
include hunger and malnutrition, limited access to education and other basic services, social discrimination

and exclusion as well as the lack of participation in decision-making. Economic growth must be inclusive to

provide sustainable jobs and promote equality.”

The targets for SDG 1, according to the United Nations are:

“By 2030, eradicate extreme poverty for all people everywhere, measured as people living on less than
$1.90 a day.

By 2030, reduce at least by half the proportion of men, women and children of all ages living in poverty
in all its dimensions according to national definitions.

Implement nationally appropriate social protection systems and measures for all, and by 2030 achieve
substantial coverage of the poor and the vulnerable.

By 2030, ensure that all men and women, in particular the poor and the vulnerable, have equal rights to
economic resources, as well as access to basic services, ownership and control over land and other
forms of property, inheritance, natural resources, appropriate new technology and financial services,
including microfinance.

By 2030, build the resilience of the poor and those in vulnerable situations and reduce their exposure
and vulnerability to climate-related extreme events and other economic, social and environmental
shocks and disasters.

Ensure significant mobilization of resources from a variety of sources, including through enhanced
development cooperation, in order to provide adequate and predictable means for developing countries,
in particular least developed countries, to implement programmes and policies to end poverty in all its
dimensions.

Create sound policy frameworks at the national, regional and international levels, based on pro-poor and
gender-sensitive development strategies, to support accelerated investment in poverty eradication
actions.”

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG1 in general, search terms were used in combination with sustainab* OR "sustainable development goal” in a query of the
Scopus database. The full conditions of the search query, including methodology for identifying search terms and subject
limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.

http://www.un.org/sustainabledevelopment/poverty/
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1.3 SDG1: Leaders in the field

1.3.1 Top 5 countries conducting SDG1 research

The top 5 countries publishing on SDG1 based on cumulative publication output from 2007-2016 are shownin Table 1.1 and
Figure 1.1. The United States ranks 1% according to Publication Count, Percentage of Global Output, and Citation Count,
followed by the United Kingdom, China, Australia and Germany. Among these countries, The United Kingdom ranks 1% in FWCI
with 1.66, which is much higher than the world average of 1.05. Except for China, all other countries’ FWCI exceeds the
average as well.

Publicati P f itati
country ublication ercentage o) Citation FWCl
count Global Output Count
+ United States
Table 1.1—Top 5 United Kingdom 10.83%
countries based on China 1,495 6.97% 7,991
publication output from Australia 1,345 6.27% 16,254 1.48
2007-2016. (Source: Germany 1,100 5.13% 11,019 1.34
Scopus) World 21,462 100.00% 71,016 1.05
700
= |nited States
United Kingdom /
600 1— China
= Australia
500 +— e Germany
v
=
=l
L=
S 400
=
=
o
§ 300
2 J
=
£
Z
200 -
100 _d/
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 1.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG1 research. (Source: Scopus)
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1.3.2 Top 20 institutes conducting SDG1 research

A list of the top 20 research institutes publishing SDG1-related research is shown in Table 1.2. Wageningen University &
Research ranks 1% in Publication Count and surpasses the next ranked institute by 80 publications. Eight institutes among the
top 20 have published between 100-160 publications and the remaining top 20 have published 80-100 publications. Among
the top 20 institutes, University of Minnesota has the highest FWCI at over three times the world average. Except for
University of Pretoria, all the top 20 institutes have a mean FWCI above world average in this research field. The trends in
publication output from 2007-2016 are shown in Figure 1.2. (Note that the figure is limited to the top 8 institutes to facilitate
visualization. To see the trends for all 20 institutes, please refer to accompanying data files.)

Rank Institution (Country) Publication  Citation FWCI
count Count
1 Wageningen University & Research (Netherlands) 238 4,179 2.31
2 Chinese Academy of Sciences (China) 1,640 1.22
3 Harvard University (United States) 145
4 University of Queensland (Australia) 134 1,669 1.73
5 World Health Organization (Switzerland) 114 2,264 -
6 University of British Columbia (Canada) 113 1,978 1.86
7 United Nations (United States) 106 1,514 1.38
8 University of Cambridge (United Kingdom) 104 1,775 2.03
9 University of Oxford (United Kingdom) 103 2,361 -
10 CIRAD (France) 99 1,549 1.63
11 University College London (United Kingdom) 98 2,450 2.38
12  Arizona State University (United States) 95 2,247 -
13 University of Cape Town (South Africa) 92 1,417 1.58
14 World Bank (United States) 89 1,874 1.78
15 University of Pretoria (South Africa) 88 907
16 University of Leeds (United Kingdom) 85 1,355 1.84
17 University of Minnesota (United States) 85 1,986
18 University of Melbourne (Australia) 84 1,101 1.31
19 Imperial College London (United Kingdom) 84 2,214 -
20 Australian National University (Australia) 83 1,221 2.08
+

Table 1.2— Top 20 research Institutes ranked based on SDG1 publication output and FWCI from 2007-2016. (Source:
Scopus)
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Figure 1.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG1. (Source:
Scopus)
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1.3.3 Top 20 researchers conducting SDG1 research

A list of the top 20 researchers publishing in the SDG1 field based on publication output from 2007-2016 is shown in Table
1.3. Salvati L. ranks 1% in Publication Count followed by Giller K. and Bellen J. Note that the vast majority of Bellen J's
publications were from 2016 and therefore any citations to this author’'s work are not captured in this analysis.

Giller K., Thornton P., and Herrero M. are the top 3 researchers in this list in terms of H-index.

Rank Researcher

Pub Citation

FWCI
Count ¢

Institution (Country) h-index

count

Council for Agricultural Research and

1 Ivati L. 1 1.12
Salvati Economics (CREA) (Italy) 86 27
. Wageningen University and Research
2 ller K. 3
Giller Centre (Netherlands) 468 247
3 Bellen J. Hyundai E.ngmeermg and Construction
Co. Ltd. (Singapore)
4 Siwar C. Umver5|_t| Kebangsaan Malaysia
(Malaysia)
5 Sovacool B. Aarhus Universitet (Denmark) 13
Commonwealth Scientific and Industrial
H M. o .
6 errero Research Organization (Australia) 12
. Centro Internacional de Mejoramiento
/ Erenstein O. de Maiz y Trigo (Mexico) 12
8 Ajayi O. World World Agroforestry Centre (ICRAF) 1 399 598 17
(Malawi)
9 Dollery B. Un|ver5|'ty of New England Australia 12
(Australia)
10 Kocmanova A. Vysoke'ucenl technicke v Brne (Czech 12
Republic)
. Instituto Nacional de Tecnologia
11 T Il'P. . . .
Ittone Agropecuaria Buenos Aires (Argentina) 11
12 Thornton P. Intfarna.tlonal Livestock Research Institute 1
Nairobi (Kenya)
13 Witter S. Queen Margaret University (United 1
Kingdom)
14 Akinnifesi . Fogd and A.grlculture Organization of the 11 306 161 2
United Nations (ltaly)
Pavlakova Vysoke uceni technicke v Brne (Czech
15 . 11
Docekalova M. Republic)
16 Bostan I. Information not available 11
17 Friel S. Australian National University (Australia) 10
Garcia-Sanch
18 | arcia-sanchez Universidad de Salamanca (Spain) 10 282
19 Allison E. University of Washington, Seattle (United 10 220 587 27
States)
20 Sileshi G. Plot 1244 1bex Hill (Zambia ) 10 186 1.73 23

Table 1.3— Top 20 researchers publishing SDG1 related research ranked based on 2007-2016 publication output and
their FWCI. FWCl is based on SDG1 publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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1.3.4 Top 10 journals publishing SDG1 research

Alist of the top 10 journals publishing SDG1-related research from 2007-2016 is shownin Table 1.4. Sustainability published
241 SDG1 related publications, making it the highest ranked journal in terms of SDG1 publications. The FWCI and CiteScore
for Sustainability is just below one. Journal of Cleaner Productionranks 1% in terms of FWCI and second in terms of publication
count while Renewable and Sustainable Energy Reviews sits in the 1% place in terms of CiteScore and third in terms of
publication count. Over half of the top 10 most prolific journals publishing SDG1 research have an FWCI below the world
average.

Rank Journal Publication o ve;  Citescore
count
1 Sustainability
2 Journal of Cleaner Production
3 Renewable and Sustainable Energy Reviews
4  WIT Transactions on Ecology and the Environment
5 Energy Policy
6 Acta Horticulturae
7 Ecological Economics
8 Advanced Materials Research
9 Land Use Policy
Proceedings of the 28th International Business Information
10 Management Association Conference - Vision 2020:

Innovation Management, Development Sustainability, and
Competitive Economic Growth

+
Table 1.4— Top 10 journals based on SDG1 publication output from 2007-2016. FWCI is mean FWCI for any SDG1

publications in the journal during the period: CiteScore is based on data for the journal as a whole (Source: Scopus)



1 NO POVERTY

19

1.4 Research efforts focused on

SDG1

1.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
1.3, the United States is by far the leader in terms of research output related to SDG1. The United Kingdom follows, along
with China, Australia, and Germany. Among comparators, Colombia has the lowest output in this field, just below Mexico.
However, as shown in Table 1.5, Colombia has seen the greatest growth in research output in this field with a Compound
Annual Growth Rate* (CAGR) of 32.4%. All countries analysed have a CAGR above 9% in this field.

700 -
e Jnited States
United Kingdom
600 - China -~
= AUstralia
500 - —German.y
" = Colombia
5 — Mexico
® 400 -f ==DBrazil
=
=
.s J
@
€ 200 e
5 /f
100 _...-/, e
——— — ]
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 1.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country

Publication

count

CAGR

United States 9.80%

United Kingdom 2,325 10.40%

China 1,495 14.20%

Australia 1,345 13.50%

Germany 1,100 11.40%
Colombia 114

Mexico 222 11.50%

Brazil 591 14.40%

World 21,462 10.30%

+

Table 1.5— Number of publications per country and the Compound
Annual Growth Rate (CAGR) for publication output during the period
2007-2016. (Source: Scopus)

" Compound annual growth rate (CAGR) is defined as the year-over-year constant growth rate over a specified period of time. Starting with the first value

in any series and applying this rate for each of the time intervals yields the amount in the final value of the series.
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1.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI®). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG1 related research from 2006-2017 is 1.05.

Country FWCI
United States 1.45
United Kingdom
China

Comparing the FWCI of SDG1 publications from each of the eight countries included
in this chapter reveals that the United Kingdom leads in terms of FWCI (Table 1.6). The
United States, Australia, Germany and Colombia all have an FWCI near 1.4. Among

Australia countries analysed, only China has an FWCI below the world average for this subject.
Germany 1.34
Colombia 1.40 T

) i Table 1.6 — FWCI per Comparator, 2007-2016. FWCI values below the world
Mexico ’ average for all research (i.e. below 1.0) are highlighted in green. (Source: Scopus)
Brazil 1.10
World 1.05

1.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential’ papers. As shown in Figure 1.4 and Table 1.7, the United States leads in terms
of SDG1 publications with 706 publications that are among the top 10% most cited. The United Kingdom, Australia, and
Germany follow in that order. Colombia has 16 publications among the top 10% most cited during this time period. Although
China has the lowest count of highly cited publications among the top 5 countries, the high CAGR for China's SDG1
publications during the period suggests that China may surpass Germany and Australia in the near future.
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Figure 1.4— Top 10% most cited publications on SDG1 from 2007-2016 per country. (Source: Scopus)

° Field-weighted citation impact (FWCI) is an indicator of mean citation impact in which the actual number of citations received by an article is compared
with the expected number of citations for articles of the same document type (article, review or conference proceeding paper), publication year and subject
field.
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Count of Top 10% CAGR +

Publications Table 1.7— Top 10% most highly cited publications and
13.10% their Compound Annual Growth Rate (CAGR) for each
8.76% country’s SDG2 publications from 2007-2016. (Source:
Scopus)

Country

United States
United Kingdom

China
Australia 229 10.53%
Germany 165
Colombia 16 -
Mexico 25 8.01%
Brazil 65 11.90%
World 2,427 14.22%

1.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 1.8
provides the count of SDG1 publications from each country that have been cited in patents and the number of patents that
have cited these publications. For the United States, 11 US
Patent Cited Patents Citing [ plications on SDG1 have been cited in 31 patents. The

Country

Publications Publications United Kingdom, China and Australia also had at least one
United States 11 31 publication cited in patents. Most countries, including
United Kingdom 4 5 Colombia, have no patent citations.
China 1 1
Australia 1 2 +
Germany ) ) Table 1.8 — Number of publications cited in USPTO, WIPO,
. or EPO patents and number of USPTO, WIPO, or EPO
Colombia ) ) patents citing publications on SDG1 from 2007 to 2016.
Mexico - - (Source: Scopus and LexisNexis)
Brazil - -
World 29 51

1.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG1. To identify
patents relevant to SDG1, we retrieved all the patents citing any SDG1-related publication. Patents retrieved were limited to
those in the following patent authorities: World Intellectual Property Organization (WIPQ), European Patent Office (EPO), and
United States Patent and Trademark Office (USPTO). From 2006 to 2016, the United States had the highest number of
SDG1-related patents (both applied for and granted) with 10 patent applications and 19 patents granted (Table 1.9). The

United Kingdom and Germany applied for a Patents Patents % of World
i i Country . Total
small number of patents and Colombia neither applied for  Granted Total
applied for, nor did it have any granted during United States 10 19 29 63.04%
the period. N.ote that China anq Austrélia may United Kingdom 3 _ 3 6.52%
have patents in a local patent office not included
i - - _ 0
in this analysis. China 0.00%
Australia - - - 0.00%
+ Germany 2 - 2 4.35%
Table 1.9— Number of patents applied for Colombia - - - 0.00%
and granted during the period 2006-2016. Mexico . - - 0.00%
(Source: Lexis-Nexis) Brazil ) ) } 0.00%

World 25 21 46
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1.4.6 Research Focus

Within the topic of SDG1-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG1-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field: the United States, United Kingdom, China, Australia, and Germany. To do this, we employ Elsevier's
Fingerprint Engine™, which uses natural language processing (NLP) technology and domain-specific thesauri to analyze the
information contained in textual publication data from the title, abstract, and keywords, and assigns to each publication a
collection of key phrases (weighted) that represent it. Key phrases based on Fingerprint technology are of higher quality and
more representative than standard sets of author-provided keywords which often suffer from problems such as duplicates,
synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most relevant key phrases in each country's SDG1
research is shown in Figure 1.5. More details on the methods employed for key phrase analysis and generation of relevance
scores can be found in Appendix A.

Among the top 20 key phrases for SDG1 research from Colombia, terms that stand out as unique to Colombia are 'Economic
Valuation', ‘Health Care’, 'Hospitals’, ‘Social Aspects’, ‘Emission Control’, ‘Agricultural Intensification’, and ‘Biosphere’. Among
the top 50 key phrases the terms ‘Smallholder, ‘Developing Countries’, ‘Ecosystem Service', ‘Climate Change’, and ‘Finance’
were common among the countries analyzed. Figure 1.5 provides a visualization of the top 50 key phrases for SDG1 research
from each country. The accompanying data files provide a list of the key phrases as well as the relevance score for each key
phrase.
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1.5 Thereach of Colombia’'s SDG1
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called ‘'mean downloads per
ScienceDirect Paper.’ To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI),® is also used here.

1.5.1 Downloads

As shown in the Figure 1.6, the mean count of downloads per ScienceDirect publication is similar across all countries. For
Colombia, there are some prominent peaks in 2009 and 2015. These peaks are the result of single SD articles in 2009 and
2015 from Colombia that were downloaded more than 5000 times, resulting in a high ‘mean’ value. It should be noted that for
Colombia and Mexico, the results shown are based on very small counts of SD articles (less than 100) and should be interpreted
with caution.
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Figure 1.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)

“ Field-weighted download impact (FWDI), is an indicator that compares the actual number of downloads received by an article with the expected number

of downloads for articles of the same document type (article, review or conference proceeding paper), publication year and subject field.
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1.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. Interestingly, Colombia has the highest
mean FWDI for the period of 2007-2016 (Figure 1.7). However, given the very low count of SD publications from Colombia,
Mexico, and Brazil (i.e. less than 25 SD publications for the full period) interpretation of this metric should focus on the top 5
countries only. All top 5 countries had a FWDI near the average for all SDG1 research.
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Figure 1.7 — Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted
line indicates average for all SDG1 research. (Source: ScienceDirect)
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1.6 SDG1 collaboration network

1.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG1-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 1.10-1.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG1 publications with. Among academic partner institutes, Colombia has published the most SDG1 papers in
collaboration with the world Agroforestry Centre and the International Livestock Research Institute (4 publications from
2007-2016). The FWCI for these publications was very high at more than 5 times the world average for SDG1 research.

Country Institution (Country) Put;l(it:‘a:tion FWCI
World Agroforestry Centre (Kenya)
International Livestock Research Institute (Kenya)
Food and Agriculture Organization of the United Nations
(Italy)
World Bank (United States)
Stanford University (United States)
Princeton University (United States)
United Nations (United States) 2
Imperial College London (United Kingdom) 2
University of Zurich (Switzerland) 2
Wageningen University & Research (Netherlands) 2

Colombia
International Food Policy Research Institute (United States) 2 7.27
Arizona State University (United States) 2 7.14
DePaul University (United States) 2 6.89
University of Vermont (United States) 2 5.59
University of Copenhagen (Denmark) 2 493
Yale University (United States) 2 3.94
CIRAD (France) 2 3.94
International Institute of Tropical Agriculture (lITA), Ibadan
(Nigeria) 2 3.28
Universidad Nacional Autonoma de Mexico (Mexico) 2 1.83
Columbia University (United States) 2 1.65

+
Table 1.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) Puzgtla:tlon FWCI
Wageningen University & Research (Netherlands) 1.87
Ghent University (Belgium) 4 2.07
Michigan State University (United States) 3 3.14
Harvard University (United States) 3 1.96
University of Wisconsin (United States) 3 1.54
Universidad de Buenos Aires (Argentina) 3
Universite Toulouse IlI - Paul Sabatier (France) 2
Universita Cattolica del Sacro Cuore (Italy) 2
CHU de Toulouse (France) 2
World Health Organization (Switzerland) 2
International Maize and Wheat Improvement Center, Harare

Mexico (Zimbabwe) 2 9.19
INRA Institut National de La Recherche Agronomique 5 451
(France)

CIRAD (France) 2 4.38
International Institute of Tropical Agriculture (lITA), Ibadan ) 582
(Nigeria)

University of Vermont (United States) 2 2.42
University of Pretoria (South Africa) 2 2.28
Universitat de Barcelona (Spain) 2 2.24
University of California at Davis (United States) 2 2.24
CSIRO (Australia) 2 2.22
Cornell University (United States) 2 2.11

+

Table 1.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Country Institution (Country) PuZI(i’tl:la:tion FWCI
University of Florida (United States)
Wageningen University & Research (Netherlands)
University of Oxford (United Kingdom)
CIRAD (France)
World Health Organization (Switzerland) 8
Harvard University (United States) 7
Indiana University Bloomington (United States) 6 3.48
Yale University (United States) 6 2.73
United Nations (United States) 6 2.28

Brazil University of East Anglia (United Kingdom) 5 4.87

University of Michigan (United States) 5 4.09
University of Gottingen (Germany) 5 1.98
Lancaster University (United Kingdom) 5 1.65
Imperial College London (United Kingdom) 4
Stanford University (United States) 4
University of California at San Francisco (United States) 4
University College London (United Kingdom) 4
World Agroforestry Centre (Kenya) 4 5.21
University of Edinburgh (United Kingdom) 4 5.20
INRA Institut National de La Recherche Agronomique
(France) 4 215

+

Table 1.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Country

Publication

United States

Institution (Country) Count FWCI
World Health Organization (Switzerland) 2.70
University of Cambridge (United Kingdom) 25 2.93
University of Oxford (United Kingdom) 24

London School of Hygiene and Tropical Medicine (United

Kingdom) 24 3.05
University of Toronto (Canada) 24 2.15
Imperial College London (United Kingdom) 23
University of Cape Town (South Africa) 23 2.97
University of Queensland (Australia) 22 3.62
Wageningen University & Research (Netherlands) 22 3.26
World Agroforestry Centre (Kenya) 21 3.44
Universidade de Sao Paulo (Brazil) 20 3.32
University of East Anglia (United Kingdom) 20 3.29
University of British Columbia (Canada) 20 2.60
Chinese Academy of Sciences (China) 19 1.82
McGill University (Canada) 18 -I
University of Pretoria (South Africa) 15 1.91
University of Copenhagen (Denmark) 14 3.69
International Institute for Applied Systems Analysis, 14 213
Laxenburg (Austria)

Food and Agriculture Organization of the United Nations 13

(Italy)

University College London (United Kingdom) 13

+

Table 1.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Harvard University (United States)
Wageningen University & Research (Netherlands)
World Health Organization (Switzerland)
United Nations (United States)
University of Cape Town (South Africa) 14 3.29
University of Copenhagen (Denmark) 13 3.69
Stockholm Environment Institute (Sweden) 13 1.04
World Agroforestry Centre (Kenya) 12 3.53
Australian National University (Australia) 12 2.01

United Kingdom World Bank (United States) 12 1.81
University of the Witwatersrand (South Africa) 11 3.98
Columbia University (United States) 11 3.37
Lund University (Sweden) 10
Ghent University (Belgium) 10 -
Boston University (United States) 10 4.36
University of Toronto (Canada) 10 2.87
University of Melbourne (Australia) 10 1.24
University of Malawi (Malawi)
University of Queensland (Australia)
WorldFish (Malaysia) 9 4.32

+
Table 1.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

Kingdom. (Source: Scopus)
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Country

Institution (Country)

China

Wageningen University & Research (Netherlands)

Hong Kong Polytechnic University (Hong Kong)

City University of Hong Kong (Hong Kong)

Arizona State University (United States)

University of Maryland (United States)

Publication
Count

University of Hong Kong (Hong Kong)

University of Macau (Macao)

University of California at Davis (United States)

University of Cambridge (United Kingdom)

U.S. Department of Agriculture (United States)

World Health Organization (Switzerland)

University of East Anglia (United Kingdom)

4.62

Auburn University (United States)

3.80

University of North Carolina (United States)

3.22

Stanford University (United States)

Luiniuniuiu| v (o |0 | |0 |00

2.17

Leibniz Centre for Agricultural Landscape Research (ZALF),
Muncheberg (Germany)

vl

1.42

Texas A and M University (United States)

1.17

Syddansk Universitet (Denmark)

76|

World Agroforestry Centre (Kenya)

| 683 |

The Ohio State University (United States)

R ]

+

Table 1.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
University of Oxford (United Kingdom) 6.22
University of Cambridge (United Kingdom) 2.67
World Health Organization (Switzerland) 1.96
Harvard University (United States) 5.97
National University of Singapore (Singapore) 3.52
United Nations (United States) 1.87
University of Cape Town (South Africa) 10 1.28
Imperial College London (United Kingdom) 9 6.31
Wageningen University & Research (Netherlands) 9 3.32
University of Auckland (New Zealand) 9 2.44

Australia
University College London (United Kingdom) 8 2.66
University of British Columbia (Canada) 8 1.87
University of Toronto (Canada) 7 1.90
International Livestock Research Institute (Kenya) 6 3.95
Chinese Academy of Sciences (China) 6 1.88
CIRAD (France) 6 1.28
Arizona State University (United States) 5
University of Minnesota (United States) 5
Lund University (Sweden) 5
University of Copenhagen (Denmark) 5 6.06

+
Table 1.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.
(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Wageningen University & Research (Netherlands)

University of Zurich (Switzerland)
ETH Zurich (Switzerland)
Ghent University (Belgium)

Erasmus University Rotterdam (Netherlands)

University of Oxford (United Kingdom) 8 4.67
Food and Agriculture Organization of the United Nations
8 3.86
(Italy)
University of Natural Resources and Applied Life Sciences
. 7 3.35
(Austria)
Harvard University (United States) 7 1.18
German University of Bern (Switzerland) 6 4.67
y European Commission Joint Research Centre Institute
. 6 2.73
(Belgium)
University of Copenhagen (Denmark) 2.57

6
Swedish University of Agricultural Sciences (Sweden) 5
University of East Anglia (United Kingdom) 5
5

CIRAD (France) 3.90
Ecole Polytechnique Federale de Lausanne (EPFL)

. 5 3.84
(Switzerland)
Vrije Universiteit (Netherlands) 5 3.57
World Agroforestry Centre (Kenya) 5 3.54
University of Southampton (United Kingdom) 5 3.49
University of British Columbia (Canada) 5 3.42

+
Table 1.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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1.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG1 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG1 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG1 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. For SDG1 research from 2007-2016, the majority of Colombia’s collaborations with its top 20 academic partners
were mutually beneficial to both Colombia and the collaboration partner (Figure 1.8). The two publications resulting from
collaboration with the United Nations have been highly mutually beneficial.

9.00
1 United Nations ‘6\
i . : _4
1 . International Food Policy
8.00 - Refe;encle SI.Ze. Research Institute
- 2 co-publications
1 World Agroforestry Centre
1
1
1
g 700 ' DePaul University Wageningen University &
E | Research
= 1
e 1 World Bank
Q2 6.00 - 1
= 1
£ [nternational Livestock University of Zurich
.E 1 Research Institute
= 5.00 - !
[ 1
5 1
£ Unive]rsity of Vermont Imperial College London
(%]
c 1
- 4.00 - University :of Copenhagen Food and Agriculture
2 | CIRAD Organization of the United
% L - Nations
o Yale University j
~ 3.00 4 o .
) Universidad Nacional
2 Autonoma de Mexico e *+
L . . . Beneficial
1
g 2.00 4 ' Arizona State University forsrthier Mutually
.‘E Columbia . anly beneficial
g -
_g University C\ °) 0 11
]
© 1.00 TPrinceton” Aoy~ T T~ “& ---------------------------------------- Beneficial
Beneficial j
© Universi International Institute of Tropical Agriculture (IITA), Ibadan f:rn:ol:: for S“k:iii:
7\ Stanford University - 0 +-
0.00 T T T T T T T T ]
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

Collaboration FWCI / COL international FWCI

Figure 1.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG1-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG1-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).
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1.6.3 Collaboration chart

Figure 1.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign institutional
partners on SDG1. While the sections above elaborate on the most productive and impactful partnerships that Colombia is
engaged in, Figure 1.9 shows where there may be potential to improve output and impact through partnership. Among
Colombia's top 20 partners, Wageningen University & Research produces the highest number of SDG1 publications with 238
publications followed by the United Nations, which produces 106 SDG1-related publications. Among Colombia’s top 20
partners, Stanford University and Arizona State University have the highest FWCI for SDG1 research. Colombia may want to
leverage its existing relationships with these institutes to increase its publication output and impact in SDG1 research.
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Figure 1.9— Chart showing Colombia’s top 20 collaborators on SDG1 from 2007-2016. Circle (node) size is
proportional to the number of SDG1 publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (3.12) and lightest shade of green
indicating the lowest FWCI (0.88). (Source: Scopus).



In this Chapter, we assess research related to SDG2, which aims to end hunger,
achieve food security and improved nutrition, and promote sustainable agriculture.
Statistics are provided for the top 5 countries publishing research in this field along
with Colombia, Mexico, and Brazil.
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2.1 Key Findings

Goal 2: End hunger, achieve food security

and improved nutrition and promote

sustainable agriculture

WORLD RESEARCH OUTPUT

40,363

Number of SDG2 publications, 2007-2016.

SDG2 PATENTS

434

Number of SDG2 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

240

Colombia's SDG2 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

32%

Compound annual growth rate for Colombia's 2007-2016
SDG2 publications.

COLOMBIA TOP TEN PERCENTILE FOR CITATION

44

Colombia's SDG2 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

1.77

Average field-weighted citation impact for Colombia's SDG2
publications, 2007-2016.
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2.2 SDG2 - End hunger, achieve food
security and improved nutrition, and
promote sustainable agriculture

According to the United Nations,
"Right now, our soils, freshwater, oceans, forests and biodiversity are being rapidly degraded. Climate
change is putting even more pressure on the resources we depend on, increasing risks associated with
disasters such as droughts and floods. Many rural women and men can no longer make ends meet on their
land, forcing them to migrate to cities in search of opportunities.
A profound change of the global food and agriculture system is needed if we are to nourish today's 815
million hungry and the additional 2 billion people expected by 2050.
The food and agriculture sector offers key solutions for development, and is central for hunger and poverty
eradication."’

The targets for SDG2, according to the United Nations are:

e “By 2030, end hunger and ensure access by all people, especially the poor and people in vulnerable
situations, including infants, to safe, nutritious and sufficient food all year round.

e By 2030, end all forms of malnutrition, including achieving, by 2025, the internationally agreed targets
on stunting and wasting in children under 5 years of age, and address the nutritional needs of adolescent
girls, pregnant and lactating women and older persons.

e By 2030, double the agricultural productivity and income of small-scale food producers, especially
women, indigenous peoples, family farmers, pastoralists and fishers, including through secure and equal
access to land, other productive resources and inputs, knowledge, financial services, markets and
opportunities for value addition and non-farm employment.

e By 2030, ensure sustainable food production systems and implement resilient agricultural practices
that increase productivity and production, that help maintain ecosystems, that strengthen capacity for
adaptation to climate change, extreme weather, drought, flooding and other disasters and that
progressively improve land and soil quality.

e By 2020, maintain the genetic diversity of seeds, cultivated plants and farmed and domesticated
animals and their related wild species, including through soundly managed and diversified seed and plant
banks at the national, regional and international levels, and promote access to and fair and equitable
sharing of benefits arising from the utilization of genetic resources and associated traditional
knowledge, as internationally agreed.

e Increase investment, including through enhanced international cooperation, in rural infrastructure,
agricultural research and extension services, technology development and plant and livestock gene
banks in order to enhance agricultural productive capacity in developing countries, in particular least
developed countries.

e Correct and prevent trade restrictions and distortions in world agricultural markets, including through
the parallel elimination of all forms of agricultural export subsidies and all export measures with
equivalent effect, in accordance with the mandate of the Doha Development Round.

o Adopt measures to ensure the proper functioning of food commodity markets and their derivatives and
facilitate timely access to market information, including on food reserves, in order to help limit extreme
food price volatility.”

http://www.un.org/sustainabledevelopment/hunger/
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Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG2 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal"in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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2.3 SDG2: Leaders in the field

2.3.1 Top 5 countries conducting SDG2 research

The top 5 countries publishing on SDG2 based on cumulative publication output from 2007-2016 are shownin Table 2.1 and
Figure 2.1. The United States ranks 1% according to Publication Count, Percentage of Global Output, and Citation Count,
followed by China, the United Kingdom, Australia and Germany. The United Kingdom ranks 1%t in FWCI with an FWCl of 2.12,
which is approximately double the world average for SDG2 research. Except for India and China, all other countries’ FWCI

exceed the global average as well.

Countr Publication Percentage of Citation FWCI
v count Global Output Count
+ United States 8,040 19.92% 157,156 177
Table 2.1—Top 5 China 46,606 1.02
countries based on United Kingdom 3,111 7.71% 76,008 2.12
publication output from India 3,037 7.52% 31,459 0.95
2007-2016. (Source: Australia 2,582 6.40% 48,913 1.78
Scopus) World 40,363 100.00% 192,492 1.21
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Figure 2.1— 2007-2016 trend in publication output for the top 5 countries publishing SDGZ2 research. (Source: Scopus)
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2.3.2 Top 20 institutes conducting SDG2 research

A list of the top 20 research institutes publishing SDG2-related research is shown in Table 2.2. The Chinese Academy of
Sciences (in China) ranks 1% in Publication Count with over 1,000 SDG2 publications and is closely followed by Wageningen
University & Research (from the Netherlands). Four institutes among the top 20 have published above 500 SDG2 publications
and the remaining top 20 have published approximately 200-400 SDG2 publications. Among the top 20 institutes, Cornell
University (United States) has the highest FWCI at over three times the world average. The trends in publication output from
2007-2016 are shown in Figure 2.2. (Note that the figure is limited to the top 8 institutes to facilitate visualization. To see
the trends for all 20 institutes, please refer to accompanying data files.)

Publication Citation

Rank Institution (Country) - Count FWCI
1 Chinese Academy of Sciences (China) 1.14
2 Wageningen University & Research (Netherlands)
3 U.S. Department of Agriculture (United States)
4 INRA Institut National de La Recherche Agronomique (France)
5 China Agricultural University (China) 404 5,067 1.38
6 CSIRO (Australia) 389
7 CIRAD (France) 329 5,306 1.62
8 CNRS (France) 307 7193 | 228
9 Universidade de Sao Paulo (Brazil) 287 4,170 1.73
10 Embrapa - Empresa Brasileira de Pesquisa Agropecuaria (Brazil) 285 3,895 1.31
11  CSIC (Spain) 280 6,319 1.91
12 University of Florida (United States) 272 5,125 1.66
13  University of Queensland (Australia) 270 6,848 -
14 University of California at Davis (United States) 263 7,278 -
e e T R s sao s
16 Northwest Agriculture and Forestry University (China) 245 2,363 1.14
17 Swedish University of Agricultural Sciences (Sweden) 242 5,347 1.84
18 Michigan State University (United States) 241 5,259 2.23
19 Ghent University (Belgium) 239 4,533 2.13
20 Cornell University (United States) 236 7,994

+
Table 2.2— Top 20 research Institutes ranked based on SDGZ2 publication output and FWCI from 2007-2016. (Source:

Scopus)
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Figure 2.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG2. (Source:

Scopus)
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2.3.3 Top 20 researchers conducting SDG2 research

A list of the top 20 researchers publishing in the SDG2 field based on publication output from 2007-2016 is shown in Table
2.3. Lal R. ranks 1% in Publication Count followed by Salvati L. and Zhang F.
Lal R. and Zhang F. also have the highest h-index, along with Smith P.

Rank Researcher

Institution (Country)

Pub
count

Citation
Count

FWCI h-index

1 Lal R. Ohio State University (United States)
. Council for Agricultural Research and
2 SalvatiL. Economics (CREA) (Italy)
3 Zhang F. China Agricultural University (China)
. Wageningen University and Research
4 Giller K. Centre (Netherlands)
5 Smith P. University of Aberdeen (United Kingdom)
Wageningen University and Research
6 van lttersum M. Centre (Netherlands)
7 Deckers J. KU Leuven (Belgium) 25 803 2.01 47
3 Venkateswarlu Cen.tral Reseath Inst.ltute for Dryland 25 350 1.50 18
B. Agriculture India (India)
9 Shao H. Jlan_gsu Academy of Agricultural Sciences 25 563 0.84 34
(China)
10 Stringer L. University of Leeds (United Kingdom) 24 355 2.10 29
11 BonariE. Scuola Superiore Sant'Anna di Studi 23 27 120 26
Universitari e di Perfezionamento (Italy)
12 Herrero M. Commonwealth.Sugntlflc and I.ndustrlal 2 984 37
Research Organization (Australia)
13 Faaij A. University of Groningen (Netherlands) 22
14 Cerri C. Universidade de Sao Paulo - USP (Brazil) 22 420 2.20 29
15 Chauhan B. University of Queensland (Australia) 22 463 2.20 29
16 Chen B. Beijing Normal University (China) 22 565 1.95 46
17  YANGZ Beijing Normal University (China) 22 418 1.55
. International Crops Research Institute for
18 Wanis. the Semi-Arid Tropics (India) 22 191 20
19 Reed M. Newcastle University, United Kingdom 27 508 264 35

(United Kingdom)

Table 2.3— Top 20 researchers publishing SDG2 related research ranked based on 2007-2016 publication output and
their FWCI. FWCl is based on SDG2 publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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2.3.4 Top 10 journals publishing SDG2 research

A list of the top 10 journals publishing SDG2-related research from 2007-2016 is shown in Table 2.4. Acta Horticulturae
published 685 SDG2 related publications, making it the top journal in terms of SDG2 publications. The FWCI for Acta
Horticulturae is just below one and the CiteScore is well below one, indicating that for three years after publication, articles in
this journal receive less than one citation on average. Journal of Cleaner Productionranks 1% in terms of FWCI and ranks 8t"in
terms of publication count while Renewable and Sustainable Energy Reviews sits in the 15 place in terms of CiteScore and
last in terms of publication count.

FWCI CiteScore

1.34 3.17

EECN 766

Rank Journal Publication
count
1 Acta Horticulturae
2 Sustainability
3 Acta Ecologica Sinica
4 Agriculture, Ecosystems and Environment
5 Nongye Gongcheng Xuebao/Transactions of the Chinese
Society of Agricultural Engineering
6 PLoS ONE
7 Agronomy for Sustainable Development 297
8 Journal of Cleaner Production 282
9 Advanced Materials Research 278
10 Renewable and Sustainable Energy Reviews 246
+

Table 2.4— Top 10 journals based on SDGZ2 publication output from 2007-2016. FWCI is mean FWCI for any SDG2
publications in the journal during the period: CiteScore is based on data for the journal as a whole (Source: Scopus)
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2.4 Research efforts focused on
SDG2

2.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
2.3, the United States is by far the leader in terms of research output related to SDG2. China follows, with more than half the
publication count of the United States. The United Kingdom, India and Australia follow with 2,500-3,100 SDG2 publications.
Among comparators, Colombia has the lowest output in this field, just below Mexico. However, as shownin Table 2.5, Colombia
has seen the greatest growth in research output in this field with a Compound Annual Growth Rate (CAGR) of 32.0%. All other
countries analysed here have a CAGR ranging from 8-17%.
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1,200 - United Kingdom

e INclia /
= Australia
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e \exico
800 - ===Brazil e

Number of publications
s 3
o o

|
w
|

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 2.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count

United States 8,040 10.20%

China 16.30%

United Kingdom 3,111 10.40%

India 3,037 13.60%

Australia 2,582 8.10%
Colombia 240 Table 2.5 — Number of publications per country and the Compound
Mexico 635 9.40% Annual Growth Rate (CAGR) for publication output during the period

Brazil 1,972 15.30% 2007-2016. (Source: Scopus)

World 40,363 9.70%
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2.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,

age, and type of publication. An FWCI of 1.0 represents the world average for all

research done worldwide. The mean FWCI for SDG2 related research from 2006-

_ 2017is1.21.

Comparing the FWCI of SDG2 publications from each of the eight countries included
in this chapter reveals that the United Kingdom leads in terms of FWCI (Table 2.6). The
United States, Australia, and Colombia all have an FWCI near 1.8. Among countries
analysed, China and Brazil have an FWCI below the world average for this subject.

+
Table 2.6 — FWCI per Comparator, 2007-2016. FWCI values below the world

Country FWCI
United States

China 1.02
United Kingdom 2.12
India 0.95
Australia

Colombia

Mexico 1.39
Brazil 1.18
World 1.21

average for all research (i.e. below 1.0) are highlighted in green. (Source: Scopus)

2.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential’ papers. As shown in Figure 2.4 and Table 2.7, the United States leads in terms
of SDG2 publications with 1,623 publications that are among the top 10% most cited. The United Kingdom lags behind the
United States with less than half the number of top 10% publications, followed by Australia and China, which both have a
similar count. Colombia had 44 publications among the top 10% most cited during this time period.
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Figure 2.4— Top 10% most cited publications on SDGZ2 from 2007-2016 per country. (Source: Scopus)
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Country Count c.vf Tc.)p 10% CAGR +
Publications Table 2.7— Top 10% most highly cited publications and
United States 1,623 9.82% their Compound Annual Growth Rate (CAGR) for each
China 528 24.01% country's SDG2 publications from 2007-2016. (Source:
United Kingdom 760 13.44% Scopus)
India 289 13.99%
Australia 521 7.41%
Colombia 44 _
Mexico 95 1.06%
Brazil 237 13.99%
World 5,312 11.50%

2.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 2.8

Country Pater\t C.ited Paten.ts (Eiting
Publications Publications
United States 121 398
China 32 73
United Kingdom 33 62
India 23 44
Australia 26 62
Colombia 3
Mexico 32
Brazil 8
World 344 993

2.4.5 Patents

provides the count of SDG1 publications from each country
that have been cited in patents and the number of patents
that have cited these publications. The findings show that
patent citation count is related to publication count in that
the leaders in publication output have the highest patent
citation count. Interestingly, Mexico has a large count of
patents citing SDG2 publications relative to Mexico's total
publications output in SDG2 related research.

+

Table 2.8 — Number of publications cited in patent and
patents citing publications on SDG2 from 2007 to 2016.
(Source: Scopus)

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG2. To identify
patents relevant to SDG2, we retrieved all the patents citing any SDG2-related publication. Patents retrieved were limited to
those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States had the highest
number of SDG2-related patents (both applied for and granted) with 139 patent applications and 338 patents granted (Table
2.9). The United Kingdom and Australia had a total of approximately 35 patents each and Colombia applied for one patent,

and had one granted during the

_ _ _ Countr Patents Patents Total % of World
period. Note that China, India Yy applied for Granted Total
and, Australia may have United States 139 338 477 59.18%
pate.nts ina I.ocaI. patent 9fﬂce China 9 6 15 1.86%
not included in this analysis.

United Kingdom 24 14 38 4.71%
+ India 12 1 13 1.61%

Table 2.9— Number of Australia 11 23 34 4.22%

patents applied for and Colombia 1 1 2 0.25%

granted during the period Mexico - - - 0.00%

2006-2016. (Source: Brazil 1 1 2 0.25%

Lexis-Nexis)

World 372 434 806
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2.4.6 Research Focus

Within the topic of SDG2-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG2-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field: the United States, United Kingdom, China, Australia, and Germany. To do this, we employ Elsevier's
Fingerprint Engine™, which uses natural language processing (NLP) technology and domain-specific thesauri to analyze the
information contained in textual publication data from the title, abstract and keywords, and assigns to each publication a
collection of key phrases (weighted) that represent it. Key phrases based on Fingerprint technology are of higher quality and
more representative than standard sets of author-provided keywords which often suffer from problems such as duplicates,
synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most relevant key phrases in each country's SDG2
research is shown in Figure 2.5. More details on the methods employed for key phrase analysis and generation of relevance
scores can be found in Appendix A.

Among the top 20 key phrases for SDG2 research from Colombia, there were no terms that stand out as unique to only
Colombia. Terms that were shared with only one comparator are 'Silvopastoral Systems,’ and‘Risk Reduction’, which were also
shared with Mexico; ‘Coffee’ and Agroecology,” which were also shared with Brazil; and ‘Economics,” which was shared with
Australia. Among the top 50 key phrases the terms ‘Farmers’, ‘Food Security’, ‘Alternative Agriculture’, were common among
the countries analyzed. Figure 2.5 provides a visualization of the top 50 key phrases for SDG2 research from each country.
The accompanying data files provide a list of the key phrases as well as the relevance score for each key phrase.

Colombia S +
ccosystem services Figure 2.5— Research focus; per
agricuftura] practice agricultural intensification sustzinzbility 2srochemicais country for CO/Ombia, Mexico, and
 eofee  smallholder farming syst=ms Brazil and the top prolific countries
economics
regien food securit land use migremedizsion from 2012-2016. (Source: Scopus,
silvopastoral systems Y e ) o i
research madel 15 rEIUENION trthropoda SciVal and Elsevier's Fingerprint
. )
\mazania ivestock rainwater 'Farm ers r ay En lne)
- 2 Colombia sgroscology, g
I PE‘E'.E

~ ecosystemn service ~
land degracation Crop farming system 197322 forestry

agricultural management dimate change certification Arsczcsse
zltermative agriculture agriculture  Caribbezn
agricultural ecosystem Coffez arabica

AAA relevance of keyphrase | declining [l growing (2012-2018)

Mexico

sustzinable deve opment ECOsysiEm 2o

mitigation Agave Sub-Szharzn Africz

rainwater biodiversity far
valleys sustzinability @rop
livestock farming  farmers

. water N rd
sihopastoral systems  geforestation Mex'co agriculture lznd

manzgement wulmerability

carn smzllholder
water availability  vater manzgsment plant
| . ieul climate changs
orests  altermative agriculture -
farests = lzndscaps
emvironmental degradztion maize
highlands food production

AAA relevance of keyphraze eclining [l growing (2012-2014)



2 ZERO HUNGER 51

Brazil protecied zrez
s0il mznagementagroecalogy,, llagz
irrigation system 'I'-E"1'|i"lg systems soil fertility
management | farm certification
livestock cerrado agriculture o mp:s_
cover crop agratorestry H HR e
i _ . sustainability ...
oo Slinolder  deforestation forests market
sail quality B 4 | Amazonia
INErcropping  ooffee no-ti”age razi soil Crica

pastures  water

COVET Crops uction system

sresnhouse gz alternative agriculture P

sugarcane  ooers sustainable development
production technology nontimber forest preduct

Ereen Manures  agministrative management

AAA relevancs of keyphrase | declining Il growing

United States

. sustzinable agriculture

ecosystem service
Fertlizers Food | Agricultural wastes

—g'w':gs\_n'stsmbiofuel 00od su pp y

Production cestiflcati
crop land use certiflcation

Sustainable development

Feedstocks

rarmers

==3lternative agriculture g4

Cultivation Crops

Drought

Agriculture ' sustainabilityfood security

Deforaststion  Greenhouse gases ) Water management
Water conservation bioenergy

agricultural ecosystem smallholder

5

AAA relevance of keyphrase declining Il growing

China
grazzland
Shy rotection : T
s praseE river basin  Water resourcesAgricultural products

Agricultural machinery Soil moisture ymershads

alternative agriculture

Water supply  Planning . rrigation Manures
Rggiana p annhg ECOl Dg}‘ Ag rl Cu |t U re emergy Ferti |iZeTS wheat
rice soi
food security
Soosystems

Soil conservation
Cultivation Food SUF’Pl}'CFDPS Land use Arid regions

Landforms WELET gsustainability

) Water conservation
Agricu tural wastes region

Watar 3 =
Water management Drought

Population statistics

AAA relevance of keyphrase | declining [l growing (2012-2016)



2 ZERO HUNGER

52

United Kingdom emvironmentzl degradation

- ' . farming systems
Nutrition Policy farming system B 5Ys * rura development

ot . roy
poverty alleviation . Agrlcu|ture
livestack farming &

-malhoceralternative agriculture

5 -
" Crops, Agricultural

conservation

climate changs

water oo

Food Supply *°'ﬁ:sustaina|3i“t‘)’{ood

- . bioener
food production ¥

food security,.., fam b=ty

agroforestry
biodiversity

Conservation of Natural Resources

sustzinable agriculture
wWaler management

agriculturzl palicy

agricultural intensification

AAA releance of keyphrase | dedining [l growing (2012-2016)

India
. : agricultural production
erwvironrmentz| degradation
“Water conservation ErOUndwaLer resoUrce e rmicomposts
cropping practice R Siomzzz
Agricultural wastes Sustainable development
fmigatien farmers Fertilizers Affisol
supphy CTOPPINg systems
Sails Faod supply PPINg Y crops productivity

ivelihood  Agriculture India

Land use

Biofuels  food securitygroundwater crep

SENCRMITE L qualityrice  alternative agriculture

Cultivation

plants
W/ater managsment

climate change sustainable agriculture Biodiversizy proftability

Groundwater rescurces g Developing countries

intercropping sustainability biofertilizer
- Growth {materiaks)

sAA releance of keyphraze | declining [l growing {2012-2016)

Australia

sustainzble development

livestock farming
groundwater _— management D mode

ecosystem services biodiversity ECCISy'StETI"I service irrigation

management S s-tai na bi | ity Australia 'ice'argelard

sugarcame dl’{}LgI‘lt , , research
e famersalte€rnative agriculture e

N rops raimwats

food water frm
sl water management

‘food security faod production
ECOMOMICS
groundvaier  goriculture

farming systemadaptation climate change
agricultural ecosystemn sustainable agricufture

conservztion

SAA relevance of keyphrase | declining Il growing (2012-2014)



2 ZERO HUNGER 53

2.5 The reach of Colombia's SDG2
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

2.5.1 Downloads

As shown in the Figure 2.6, the mean count of downloads per ScienceDirect publication is similar across all countries. For
Colombia, there is a prominent peaks in 2008, resulting from a single highly downloaded SD publication.
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Figure 2.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)
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2.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. Colombia’s high mean FWDI for the period
of 2007-2016 is due to the few highly downloaded SD articles mentioned in section 2.5.1 (Figure 2.7). However, given the
very low count of SD publications from Colombia and Mexico, (i.e. less than 25 SD publications for the full period) interpretation
of this metric should focus on the top 5 countries only. All top 5 countries had an FWDI near the average for all SDG2 research.
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Figure 2.7— Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted
line indicates average for all SDG2 research. (Source: ScienceDirect)
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2.0 SDG2 collaboration network

2.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG2-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 2.10-2.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG2 publications with. Among academic partner institutes, Colombia has published the most SDG2 papers in
collaboration with Wageningen University & Research (Netherlands; 14 publications from 2007-2016). The FWCI for these
publications was very high at nearly 4 times the world average for SDG2 research. However, the highest mean FWClI results
from Colombia'’s collaborations with the Food and Agriculture Organization of the United Nations, which has a mean FWCI of

14.6.
Country Institution (Country) Publication FWCI
Count

Wageningen University & Research (Netherlands) 5.84
International Crops Research Institute for the Semi-Arid
Tropics (India) ? 4.46
IRD (France) 8 3.14
Stanford University (United States) 7 7.95
United Nations (United States) 6
University of Cambridge (United Kingdom) 6 ‘
INRA Institut National de La Recherche Agronomique
(France) 6 9.74
Aarhus University (Denmark) 6 8.37
International Food Policy Research Institute (United States) 6 4.31

Colombia CSIC (Spain) 6 3.50
Universite Pierre et Marie Curie (France) 6 1.99
Food and Agriculture Organization of the United Nations 5 A€
(Italy)
University of Melbourne (Australia) 5
Universidade de Sao Paulo (Brazil) 5
Yale University (United States) 5
Columbia University (United States) 5 9.53
Chinese Academy of Agricultural Sciences (China) 5 8.78
World Agroforestry Centre (Kenya) 5 6.71
Universidad Nacional Autonoma de Mexico (Mexico) 5 6.56
U.S. Department of Agriculture (United States) 5 4.79

+

Table 2.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) PuZI(i:la:tion FWCI
Wageningen University & Research (Netherlands) 4.71
KU Leuven (Belgium) 2.27
University of Arizona (United States) 3.34
U.S. Department of Agriculture (United States) 12 3.19
INRA Institut National de La Recherche Agronomique
(France) 1 4.03
Texas A and M University (United States) 11 1.33
CSIRO (Australia) 9 5.38
University of Wisconsin (United States) 9 4.20
Ghent University (Belgium) 9 3.15
International Crops Research Institute for the Semi-Arid

Mexico Tropics (India) 8 3.12
Cornell University (United States) 7 ‘
Banaras Hindu University (India) 7
Universidade de Sao Paulo (Brazil) 7 ‘
CNRS (France) 7 4.65
CSIC (Spain) 7 2.54
University of California at Davis (United States) 7 1.80
Mekelle University (Ethiopia) 6
The Ohio State University (United States) 6
Universidad Nacional de Colombia (Colombia) 6
University of East Anglia (United Kingdom) 6

+

Table 2.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

U.S. Department of Agriculture (United States)

Wageningen University & Research (Netherlands)

INRA Institut National de La Recherche Agronomique
(France)

CIRAD (France)

University of Florida (United States)
University of East Anglia (United Kingdom)
IRD (France)

CSIRO (Australia)

Colorado State University (United States)

Brazil University of Oxford (United Kingdom)

University of Aberdeen (United Kingdom)
CNRS (France)
The Ohio State University (United States)

Universidad Nacional Autonoma de Mexico (Mexico)

University of Queensland (Australia) 11

AgroParisTech (France) 11

Yale University (United States) 10

University of California at Davis (United States) 10 5.04
Swedish University of Agricultural Sciences (Sweden) 10 3.22
Stanford University (United States) 9 8.90 ‘

+
Table 2.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Chinese Academy of Sciences (China) 1.93
Wageningen University & Research (Netherlands) 4.69
CSIRO (Australia) 64 4.37
China Agricultural University (China) 62 2.18
Universidade de Sao Paulo (Brazil) 58 2.72
l(':g?,ch)StltUt National de La Recherche Agronomique 49 4.04
University of British Columbia (Canada) 47 5.78
Swedish University of Agricultural Sciences (Sweden) 46 3.32
Institute of Geographical Sciences and Natural Resources 6 153
Research Chinese Academy of Sciences (China)
Embrapa - Empresa Brasileira de Pesquisa Agropecuaria

United States (Brazil) a5 1.90
Food and Agriculture Organization of the United Nations
(Italy)
ETH Zurich (Switzerland)
University of Oxford (United Kingdom)
CNRS (France)
University of Copenhagen (Denmark)

University of Cambridge (United Kingdom)
McGill University (Canada)

World Agroforestry Centre (Kenya)

University of Queensland (Australia)

Imperial College London (United Kingdom)

+
Table 2.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
U.S. Department of Agriculture (United States) 3.35
Wageningen University & Research (Netherlands) 3.24
AgriFood Canada (Canada) 1.83
CSIRO (Australia) 2.25
Colorado State University (United States) 33 1.41
University of Western Australia (Australia) 31
University of California at Davis (United States) 24
Texas A and M University (United States) 23 1.63
International Institute for Applied Systems Analysis,

Laxenburg (Austria) 21 2:40
China Arizona State University (United States) 21 2.09

University of Melbourne (Australia) 19

The Ohio State University (United States) 18

University of Florida (United States) 18 2.02

University of Tokyo (Japan) 17 3.22

Chinese University of Hong Kong (Hong Kong) 17 2.55

Purdue University (United States) 17 2.44

University of British Columbia (Canada) 16

University of Queensland (Australia) 16

World Agroforestry Centre (Kenya) 16 3.17

University of Hohenheim (Germany) 16 2.83

+
Table 2.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 4.06
I(l;lgéllztltut National de La Recherche Agronomique 66 3.40
CSIRO (Australia) 44 5.16
University of Copenhagen (Denmark) 40 4.38
Swedish University of Agricultural Sciences (Sweden) 40 2.82
CNRS (France) 36 3.66
Aarhus University (Denmark) 33 3.51
Chinese Academy of Sciences (China) 33 2.44
Food and Agriculture Organization of the United Nations 30 -
(Italy)

United Kingdom | World Agroforestry Centre (Kenya) 29 3.25
CSIC (Spain) 29 1.74
James Cook University Queensland (Australia) 28 -
Ghent University (Belgium) 28 4.07
China Agricultural University (China) 28 3.74
University of Western Australia (Australia) 25 4.37
University of Queensland (Australia) 24 9.87 ‘
Harvard University (United States) 24
United Nations (United States) 24 4.17
Universidade de Sao Paulo (Brazil) 24 4.17
U.S. Department of Agriculture (United States) 24 3.65

+
Table 2.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
Kingdom. (Source: Scopus)
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— Publication
Country Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 4.58
The Ohio State University (United States) 3.42
International Rice Research Institute (Philippines ) 2.76
University of Queensland (Australia) 8.93
International Livestock Research Institute (Kenya) 17 3.24
International Maize and Wheat Improvement Center 15 315
(CIMMYT) (Mexico) '
International Water Management Institute (Sri Lanka) 14 2.17
International Centre for Genetic Engineering and
. 14 2.05
Biotechnology (lItaly)
University of Aberdeen (United Kingdom) 12 8.87
ndi University of Melbourne (Australia) 12 6.93
ndia
University of Western Australia (Australia) 12 6.03
University of Oxford (United Kingdom) 11 7.29
London School of Hygiene and Tropical Medicine (United
; 11 6.32
Kingdom)
U.S. Department of Agriculture (United States) 11 3.37
CSIRO (Australia) 11 2.12
United Nations (United States) 10 7.53
University of Florida (United States) 10 1.68
Food and Agriculture Organization of the United Nations
9 18.70
(Italy)
Columbia University (United States) 5.65
World Agroforestry Centre (Kenya) 5.00

+

Table 2.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for India.

(Source: Scopus)
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Country Institution (Country) Pulgl(;ianttlon FWCI
Wageningen University & Research (Netherlands) 5.65
Chinese Academy of Sciences (China) 2.19
U.S. Department of Agriculture (United States) 3.11
l(';l,:?,CIZ)StItUt National de La Recherche Agronomique 20 3.92
International Rice Research Institute (Philippines ) 20 2,51
China Agricultural University (China) 20 241
Swedish University of Agricultural Sciences (Sweden) 19 3.50
University of Agriculture Faisalabad (Pakistan) 19 1.90
Chinese Academy of Agricultural Sciences (China) 19 1.45
Imperial College London (United Kingdom) 18 6.31

Australia International Livestock Research Institute (Kenya) 18 5.02
National University of Singapore (Singapore) 16 5.76
University of Leeds (United Kingdom) 16 4.50
International Crops Research Institute for the Semi-Arid
Tropics (India) 1 iz
International Water Management Institute (Sri Lanka) 16 3.01
Zf::lill)and Agriculture Organization of the United Nations 15 11.65
Harvard University (United States) 15 ‘
University of Copenhagen (Denmark) 15 6.10
Cornell University (United States) 15 4.57
University of California at Davis (United States) 15 1.81

+

Table 2.17 — A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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2.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG2 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG2 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG2 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. For SDG2 research from 2007-2016, all except one of Colombia’s collaborations with its top 20 academic partners
were mutually beneficial to both Colombia and the collaboration partner (Figure 2.8). The two publications resulting from
collaboration with the United Nations have been highly mutually beneficial in terms of citation impact.
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Figure 2.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG2-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG2-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on top left. (Source: Scopus).
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2.6.3 Collaboration chart

Figure 2.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign institutional
partners on SDG2. While the sections above elaborate on the most productive and impactful partnerships that Colombia is
engaged in, Figure 2.9 shows where there may be potential to improve output and impact through partnership. Currently,
Colombia produces the most co-authored papers with Wageningen University & Research, which produces the highest number
of publications (among Colombia's top 20 partners), with 900 SDG2 publications. INRA Institut National de La Recherche
Agronomique is the second most prolific among Colombia'’s top 20, with 695 publications, 6 of which were collaborations with
Colombia. Among Colombia's top 20 partners, University of Cambridge has the highest FWCI for SDG2 research at 4.7.
Colombia may want to leverage its existing relationship with INRA Institut National de La Recherche Agronomique and
University of Cambridge to increase its publication output and impact in SDG2 research.
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Figure 2.9— Chart showing Colombia’s top 20 collaborators on SDG2 from 2007-2016. Circle (node) size is
proportional to the number of SDG2 publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (4.70) and lightest shade of green
indicating the lowest FWCI (1.55). (Source: Scopus).



In this Chapter, we assess research related to SDG3, which aims to ensure healthy
lives and promote well-being for all at all ages. Statistics are provided for the top 5
countries publishing research in this field along with Colombia, Mexico, and Brazil.
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3.1 Key Findings

Goal 3: Ensure healthy lives and promote

well-being for all at all ages

WORLD RESEARCH OUTPUT

60,034

Number of SDG3 publications, 2007-2016.

SDG3 PATENTS

888

Number of SDG3 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

Colombia's SDG3 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

21%

Compound annual growth rate for Colombia's 2007-2016
SDG3 publications.

COLOMBIA TOP TEN PERCENTILE FOR CITATION

Colombia's SDG3 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

Average field-weighted citation impact for Colombia's SDG3
publications, 2007-2016.
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3.2 SDG3 - Ensure healthy lives and
promote well-being for all at all ages

According to the United Nations,
"Ensuring healthy lives and promoting the well-being for all at all ages is essential to sustainable
development. Significant strides have been made in increasing life expectancy and reducing some of the
common killers associated with child and maternal mortality. Major progress has been made on increasing
access to clean water and sanitation, reducing malaria, tuberculosis, polio and the spread of HIV/AIDS.
However, many more efforts are needed to fully eradicate a wide range of diseases and address many
different persistent and emerging health issues.”

The targets for SDG3, according to the United Nations are:

e “By 2030, reduce the global maternal mortality ratio to less than 70 per 100,000 live births.

e By 2030, end preventable deaths of newborns and children under 5 years of age, with all countries
aiming to reduce neonatal mortality to at least as low as 12 per 1,000 live births and under-5 mortality
to at least as low as 25 per 1,000 live births.

e By 2030, end the epidemics of AIDS, tuberculosis, malaria and neglected tropical diseases and combat
hepatitis, water-borne diseases and other communicable diseases.

e By 2030, reduce by one third premature mortality from non-communicable diseases through prevention
and treatment and promote mental health and well-being.

e Strengthen the prevention and treatment of substance abuse, including narcotic drug abuse and harmful
use of alcohol.

e By 2020, halve the number of global deaths and injuries from road traffic accidents.

e By 2030, ensure universal access to sexual and reproductive health-care services, including for family
planning, information and education, and the integration of reproductive health into national strategies
and programmes.

e Achieve universal health coverage, including financial risk protection, access to quality essential health-
care services and access to safe, effective, quality and affordable essential medicines and vaccines for
all.

e By 2030, substantially reduce the number of deaths and illnesses from hazardous chemicals and air,
water and soil pollution and contamination.

e Strengthen the implementation of the world Health Organization Framework Convention on Tobacco
Control in all countries, as appropriate.

e Support the research and development of vaccines and medicines for the communicable and
noncommunicable diseases that primarily affect developing countries, provide access to affordable
essential medicines and vaccines, in accordance with the Doha Declaration on the TRIPS Agreement and
Public Health, which affirms the right of developing countries to use to the full the provisions in the
Agreement on Trade Related Aspects of Intellectual Property Rights regarding flexibilities to protect
public health, and, in particular, provide access to medicines for all.

e Substantially increase health financing and the recruitment, development, training and retention of the
health workforce in developing countries, especially in least developed countries and small island
developing States.

e Strengthen the capacity of all countries, in particular developing countries, for early warning, risk
reduction and management of national and global health risks."®

http://www.un.org/sustainabledevelopment/health/
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Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG3in general, the following search terms were used in combination with sustainab® OR "sustainable development goal"in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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3.3 SDG3: Leaders in the field

3.3.1 Top 5 countries conducting SDG3 research

The top 5 countries publishing on SDG3 based on cumulative publication output from 2007-2016 are shownin Table 3.1 and
Figure 3.1. The United States ranks 1% according to Publication Count, Percentage of Global Output, and Citation Count,
followed by the United Kingdom, China, Australia and Canada. The United Kingdom ranks 1%t in FWCI with 1.92, which is much
higher than the world average of 1.18. Except for China, all other countries’ FWCI exceeds the average as well.

Publication Percentage of Citation

Country count Global Output Count Fwcl
+ United States 258,237
Table 3.1—Top 5 United Kingdom 6,112 10.18% 114,372
countries based on China 5,576 9.29% 45,802
publication output from Australia 4,044 6.74% 70,541 1.70
2007-2016. (Source: Canada 3,220 5.36% 57,484 1.74
Scopus) World 60,034 100.00% 263,499 1.18
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Figure 3.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG3 research. (Source: Scopus)
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3.3.2 Top 20 institutes conducting SDG3 research

A list of the top 20 research institutes publishing SDG3-related research is shown in Table 3.2. The Chinese Academy of
Sciences (China) ranks 1% in Publication Count and surpasses the next ranked institute by more than 200 publications. The
other 19 top institutes in this research field have published 300-550 SDG3-related publications. Although the Chinese
Academy of Sciences ranks highest in terms of publication count, Arizona State University (United States) has the highest
FWCI and citation count. All of the top 20 institutes have a mean FWCI above the world average for research in this field. The
trends in publication output from 2007-2016 are shown in Figure 3.2. (Note that the figure is limited to the top 8 institutes to
facilitate visualization. To see the trends for all 20 institutes, please refer to accompanying data files.)

Publication Citation

Rank Institution (Country) count Count FWCI
1 Chinese Academy of Sciences (China) 9,752 1.32
2 Harvard University (United States)
3 Wageningen University & Research (Netherlands) 498 2.49
4 University of Toronto (Canada) 472 7,305 1.80
5 U.S. Department of Agriculture (United States) 441 - 2.44
6 University of British Columbia (Canada) 406 11,748 2.58
7 University of Queensland (Australia) 402 9,119 2.41
8 Johns Hopkins University (United States) 399 10,129 2.52
9 University of Washington (United States) 390 9,443 2.71
10 I(I;l:;ﬁ(l:z)stitut National de La Recherche Agronomique 386 10,695 533
11 CNRS (France) 368 10,659 |36
12 World Health Organization (Switzerland) 352 7,459 2.66
13 University of Sydney (Australia) 337 5,267 2.04
14 Arizona State University (United States) 329
15 University College London (United Kingdom) 310 7,262 2.69
16 University of Melbourne (Australia) 309 6,632 2.10
17 Monash University (Australia) 305 4,581 1.81
18 Columbia University (United States) 299 7,976 2.34
19 tci)::doonn?)chool of Hygiene and Tropical Medicine (United 296 6,776 260
20 Imperial College London (United Kingdom) 292 9,239 -

+
Table 3.2— Top 20 research Institutes ranked based on SDG3 publication output and FWCI from 2007-2016. (Source:
Scopus)
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Figure 3.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG3. (Source:

Scopus)
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3.3.3 Top 20 researchers conducting SDG3 research

A list of the top 20 researchers publishing in the SDG3 field based on publication output from 2007-2016 is shown in Table
3.3.Yang Z. ranks 1%tin Publication Count followed by Blevis E. and Liu J.
Bhutta Z., Manchikanti L., and Polasky S. are the top 3 researchers in this list in terms of H-index.

Rank Researcher Institution (Country) Pub Citation FWCI  h-index
count Count
YANG Z. Beijing Normal University (China) 32 531 1.34 50
Blevis E. Indiana University (United States) 617 2.77 15
Liu J. Michigan State University (United States) 4.08 44
Research Center for Eco-Environmental
4 Ouyang Z. Sciences Chinese Academy of Sciences 2.15 43
(China)
5 Cooke S. Carleton University (Canada) 942 2.88 -
L Universita degli Studi di Napoli
6 Ulgiati S. Parthenope (Italy) 513 1.70 38
. Council for Agricultural Research and
7 Salatil. Economics (CREA) (Italy) 1.38
3 Bhutta 7. Hospital for Sick Children University of
Toronto (Canada)
9 Polasky S. University of Minnesota System (United
States)
10 Shao H. Jlan'gsu Academy of Agricultural Sciences
(China)
11 Wu J. Arizona State University (United States)
12 ChenB. Beijing Normal University (China) 21 346
13 Alves R. Universidade Estadual da Paraiba (Brazil) 20 739
14 Manchikanti L. Palr.\ Management Center Paducah 19 533
(United States)
15 Jabbour C. Montpellier Research in Management 19 319
(France)
16 Razman M. Unlver5|'t| Kebangsaan Malaysia 19 205 205 14
(Malaysia)
Fraunhofer-Institut fur Grenzflachen und
17 holz R. 1 .
Scholz Bioverfahrenstechnik - IGB (Germany) 8 399 2.19 39
. . University of South Florida Tampa
1 Mihel . . 1 2 2
8 thelcicJ (United States) 8 >3 6
19 Cesaretti G. Simone Cesaretti Foundation (ltaly) 18 104 7
Hyundai Engineering and Construction
2 Bell . 1 - -
0 ellen’ Co. Ltd. (Singapore) 8
+

Table 3.3— Top 20 researchers publishing SDG3 related research ranked based on 2007-2016 publication output and
their FWCI. FWCl is based on SDG3 publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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3.3.4 Top 10 journals publishing SDG3 research

A list of the top 10 journals publishing SDG3-related research from 2007-2016 is shown in Table 3.4. PLoS ONE published
579 SDG3 related publications, making it the top journal in terms of SDG3 publications, closely followed by Advanced
Materials Research. PLoS ONE also has the highest CiteScore among the top 10 journals publishing SDG3 research. Journal
of Cleaner Productionranks 1% in terms of FWCI. There was considerable spread in the FWCI for the top 10 journals whereby
4 journals had a mean FWCI below the world average FWCI for all research (1.0. cells highlighted in green) and 4 journals had
amean FWCI above the average for all SDG3 research (1.18).

Rank Journal Publication o ve;  Citescore
count
1 PLoS ONE
2 Advanced Materials Research
3 Acta Horticulturae
4 Sustainability
5 Acta Ecologica Sinica
6 Journal of Environmental Management
7 Journal of Cleaner Production 2.97
8 WIT Transactions on Ecology and the Environment
9 BMC Public Health “
10 Lecture Notes in Computer Science 0.93

+
Table 3.4— Top 10 journals based on SDG3 publication output from 2007-2016. FWCI is mean FWCI for any SDG3

publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source: Scopus)
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3.4 Research efforts focused on
SDG3

3.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
3.3, the United States is by far the leader in terms of research output related to SDG3. The United Kingdom and China both
follow with just over one third the publication count of the United States. Among comparators, Colombia has the lowest output
in this field, just below Mexico. However, as shown in Table 3.5, Colombia, along with Brazil and China, have seen the greatest
growth in research output in this field with a Compound Annual Growth Rate (CAGR) over 18 %. All countries analysed have a
CAGR above 12%.
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Figure 3.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country Pu::::‘a:‘ttlon CAGR
United States m
United Kingdom 6,112 12.30%
china | 5576 IS0
Australia 4,044 13.00%
Canada 3,220 13.20%
Colombia 284 Table 3.5— Number of publications per country and the Compound
Mexico 668 12.50% Annual Growth Rate (CAGR) for publication output during the period

Brazil 1,860 - 2007-2016. (Source: Scopus)
World 60,034 11.60%
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3.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI

Country Fwcl for SDG3 related research from 2006-2017 is 1.18.
United States Comparing the FWCI of SDG3 publications from each of the eight countries included
United Kingdom L2 in this chapter reveals that the United Kingdom leads in terms of FWCI (Table 3.6). The
China 0.96 United States, Australia, Germany, and Colombia all have an FWCI close to 1.4.
Australia Among countries analysed, only China has an FWCI below the world average for this
Canada subject.
Colombia 1.25
Mexico 1.48
Brazil 1.16 +

Table 3.6 — FWCI per Comparator, 2007-2016. FWCI values below the world
World 1.18 average for all research (i.e. below 1.0) are highlighted in green. (Source: Scopus)

3.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘'most influential’ papers. As shown in Figure 3.4 and Table 3.7, the United States leads in terms
of SDG3 publications with 2,717 publications that are among the top 10% most cited. The United Kingdom follows with less
than half the number of top 10% publications as the United States. Colombia has 37 publications among the top 10% most
cited during this time period.
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Figure 3.4— Top 10% most cited publications on SDG3 from 2007-2016 per country. (Source: Scopus)
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Count of Top 10%

Country Publications CAGR

United States 11.93%

United Kingdom 1,280 14.78%
China 530

Australia 754 10.82%
Canada 584 _

Colombia 37 19.58%

Mexico 102 11.06%

Brazil 210 15.82%

World 7,377 13.90%

3.4.4 Patents citations in articles

+
Table 3.7— Top 10% most highly cited publications and

their Compound Annual Growth Rate (CAGR) for each
country's SDG3 publications from 2007-2016. (Source:
Scopus)

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 3.8

provides the count of SDG3 publications from each country

that have been cited in patents and the number of patents
that have cited these publications. For the United States,
152 US publications on SDG3 have been cited in 401
patents. All countries including Colombia had at least one
patent cited publication.

+
Table 3.8 — Number of publications cited in patent and

patents citing publications on SDG3 from 2007 to 2016.
(Source: Scopus)

Country Patef\t C.ited Pater!ts (Eiting
Publications Publications
United States 152 401
United Kingdom 56 100
China 26 93
Australia 26 53
Canada 21 48
Colombia 1
Mexico 8 28
Brazil 8 22
World 416 1,061

3.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG3. To identify
patents relevant to SDG3, we retrieved all the patents citing any SDG3-related publication. Patents retrieved were limited to
those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States had the highest

number

of SDG3-related patents
applied for and granted) with 150 patent
applications and 371 patents granted (Table
3.9). Except for Mexico, all countries have

(both

patents related to SDG3. Note that China and
Australia may have patents in a local patent

office not included in this analysis.

+

Table 3.9— Number of patents applied
for and granted during the period 2006-

2016. (Source: Lexis-Nexis)

Country Pat-ents Patents Total % of World
applied for Granted Total
United States 150 371 521 58.67%
United Kingdom 21 4 25 2.82%
China 10 3 13 1.46%
Australia 11 20 31 3.49%
Canada 16 17 33 3.72%
Colombia 2 - 2 0.23%
Mexico - - - 0.00%
Brazil 1 1 2 0.23%

World 405 483 888
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3.4.6 Research Focus

Within the topic of SDG3-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG3-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’s SDG3 research is shown in Figure 3.5. More details on the methods employed for key
phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG3 research from Colombia, terms that stand out as unique to Colombia are ‘Arecaceae,’
‘Elaeis guineensis’, and ‘coffee.” Among the top 50 key phrases the terms ‘Conservation of Natural Resources’, ‘Delivery of
Health Care’, 'Health', ‘Economics’, 'Environments’, and ‘Ecosystem Service’ were common among the countries analyzed.
Figure 3.5 provides a visualization of the top 50 key phrases for SDG3 research from each country. The accompanying data
files provide a list of the key phrases as well as the relevance score for each key phrase.
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3.5 Thereach of Colombia's SDG3
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called ‘'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

3.5.1 Downloads

As shown in the Figure 3.6, the mean count of downloads per ScienceDirect publication is similar across all countries. For
Colombia, there are some prominent peaks in 2007 and 2016 and valleys in 2010-2011. These peaks and valleys are the
result of very small counts of SD articles (and no SD articles in 2011) and should not be given too much weight in
interpretations. It should be noted that for Colombia and Mexico, the results shown are based on less than 150 SD articles
and should be interpreted with caution.
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Figure 3.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)
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3.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. Interestingly, Colombia has the highest
mean FWDI for the period of 2007-2016 (Figure 3.7). However, given the very low count of SD publications from Colombia
and Mexico (i.e. less than 150 SD publications for the full period) interpretation of this metric should focus on the top 5
countries only. All top 5 countries had an FWDI above the average for all SDG3 research.
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Figure 3.7— Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted

line indicates average for all SDG3 research. (Source: ScienceDirect)
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3.6 SDG3 collaboration network

3.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG3-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 3.10-3.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG3 publications with. Among academic partner institutes, Colombia has published the most SDG3 papers in
collaboration with Wageningen University & Research (Netherlands; 10 publications). The highest mean FWCI for collaborated
publications came from Colombia’s co-authored publications with the University of Sydney (Australia), which yielded a mean
FWCl of 17.62.

Country Institution (Country) Puz:;zar‘ttlon FWCI
Wageningen University & Research (Netherlands) 8.03
Aarhus University (Denmark) 7.47
International Crops Research Institute for the Semi-Arid
Tropics (India) 3.26
Harvard University (United States) 8.54
IRD (France) 2.44
London School of Hygiene and Tropical Medicine (United
Kingdom) / 9.76
University of Toronto (Canada) 7 9.62
University of the Witwatersrand (South Africa) 7 9.47
University of Melbourne (Australia) 6 -I

Colombia Queen Mary University of London (United Kingdom) 6 11.18

University College London (United Kingdom) 6 10.94
Johns Hopkins University (United States) 6 10.55
Karolinska Institutet (Sweden) 6 10.26
United Nations (United States) 6 10.17
Stanford University (United States) 6 8.90
INRA Institut National de La Recherche Agronomique 6 331
(France)
Cornell University (United States) 6 3.28
Universitat Politecnica de Catalunya (Spain) 6 1.37
University of Sydney (Australia) 5 6
Instituto Nacional de Salud Publica (Mexico) 5

+
Table 3.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Publicati
Country Institution (Country) ublication FWCI
Count

Wageningen University & Research (Netherlands) 6.78
Texas A and M University (United States) 2.42
Harvard University (United States) 12 5.91
U.S. Department of Agriculture (United States) 12 4.35
World Health Organization (Switzerland) 11 -I
University of Washington (United States) 11 8.89
University of Arizona (United States) 11 6.53
University of Toronto (Canada) 10
United Nations (United States) 10 7.51
University of British Columbia (Canada) 9 ‘

Mexico University of Cape Town (South Africa) 9
Universidade de Sao Paulo (Brazil) 7.27
INRA Institut National de La Recherche Agronomique

9 5.16

(France)
Arizona State University (United States) 9 4.23
KU Leuven (Belgium) 9 2.46
Imperial College London (United Kingdom) 8 12.93
Stanford University (United States) 8 9.34
McGill University (Canada) 8 8.83
Cornell University (United States) 8 6.95
CSIRO (Australia) 8 6.15

+

Table 3.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Harvard University (United States) 8.46
World Health Organization (Switzerland) 4.69
Wageningen University & Research (Netherlands) 5.77
U.S. Department of Agriculture (United States) 5.27
London School of Hygiene and Tropical Medicine (United
Kingdom) 7 6.18
University of Florida (United States) 17 3.00
Universidad Nacional Autonoma de Mexico (Mexico) 16 4.67
Imperial College London (United Kingdom) 15 11.70 ‘
University of Oxford (United Kingdom) 15

Brazil University of East Anglia (United Kingdom) 15 8.74
University of Toronto (Canada) 13 8.44
Yale University (United States) 13 8.31
University of British Columbia (Canada) 13 8.19
Columbia University (United States) 13 7.36
Johns Hopkins University (United States) 13 6.75
CNRS (France) 13 6.10
IRD (France) 13 5.49
CIRAD (France) 13 1.69
University of Cambridge (United Kingdom) 12
James Cook University Queensland (Australia) 12 8.64

+
Table 3.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
World Health Organization (Switzerland) 3.68
University of Toronto (Canada) 2.92
Chinese Academy of Sciences (China) 2.93
University of British Columbia (Canada) 5.42
London School of Hygiene and Tropical Medicine (United
Kingdom) 90 4.24
Wageningen University & Research (Netherlands) 82 4.91
University of Oxford (United Kingdom) 79 4.62
University of Queensland (Australia) 75 5.66
University of Cambridge (United Kingdom) 69 6.52

United States University of Cape Town (South Africa) 68 4.44
McGill University (Canada) 63
Imperial College London (United Kingdom) 61
CNRS (France) 55
University College London (United Kingdom) 55
Stockholm University (Sweden) 52
James Cook University Queensland (Australia) 52 6.21
University of the Witwatersrand (South Africa) 52 3.65
Makerere University (Uganda) 52 2.57
CSIRO (Australia) 48 6.35
Universidade de Sao Paulo (Brazil) 46 4.90

+
Table 3.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
World Health Organization (Switzerland)
Wageningen University & Research (Netherlands)
Harvard University (United States)
Johns Hopkins University (United States) 58 4.69
University of Cape Town (South Africa) 58 4.57
Karolinska Institutet (Sweden) 52 3.55
University of Queensland (Australia) 51 6.72
INRA Institut National de La Recherche Agronomique
(France) >1 3.97
Ghent University (Belgium) 50 3.26
University of British Columbia (Canada) 48

United Kingdom

University of Toronto (Canada) 47
CNRS (France) 46
University of Copenhagen (Denmark) 44 5.10
University of Melbourne (Australia) 42 4.24
University of Washington (United States) 41 -I
Columbia University (United States) 40 6.92
University of the Witwatersrand (South Africa) 40 4.15
University of Sydney (Australia) 38 4.94
:E:;r;?js:; Commission Joint Research Centre Institute 36 534
Vrije Universiteit (Netherlands) 36 4.47

+
Table 3.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

Kingdom. (Source: Scopus)



3 GOOD HEALTH AND WELL-BEING

87

Country Institution (Country) PuZI(i,tl:la:tion FWCI
University of Hong Kong (Hong Kong) 3.27
Hong Kong Polytechnic University (Hong Kong) 1.10
U.S. Department of Agriculture (United States) 4.00
Arizona State University (United States) 2.80
Wageningen University & Research (Netherlands) 4.13
Chinese University of Hong Kong (Hong Kong) 1.60
CSIRO (Australia) 23 2.98
University of Queensland (Australia) 22 5.00
National University of Singapore (Singapore) 22 2.95
) City University of Hong Kong (Hong Kong) 22 1.67
China Harvard University (United States) 21
World Health Organization (Switzerland) 20
Georgia Institute of Technology (United States) 19
Texas A and M University (United States) 19
Stanford University (United States) 18
University of Western Australia (Australia) 18
Cornell University (United States) 18 5.35
University of Minnesota (United States) 18 5.23
University of Toronto (Canada) 18 5.04
Colorado State University (United States) 18 1.42

+

Table 3.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
World Health Organization (Switzerland) 48 4.31
University of British Columbia (Canada) 6.89
Imperial College London (United Kingdom) 5.56
Wageningen University & Research (Netherlands) 6.15
University of Toronto (Canada) 3.39
University College London (United Kingdom) 4.13
Harvard University (United States) 34
Chinese Academy of Sciences (China) 32 2.80
University of Cape Town (South Africa) 30 492
University of Washington (United States) 29

Australia University of Oxford (United Kingdom) 29
Stanford University (United States) 28
University of Cambridge (United Kingdom) 27
University of Auckland (New Zealand) 27 3.16
U.S. Department of Agriculture (United States) 25 5.54
Johns Hopkins University (United States) 24 6.14
National University of Singapore (Singapore) 24 5.42
University of Alberta (Canada) 23 3.44
London School of Hygiene and Tropical Medicine (United
Kingdom) 22 6.00
NOAA (United States) 22 3.67

+
Table 3.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Harvard University (United States) 6.81
University of Washington (United States) 6.08
Stanford University (United States) 9.00
University of Cape Town (South Africa) 5.52
Johns Hopkins University (United States) 5.52
World Health Organization (Switzerland) 32 4.52
Arizona State University (United States) 29
U.S. Department of Agriculture (United States) 29 3.03
University of Queensland (Australia) 28 9.28
University of Sydney (Australia) 27 5.97

Canada Cornell University (United States) 27 4.22
Columbia University (United States) 26 6.53
Wageningen University & Research (Netherlands) 25 8.28
Chinese Academy of Sciences (China) 24 3.14
University of Minnesota (United States) 23 14.37

Stockholm University (Sweden) 23

London School of Hygiene and Tropical Medicine (United

. 23 6.85
Kingdom)
James Cook University Queensland (Australia) 23 6.60
University of East Anglia (United Kingdom) 23 493
University of Michigan (United States) 22 7.57

+
Table 3.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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3.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG3 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG3 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG3 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. For SDG3 research from 2007-2016, the majority of Colombia’s collaborations with top 20 academic partners were
mutually beneficial to both Colombia and the collaboration partner (Figure 3.8).
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Figure 3.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG3-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG3-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).
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3.6.3 Collaboration chart

Figure 3.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign
institutional partners on SDG3. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 3.9 shows where there may be potential to improve output and impact through partnership.
Colombia is already collaborating with the most prolific institutes among its top 20 partners. Among Colombia’s top 20
partners, Stanford University and Queen Mary University of London have the highest FWCI for SDG3 research. Colombia
may want to leverage its existing relationships with these institutions to increase its publication impact in SDG3 research.
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Figure 3.9— Chart showing Colombia’s top 20 collaborators on SDG3 from 2007-2016. Circle (node) size is
proportional to the number of SDG3 publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colours of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (3.80) and lightest shade of green
indicating the lowest FWCI (1.80). (Source: Scopus).



In this Chapter, we assess research related to SDG4, which aims to ensure inclusive
and quality education for all and promote lifelong learning. Statistics are provided for
the top 5 countries publishing research in this field along with Colombia, Mexico, and

Brazil.
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4.1 Key Findings

Goal 4: Ensure inclusive and quality

education for all and promote lifelong
learning

WORLD RESEARCH OUTPUT

5,204

Number of SDG4 publications, 2007-2016.

SDG4 PATENTS

1

Number of SDG4 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

1

Colombia's SDG4 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

20%

Compound annual growth rate for Colombia's 2007-2016
SDG4 publications.

COLOMBIA TOP TEN PERCENTILE FOR CITATION

2

Colombia's SDG4 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

0.72

Average field-weighted citation impact for Colombia's SDG4
publications, 2007-2016.
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4.2 SDG4 - Ensure inclusive and
quality education for all and promote
lifelong learning

According to the United Nations,
"Obtaining a quality education is the foundation to improving people’s lives and sustainable development.
Major progress has been made towards increasing access to education at all levels and increasing
enrolment rates in schools particularly for women and girls. Basic literacy skills have improved
tremendously, yet bolder efforts are needed to make even greater strides for achieving universal education
goals. For example, the world has achieved equality in primary education between girls and boys, but few
countries have achieved that target at all levels of education.”

The targets for SDG4, according to the United Nations are:

e “By 2030, ensure that all girls and boys complete free, equitable and quality primary and secondary
education leading to relevant and Goal-4 effective learning outcomes.

e By 2030, ensure that all girls and boys have access to quality early childhood development, care and
preprimary education so that they are ready for primary education.

e By 2030, ensure equal access for all women and men to affordable and quality technical, vocational and
tertiary education, including university.

e By 2030, substantially increase the number of youth and adults who have relevant skills, including
technical and vocational skills, for employment, decent jobs and entrepreneurship.

e By 2030, eliminate gender disparities in education and ensure equal access to all levels of education
and vocational training for the vulnerable, including persons with disabilities, indigenous peoples and
children in vulnerable situations.

e By 2030, ensure that all youth and a substantial proportion of adults, both men and women, achieve
literacy and numeracy.

e By 2030, ensure that all learners acquire the knowledge and skills needed to promote sustainable
development, including, among others, through education for sustainable development and sustainable
lifestyles, human rights, gender equality, promotion of a culture of peace and non-violence, global
citizenship and appreciation of cultural diversity and of culture's contribution to sustainable
development.

e Build and upgrade education facilities that are child, disability and gender sensitive and provide safe,
nonviolent, inclusive and effective learning environments for all.

e By 2020, substantially expand globally the number of scholarships available to developing countries, in
particular least developed countries, small island developing States and African countries, for enrolment
in higher education, including vocational training and information and communications technology,
technical, engineering and scientific programmes, in developed countries and other developing
countries.

e By 2030, substantially increase the supply of qualified teachers, including through international
cooperation for teacher training in developing countries, especially least developed countries and small
island developing states.”

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG4 in general, the following search terms were used in combination with sustainab® OR "sustainable development goal" in a

http://www.un.org/sustainabledevelopment/education/
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query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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4.3 SDG4: Leaders in the field

4.3.1 Top 5 countries conducting SDG4 research

The top 5 countries publishing on SDG 4 based on cumulative publication output from 2007-2016 is indicated by Table 4.1
and Figure 4.1. The United States ranks 1% in Publication Count, Percentage of Global Output, and Citation Count, followed
by the United Kingdom and Australia, which each published approximately half the number of publications as the United States.
Canadaranks 1tin FWCl with 1.17, whichis higher than the world average. All other countries' FWCl exceed the world average
as well.

Country Publication Percentage of Citation EWCI
count Global Output Count

+ United States 1,263 24.27% 9,374 1.04

Table 4.1—Top 5 United Kingdom 662 12.72% 4,700 1.03

countries based on Australia 603 11.59% 4,004 1.12
publication output from Canada 273 5.25% 2,260

2007-2016. (Source: Germany 207 3.98% 1,440 1.11

Scopus) World 5,204 100.00% 10,159 0.95
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Figure 4.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG4 research. (Source:
Scopus)
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4.3.2 Top 20 institutes conducting SDG4 research

A list of the top 20 research institutes publishing in the SDG field based on publication output from 2007-2016 is shown in
Table 4.2. Australian institutes lead in the field, representing the top 6 institutes by publication count, 7 of the top 10, and 9
of the top 20. Royal Melbourne Institute of Technology University (Australia) ranks 1% (47) in Publication Count followed by
Griffith University Queensland (Australia) (46), Queensland University of Technology (Australia) (45). Arizona State University
(United States) sits in the 15 place in Citation Count with 587 followed by the University of Plymouth (United Kingdom) (480)
and Royal Melbourne Institute of Technology University (Australia) (461). Arizona State University also had the largest FWCI
at 2.41, much higher than the world average. The trends in publication output from 2007-2016 are shownin Figure 4.2. (Note
that the figure is limited to the top 8 institutes to facilitate visualization. To see the trends for all 20 institutes, please refer to
accompanying data files.)

Publication Citation

Rank Institution (Country) count Count FWCI
1 Royal Melbourne Institute of Technology University
(Australia)
2 Griffith University Queensland (Australia)
3 Queensland University of Technology (Australia)
4 UTS University of Technology Sydney (Australia)
5 Monash University (Australia)
6 Deakin University (Australia) 33 268
7 University College London (United Kingdom) 33 188 1.07
8 University of Plymouth (United Kingdom) 33
9 University of Toronto (Canada) 33
10 James Cook University Queensland (Australia) 32 186 1.19
11 University of Florida (United States) 32 232 0.94
12 ;/;;insl)a Polytechnic Institute and State University (United 31 374 -
13 Curtin University of Technology (Australia) 29 144 1.06
14 Daugavpils University (Latvia ) 29
15 University of British Columbia (Canada) 28
16 Arizona State University (United States) 28
17 Delft University of Technology (Netherlands) 27 252 1.05
18 University of South Australia (Australia) 26 126
19 Universitat Politecnica de Catalunya (Spain) 26 339 1.24
20 University of Wisconsin (United States) 26 171

+
Table 4.2— Top 20 research institutes ranked based on SDG4 publication output and FWCI from 2007-2016. (Source:

Scopus)
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Figure 4.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG4. (Source:
Scopus)
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4.3.3 Top 20 researchers conducting SDG4 research

A list of the top 20 researchers publishing in the SDG4 field based on publication output from 2007-2016 is shown in Table

4.3. Kopnina H. ranks 1% in Publication Count followed by Davis J. and Wright T.

Wiek A., Sinclair A., Svanstrom M., Ferrer-Balas D., and Eilks |. are the top researchers according to h-index with values of 30,
19, 16, 16 and 16, respectively.

Rank Researcher Institution (Country) Pub Citation FWCI  h-index
count Count
1 Kopnina H. Leiden University (Netherlands) 15 217 3.09 12
. Queensland University of Technology
2 Davis J. QUT (Australia) 107 1.82 8
3 Wright T. Dalhousie University (Canada) 186 1.50 13
4 Thomas . RMIT University (Australia) 161 1.34 10
5 Shephard K. University of Otago (New Zealand) 205 2.15 11
6 Sinclair A. University of Manitoba (Canada) 10 200
7 Bogeholz S. Universitat Gottingen (Germany) 10 63
3 Leuphana Universitat Luneburg 9
Wiek A. (Germany)
Chalmers University of Technology
9 Svanstrom M. (Sweden) 2 273 2.86 16
10 Pace P. University of Malta (Malta) 9
11 Ferrer-Balas D. Un|v_er5|tat Politecnica de Catalunya 3
(Spain)
12 Eilks I. University of Bremen (Germany) 113 2.80 16
13 Ferreira J. Southern Cross University (Australia) 71 1.89 4
14 Filho W. Marjches'Fer Metropolitan University 3 68 156 9
(United Kingdom)
15 Lotz-Sisitka H. Rhodes University (South Africa) 8 36 l:!u 6
16 Gericke N. Karlstads universitet (Sweden) 61 - 8
17 Mulder K. Delft University of Technology 7 209 295 14
(Netherlands)
University of Applied Science
1 Barth M. 7 .
8 art Ostwestfalen-Lippe (United Kingdom) 2.94 10
19 Segalas J. Unlv'ersrcat Politecnica de Catalunya 7 207 584 7
(Spain)
20 Cotton D. University of Plymouth (United Kingdom) 7 124 2.24 10
+

Table 4.3— Top 20 researchers publishing SDG4 related research ranked based on 2007-2016 publication output and
their FWCI. FWCl is based on SDG4 publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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4.3.4 Top 10 journals publishing SDG4 research

A list of the top 10 journals publishing SDG4-related research from 2007-2016 is shown in Table 4.4. International Journal
of Sustainability in Higher Education published the most SDG4 publications (236) followed by Environmental Education
Research (121), and IEEE Global Engineering Education Conference, EDUCON (115). IEEE Global Engineering Education
Conference, EDUCON ranks 1% in FWCI (2.61) followed by Environmental Education Research (2.18), and International
Journal of Engineering Education (1.40) in the 2" and 3™ place, respectively. As for CiteScore, International Journal of
Sustainability in Higher Education sits in the 1% place by a small margin with an FWCI of 1.70.

Rank Journal Publication -ty Citescore
count

1 International Journal of Sustainability in Higher Education 1.70
2 Environmental Education Research 0.88
3 IEEE Global Engineering Education Conference, EDUCON 2.61 0.00
4 Sustainability 0.65 0.92
5 Journal of Teacher Education for Sustainability 0.46 0.25
6 Proceedings - Frontiers in Education Conference, FIE 0.50 0.06
7 Australian Journal of Environmental Education
8 Sustainability
9 International Journal of Sustainability Education

10 International Journal of Engineering Education

+
Table 4.4— Top 10 journals based on SDG4 publication output from 2007-2016. FWCI is mean FWCI for any SDG4

publications in the journal during the period; CiteScore is based on data for the journal as a whole.
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4.4 Research efforts focused on
SDG4

4.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
4.3, the United States is by far the leader in terms of research output related to SDG4. The United Kingdom follows along with
Australia. Among comparators, Colombia has the lowest output in this field, just below Mexico. However, as shown in Table
4.5, Colombia and Brazil have seen the greatest Compound Annual Growth Rate (CAGR) in this field of research at 19.6%.
Australia, Germany, Mexico, and the United States also see marked increases in publication output with a CAGR above 10%.
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Figure 4.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country Pu::::‘a:‘ttlon CAGR

United States
United Kingdom

Australia
Canada 273 8.70%
Germany 207 13.80%
Colombia 19 Table 4.5— Number of publications per country and the Compound
Mexico 33 13.00%  Annual Growth Rate (CAGR) for publication output during the period
Brazil 71 2007-2016. (Source: Scopus)

World 5,204 7.90%
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4.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG4 related research from 2006-2017 is 0.95.

Country FWCI
United States 1.04

Comparing the FWCI of publications from each of the eight countries included in this
United 1.03 chapter reveals some differences and similarities in terms of citation impact (Table
Kingdom 4.6). Most notably, Canada achieves the highest FWCI among comparator countries.

Australia Australia and Germany have FWCI values higher than the world average. While the

Canada United States leads in publication count, its FWCl is close to world average at 1.04.

Germany

Colombia +

Mexico Table 4.6 — FWCI for SDG4 research from 2007-2016 per country and world.

Brazil FWCI values below the world average for all research (i.e. below 1.0) are highlighted
razi in green. (Source: Scopus)

World 0.95

4.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential’ papers. As shown in Figure 4.4 and Table 4.7, the United States leads in terms
of top cited SDG4 publications with 148 publications that are among the top 10% most cited. Colombia had 2 publications
among the top 10% most cited during this time period.
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Figure 4.4— Top 10% most cited publications on SDG4 from 2007-2016 per country. CAGR shown at top of each bar.
(Source: Scopus)
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Country Count c.»f Tc.)p 10% CAGR +
Publications Table 4.7 — Top 10% most highly cited publications and
United States m their Compound Annual Growth Rate (CAGR) for each
United Kingdom 79 2.05% country's SDG4 publications from 2007-2016. (Source:
Australia 70 9.16% Scopus)
Canada 38
Germany 30 0.00%
Colombia 2 -
Mexico 2 -
Brazil 4 -
World 525 10.17%

4.4 4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 4.8
provides the count of SDG4 publications from each country

Country Patef\t C.ited pater!ts C.iting that have been cited in patents and the number of patents
Publications Publications that have cited these publications. No country analyzed for
United States - - this report, including Colombia, has patent citations related
United Kingdom - - to SDG4.
Australia - -
Canada - -
Germany - -
Colombia - - T S o
Table 4.8 — Number of publications cited in USPTO, WIPQ,
Mexico - - or EPO patents and number of USPTO, WIPO, or EPO
Brazil - - patents citing publications on SDG4 from 2007 to 2016.
World 1 1 (Source: Scopus and LexisNexis)

445 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG4. To identify
patents relevant to SDG4, we retrieved all the patents citing any SDG4-related publication. Patents retrieved were limited to
those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, none of the countries analyzed had
any patents related to SDG4 during the period. Note that Australia may have patents in a local patent office not included in

this analysis.
Country Pat.ents Patents Total % of World

applied for Granted Total
United States - - - 0.00%
" Table 4.9— Number of United Kingdom ) ) ) 0.00%
patents applied for and Australia - - - 0.00%
granted during the period Canada - - - 0.00%
2006-2016. (Source: Germany - - - 0.00%
Lexis-Nexis) Colombia - - - 0.00%
Mexico - - - 0.00%
Brazil - - - 0.00%

World 1 - 1
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4.4 6 Research Focus

Within the topic of SDG4-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG4-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country's SDG4 research is shown in Figure 4.5. More details on the methods employed for key
phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG4 research from Colombia, terms that stand out as unique to Colombia are ‘Analog
Circuits', 'Ecology’, ‘Electronics Engineering’, ‘Social Sciences’, ‘Software Architecture’, ‘'Social Aspects’, ‘Product Design’, and
‘Prisons’. Among the top 50 key phrases the terms ‘Education’, Teacher’, and ‘Environmental Education’ were common among
the countries analyzed. Figure 4.5 provides a visualization of the top 50 key phrases for SDG4 research from each country.
The accompanying data files provide a list of the key phrases as well as the relevance score for each key phrase.
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4.5 The reach of Colombia's SDG4
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

4.5.1 Downloads

As shown in the Figure 4.6, the mean count of downloads per ScienceDirect publication is similar across all countries. For
Colombia, Australia, and the United Kingdom, there is are prominent peaks resulting from a small number of SD articles in
those peak years. It should be noted that for all countries, the results shown are based on very small counts of SD articles (less
than 100 publications) and should be interpreted with caution.
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Figure 4.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)
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4.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. Interestingly, the United Kingdom has
the highest mean FWDI for the period of 2007-2016 (Figure 4.7). However, given the very low count of SD publications from
all countries analyzed (i.e. less than 100 SD publications for the full period) interpretation of this metric should be done with
caution.
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+
Figure 4.7— Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted

line indicates average for all SDG4 research. (Source: ScienceDirect)
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4.6 SDG4 collaboration network

4.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG4-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 4.10-4.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG4 publications with. Among academic partner institutes, Colombia published one highly cited SDG4 paper with
Stanford University and one uncited paper with the other five institutions (Table 4.10).

Country Institution (Country) Put;l(:tl:‘a:tlon FWCI

Stanford University (United States)
University of Florida (United States)

University of Toronto (Canada)

Colombia
University College London (United Kingdom)

Columbia University (United States)

Universitat Politecnica de Catalunya (Spain)

+
Table 4.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.
(Source: Scopus)
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Country Institution (Country) P“Z:t'a:t'on FWCI

2

University of Tennessee, Knoxville (United States)

Universitat Autonoma de Barcelona (Spain)

Arizona State University (United States)

Chalmers University of Technology (Sweden)

Deakin University (Australia) 1.85
ICREA (Spain) 1.85
University of Cambridge (United Kingdom) 1.85
University of Tubingen (Germany) 1.84
University of Hohenheim (Germany) 1.84
) University of Kiel (Germany) 1.84
Mexico
Humboldt-Universitat zu Berlin (Germany) 1.84

Universidad de Santiago de Compostela (Spain)

Flemish Institute for Technological Research (Belgium)

KU Leuven (Belgium)

Universidad Tecnologica Metropolitana (Chile)

Universidad Nacional de Educacion a Distancia (Spain)

University of Parma (Italy)

King Abdulaziz University (Saudi Arabia)

Universitat Politecnica de Catalunya (Spain)

RiRrRrRr|IRPR[RPR|R|R|R[R[RP[RP[RP PR ]|~ ]|~ ESEEN

University of Massachusetts Lowell (United States)

+
Table 4.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
University of Minho (Portugal)
Columbia University (United States)
University of York (United Kingdom)
Malmo University (Sweden)
University of Bremen (Germany)
Philipps-Universitat Marburg (Germany)
Tokyo Medical and Dental University (Japan)
University of Texas Health Science Center at San Antonio
(United States) ! 1.26
Makerere University (Uganda) 1 1.26

Brazil Trinity College Dublin (Ireland) 1 1.26

University of Ghana (Ghana) 1 1.26
Cardiff University (United Kingdom) 1 1.26
Universidad Nacional de Cordoba (Argentina) 1 1.26
Muhimbili University of Health and Allied Sciences (Tanzania) 1 1.26
Universite Cheikh Anta Diop (Senegal ) 1 1.26
University of Dundee (United Kingdom) 1 1.26
University of Rwanda (Rwanda) 1 1.26
University of Massachusetts Dartmouth (United States) 1 1.08
Manchester Metropolitan University (United Kingdom) 1 1.08
University of Birmingham (United Kingdom) 1 1.03

+
Table 4.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Makerere University (Uganda)

University of Zimbabwe (Zimbabwe)

University of Toronto (Canada)

University of London (United Kingdom)

Technion-Israel Institute of Technology (Israel)

Instituto Tecnologico de Estudios Superiores de Monterrey
(Mexico)

University College London (United Kingdom)

London School of Hygiene and Tropical Medicine (United
Kingdom)

McMaster University (Canada)
United States Deakin University (Australia)
Curtin University of Technology (Australia)

University of Manchester (United Kingdom)

Imperial College London (United Kingdom)

University of York (United Kingdom)

University of Queensland (Australia)

Tel Aviv University (Israel)

Massey University (New Zealand)

NINININININIWI W W W Ww

Ewha Womans University (South Korea) 2.03
University of Southampton (United Kingdom) 1.95
Auckland University of Technology (New Zealand) 1.64

+
Table 4.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Wageningen University & Research (Netherlands)

Hult International Business School (United States)

Aarhus University (Denmark)

University of Wisconsin (United States)

Griffith University Queensland (Australia)

University of Cyprus (Cyprus) 3 2.69
University of North Carolina (United States) 3 2.54
University of Central Florida (United States) 3 1.68
Universitat Politecnica de Catalunya (Spain) 3 1.12
University of New England (United States) 3
United Kingdom
Columbia University (United States) 3
University of Toronto (Canada) 3
Trinity College Dublin (Ireland) 3
Fudan University (China) 3
University of Gothenburg (Sweden) 2
Aalto University (Finland) 2
Tufts University (United States) 2
University of Malta (Malta) 2 2.97
Democritus University of Thrace (Greece) 2 2.77
Universidad de Jaen (Spain) 2 2.72

+
Table 4.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

Kingdom. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

University of Auckland (New Zealand)

Auckland University of Technology (New Zealand)

Democritus University of Thrace (Greece)

Aarhus University (Denmark)

Leuphana Universitat Luneburg (Germany)

Aalborg University (Denmark)

Beijing Normal University (China)

National Defense Medical Center Taiwan (Taiwan)

Tongji University (China)

Sunway University (Malaysia)

Australia

University of Saskatchewan (Canada)

University of Texas at Austin (United States)

Ghent University (Belgium)

University of Waikato (New Zealand)

Hong Kong Polytechnic University (Hong Kong)
Universidad de Chile (Chile)
Virginia Commonwealth University (United States)

Universidad de Zaragoza (Spain)

Oregon State University (United States)

Bocconi University (ltaly)

+
Table 4.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)



4 QUALITY EDUCATION 116

Publication

Country Institution (Country) Count FWCI
University of Pennsylvania (United States) 5.36
University of Wisconsin (United States) 1.58
University of Pittsburgh (United States) 2 3.96
University of London (United Kingdom) 2 3.49
United Nations (United States) 2 2.68
University of California at Davis (United States) 2 2.67
Duke University (United States) 2 1.75
Monash University (Australia) 2 1.60
Nanyang Technological University (Singapore) 2

Canada Chinese Academy of Sciences (China) 2
University of Tasmania (Australia) 2
La Trobe University (Australia) 2
University of Hong Kong (Hong Kong) 2
University of Edinburgh (United Kingdom) 2
Christiana Care Health System (United States) 1
University of California at San Francisco (United States) 1
University of Delaware (United States) 1
Tufts University (United States) 1 6.14
Karolinska Institutet (Sweden) 1 6.14
Tribhuvan University (Nepal) 1 5.05

+
Table 4.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Canada.
(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Ghent University (Belgium)

Maastricht University (Netherlands)

United Nations (United States)

Utah State University (United States)

Open University of the Netherlands (Netherlands)

Griffith University Queensland (Australia)
Intel (United States)

University of Plymouth (United Kingdom)

Institut Pertanian Bogor (Indonesia)

Umea University (Sweden)

Germany Royal Melbourne Institute of Technology University
(Australia)

University of Craiova (Romania)

Universidade Federal de Sao Carlos (Brazil)

University of York (United Kingdom)

Malmo University (Sweden)
The Ohio State University (United States)

RikrRr[RPRIRPR|[R|R|R|R

Qingdao University of Science and Technology (China) 3.12
University of Nairobi (Kenya) 2.71
Kenyatta University (Kenya) 2.71
King's College London (United Kingdom) 2.49

+
Table 4.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)



4 QUALITY EDUCATION 118

4.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG4 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG4 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG4 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. As shown in Figure 4.8, Stanford University sits at the upper top right indicating that they've developed a best mutually
beneficial collaboration with Colombia in terms of citation impact. Other institutes are all in the bottom left quadrant, likely
because the publication received no or few citations.
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Figure 4.8— Collaboration quadrant of Colombia’s Top 20 collaborations in SDG4-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG4-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).
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4.6.3 Collaboration chart

Figure 4.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign institutional
partners on SDG4. While the sections above elaborate on the most productive and impactful partnerships that Colombia is
engaged in, Figure 4.9 shows where there may be potential to improve output and impact through partnership. Colombia has
co-authored SDG4 publications with only 6 international institutes. Among these, University of Toronto, University of Florida,
and University College of London are the most prolific. Columbia University and University of Toronto have the highest FWCI
for SDG4 research. Colombia may want to leverage its existing relationships with these institutes to increase its publication
output and impact in SDG4 research.

O

University College London
Universitat Politecnica de Catalunya versty g

S —Q

Columbia University COLOMB|A Stanford University

University of Florida University of Toronto

Figure 4.9— Chart showing Colombia’s top 20 collaborators on SDG4 from 2007-2016. Circle (node) size is
proportional to the number of SDG4 publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (1.74) and lightest shade of green
indicating the lowest FWCI (0.92). (Source: Scopus).



In this Chapter, we assess research related to SDG5, which aims to achieve gender
equality and empower all women and girls. Statistics are provided for the top 5
countries publishing research in this field along with Colombia, Mexico, and Brazil.
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5.1 Key Findings

Goal 5: Achieve gender equality and

empower all women and girls

WORLD RESEARCH OUTPUT

6,810

Number of SDG5 publications, 2007-2016.

SDGS5 PATENTS

Number of SDG5 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

Colombia's SDG5 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

31%

Compound annual growth rate for Colombia's 2007-2016
SDG5 publications.

COLOMBIA TOP TEN PERCENTILE FOR CITATION

Colombia's SDG5 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

Average field-weighted citation impact for Colombia's SDG5
publications, 2007-2016.
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5.2 SDG5 - Achieve gender equality

and empower all women and girls

According to the United Nations,
"While the world has achieved progress towards gender equality and women's empowerment under the
Millennium Development Goals (including equal access to primary education between girls and boys),
women and girls continue to suffer discrimination and violence in every part of the world.
Gender equality is not only a fundamental human right, but a necessary foundation for a peaceful,
prosperous and sustainable world.
Providing women and girls with equal access to education, health care, decent work, and representation in
political and economic decision-making processes will fuel sustainable economies and benefit societies and
humanity at large."*°

The targets for SDG5, according to the United Nations are:

“End all forms of discrimination against all women and girls everywhere.

Eliminate all forms of violence against all women and girls in the public and private spheres, including
trafficking and sexual and other types of exploitation.

Eliminate all harmful practices, such as child, early and forced marriage and female genital mutilation.
Recognize and value unpaid care and domestic work through the provision of public services,
infrastructure and social protection policies and the promotion of shared responsibility within the
household and the family as nationally appropriate.

Ensure women'’s full and effective participation and equal opportunities for leadership at all levels of
decisionmaking in political, economic and public life.

Ensure universal access to sexual and reproductive health and reproductive rights as agreed in
accordance with the Programme of Action of the International Conference on Population and
Development and the Beijing Platform for Action and the outcome documents of their review
conferences.

Undertake reforms to give women equal rights to economic resources, as well as access to ownership
and control over land and other forms of property, financial services, inheritance and natural resources,
in accordance with national laws.

Enhance the use of enabling technology, specifically, information and communications technology, to
promote the empowerment of women.

Adopt and strengthen sound policies and enforceable legislation for the promotion of gender equality

.0

and the empowerment of all women and girls at all levels.

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDGS5 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal"in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.

http:/fwww.un.org/sustainabledevelopment/gender-equality/
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5.3 SDG5: Leaders in the field

5.3.1 Top 5 countries conducting SDG5 research

The top 5 countries publishing on SDG 5 based on cumulative publication output from 2007-2016 is indicated by Table 5.1
and Figure 5.1. The United States ranks 1% in Publication Count, Percentage of Global Output, and Citation Count, followed
by the United Kingdom and then Australia, Canada and India. The United Kingdom ranks 15tin FWCI with a value of 1.90, which
is higher than the world average. All other countries’ FWCI exceed the world average as well.

Publication Percentage of Citation

Country count Global Output Count Fwel

+ United States 1,874 27.52% 21,662 1.59
Table 5.1—Top 5 United Kingdom 835 12.26% 1.90
countries based on Australia 452 6.64% 4,947 1.48
publication output from Canada 377 5.54% 4,811 1.59
2007-2016. (Source: India 377 5.54% 2,961 1.11
Scopus) World 6,310 100.00% 24,301 1.12
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Figure 5.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG5 research. (Source: Scopus)
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5.3.2 Top 20 institutes conducting SDG5 research

A list of the top 20 research institutes publishing SDG5-related research is shown in Table 5.2. Johns Hopkins University
ranks 1% in Publication Count and Citation Count followed by Harvard University, and the World Health Organization.
University College London sits in the 1% place based on FWCI with a value of 5.18 - nearly 5 times higher than the world
average of 1.12. University of California at Berkeley also has a very high FWCI at 3.96. The trends in publication output from
2007-2016 are shown in Figure 5.2. (Note that the figure is limited to the top 8 institutes to facilitate visualization. To see
the trends for all 20 institutes, please refer to accompanying data files.)

Rank Institution (Country) Puzgzantt'on c(':t::'notn FWcl

Johns Hopkins University (United States) 88 1,737 2.69
3.58

Harvard University (United States)

World Health Organization (Switzerland)

London School of Hygiene and Tropical Medicine (United

4 Kingdom)
5 University of Queensland (Australia) 59 864 2.31
6 University of British Columbia (Canada) 59 706 1.85
7 University of Toronto (Canada) 59 737 2.56
8 Columbia University (United States) 56 - 2.73
9 University of Washington (United States) 52 1,164 3.48
10 Wageningen University & Research (Netherlands) 48 1,068 2.80
11 United Nations (United States) 46 579 2.06
12  University of North Carolina (United States) 45 758 1.46
13  University of the Witwatersrand (South Africa) 44 640 1.64
14 University of California at Berkeley (United States) 40 954
15 University of KwaZulu-Natal (South Africa) 39 250 1.35
16 University of Melbourne (Australia) 39 1,154 3.19
17 Makerere University (Uganda) 38 668 2.05
18 University of California at San Francisco (United States) 38 1,108
19 University College London (United Kingdom) 35
20 University of Stellenbosch (South Africa) 34 291 1.15

+
Table 5.2— Top 20 research Institutes ranked based on SDG5 publication output and FWCI from 2007-2016. (Source:

Scopus)
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Figure 5.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDGS5. (Source:
Scopus)
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5.3.3 Top 20 researchers conducting SDG5 research

A list of the top 20 researchers publishing in the SDG5 field based on publication output from 2007-2016 is shown in Table
5.3. Bhutta Z. ranks 1%t in Publication Count followed by Temmerman M., Godwin A. and Singh R.

Bhutta Z., Lawn J., and Temmerman M. are the top 3 researchers in terms of h-index with an h-index of 87, 65, and 48,
respectively.

Rank Researcher Institution (Country) CZ::t c(':t::notn FWCI  h-index

Hospital for Sick Children University of

1 Bh Z.
utta Toronto (Canada)

Temmerman M.  Aga Khan Hospital Nairobi (Kenya)

Godwin A. Purdue University (United States)
ICAR-Directorate of Coldwater Fisheries

4 Singh R. Research (India)

5 Potvin G. Florida International University (United
States)
London School of Hygiene & Tropical

6 Lawn J. Medicine (United Kingdom) ?

7 Chou D. Org.amsatlon Mondiale de la Sante 3
(Switzerland)
Organisation Mondiale de la Sante
L.
8 Say (Switzerland) 8
9 Hazari Z. Florida International University (United 7 76 796 10
States)
. University of Tennessee, Knoxville
1 H h D. . !

0 uising (United States) 6 26
11 Smith A. University of Sussex (United Kingdom) 6 8.10 31
12 Bynum Boley B.  The University of Georgia (United States) 6 85 3.20 8
13 Kurwvilla s. Org?nlsatlon Mondiale de la Sante 6 34 )67 11

(Switzerland)
S London School of Hygiene & Tropical
14 Filippi V. Medicine (United Kingdom) 6 48 2.60 27
15 Matthews 7. U.nlver5|ty of Southampton (United 6 30 518 21
Kingdom)
16 Witter S. Queen Margaret University (United 6 82 509 2
Kingdom)
17 Bukusi E. Kenya Medical Research Institute (Kenya) 6 48 1.51 31
18 Reed M. University of Saskatchewan (Canada) 6 36 14
19 Hill P. University of Queensland (Australia) 6 20 15
20 Hoffman L. Universiteit Stellenbosch (South Africa) 6 61 25

Table 5.3— Top 20 researchers publishing SDG5 related research ranked based on 2007-2016 publication output and
their FWCI. FWCl is based on SDG5 publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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5.3.4 Top 10 journals publishing SDG5 research

A list of the top 10 journals publishing SDG5-related research from 2007-2016 is shown in Table 5.4. PloS ONE published
the most SDG5 publications (68) followed by BMC Public Health (63) and Sustainability (49). The Lancet ranks 1% in FWCI
followed by BMC Health Services Research and BMC Public Healthin the 2™ and 3" place, respectively. As for CiteScore, The
Lancet sits in the 1 place (CiteScore of 7.08) followed by PLoS ONE (CiteScore of 4.29), and Journal of Cleaner Production
(CiteScore of 3.70).

Publication

Rank Journal FWCI CiteScore
count

1 PLoS ONE

2 BMC Public Health

3 Sustainability

4 Journal of Cleaner Production

ASEE Annual Conference and Exposition, Conference

> Proceedings

6 BMC Health Services Research 31 1.38 2.29

7 Lancet, The 29 15.79 7.08

8 Reproductive Health Matters 28 0.69 1.66

9 Mediterranean Journal of Social Sciences 28 0.17 0.00
10 WIT Transactions on Ecology and the Environment 26 0.02 0.08

+
Table 5.4— Top 10 journals based on SDGS5 publication output from 2007-2016. FWCI is mean FWCI for any SDG5

publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source: Scopus)
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5.4 Research efforts focused on
SDG5

5.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
5.3, the United States is by far the leader in terms of research output related to SDG 5. The United Kingdom follows behind
the United States with less than half the publication count of the United States. Among comparators, Colombia has the lowest
output in this field, just below Mexico. However, as shown in Table 5.5, Colombia has the greatest Compound Annual Growth
Rate (CAGR) of 30.50% in this field of research. Australia also see marked increases in publication output with a CAGR above
20%.
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Figure 5.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count
United States 16.20%
United Kingdom 835 12.20%
Australia 452 -
Canada 377 16.70%
India 377 13.70%
Colombia 37 30.50% Table 5.5— Number of publications per country and the Compound
Mexico 80 15.80% Annual Growth Rate (CAGR) for publication output during the period
Brazil 163 14.60% 2007-2016. (Source: Scopus)

World 6,810 13.30%
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5.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG5 related research from 2006-2017 is 1.12.

Comparing the FWCI of publications from each of the eight countries included in this chapter reveals some differences and
similarities (Table 5.6). Mexico achieves the highest FWCI among comparator countries, likely resulting from a small number
of outlier publications that affect the mean. While the United States of America leads

Country Fwcl in publication count, its FWCl is 1.59.

United States 1.59

United Kingdom 1.90

Australia 1.48

Canada 1.59

India 1.11

Colombia

Mexico 3.16

Brazil 1.30 +

World 1.12 Table 5.6 — FWC/ per Comparator, 2007-2016. (Source: Scopus)

5.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential’ papers. As shown in Figure 5.4 and Table 5.7, the United States leads in terms
of publications that are among the top 10% most cited. The United Kingdom, Australia, and Canada follow in that order.
Colombia has a very small number of publications among the top 10% most cited during this time period.
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Figure 5.4— Top 10% most cited publications on SDG5 from 2007-2016 per country. CAGR shown at top of each bar.
(Source: Scopus)
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Country Count cff Tc.)p 10% CAGR +
Publications Table 5.7— Top 10% most highly cited publications and
United States 21.06% their Compound Annual Growth Rate (CAGR) for each
United Kingdom 11.20% country’s SDG5 publications from 2007-2016. (Source:
Australia 58 24.14% Scopus)
Canada 61
India 39 -
Colombia 5 -
Mexico 14 8.01%
Brazil 20 -
World 737 15.67%

5.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 5.8
provides the count of SDG5 publications from each country that have been cited in patents and the number of patents that
have cited these publications. The findings show that patent citation count is related to publication count in that the leaders in

Country

Patent Cited
Publications

United States
United Kingdom
Australia
Canada

India

Colombia
Mexico

Brazil

Patents Citing
Publications

World

11

19

publication output have the highest patent citation count.
The United States leads with 6 patent cited publications and
13 patents citing publications followed by the United
Kingdom and India. Most countries, including Colombia, have
no patent citations.

+
Table 5.8 — Number of publications cited in USPTO, WIPQ,

or EPO patents and number of USPTO, WIPO, or EPO
patents citing publications on SDG5 from 2007 to 2016.
(Source: Scopus and LexisNexis)

5.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG5. To identify
patents relevant to SDG5, we retrieved all the patents citing any SDG5-related publication. Patents retrieved were limited to
those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States applied for 1 patent
and had 10 granted in this field. Other than the United States, Canada and India, other countries had no patents in this field.

Note that India and Australia

Patents Patents % of World
may have patents in a local Country applied for Granted Total Total
patent office not included in United States 10 11 57.89%
this analysis. United Kingdom - - - 0.00%
+ Australia - - - 0.00%

Table 5.9— Number of Canada - 2 10.53%
patents applied for and India - 1 5.26%
granted during the period Colombia - - - 0.00%
2006-2016. (Source: Mexico _ _ _ 0.00%
Lexis-Nexis) Brazil - - - 0.00%

World

19
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5.4.6 Research Focus

Within the topic of SDG5-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG5-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’'s SDG5 research is shown in Figure 5.5. More details on the methods employed for key
phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG5 research from Colombia, terms that stand out as unique to Colombia are ‘Building’,
'Food Supply’,‘Iron’, ‘Force’, 'Water’, ‘Agroecology’, ‘Environment’, ‘Artisanal mining’, and ‘Mining’. Among the top 50 key phrases
the terms ‘Conservation of Natural Resources, ‘Health’, and ‘Maternal Mortality’. were common among the countries analyzed.
Figure 5.5 provides a visualization of the top 50 key phrases for SDG5 research from each country. The accompanying data
files provide a list of the key phrases as well as the relevance score for each key phrase.
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5.5 The reach of Colombia’'s SDG5
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

5.5.1 Downloads

As shown in the Figure 5.6, the mean count of downloads per ScienceDirect publication fluctuates considerable across the
period for all countries. It should be noted that for all countries except the United States and United Kingdom, the results
shown are based on very small counts of SD articles (less than 100 publications) and should be interpreted with caution.
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Figure 5.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)
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5.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. Interestingly, Colombia has the highest
mean FWDI for the period of 2007-2016 (Figure 5.7). However, given the very low count of SD publications from all countries
analyzed except the United States and United Kingdom (i.e. less than 100 SD publications for the full period), interpretation
of this metric should be done with caution.
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+
Figure 5.7— Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted

line indicates average for all SDG5 research. (Source: ScienceDirect)



5 GENDER EQUALITY 137

5.6 SDGS5 collaboration network

5.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG5-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 5.10-5.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG5 publications with. Among academic partner institutes, Colombia has published the most SDG5 papers in
collaboration with University of the Witwatersrand (3 publications from 2007-2016) based on Table 5.10. The other top 20
institutes have each published 2 collaborative publications. The FWCI of those collaborative publications ranges from 20.25
to 6.58, all much higher than the world average.

Country Institution (Country) PuI(o:I(;cl:‘anttlon FWCI
University of the Witwatersrand (South Africa)
University of Melbourne (Australia) 2
University of Oslo (Norway) 2
University of Sydney (Australia) 2
Aga Khan University (Pakistan) 2
University of Tromso (Norway) 2
Indian Council of Medical Research (India) 2
Fundacao Oswaldo Cruz (Brazil) 2 15.18
Universidad de Chile (Chile) 2 12.19
World Health Organization (Switzerland) 2 11.63
Colombia Universidade de Brasilia (Brazil) 2 11.63
Harvard University (United States) 2 11.63
Wageningen University & Research (Netherlands) 2 9.56
National Institutes of Health (United States) 2 9.52
London School of Hygiene and Tropical Medicine (United
Kingdom) 2 9.52
Instituto Nacional de Salud Publica (Mexico) 2 9.52
Queen Mary University of London (United Kingdom) 2 9.52
Universite de Montreal (Canada) 2 9.15
Seoul National University (South Korea) 2 9.15
Johns Hopkins University (United States) 2 9.04

+
Table 5.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.
(Source: Scopus)
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Country Institution (Country) Puzgza:tion FWCI
Wageningen University & Research (Netherlands) 8.03
World Health Organization (Switzerland) 9.41
University of Washington (United States) 9.24
University of Aberdeen (United Kingdom)
University of Toronto (Canada) 3 11.66
University of the Witwatersrand (South Africa) 8.11
London School of Hygiene and Tropical Medicine (United
Kingdom) 3 8.08
Harvard University (United States) 3 7.63
Utrecht University (Netherlands) 3 7.09
Mexico University of Bergen (Norway) 2
University of California at San Francisco (United States) 2
University of Oxford (United Kingdom) 2
Columbia University (United States) 2
University of Pennsylvania (United States) 2 11.05
University of Auckland (New Zealand) 2 11.05
United Nations (United States) 2 10.96
South African Medical Research Council (South Africa) 2 10.96
University of Arizona (United States) 2 10.19
Queen Mary University of London (United Kingdom) 2 9.52
National Institutes of Health (United States) 2 9.52
+

Table 5.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Prince of Songkla University (Thailand)

University of Melbourne (Australia)

Indian Council of Medical Research (India)

Country Institution (Country) Puglci,(l:la:tion FWCI
World Health Organization (Switzerland) 5.13
London School of Hygiene and Tropical Medicine (United
Kingdom) 229
Harvard University (United States) 10.05
Johns Hopkins University (United States) 5.26
Aga Khan University (Pakistan) 5 10.70
University College London (United Kingdom) 5 8.95
University of Toronto (Canada) 4 7.47
University of Oslo (Norway) 3
University of Sydney (Australia) 3

Brazil Institute of Tropical Medicine Antwerp (Belgium) 3 9.05
Universidad Peruana Cayetano Heredia (Peru) 3 8.88
University of KwaZulu-Natal (South Africa) 3 7.75
University of Zurich (Switzerland) 3 7.07
James Cook University Queensland (Australia) 3 6.46
University of the Witwatersrand (South Africa) 3 5.92
American University of Beirut (Lebanon) 3 5.92

2
2
2
2

University of Tromso (Norway)

+
Table 5.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
World Health Organization (Switzerland) m
London School of Hygiene and Tropical Medicine (United
Kingdom) 23 269
University of Toronto (Canada) 18 3.89
Makerere University (Uganda) 14 3.57
South African Medical Research Council (South Africa) 14 3.40
Aga Khan University (Pakistan) 13 5.39
University of British Columbia (Canada) 13 3.51
University of Queensland (Australia) 12 3.51
Wageningen University & Research (Netherlands) 11 4.99

United States University of the Witwatersrand (South Africa) 11 3.09
University College London (United Kingdom) 10
University of Cambridge (United Kingdom) 10
University of Oslo (Norway) 9
University of Oxford (United Kingdom) 9 4.58
University of Stellenbosch (South Africa) 9 2.67
University of Cape Town (South Africa) 9 2.64
Save the Children (United Kingdom) 8 5.75
Imperial College London (United Kingdom) 8 5.61
Universidad Peruana Cayetano Heredia (Peru) 8 5.40
Chinese Center for Disease Control and Prevention (China) 8 3.91

+
Table 5.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Country

Institution (Country)

United Kingdom

World Health Organization (Switzerland)

Harvard University (United States)

Johns Hopkins University (United States)

Publication
Count

FWCI

University of the Witwatersrand (South Africa) 14 3.07
Columbia University (United States) 11

University of Washington (United States) 10

Makerere University (Uganda) 10 2.81
University of Toronto (Canada) 9 6.88
United Nations (United States) 9 4.55
Wageningen University & Research (Netherlands) 8 7.57
Aga Khan University (Pakistan) 8 5.31
University of KwaZulu-Natal (South Africa) 8 3.23
University of Queensland (Australia) 7 6.10
University of Cape Town (South Africa) 7 4.46
UNICEF (United States) 6 7.64
Institute of Tropical Medicine Antwerp (Belgium) 6 5.56
Ghent University (Belgium) 6 4.87
Utrecht University (Netherlands) 6 4.81
Universitat Autonoma de Barcelona (Spain) 6 2.55
University of Amsterdam (Netherlands) 6 1.73

+

Table 5.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

Kingdom. (Source: Scopus)




5 GENDER EQUALITY 142

Publication

Country Institution (Country) Count FWCI
World Health Organization (Switzerland) 0 8.59
Harvard University (United States) 8.79
University of Toronto (Canada) 412
University of British Columbia (Canada) 3.25
University of the Witwatersrand (South Africa) 3.03
University of Washington (United States) 5 12.93
Aga Khan University (Pakistan) 5 10.34
Wageningen University & Research (Netherlands) 5 8.31
University of Oslo (Norway) 4
Johns Hopkins University (United States) 4 5.72

Australia University of Oxford (United Kingdom) 4 5.54
University of Cape Town (South Africa) 4 5.42
University College London (United Kingdom) 4 5.28
University of Auckland (New Zealand) 4 4.94
University of Calgary (Canada) 4 4.79
Stanford University (United States) 3
University of California at San Francisco (United States) 3 ‘
University of Otago (New Zealand) 3 9.01
Universidad de Chile (Chile) 3 8.03
Center for International Forestry Research, West Java
(Indonesia) 3 718

+
Table 5.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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Country Institution (Country) Pul(a:lci:‘a:tion FWCI
Aga Khan University (Pakistan)
Harvard University (United States)
World Health Organization (Switzerland)
London School of Hygiene and Tropical Medicine (United
Kingdom)
Johns Hopkins University (United States)
University College London (United Kingdom) 6
University of Washington (United States) 6
United Nations (United States) 6 5.14
University of KwaZulu-Natal (South Africa) 6 4.28

Canada Institute of Tropical Medicine Antwerp (Belgium) 5 5.97
University of Cape Town (South Africa) 5 5.27
Yale University (United States) 5 4.00
University of Stellenbosch (South Africa) 5 3.42
University of Melbourne (Australia) 4
World Bank (United States) 4 ‘
Stanford University (United States) 4 6.38
University of Queensland (Australia) 4 6.19
University of Auckland (New Zealand) 4 5.87
Wageningen University & Research (Netherlands) 4 5.81
Ghent University (Belgium) 4 5.76

+

Table 5.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Canada.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

World Health Organization (Switzerland)

London School of Hygiene and Tropical Medicine (United
Kingdom)

Columbia University (United States)
National Institutes of Health (United States)

Harvard University (United States)

University College London (United Kingdom)

Aga Khan University (Pakistan)

Johns Hopkins University (United States)

Karolinska Institutet (Sweden)

India University of Oslo (Norway)

University of California at San Francisco (United States)

University of the Witwatersrand (South Africa)

Research Triangle Institute International (United States)

University of Washington (United States)

Bill and Melinda Gates Foundation (United States)
South African Medical Research Council (South Africa)
United Nations (United States)

King's College London (United Kingdom)

University of Alabama at Birmingham (United States)

e = I I I I~ S (O B (O B BV B N B e}

University of North Carolina (United States)

+
Table 5.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for India.

(Source: Scopus)
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5.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG5 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG5 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG5 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. As shown in Figure 5.8, University of Melbourne sits far at the upper top right, indicating that they've developed a highly
mutually beneficial collaboration with Colombia in terms of citation impact. Other institutes in this quadrant include Aga Khan
University and the University of Sydney. The Indian Council of Medical Research sits on the horizontal line indicating that the
collaboration helps raise Colombia’'s FWCI, but not its own.
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Figure 5.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG5-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG5-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on top left. (Source: Scopus).
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5.6.3 Collaboration chart

Figure 5.9 provides an alternative perspective to visualize Colombia's most productive collaborations with foreign institutional
partners on SDG5. While the sections above elaborate on the most productive and impactful partnerships that Colombia is
engaged in, Figure 5.9 shows where there may be potential to improve output and impact through partnership. Among
Colombia's top 20 partners, Johns Hopkins University, Harvard University, and the World Health Organization produce the
highest number of SDG5 publications with 88, 87, and 84 publications respectively. Among Colombia's top 20 partners,
University of Oslo and University of Tromso have the highest FWCI for SDG5 research. Colombia may want to leverage its

existing relationships with these institutes to increase its publication output and impact in SDG5 research.
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Figure 5.9— Chart showing Colombia’s top 20 collaborators on SDG5 from 2007-2016. Circle (node) size is
proportional to the number of SDG5 publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (7.25) and lightest shade of green
indicating the lowest FWCI (1.64). (Source: Scopus).



In this Chapter, we assess research related to SDG6, which aims to ensure access to
water and sanitation for all. Statistics are provided for the top 5 countries publishing
research in this field along with Colombia, Mexico, and Brazil.
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6.1 Key Findings

Goal 6: Ensure access to water and

sanitation for all

WORLD RESEARCH OUTPUT

58,404

Number of SDG6 publications, 2007-2016.

SDG6 PATENTS

1,010

Number of SDG6 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

Colombia's SDG6 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

7%

Compound annual growth rate for Colombia's 2007-2016
SDG6 publications.

COLOMBIA TOP TEN PERCENTILE FOR CITATION

Colombia's SDG6 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

Average field-weighted citation impact for Colombia's SDG6
publications, 2007-2016.
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6.2 SDG6 - Ensure access to water

and sanitation for all

According to the United Nations,
"“Clean, accessible water for all is an essential part of the world we want to live in. There is sufficient fresh

water on the planet to achieve this. But due to bad economics or poor infrastructure, every year millions of
people, most of them children, die from diseases associated with inadequate water supply, sanitation and
hygiene.

Water scarcity, poor water quality and inadequate sanitation negatively impact food security, livelihood
choices and educational opportunities for poor families across the world. Drought afflicts some of the

world's poorest countries, worsening hunger and malnutrition.

By 2050, at least one in four people is likely to live in a country affected by chronic or recurring shortages

of fresh water."™’

The targets for SDGB, according to the United Nations are:

“By 2030, achieve universal and equitable access to safe and affordable drinking water for all.

By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open
defecation, paying special attention to the needs of women and girls and those in vulnerable situations.

By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release of
hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially
increasing recycling and safe reuse globally.

By 2030, substantially increase water-use efficiency across all sectors and ensure sustainable
withdrawals and supply of freshwater to address water scarcity and substantially reduce the number of
people suffering from water scarcity.

By 2030, implement integrated water resources management at all levels, including through
transboundary cooperation as appropriate.

By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers,
aquifers and lakes.

By 2030, expand international cooperation and capacity-building support to developing countries in
water- and sanitation-related activities and programmes, including water harvesting, desalination, water
efficiency, wastewater treatment, recycling and reuse technologies.

Support and strengthen the participation of local communities in improving water and sanitation
management.” 1

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG6 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal"in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.

http:/fwww.un.org/sustainabledevelopment/water-and-sanitation/
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6.3 SDG6: Leaders in the field

6.3.1 Top 5 countries conducting SDG6 research

The top 5 countries publishing on SDG 6 based on cumulative publication output from 2007-2016 is indicated by Table 6.1
and Figure 6.1. The United States ranks 1%t in Publication Count, Percentage of Global Output, and Citation Count. China
follows with approximately 2,000 fewer publications while the United Kingdom, India, and Australia publish 3,200-4,000.
The United Kingdom ranks 1% according to FWCI with an FWCI of 1.69, followed by Australia and the United States, all of
which had an FWCI higher than the world average.

Country Publication Percentage of Citation FWCI
count Global Output Count

+ United States 194,463 1.44
countries based on United Kingdom 4,087 7.00% 81,328
publication output from India 3,571 6.11% 34,838
2007-2016. (Source: Australia 3,200 5.48% 59,126

Scopus) World 58,404 100.00% 263,899 1.10
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Figure 6.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG6 research (Source: Scopus)
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6.3.2 Top 20 institutes conducting SDG6 research

A list of the top 20 research institutes publishing SDG6-related research is shown in Table 6.2. The Chinese Academy of
Sciences ranks 1% in Publication Count and Citation Count followed by the U.S. Department of Agriculture and Wageningen
University & Research. Arizona State University sits in 1% place according to FWCI with an FWCI of 2.84. Wageningen
University & Research also have a high FWCI with an FWCI of 2.58. All other top 20 Institutes’ FWCI values are above the
world average, except for Hohai University and Chang'an University in China. The trends in publication output from 2007-
2016 are shownin Figure 6.2. (Note that the figure is limited to the top 8 institutes to facilitate visualization. To see the trends
for all 20 institutes, please refer to accompanying data files.)

Publication Citation

Rank Institution (Country) count Count FWCI
1 Chinese Academy of Sciences (China)
2 U.S. Department of Agriculture (United States) 555 1.95
3 Wageningen University & Research (Netherlands) 537
4 Ministry of Education China (China) 501 5,142 1.25
5 CSIRO (Australia) 426
6 CNRS (France) 414 8,492 1.89
7 Beijing Normal University (China) 390 3,913 1.25
3 I(I;lgﬁclz)stitut National de La Recherche Agronomique 347 7735
9  CSIC (Spain) 313 7,550 1.87
10 Tsinghua University (China) 299 4,362 1.61
11 Delft University of Technology (Netherlands) 297 6,079 1.85
12 Texas A and M University (United States) 289 4,143 1.45
13 China Agricultural University (China) 286 3,797 1.28
e e am
15 Arizona State University (United States) 273 2.84
16 Chang'an University (China) 271 177 0.38
17 Hohai University (China) 271 1,297
18 Ghent University (Belgium) 256 6,757 1.88
19 University of Queensland (Australia) 253 8,158 -
20 Universidade de Sao Paulo (Brazil) 244 2,378 1.07

+
Table 6.2— Top 20 research Institutes ranked based on SDG6 publication output and FWCI from 2007-2016. (Source:

Scopus)
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Figure 6.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDGB6. (Source:
Scopus)
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6.3.3 Top 20 researchers conducting SDG6 research

A list of the top 20 researchers publishing in the SDG6 field based on publication output from 2007-2016 is shown in Table

6.3. Scholz M. ranks 1st in Publication Count followed by Lal R. and Brown R.

Chung T., Lal R., and Dinger . are the top 3 researchers in terms of h-index with an h-index of 84, 76, and 73, respectively.

Rank Researcher Institution (Country) Pub Citation FWCI  h-index
count Count

1 Scholz M. University of Salford (United Kingdom) 53 615 0.92 26

2 Lal R. Ohio State University (United States) 1.91

3 Brown R. Monash University (Australia) 2.25 24

4 Wang W. Chang'an University (China) 0.36 10

5 Dincer | University of Ontario Institute of

sert. Technology (Canada)
6 YANG Z. Beijing Normal University (China)
Huang G. Beijing Normal University (China) 38 670 1.86 50

8 Liy. Beijing Normal University (China) 33 611 2.05 33

9 Bhattacharya P. Unlver5|'ty of Southern Queensland 32 354 1.04 33
(Australia)

10 Butler D. University of Exeter (United Kingdom) 31 654 4.14 31

11 Hoekstra A. University of Twente (Netherlands) 30 2,143 8.74 41

12 Chung . N:?\tlonal University of Singapore 30 4925 84
(Singapore)

13 Madani K. Imperlal College London (United 30 341 374 51
Kingdom)

14 Mihelcic J. Unlyer5|ty of South Florida Tampa 30 795 1.48 26
(United States)

15 Webber M. University of Texas at Austin (United 30 247 1.01 29
States)

16 Shao H. Jlan'gsu Academy of Agricultural Sciences 30 625 31
(China)

17 Chen B. Beijing Normal University (China) 29 804 2.19 46

18 Zhang F. China Agricultural University (China) 28 1,068 3.29
Institut de Ciencia i Tecnologia

19 Gabarrell X. Ambientals (ICTA)-UAB (Spain) 27 575 1.91 26

20 Xia J. Hong Kong Unl\{er5|ty of Science and 27 436 161 44
Technology (China)

+

Table 6.3— Top 20 researchers publishing SDG6 related research ranked based on 2007-2016 publication output and
their FWCI. FWCl is based on SDGE publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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6.3.4 Top 10 journals publishing SDG6 research

A list of the top 10 journals publishing SDG6-related research from 2007-2016 is shown in Table 6.4. Advanced Materials
Research published the most SDG 6 publications of 1501 followed by Journal of Cleaner Production, ISWREP 2011 -
Proceedings of 2011 International Symposium on Water Resource and Environmental Protection, and other journals with more
than three hundred publications. Journal of Cleaner Production ranks 1% in FWCI followed by Journal of Environmental
Management, Sustainability and Acta Horticulturae. As for CiteScore, Journal of Environmental Management sits in the 1%
place with a CiteScore of 3.75 followed by Journal of Cleaner Production with a CiteScore of 3.70.

Rank Journal Publication \ye)  citescore
count

1 Advanced Materials Research 1,501
2 Journal of Cleaner Production 639

ISWREP 2011 - Proceedings of 2011 International Symposium
3 . . 614

on Water Resource and Environmental Protection

World Environmental and Water Resources Congress 2011:
4 Bearing Knowledge for Sustainability - Proceedings of the 505

2011 World Environmental and Water Resources Congress
5 Applied Mechanics and Materials 458 0.43 0.11
6 Acta Ecologica Sinica 443 0.23 0.55
7 WIT Transactions on Ecology and the Environment 436 0.08 0.08
8 Sustainability 433 1.06 0.92
9 Acta Horticulturae 402 1.02 0.20

10 Journal of Environmental Management 375

+
Table 6.4— Top 10 journals based on SDG6 publication output from 2007-2016. FWCI is mean FWCI for any SDG6

publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source: Scopus)
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6.4 Research efforts focused on
SDG6

6.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
6.3, the United States is by far the leader in terms of research output related to SDG 6 followed closely by China. The United
Kingdom follows, along with India, and Australia. Among comparators, Colombia has the lowest output in this field, just below
Mexico. However, as shown in Table 6.5, Colombia has the greatest a Compound Annual Growth Rate (CAGR) at 26.80% in
this field of research. India, China, Brazil, and Mexico also see marked increases in publication output with a CAGR above 10%.
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Figure 6.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count

United States 9.00%

China 17.00%

United Kingdom 4,087 6.90%

India 3,571 18.20%

Australia 3,200 5.00%
Colombia 212 Table 6.5— Number of publications per country and the Compound
Mexico 595 11.70% Annual Growth Rate (CAGR) for publication output during the period

Brazil 1,806 15.90% 2007-2016. (Source: Scopus)

World 58,404 6.90%
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6.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG6 related research from 2006-2017 is 1.10.

Country Fwcl Comparing the FWCI of publications from each of the eight countries included in this
- chapter reveals some differences and similarities (Table 6.6). Most notably, the United
United States . ) ) .
) 0158 Kingdom achieves the highest FWCI among comparator countries, followed by.
China - Australia and the United States.
United Kingdom 1.73
India 0.91 +
Australia Table 6.6 — FWCI for SDG6 research from 2007-2016 per country and world.
Colombia 1.04 FWClI values below the world average for all research (i.e. below 1.0) are highlighted
Mexico 1.04 in green. (Source: Scopus)
World 1.10

6.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential’ papers. As shown in Figure 6.4 and Table 6.7, the United States leads in terms
of publications that are among the top 10% most cited. China, the United Kingdom, Australia, and India follow in that order.
Colombia has a very small number of publications among the top 10% most cited during this time period. According to Table
6.7, China, Colombia and India are the top 3 countries in CAGR, with China’s growth above 30% per year, and Colombia's and
India’s approaching 20%.

350 "
e Jnited States
China
300 - United Kingdom
—ndia /\
= Australia
g 250 7 Colombia
= e \exico
= 200 4 =Brazil
-
=
o
B 150
1]
-E /
3 100 TTe——
f
f
>0 v T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 6.4— Top 10% most cited publications on SDG6 from 2007-2016 per country. CAGR shown at top of each bar.
(Source: Scopus)
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Count of Top 10%

Country Publications CAGR +
United States 1,981 11.34% Table 6.7 — Top 10% most highly cited publications and
China 1,080 32.92% their Compound Annual Growth Rate (CAGR) for each
United Kingdom 796 7.22% country’s SDG6 publications from 2007-2016. (Source:
Scopus)
India 340 17.69%
Australia 609 6.78%
Colombia 27 19.58%
Mexico 66 8.01%
Brazil 175 15.14%
World 6,957 13.51%

6.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 6.8
provides the count of SDG6 publications from each country that have been cited in patents and the number of patents that
have cited these publications. The findings show that patent citation count is related to publication count in that the leaders in
Patent Cited Patents Citing publication output have the highest patent citation count.
Publications Publications The United States leads with 166 patent cited publications
United States cited in 429 patents. China and the United Kingdom follow
with approximately one third the number of publications

Country

China 52 106 _ _
United Kingdom 48 92 cited by one quar'ter the anmb.er of patents. Colombla' has
only 2 patent cited publications and 2 patents citing
India 27 49 publications.
Australia 32 62
Colombia 2 2 +
Mexico 5 12 Table 6.8 — Number of publications cited in USPTO, WIPQ,
Brazil 9 12 or EPO patents and number of USPTO, WIPO, or EPO
World 512 1251 patents citing publications on SDG6 from 2007 to 2016.

(Source: Scopus and LexisNexis)

6.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG6. To identify
patents relevant to SDG6, we retrieved all the patents citing any SDG6-related publication. Patents retrieved were limited to
those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States applied for the most
patents (138) and had 416 granted in this field. Next in terms of patents are the United Kingdom, Australia, India, and China.
Colombia and Mexico have 2 patent applications each, while Brazil has one patent application and one granted patent. Note

that China may have patents in Patents Patents % of World
a local patent office not Country applied for Granted Total Total
included in this analysis. United States 138 416 554 54.85%
China 9 5 14 1.39%
United Kingdom 27 14 41 4.06%
+ India 22 8 30 2.97%
Table 6.9— Number of Australia 12 18 30 2.97%
patents applied for and Colombia 2 - 2 0.20%
granted during the period Mexico _ 2 0.20%
2006-2016. (Source: Brazil 1 1 ) 0.20%
Lexis-Nexis)

World 479 531 1,010
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6.4.6 Research Focus

Within the topic of SDG6-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG6-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’s SDG6 research is shown in Figure 6.5. More details on the methods employed for key
phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG6 research from Colombia, terms that stand out as unique to Colombia are ‘Tanks
(Containers), ‘Environmental Impact Assessments’, ‘Engineering’, ‘Construction, and ‘Electricity’. Among the top 50 key
phrases the terms 'Water Management’, ‘Pollution Control’; and ‘Water’, 'Water Conservation’, and ‘Water Supply’ were common
among the countries analyzed. Figure 6.5 provides a visualization of the top 50 key phrases for SDG6 research from each
country. The accompanying data files provide a list of the key phrases as well as the relevance score for each key phrase.

Colombia

I ecosystem service +
Water conservation =" Figure 6.5— Research focus; per
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crop Compaction  rainwater \Water management Wiater poliution and Brazil and the top prolific

countries from 2012-2016.
(Source: Scopus, SciVal and
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Mexico
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Brazil plant Environmental management
zero tlllag& Mortar Portland cement
i wasee WateT resource Pollution control G
irrigation system . . watershed
1shi . st
w0 consenation - SUStaiNaDbIlity ater sose =
Water supply s Recycling
region .
w8 Sustainable development s
Production fishery
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Water conservation Environmental impact
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United States

Carbon footprint

Water distribution systems Cell engineering Hydraulic fracturing

Groundwater resources
Water management  boee

groundwater

Water supply systems

Desalination

wiuheh Water' \W/ater CONSErVation gy o

infrastructure

== Sustainable development
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energy biofuel

stormwater

Food SUPP'YWater SUPPIY susta i nabl I |ty pipeline
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United Kingdom
. Water supply systems
Supply chains | | Construction industry
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India
food security river basin

Groundwater pollution  Developing countries Natural resources
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6.5 The reach of Colombia’'s SDG6
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

6.5.1 Downloads

As shown in the Figure 6.6, the mean count of downloads per ScienceDirect publication fluctuates considerably from 2007-
2011 and then converges to a similar trend for all countries. The fluctuations likely stem from the fact that most data points
were based on less than 100 SD publications per year from 2007-2011. It should be noted that for Colombia, the results
shown are based on very small counts of SD articles (less than 100 publications) and should be interpreted with caution.
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Figure 6.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)
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6.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. The majority of countries have an FWDI
near the world average for SDG6 publications (Figure 6.7). However, given the very low count of SD publications from
Colombia (i.e. less than 100 SD publications for the full period) interpretation of this metric should focus on the other countries
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Figure 6.7— Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. (Source:
ScienceDirect)



6 CLEAN WATER AND SANITATION 163

6.6 SDGG6 collaboration network

6.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG6-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 6.10-6.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG6 publications with. Among academic partner institutes, Colombia has published the most SDG6 papers in
collaboration with Wageningen University & Research (7 publications from 2007-2016) with a high FWCl of 3.63 (Table 6.10).
CSIC, International Crops Research Institute for the Semi-Arid Tropics, and Universitat Autonoma de Barcelona co-authored
6, 5, and 5 collaborative publications with Colombia, respectively. Except for publications co-authored with CSIRO, the
average FWCI from collaborations with the top 20 partners exceeds the world average.

Country Institution (Country) PuZI(::Janttlon FWCI
Wageningen University & Research (Netherlands) 3.63
CSIC (Spain) 2.11
International Crops Research Institute for the Semi-Arid
Tropics (India) 3.83
Universitat Autonoma de Barcelona (Spain) 1.91
IRD (France) 4 3.33
University of California at Davis (United States) 4 1.71
IRTA - Institute of Agrifood Research and Technology (Spain) 4 1.66
World Bank (United States) 3 -
Chinese Academy of Agricultural Sciences (China) 3 2.85
Imperial College London (United Kingdom) 3 2.42

Colombia Japan International Research Center for Agricultural Sciences 3 5 a1
(Japan)
University of Cambridge (United Kingdom) 3 1.91
Universitat Politecnica de Catalunya (Spain) 3 1.67
CSIRO (Australia) 3 0.76
International Livestock Research Institute (Kenya) 2 6
Universite Paris Saclay (France) 2
United Nations (United States) 2
Stanford University (United States) 2
Embrapa - Empresa Brasileira de Pesquisa Agropecuaria
(Brazil) 2 3.36
Universidad de Buenos Aires (Argentina) 2 2.83

+
Table 6.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.
(Source: Scopus)
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Country

Institution (Country)

Publication
Count

Mexico

Texas A and M University (United States)

King Abdulaziz University (Saudi Arabia)

University of Arizona (United States)

U.S. Department of Agriculture (United States)

Wageningen University & Research (Netherlands)

KU Leuven (Belgium)

New Mexico State University (United States)

University of Massachusetts Lowell (United States)

CSIRO (Australia)

University of California at San Diego (United States)

Louisiana State University (United States)

FWCI

CSIC (Spain)

Arizona State University (United States)

Universidad Nacional de Colombia (Colombia)

Imperial College London (United Kingdom)

University of California at Berkeley (United States)

CNRS (France)

Technical University of Denmark (Denmark)

Ghent University (Belgium)

Mekelle University (Ethiopia)

AP0 |0 (N |N||LO

+

Table 6.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

U.S. Department of Agriculture (United States)
University of Florida (United States)
Wageningen University & Research (Netherlands)

INRA Institut National de La Recherche Agronomique
(France)

CNRS (France)
CIRAD (France)

Universidad Nacional Autonoma de Mexico (Mexico)

University of lllinois at Urbana-Champaign (United States)

Max Planck Institute for Chemistry (Germany)
Brazil University of Oxford (United Kingdom)

Universidade Nova de Lisboa (Portugal)

Universidade de Lisboa (Portugal)

University of Amsterdam (Netherlands)

IRD (France)

Universitat Autonoma de Barcelona (Spain)
CSIRO (Australia)

Delft University of Technology (Netherlands)

University of East Anglia (United Kingdom)

University of Maryland (United States)

OO |IN|IN|IN|IN|N|0|w|0|0|WL|WO

University of California at Davis (United States)

+
Table 6.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Chinese Academy of Sciences (China) M
Wageningen University & Research (Netherlands) 68 5.59
University of British Columbia (Canada) 53 5.64
Beijing Normal University (China) 51 1.82
CSIRO (Australia) 47 5.62
Ministry of Education China (China) 46 2.41
Institute of Geographical Sciences and Natural Resources 45 161
Research Chinese Academy of Sciences (China)

Tsinghua University (China) 43
Peking University (China) 43
United States China Agricultural University (China) 41
CNRS (France) 40
World Health Organization (Switzerland) 39
Imperial College London (United Kingdom) 38
University of Cambridge (United Kingdom) 37
University of Oxford (United Kingdom) 35
University of Queensland (Australia) 34
East China Normal University (China) 34
Stockholm University (Sweden) 33
McGill University (Canada) 33

International Institute for Applied Systems Analysis,
Laxenburg (Austria)

32

+
Table 6.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
U.S. Department of Agriculture (United States)
CSIRO (Australia)
Colorado State University (United States)
University of Regina (Canada)
Wageningen University & Research (Netherlands) 38 2.43
Hong Kong Polytechnic University (Hong Kong) 36 1.23
Texas A and M University (United States) 35 1.66
Georgia Institute of Technology (United States) 33 !
University of Hong Kong (Hong Kong) 32 1.27
Arizona State University (United States) 27 2.04

China Chinese University of Hong Kong (Hong Kong) 26 1.50

City University of Hong Kong (Hong Kong) 25 2.00
National Institute for Environmental Studies of Japan (Japan) 24 2.61
International Institute for Applied Systems Analysis,
Laxenburg (Austria) 23
Delft University of Technology (Netherlands) 23 ‘
National University of Singapore (Singapore) 23 2.25
Nanyang Technological University (Singapore) 23 2.12
University of Maryland (United States) 21
UTS University of Technology Sydney (Australia) 21 2.55
University of Nebraska (United States) 21 1.37

+
Table 6.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Country

United Kingdom

Publication

Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 4.01
I(l;lgé]g;tltut National de La Recherche Agronomique 42 4.44
Chinese Academy of Sciences (China) 38 3.14
CSIC (Spain) 37 1.84
CNRS (France) 28 3.99
:E;;lc;pi)jsql; Commission Joint Research Centre Institute 27 6.15
Aarhus University (Denmark) 27 3.15
University of Copenhagen (Denmark) 25 3.23
CSIRO (Australia) 24 5.34
Ghent University (Belgium) 24 3.14
University of Bologna (Italy) 21 3.48
University of Maryland (United States) 20 5.61
James Cook University Queensland (Australia) 20 4.48
World Health Organization (Switzerland) 20 431
KU Leuven (Belgium) 20 2.02
University of British Columbia (Canada) 19 9.14 ‘
University of Washington (United States) 19

Stockholm University (Sweden) 19 5.43
Stockholm Environment Institute (Sweden) 19 2.64
United Nations (United States) 19 2.27

+

Table 6.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

Kingdom. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
International Rice Research Institute (Philippines ) 2.74
Wageningen University & Research (Netherlands) 3.74
The Ohio State University (United States) 1.17
International Water Management Institute (Sri Lanka) 14 2.47
CNRS (France) 13 3.01
Royal Institute of Technology (Sweden) 13
University of Queensland (Australia) 12
BRGM (France) 12 1.09
UNESCO-IHE Institute for Water Education (Netherlands) 11 3.25
CSIRO (Australia) 10 4.17

India United Nations (United States) 9 3.75
International Centre for Genetic Engineering and
Biotechnology (lItaly) ? 1.92
University of South Australia (Australia) 9 1.67
UNICEF (United States) 9 1.38
Australian National University (Australia) 9 1.12
Edith Cowan University (Australia) 9 1.11
Delft University of Technology (Netherlands) 8 3.74
International Food Policy Research Institute (United States) 8 3.72
U.S. Department of Agriculture (United States) 8 1.80
University of Edinburgh (United Kingdom) 8 1.02

+
Table 6.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for India.
(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Chinese Academy of Sciences (China) 2.40
Wageningen University & Research (Netherlands) 6.05
University of British Columbia (Canada) 19
U.S. Department of Agriculture (United States) 19 4.48
Royal Institute of Technology (Sweden) 18 3.63
Imperial College London (United Kingdom) 18 2.82
International Water Management Institute (Sri Lanka) 16 5.15
l(';l,:?,CIZ)StItUt National de La Recherche Agronomique 15 498
Institute of Geographical Sciences and Natural Resources 15 289
Research Chinese Academy of Sciences (China)

Australia Stanford University (United States) 14 5.84
University of Exeter (United Kingdom) 14 5.27
Shandong University (China) 14 2.89
University of Cambridge (United Kingdom) 13 9.94 ‘
University of Auckland (New Zealand) 13
CSIC (Spain) 13 3.19
China Agricultural University (China) 13 2.24
Wuhan University (China) 12 3.37
Delft University of Technology (Netherlands) 12 3.28
Lanzhou University (China) 12 2.20
International Rice Research Institute (Philippines ) 12 1.92

+
Table 6.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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6.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG6 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG6 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG6 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. As shown in Figure 6.8, the United Nations sits at the upper top right indicating that they've developed a highly mutually
beneficial collaboration with Colombia in terms of citation impact. Other institutes, such as Universite Paris Saclay, are also in
the same quadrant. Several collaborations such as those with the University of Cambridge, only provide a citation advantage
for Colombia but not the partner. CSIRO is in the bottom left quadrant indicating that the collaboration between CSIRO and
Colombia does not yield any citation advantage to either partner.
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Figure 6.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG6-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG6-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).
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6.6.3 Collaboration chart

Figure 6.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign
institutional partners on SDG6. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 6.9 shows where there may be potential to improve output and impact through partnership.
Currently, Colombia produces the most co-authored papers with Wageningen University & Research, which produces the
highest number of publications (among Colombia's top 20 partners), with 537 SDG6 publications. CSIRO is Colombia’s
second most prolific partner in this field, with 426 publications, only 3 of which were co-authored with Colombia. Among
Colombia's top 20 partners, International Livestock Research Institute and Stanford University have the highest FWCI for
SDG6 research. Colombia may want to leverage its existing relationships with these institutes to increase its publication
output and impact in SDG6 research.

[ ]
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Japan International Research Center for Agricultural Sciences

+
Figure 6.9— Chart showing Colombia's top 20 collaborators on SDG6 from 2007-20186. Circle (node) size is proportional to
the number of SDGB6 publications by each entity (top institutional partners and Colombia); the thickness of connecting lines
(edges) corresponds to the count of collaborated publications between Colombia and each partner institution. The colors of
the nodes and edges reflect the FWCI of each institution’s output and their collaboration with Colombia, respectively, with
darkest shade of green indicating the highest FWCI (3.44) and lightest shade of green indicating the lowest FWCI (1.25).
(Source: Scopus).



In this Chapter, we assess research related to SDG7, which aims to ensure access to
affordable, reliable, sustainable and modern energy for all. Statistics are provided for
the top 5 countries publishing research in this field along with Colombia, Mexico, and

Brazil.
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/.1 Key Findings

Goal 7: Ensure access to affordable,

reliable, sustainable and modern energy for
all

WORLD RESEARCH OUTPUT

45,687

Number of SDG7 publications, 2007-2016.

SDG7 PATENTS

1,785

Number of SDG7 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

191

Colombia's SDG7 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

30%

Compound annual growth rate for Colombia's 2007-2016
SDG7 publications.

COLOMBIA TOP TEN PERCENTILE FOR CITATION

24

Colombia's SDG7 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

1.06

Average field-weighted citation impact for Colombia’s SDG7
publications, 2007-2016.
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/.2 SDG7 - Ensure access to
affordable, reliable, sustainable and
modern energy for all

According to the United Nations,
"Energy is central to nearly every major challenge and opportunity the world faces today. Be it for jobs,
security, climate change, food production or increasing incomes, access to energy for all is essential.
Sustainable energy is opportunity - it transforms lives, economies and the planet."

The targets for SDG7, according to the United Nations are:

e By 2030, ensure universal access to affordable, reliable and modern energy services.

e By 2030, increase substantially the share of renewable energy in the global energy mix.

e By 2030, double the global rate of improvement in energy efficiency.

e By 2030, enhance international cooperation to facilitate access to clean energy research and
technology, including renewable energy, energy efficiency and advanced and cleaner fossil-fuel
technology, and promote investment in energy infrastructure and clean energy technology.

e By 2030, expand infrastructure and upgrade technology for supplying modern and sustainable energy
services for all in developing countries, in particular least developed countries, small island developing
States, and land-locked developing countries, in accordance with their respective programmes of

support.”?

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG7 in general, the following search terms were used in combination with sustainab™ OR "sustainable development goal" in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.

http:/fwww.un.org/sustainabledevelopment/energy/
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7.3 SDG7: Leaders in the field

7.3.1 Top 5 countries conducting SDG7 research

The top 5 countries publishing on SDG 7 based on cumulative publication output from 2007-2016 is indicated by Table 7.1
and Figure 7.1. The United States ranks 1%t in Publication Count, Percentage of Global Output, and Citation Count, followed
by China, then United Kingdom, Germany, and Italy. The United Kingdom ranks 1%t in FWCI with 1.93, which is higher than the
world average. All other countries’ FWCI exceed the average as well.

Publication Percentage of Citation

FWCI
Country count Global Output Count ¢
+ United States 10,167 22.30% 175,387 1.68
Table 7.1—Top 5 China 69,723 1.34
countries based on United Kingdom 3,083 6.76% 61,683
publication output from Germany 2,925 6.42% 48,411 1.81
2007-2016. (Source: Italy 2,871 6.30% 37,715 1.80
Scopus) World 45,587 100.00% 284,180 1.40
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= |nited States
1,400 4— China
United Kingdom
s Germany
4— Y
1,200 —ltaly
g
S 1,000
L=
S
]
2 800 -
k)
]
€ 600
=] V
=
400 —
200 /
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 7.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG7 research. (Source: Scopus)
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7.3.2 Top 20 institutes conducting SDG7 research

A list of the top 20 research institutes publishing SDG7-related research is shown in Table 7.2. The Chinese Academy of
Sciences ranks 1% in Publication Count and Citation Count followed by the U. S. Department of Agriculture and Wageningen
University & Research. The University of California at Berkeley sits in 15 place with an FWCI at 3.13, much higher than the
world average. CNRS also has a high FWCI for SDG7 research at 2.80. Except for North China Electric Power University, the
FWCI of all other top 20 institutes is also above the global average. The trends in publication output from 2007-2016 are
shown in Figure 7.2. (Note that the figure is limited to the top 8 institutes to facilitate visualization. To see the trends for all
20 institutes, please refer to accompanying data files.)

Rank Institution (Country) Pu:!::‘anttlon cét::'notn FWcl

1 Chinese Academy of Sciences (China) 1.92
2 U.S. Department of Agriculture (United States) 379 1.74
3 Wageningen University & Research (Netherlands) 325
4  Tsinghua University (China) 312 5,910 1.72
5 CNRS (France) 305 8139 | 280
6 Delft University of Technology (Netherlands) 274 5,718 2.21
7 Technical University of Denmark (Denmark) 266 7,969
8 University of California at Berkeley (United States) 249 7,542 3.13
9 Politecnico di Milano (Italy) 238 2,516 2.22
10 Ministry of Education China (China) 234 3,720 1.88
11 Universiti Teknologi Malaysia (Malaysia) 225 2,872 1.92
12 Universidade de Sao Paulo (Brazil) 224 2,793 1.42
13 Royal Institute of Technology (Sweden) 223 2,485 1.65
14 ETH Zurich (Switzerland) 220 5,588
15 North China Electric Power University (China) 208 1,639
16 Georgia Institute of Technology (United States) 206 4,876
17 Texas A and M University (United States) 206 3,621 1.74
18 CSIRO (Australia) 198 5,597 2.33
19 I(I;lrlz‘,?;clzj,titut National de La Recherche Agronomique 194 5,804 533
20 CNR (ltaly) 192 2,658 1.60

+
Table 7.2— Top 20 research Institutes ranked based on SDG7 publication output and FWCI from 2007-2016. (Source:

Scopus)
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7.3.3 Top 20 researchers conducting SDG7 research

A list of the top 20 researchers publishing in the SDG7 field based on publication output from 2007-2016 is shown in Table
7.3. Dinger |. ranks 1st in Publication Count followed by Faaij A. and Hepbasgli A.
Dinger I, Faaij A., and Centi G. are the top 3 researchers in terms of h-index with an h-index of 73, 61, and 54, respectively.

Pub Citation

Rank Researcher Institution (Country) FWCI  h-index
count Count
. University of Ontario Institute of
1 D . 7
ineer Technology (Canada) 68 3
Faaij A. University of Groningen (Netherlands)
Hepbasli A. Yasar Universitesi (Turkey) 2.29

University of Manchester (United
Kingdom)
University of Ontario Institute of

4 Azapagic A. 42 799 2.58 32

5 Rosen M. Technology (Canada) 38 783 2.32

6 Webber M. lthr;lt\;esr)sny of Texas at Austin (United 37 271 1.20 29
Lee K. Universiti Sains Malaysia (Malaysia) 32 - 2.10 49
Dewulf J. Universiteit Gent (Belgium) 31 877 2.28 45
Kuglikvar M. Istanbul Sehir Universitesi (Turkey) 30 582 - 19

10 Centi G. Universita degli Studi di Messina (Italy) 30

11 Bakshi B. Ohio State University (United States) 30 580 1.04 30

Institut de Ciencia i Tecnologia

12 Rieradevall J. Ambientals (ICTA)-UAB (Spain) 29 549 1.86 29
13 Ulgiati s. Universita degli Studi di Napoli 29 694 1.85 38
Parthenope (Italy)
Institut de Ciencia i Tecnologia
14 Gabarrell X. Ambientals (ICTA)-UAB (Spain) 29 507 1.78 26
15 Gheewala S. King Mongkuts University of Technology 29 615 151 33

Thonburi (Thailand)
16  Kaygusuz K. Karadeniz Teknik Universitesi (Turkey) 29 730 1.31 38
The University of Nottingham Malaysia

17 Ng D. 2 2
& Campus (Malaysia) 8 468 ?
18 Tatari O. University of Central Florida (United )8 588 51
States)
19 Venkata Mohan Indlén Institute of Chemical Technology )8 1,190 269 47
S. (India)
N lawsk
20 Marodos awsky Technische Universitat Graz (Austria) 28 390 1.65 18

Table 7.3— Top 20 researchers publishing SDG7 related research ranked based on 2007-2016 publication output and
their FWCI. FWCl is based on SDG7 publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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7.3.4 Top 10 journals publishing SDG7 research

A list of the top 10 journals publishing SDG7-related research from 2007-2016 is shown in Table 7.4. Renewable and
Sustainable Energy Reviews published the most SDG7 publications of 1242 followed by Advanced Materials Research and
Journal of Cleaner Production. All top 10 journals published more than 300 SDG7 publications over the period. Applied Energy
ranks 1% according to FWCI, followed by Journal of Cleaner Production and Biomass and Bioenergy in the 2™ and 3" place,
respectively. As for CiteScore, Renewable and Sustainable Energy Reviews sits in the 1% place with a CiteScore of 7.66
followed by Applied Energy with a CiteScore of 5.87.

Rank Journal Publication FWCI CiteScore
count

1 Renewable and Sustainable Energy Reviews 1.23
2 Advanced Materials Research
3 Journal of Cleaner Production
4  Energy Policy 658 1.72 3.52
5 Energy Procedia 649 1.30 2.05
6 Energy 478 1.95 4.29
7 Applied Energy 434
8 Sustainability 366 1.17
9 Biomass and Bioenergy 352 - 4.53

10 Renewable Energy 344 1.24 4.08

+
Table 7.4— Top 10 journals based on SDG7 publication output from 2007-2016. FWCl is mean FWCI for any SDG7

publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source: Scopus)



7 AFFORDABLE AND CLEAN ENERGY 18 1

7.4 Research efforts focused on
SDG7

7.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
7.3, the United States is by far the leader in terms of research output related to SDG 7. China follows, along with the United
Kingdom, Germany and Italy. Among comparators, Colombia has the lowest output in this field, just below Mexico. However,
as showninTable 7.5, Colombia has the greatest a Compound Annual Growth Rate (CAGR) of 30.20% in this field of research.
Italy, China, Mexico and Brazil also see marked increases in publication output with a CAGR above 20%.
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Figure 7.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count
United States 10.00%
China
United Kingdom 3,083 14.80%
Germany 2,925 15.10%
ltaly 2,871 - +
Colombia 191 30.20% Table 7.5— Number of publications per country and the Compound
Mexico 361 22.30% Annual Growth Rate (CAGR) for publication output during the period
Brazil 1,268 20.30% 2007-2016. (Source: Scopus)

World 45,587 10.20%
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7.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG7 related research from 2006-2017 is 1.40.

Comparing the FWCI of publications from each of the eight countries included in this chapter reveals some differences and
similarities (Table 7.6). Most notably, the United Kingdom achieves the highest FWCI among comparator countries. Germany,
Italy, and the United States follow with an FWCI approximately 70-80% higher than

Country Fwcl the world average.

United States

China 134 +

United Kingdom 1.93 Table 7.6 — FWCI for SDG7 research from 2007-2016 per country and world.
Germany FWCI values below the world average for all research (i.e. below 1.0) are highlighted
Italy in green. (Source: Scopus)

Colombia 1.06

Mexico 1.19

Brazil 1.12

World 1.40

7.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential’ papers. As shown in Figure 7.4 and Table 7.7, the United States leads in terms
of publications that are among the top 10% most cited. China, the United Kingdom, Germany and Italy follow in that order.
Colombia had a very small number of publications among the top 10% most cited during this time period. According to Table
7.7, China leads in CAGR by a wide margin at nearly 46% per annum., followed by Italy at over 30%. SDG7 is a field with
strong growth in top cited scholarly output globally and for all comparators except Mexico.
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Figure 7.4— Top 10% most cited publications on SDG7 from 2007-2016 per country. CAGR shown at top of each bar.
(Source: Scopus)
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Country Count c.vf Tc.)p 10% CAGR +
Publications Table 7.7— Top 10% most highly cited publications and
United States 1,970 15.74% their Compound Annual Growth Rate (CAGR) for each
China 910 45.92% country's SDG7 publications from 2007-2016. (Source:
United Kingdom 688 17.66% Scopus)
Germany 620 21.16%
Italy 674 o 3128%
Colombia 24 22.03%
Mexico 45 -4.41%
Brazil 154 19.58%
World 7,342 19.51%

7.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 7.8
provides the count of SDG7 publications from each country that have been cited in patents and the number of patents that

have cited these publications. The findings show that patent Patent Cited Patents Citing
_ . _ . Country .. . ..
citation count is related to publication count in that the Publications Publications
leaders in publication output have the highest patent citation United States 257 1,101
count. The United States leads with 257 publications cited China 71 245
in 1,101 patents. China, the United Kingdom, Germany, and United Kingdom 48 122
Italy follow in this order. Colombia has one patent cited
L . L Germany 51 134
publication and one patent citing publication.
Italy 21 45
+ Colombia
Table 7.8 — Number of publications cited in USPTO, Mexico 3 7
WIPO, or EPO patents and number of USPTO, WIPO, or Brazil 10 16
EPO patents citing publications on SDG7 from 2007 to World 688 2,453

2016. (Source: Scopus and LexisNexis)

7.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG7. To identify
patents relevant to SDG7, we retrieved all the patents citing any SDG7-related publication. Patents retrieved were limited to
those in the following patent authorities: WIPO, EPO, and USPTO From 2006 to 2016, the United States leads with 349
patent applications and 763 patents granted in this field followed by Germany, China, and the United Kingdom. Colombia has
2 granted patents, Brazil has 3 patent applications. Mexico has 2 patent applications and 1 granted patent in this field. Note

that China may have patents in Patents Patents % of World
a local patent office not Country applied for Granted Total Total
included in this analysis. United States 349 763 1,112 62.30%
China 38 17 55 3.08%
+ United Kingdom 34 14 48 2.69%
Table 7.9— Number of Germany 75 20 95 5.32%
patents applied for and Italy 19 4 23 1.29%
granted during the period Colombia - 2 2 0.11%
2006-2016. (Source: Mexico 2 1 3 0.17%
Lexis-Nexis) Brazil 3 - 3 0.17%

World 829 956 1,785
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7.4.6 Research Focus

Within the topic of SDG7-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG7-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’s SDG7 research is shown in Figure 7.5. More details on the methods employed for key
phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG7 research from Colombia, the term that stands out as unique to Colombia is ‘Crops’.
Among the top 50 key phrases the terms ‘Biofuels’, ‘Biomass'; ‘Electricity’, '‘Renewable Energy Resources’,'Greenhouse Gases,
‘Environmental Impact’, ‘Energy Policy’, and ‘Biogas’ were common among the countries analyzed. The terms ‘Biodiesel,
‘Bioethanol’, and ‘Bioconversion’ stand out as unique to the Latin American countries. Figure 7.5 provides a visualization of the
top 50 key phrases for SDG7 research from each country. The accompanying data files provide a list of the key phrases as
well as the relevance score for each key phrase.
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7.5 The reach of Colombia's SDG7
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

7.5.1 Downloads

As shown in the Figure 7.6, the mean count of downloads per ScienceDirect publication is similar across all countries. For
Colombia, there is a prominent peak in 2009. This peak is the result of three SD articles in 2009 from Colombia that were
downloaded approximately 60,000 times, resulting in a high ‘mean’ value. It should be noted that for Colombia, the results
shown are based on very small counts of SD articles and should be interpreted with caution.

25,000
= | Jnited States
China
United Kingdom
20,000 e
m— (GETMANY
e |taly
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/ \ e B azil
10,000

5,000

Downloads per SD publication

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+
Figure 7.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)
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7.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. All countries have an FWDI near the world
average for SDG7 (Figure 7.7). However, given the very low count of SD publications from Colombia (i.e. less than 100 SD
publications for the full period) interpretation of this metric should focus on the other countries only.
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+
Figure 7.7— Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted

line indicates average for all SDG7 research. (Source: ScienceDirect)
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7.6 SDG7 collaboration network

7.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG7-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 7.10-7.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG7 publications with. Among academic partner institutes, Colombia publishes the most SDG7 papers in
collaboration with Universitat Rovira i Virgili (5 publications from 2007-2016) with a high FWCI (3.36, see Table 7.10).
Universidade de Sao Paulo also produces 5 collaborative publications with Colombia. Imperial College London and the
University of Bremen each co-author 4 publications with Colombia. Other institutes each co-author either 3 or 2 collaborative
publications with Colombia. The FWCI of those collaborative publications ranges from 5.72 to 0.54, with a quarter of them
below the world average.

Country Institution (Country) Pulca:l:l:‘anttlon FWCI

Universitat Rovira i Virgili (Spain)

Universidade de Sao Paulo (Brazil)

Imperial College London (United Kingdom)

University of Bremen (Germany)

IRD (France)

University of California at Davis (United States)
ETH Zurich (Switzerland)

University of Florida (United States)

Royal Institute of Technology (Sweden)

Yale University (United States)

Colombia International Crops Research Institute for the Semi-Arid
Tropics (India)

World Bank (United States)

Universitat Politecnica de Catalunya (Spain)

Texas A and M University (United States)

PSL Research University (France)

Ecole Normale Superieure (France)

Universitat Autonoma de Barcelona (Spain)

Universite Paris-Est (France)
UNIVERSIDAD DEL BIO-BIO (Chile)
Universidad de Alcala (Spain)

NIN[ININININININN

+
Table 7.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) Puzgf‘a:tlon FWCI
Texas A and M University (United States)
King Abdulaziz University (Saudi Arabia)
Michigan Technological University (United States) 8
Wageningen University & Research (Netherlands) 6
KU Leuven (Belgium) 6
Instituto Nacional de Tecnologia Agropecuaria (Argentina) 5
CSIC (Spain) 4
University of Texas at Austin (United States) 4
U.S. Department of Agriculture (United States) 4 .
University of California Office of the President (United States) 3 8.13 ‘
Mexico Virginia Polytechnic Institute and State University (United 3 359
States)
Universitat Autonoma de Barcelona (Spain) 3 3.41
University of California at Davis (United States) 3 2.75
University of Twente (Netherlands) 3 2.45
University of California at Berkeley (United States) 3 2.22
Mekelle University (Ethiopia) 3 1.46
Ghent University (Belgium) 3 1.46
Yale University (United States) 3 1.31
Imperial College London (United Kingdom) 3 0.66
Universidad de Buenos Aires (Argentina) 3 0.62 ‘

+
Table 7.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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N Publication
Country Institution (Country) uCc:untl FWCI

CIRAD (France)

INRA Institut National de La Recherche Agronomique
(France)

Wageningen University & Research (Netherlands)

U.S. Department of Agriculture (United States)
Colorado State University (United States)
University of lllinois at Urbana-Champaign (United States)

University of Florida (United States)
Florida State University (United States)
CNRS (France)

Brazil Universidade Nova de Lisboa (Portugal)

Ericsson Sweden (Sweden)

Royal Institute of Technology (Sweden)

Michigan Technological University (United States)

University of East Anglia (United Kingdom)

Universidad Nacional Autonoma de Mexico (Mexico)

Imperial College London (United Kingdom)

University of Coimbra (Portugal)

Universidad Politecnica de Valencia (Spain)

Chalmers University of Technology (Sweden)
United Nations (United States)

oo ulo| o 0 |N ([N | N[N |||

+
Table 7.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Country

United States

Institution (Country) Pulzgia:tion FWCI
Chinese Academy of Sciences (China) 3.66
Tsinghua University (China) 42 2.99
Wageningen University & Research (Netherlands) 35 3.31
Universidade de Sao Paulo (Brazil) 34 2.12
Technical University of Denmark (Denmark) 33 -I
ETH Zurich (Switzerland) 32 4.31
CNRS (France) 31 4.82
CSIRO (Australia) 27 491
Ministry of Education China (China) 26 1.92
King Abdulaziz University (Saudi Arabia) 25 331
University of Toronto (Canada) 25

Imperial College London (United Kingdom) 24

Institute of Geographical Sciences and Natural Resources 24

Research Chinese Academy of Sciences (China)

Ghent University (Belgium) 23

University of British Columbia (Canada) 21

Politecnico di Milano (ltaly) 21

Khalifa University of Science and Technology (United Arab

Emirates) 21 163
Seoul National University (South Korea) 20 2.36
Peking University (China) 20 2.07
Delft University of Technology (Netherlands) 19 -

+

Table 7.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Georgia Institute of Technology (United States)
Hong Kong Polytechnic University (Hong Kong) 2.72
City University of Hong Kong (Hong Kong) 29 1.58
U.S. Department of Agriculture (United States) 28 1.90
University of South Australia (Australia) 23 2.33
Nanyang Technological University (Singapore) 22 3.31
National University of Singapore (Singapore) 21
CSIRO (Australia) 20
Colorado State University (United States) 20
) University of Michigan (United States) 19 2.54
China Texas A and M University (United States) 19 1.68
National Institute for Environmental Studies of Japan (Japan) 18 3.05
Royal Institute of Technology (Sweden) 18 2.55
University of Minnesota (United States) 18 1.14
University of Adelaide (Australia) 17 2.81
University of Western Australia (Australia) 17 2.54
University of Hong Kong (Hong Kong) 17 1.14
Hong Kong University of Science and Technology (Hong Kong) 17
University of Nottingham (United Kingdom) 16 2.92
Griffith University Queensland (Australia) 15 3.61

+
Table 7.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 3.61
European Commission Joint Research Centre Institute 1.66
(Belgium)

CNRS (France)
Chinese Academy of Sciences (China) 21 2.31
INRA Institut National de La Recherche Agronomique
(France) 19 3.93
Chalmers University of Technology (Sweden) 16 4.28
ETH Zurich (Switzerland) 16 3.34
Technical University of Denmark (Denmark) 16 3.29
CEA (France) 15 3.29
United Kingdom | CSIC (Spain) 15 2.93
University of Copenhagen (Denmark) 15 2.86
CSIRO (Australia) 14
Harvard University (United States) 14 3.00
Utrecht University (Netherlands) 14 2.69
Ministry of Education China (China) 13 2.60
Aristotle University of Thessaloniki (Greece) 13 2.02
CNR (Italy) 12 2.40
University of Sydney (Australia) 12 2.00
Universite Paris Saclay (France) 11
Lawrence Berkeley National Laboratory (United States) 11 4.57

+
Table 7.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
Kingdom. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

ETH Zurich (Switzerland)
Wageningen University & Research (Netherlands)

Chinese Academy of Sciences (China)

European Commission Joint Research Centre Institute
(Belgium)

CNRS (France)

CEA (France)

Utrecht University (Netherlands)
Technical University of Denmark (Denmark)
Delft University of Technology (Netherlands) 18 3.33
Politecnico di Milano (ltaly) 18 2.24
Germany International Institute for Applied Systems Analysis,
Laxenburg (Austria) 16 3.26
Vienna University of Technology (Austria) 15 1.45
Royal Institute of Technology (Sweden) 15 1.28
University of New South Wales (Australia) 14
Swedish University of Agricultural Sciences (Sweden) 14 3.25
Chalmers University of Technology (Sweden) 14 2.37
University of Copenhagen (Denmark) 13 4.06
Universitat Autonoma de Barcelona (Spain) 13 3.19
Paul Scherrer Institut (Switzerland) 13 1.77
CNR (Italy) 13 1.74

+
Table 7.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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Country Institution (Country)

European Commission Joint Research Centre Institute
(Belgium)

Wageningen University & Research (Netherlands)

European Commission (Belgium)
ETH Zurich (Switzerland)

CNRS (France)

Ghent University (Belgium)

Beijing Normal University (China)

INRA Institut National de La Recherche Agronomique
(France)

Imperial College London (United Kingdom)

Italy Technical University of Denmark (Denmark)
CEA (France)

CSIC (Spain)

Vrije Universiteit (Netherlands)

University of Copenhagen (Denmark)

University Politehnica of Bucharest (Romania)

Royal Institute of Technology (Sweden)

Leiden University (Netherlands)

Aristotle University of Thessaloniki (Greece)

Swedish University of Agricultural Sciences (Sweden)

Norwegian University of Science and Technology (Norway)

+
Table 7.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Italy.

(Source: Scopus)
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7.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG7 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG7 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG7 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. As shown in Figure 7.8, Universitat Polytecnica de Catalunya sits far at the upper top right indicating that they've
developed a highly mutually beneficial collaboration with Colombia. Other institutes such as the World Bank are also in the
same quadrant and therefore have mutually beneficial collaborations with Colombia in terms of citation impact. Four research
institutes, such as ETH Zurich sits in the lower right quadrant, meaning that they do not reap any citation benefit from the
collaboration, while Colombia does. Other academic partners such as Yale University, are in the bottom left quadrant indicating
that their collaboration does not yield any citation advantage to either Colombia or the partner.
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Figure 7.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG 7-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG 7-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).



7 AFFORDABLE AND CLEAN ENERGY 198

7.6.3 Collaboration chart

Figure 7.9 provides an alternative perspective to visualize Colombia's most productive collaborations with foreign institutional
partners on SDG7. While the sections above elaborate on the most productive and impactful partnerships that Colombia is
engaged in, Figure 7.9 shows where there may be potential to improve output and impact through partnership. Among
Colombia's top 20 partners, Universidade de Sao Paulo and Royal Institute of Technology produce the highest number of
SDG7 publications with 224 and 223 SDG7 publications, respectively. Among Colombia’s top 20 partners, Yale University
and International Crops Research Institute for the Semi-Arid Tropics have the highest FWCI for SDG7 research. Colombia may
want to leverage its existing relationships with these instigutes to increase its publication output and impact in SDG7 research.
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Figure 7.9— Chart showing Colombia’s top 20 collaborators on SDG7 from 2007-2016. Circle (node) size is
proportional to the number of SDG7 publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (3.37) and lightest shade of green
indicating the lowest FWCI (1.03). (Source: Scopus).
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In this Chapter, we assess research related to SDG8, which aims to promote
inclusive and sustainable economic growth, employment, and decent work for all.
Statistics are provided for the top 5 countries publishing research in this field along
with Colombia, Mexico, and Brazil.
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8.1 Key Findings

Goal 8: Promote inclusive and sustainable

economic growth, employment and decent
work for all

WORLD RESEARCH OUTPUT

20,592

Number of SDG8 publications, 2007-2016.

SDG8 PATENTS

116

Number of SDG8 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

79

Colombia's SDG8 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

24%

Compound annual growth rate for Colombia's 2007-2016
SDG8 publications.

COLOMBIATOP TEN PERCENTILE FOR CITATION

10

Colombia’'s SDG8 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

1.08

Average field-weighted citation impact for Colombia’s SDG8
publications, 2007-2016.
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8.2 SDG8 - Promote inclusive and
sustainable economic growth,
employment and decent work for all

According to the United Nations,
"Roughly half the world's population still lives on the equivalent of about US$2 a day. And in too many
places, having a job doesn't guarantee the ability to escape from poverty. This slow and uneven progress
requires us to rethink and retool our economic and social policies aimed at eradicating poverty.
A continued lack of decent work opportunities, insufficient investments and under-consumption lead to an
erosion of the basic social contract underlying democratic societies: that all must share in progress. The
creation of quality jobs will remain a major challenge for almost all economies well beyond 2015.
Sustainable economic growth will require societies to create the conditions that allow people to have
quality jobs that stimulate the economy while not harming the environment. Job opportunities and decent
working conditions are also required for the whole working age population."*

The targets for SDG8, according to the United Nations are:

e “Sustain per capita economic growth in accordance with national circumstances and, in particular, at
least 7 per cent gross domestic product growth per annum in the least developed countries.

e Achieve higher levels of economic productivity through diversification, technological upgrading and
innovation, including through a focus on high-value added and labour-intensive sectors.

e Promote development-oriented policies that support productive activities, decent job creation,
entrepreneurship, creativity and innovation, and encourage the formalization and growth of micro-,
small- and medium-sized enterprises, including through access to financial services.

e Improve progressively, through 2030, global resource efficiency in consumption and production and
endeavour to decouple economic growth from environmental degradation, in accordance with the 10-
year framework of programmes on sustainable consumption and production, with developed countries
taking the lead.

e By 2030, achieve full and productive employment and decent work for all women and men, including for
young people and persons with disabilities, and equal pay for work of equal value.

e By 2020, substantially reduce the proportion of youth not in employment, education or training.

e Take immediate and effective measures to eradicate forced labour, end modern slavery and human
trafficking and secure the prohibition and elimination of the worst forms of child labour, including
recruitment and use of child soldiers, and by 2025 end child labour in all its forms.

e Protect labour rights and promote safe and secure working environments for all workers, including
migrant workers, in particular women migrants, and those in precarious employment.

e By 2030, devise and implement policies to promote sustainable tourism that creates jobs and promotes
local culture and products.

e Strengthen the capacity of domestic financial institutions to encourage and expand access to banking,
insurance and financial services for all.

e Increase Aid for Trade support for developing countries, in particular least developed countries,
including through the Enhanced Integrated Framework for Trade-Related Technical Assistance to Least
Developed Countries.

e By 2020, develop and operationalize a global strategy for youth employment and implement the Global

Jobs Pact of the International Labour Organization."®

http:/fwww.un.org/sustainabledevelopment/economic-growth/
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Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG8 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal"in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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8.3 SDG8: Leaders in the field

8.3.1 Top 5 countries conducting SDG8 research

The top 5 countries publishing on SDG 8 based on cumulative publication output from 2007-2016 is indicated by Table 8.1
and Figure 8.1. China ranks 1 in Publication Count and Percentage of Global Output, closely followed by the United States.
The United Kingdom and Australia follow with 1,000-2,000 SDG8 publications. The United States SDG8 research yielded
the highest citation count with 43,751 citations. The United Kingdom ranks 1% in terms of FWCI with an FWCl of 1.79, which
is higher than the world average of 1.0 for SDG8 research.

Country Publication Percentage of Citation EWCI
count Global Output Count
+ China
Table ?'1_ Top5 United States
countries based on United Kingdom 8.62%
publication output from Australia 1,133 5.50% 14,963
2007-2016. (Source: India 811 3.94% 6,785
Scopus) World 20,592 100.00% 67,716 1.00
700
== China
United States
600 T— United Kingdom
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590 . =India /S
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200 —
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Figure 8.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG8 research. (Source: Scopus)
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8.3.2 Top 20 institutes conducting SDG8 research

A list of the top 20 research institutes publishing SDG8-related research is shown in Table 8.2. China claims the top 3 ranks
with the Chinese Academy of Sciences ranking 1% in Publication Count and Citation Count followed by Beijing Normal
University, and the Institute of Geographical Sciences and Natural Resources Research. Harvard University sits in 1% place
with an FWCI if 4.57, more than 4.5 times higher than the world average. The University of Oxford also has a high FWCI, at
more than 3 times higher than the global average. The trends in publication output from 2007-2016 are shown in Figure 8.2.
(Note that the figure is limited to the top 8 institutes to facilitate visualization. To see the trends for all 20 institutes, please
refer to accompanying data files.)

Publication Citation

Rank Institution (Country) count Count FWCI
Chinese Academy of Sciences (China)
2 Beijing Normal University (China) 154 1,533 1.31
e | 1w 1
4 Wageningen University & Research (Netherlands) 128 2,046 2.46
5 Tsinghua University (China) 120 1,980 1.49
6 Griffith University Queensland (Australia) 113 1,623 1.86
7 University of Queensland (Australia) 110 1,683 1.74
8 The Bucharest University of Economic Studies (Romania) 93 65 0.36
9 University of Cambridge (United Kingdom) 91 2,513
10 Nanjing University (China) 90 757 0.73
11 Peking University (China) 90 1,204 1.59
12 University of Oxford (United Kingdom) 85 1,762
13 United Nations (United States) 84 1,196 1.61
14  Ministry of Education China (China) 81 1,850 1.42
15 Wuhan University (China) 81 397
16 Monash University (Australia) 80 1,373 2.09
17  Universiti Teknologi Malaysia (Malaysia) 80 543 0.68
18 Graduate University of Chinese Academy of Sciences (China) 79 952 0.85
19 Universiti Kebangsaan Malaysia (Malaysia) 77 311 0.55
20 Harvard University (United States) 77 2,824 4.57

+
Table 8.2— Top 20 research Institutes ranked based on SDG8 publication output and FWCI from 2007-2016. (Source:
Scopus)
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Figure 8.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG8. (Source:
Scopus)
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8.3.3 Top 20 researchers conducting SDG8 research

A list of the top 20 researchers publishing in the SDG8 field based on publication output from 2007-2016 is shown in Table

8.3.

Sarkis J., Huang G., and Yang Z. are the top 3 researchers in terms of h-index, with an h-index of 62, 50, and 50, respectively.

Rank Researcher Institution (Country) Pub Citation FWCI  h-index
count Count

1 Geng . Shanghai Jiaotong University (China) 35 807

2 Huang G. Beijing Normal University (China) 22 316 1.75

3 YANGZ Beijing Normal University (China) 22 420 172 [ 50

4 Weaver D. Griffith University (Australia) 20 420 2.67 23

5 Hall C. University of Canterbury (New Zealand) 18 _

6 Siwar C. Unlver5|-t| Kebangsaan Malaysia 18 a1 12
(Malaysia)

7 Chen B. Beijing Normal University (China) 17 278 1.35
Institute of Geographical Sciences and

8 Deng X. Natural Resources Research Chinese 17 155 1.19 24
Academy of Sciences (China)

9 GoORling S. Lunds Universitet (Sweden) 16 _I

10 Shahbaz M. COMSATS Institute of Informatmn 16 278 336 27
Technology Lahore (Pakistan)

11 Ulgiati s. Universita degli Studi di Napoli 16 340 290 38
Parthenope (Italy)

12 Li. Beijing Normal University (China) 16 194 1.84 33

13 Fang C. Chinese Academy of Sciences (China) 16 225 1.80 16

14 Ruhanen L. University of Queensland (Australia) 14 222 2.21 12

15 Zuo J. Shenzhen University (China) 14 127 1.68 23

16 Yuan X. Shandong University (China) 14 116 1.38 14

17 Sha J. Chlr\a University of Geosciences, Beijing 14 34
(China)

18 Schandl H. Commonwealth.Sa?ntlﬁc and I.ndustrlal 13 475
Research Organization (Australia)

19 Sarkis J. Worcester Polytechnic Institute (United 13 378
States)

20 Tvaronaiciené Vilniaus Gedimino technikos 13 245 2.90 16

M.

universitetas (Lithuania)

Table 8.3— Top 20 researchers publishing SDG8 related research ranked based on 2007-2016 publication output and
their FWCI. FWCl is based on SDG8 publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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8.3.4 Top 10 journals publishing SDG8 research

A list of the top 10 journals publishing SDG8-related research from 2007-2016 is shown in Table 8.4. Advanced Materials
Research published the most SDGS8 publications (434) followed by Sustainability, Journal of Sustainable Tourism, and other
journals with more than 100 publications. Journal of Cleaner Production ranks 15t in FWCI followed by Journal of Sustainable
Tourism and Ecological Economicsin the 2™ and 3™ place, respectively. As for CiteScore, Renewable and Sustainable Energy
Reviews sits in the 1% place with 7.66 followed Journal of Cleaner Production of 3.70 and Energy Policy of 3.52.

Publication

Rank Journal FWCI CiteScore
count

Advanced Materials Research

Sustainability

Journal of Sustainable Tourism

Journal of Cleaner Production

Acta Ecologica Sinica

WIT Transactions on Ecology and the Environment

Renewable and Sustainable Energy Reviews

Applied Mechanics and Materials
Energy Policy 177 1.66 3.52

Ecological Economics 127 ! 3.42

I (IN|oojUn|b[W[N|E

[EnN
o

+
Table 8.4— Top 10 journals based on SDG8 publication output from 2007-2016. FWCI is mean FWCI for any SDG8
publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source: Scopus)
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8.4 Research efforts focused on
SDGS8

8.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
8.3, China and the United States are the leaders in terms of SDG8 research output by at least 1,500 publications. The United
Kingdom and Australia follow. Among comparators, Colombia has the lowest output in this field, just below Mexico. However,
as shown in Table 8.5, Colombia has the greatest a Compound Annual Growth Rate (CAGR) at 24.10% per annum. Mexico,
India, and Brazil also see marked increases in publication output with a CAGR above 12%.

700
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600 - United Kingdom
= AUSEralia
500 4 =|ndia _ SN
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=
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+

Figure 8.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country Pu::::‘a:‘ttlon CAGR

China 3,888 10.50%

United States 8.60%

United Kingdom 1,775 7.60%

Australia 1,133 11.50%

India 811 12.60%
Colombia 9 Table 8.5— Number of publications per country and the Compound
Mexico 160 14.30% Annual Growth Rate (CAGR) for publication output during the period

Brazil 428 12.20% 2007-2016. (Source: Scopus)

World 20,592 8.80%
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8.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG8 related research from 2006-2017 is 1.00.

Country FWal Comparing the FWCI of publications from each of the eight countries included in this
chapter reveals the impact of research from each country (Table 8.6). Most notably,
the United Kingdom achieves the highest FWCI among comparator countries, followed
by Australia and the United States, both at or above 50% more than the world
average.

China
United States
United Kingdom

Australia

India +

Colombia 1.08 Table 8.6 — FWCI for SDG8 research from 2007-2016 per country and world.

Mexico 117 FWCI values below the world average for all research (i.e. below 1.0) are highlighted
) . in green. (Source: Scopus)

World 1.00

8.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘'most influential’ papers. As shown in Figure 8.4 and Table 8.7, the United States leads in terms
of publications that are among the top 10% most cited. The United Kingdom and China, then Australia, and finally India, follow
in that order. Colombia has a very small number of publications among the top 10% most cited during this time period.
According to Table 8.7, China leads in growth with a high CAGR of over 21% per annum, followed by Brazil and the United
States at over 11%.
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Figure 8.4— Top 10% most cited publications on SDG8 from 2007-2016 per country. CAGR shown at top of each bar.
(Source: Scopus)
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Count of Top 10% CAGR +

Publications Table 8.7— Top 10% most highly cited publications and
293 their Compound Annual Growth Rate (CAGR) for each
11.35% country's SDG8 publications from 2007-2016. (Source:
9.32% Scopus)

Country

China
United States
United Kingdom

Australia 206 7.45%
India 73 8.01%
Colombia 10 -
Mexico 24 -100.00%
Brazil 43 12.98%
World 2,202 13.43%

8.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 8.8
provides the count of SDG8 publications from each country that have been cited in patents and the number of patents that
have cited these publications. The findings show that patent citation count is related to publication count in that the leaders in

Countr Patent Cited Patents Citing publication output have the highest patent citation count.
y Publications Publications The United Kingdom had 3 publications cited in 6 patents
China 2 2 and the United states has 3 publications cited in 4 patents.
United States 3 Colombia, Mexico, and Brazil have no patent citations.
United Kingdom 3 6
Australia 2 2
. +
India 2 3 Table 8.8 — Number of publications cited in USPTO, WIPQ,
Colombia - - or EPO patents and number of USPTO, WIPO, or EPO
Mexico - - patents citing publications on SDG8 from 2007 to 2016.
Brazil - - (Source: Scopus and LexisNexis)
World 22 127

8.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG1. To identify
patents relevant to SDG1, we retrieved all the publications citing any research retrieved using the SDG8 search query. Patents
retrieved were limited to those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United
States applied for the most SDG8-related grants with 7 patent applications and 73 granted in this field. Colombia and other

countries either have no grar-Wt Countr Patents Patents Total % of World
an.d/or. no patents granteq n Y applied for Granted Total
this field. Note that China, China 2 i 2 1.72%
India, and Australia may have .
) ) United States 7 73 80 68.97%
patents in a local patent office
. . o
not included in this analysis. United Kingdom N B B 0.00%
Australia 1 - 1 0.86%
Table 8.9— Number of Colombia - - - 0.00%
patents app//ed for anq Mexico _ _ _ 0.00%
granted during the period Brazil i i i 0.00%
2006-2016. (Source:
World 35 81 116

Lexis-Nexis)
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8.4.6 Research Focus

Within the topic of SDG8-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG8-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’'s SDG8 research is shown in Figure 8.5. More details on the methods employed for key
phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG8 research from Colombia, the term that stands out as unique to Colombia is ‘Data
Envelopment Analysis’, ‘Productivity’, ‘Decomposition Analysis’, ‘Information Analysis’, ‘Crashworthiness’, and ‘Active
Networks'. Among the top 50 key phrases the terms ‘Economic Growth', Tourism’; and ‘Climate Change’ were common among
the countries analyzed. The terms ‘Conservation’ and ‘Management’ stand out as unigue to the Latin American countries. Figure
8.5 provides a visualization of the top 50 key phrases for SDG8 research from each country. The accompanying data files
provide a list of the key phrases as well as the relevance score for each key phrase.

Colombia +
agricultural practice eMISSION o cystem  MiNING Figure 8.5— Research
anironirental quaiy s microfinance ¢, ing system focus; per country for
Carbon monoxide Data envelopment analysis ~ 5'odies®! S b eni Colombia, Mexico, and Brazil
marker "omation nalvsise | 1etaing bl I ityconsewaﬁonc“ma:e change and the top prolific countries
— fauna Students  economic growth from 2012-2016. (Source:
ivi Pavements  Scopus, SciVal and
Productivity Co I om b i a Developing countries P T _ _
habitat  decomposition analysis Elsevier's Fingerprint Engine)
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Brazil Sustainable tourism

isrr innovation
waste

conservation region

Carrying capacity o
economic growth

ecotourism s
certification

Photowoltaic cells

Sustainable development "7

alternative agriculture
food security forest g

. Biofuels o | SMEs
Cleaner production . i i
s T Brazil ~ Deforestation sustinable

agriculture Amazon
Small and medium enterprises Natural resources  evolution

sustainability lecticty  biodiversity

management Economic and social effects
incentive  ENVironmental management  Secial responsibility

Multivari. nalysi
ultivariant analysis Solldwistes  Knowledge based systeins

AAA relevance of keyphrase | dedlining [Jlll growing (2012-2016)

China

Apartment houses
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~ Economic and social effects o
sustainability Economic analysis

tourism o Regional planning
Energy utilization
Energy policy g ¢ P|annlng
Ecosystems Environmental protection Public policyEnergy conservation

Energy efficiency
IndustryTaxation

Agriculture

= Sustainable development...ccu

Land use

Natural resources

Carbon Z Population statistics
Economicsicology
Pollution control Rural 3r€3$em

Emission control

ergy Environmental management

Investments
Research

e economic development Innovation
urbanization P Innovatio

Pollution Construction carbon emission

ecosystem service

AAA relevance of keyphrase | declining [l growing (2012-2016)

United States

environmental ecanomics Renewable energy resources

. i community development
micrefinance Economic and social effects Greens "

D lopi i social capital
\Water conservation Taication eveloping countries }
pcwer(y " i

Climate change Economics iq,rismecotourism Energy policy  ,oveimance

Education Water management
JCAT ]

wauie SUstainable development  nnowtion

entrepreneurship

Supply chains Rural areas Industry gases d

Ecolegy Public policy su Sta[ nabl I |tYeoonomic growth research

students  economic development popylation statistics  Enersy utilization
b i i tourism development
Economic analysis

S TﬂhﬂomﬂEm'ﬂioﬂ contral
i

AAA relevance of keyphrase | declining [Elll growing (2012-2016)



8 DECENT WORK AND ECONOMIC GROWTH

213

United Kingdom stakeholder
Erergy policy

economic development 3
Environmental management
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8.5 Thereach of Colombia's SDGS8
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called ‘'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

8.5.1 Downloads

As shown in the Figure 8.6, the mean count of downloads per ScienceDirect publication fluctuates considerably across the
period for all countries. The fluctuations likely stem from the fact that most data points were based on less than 100 SD
publications per year. Therefore, the results shown should be interpreted with caution.
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Figure 8.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)



8 DECENT WORK AND ECONOMIC GROWTH 215

8.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. Interestingly, the United Kingdom, India,
and Colombia have an FWDI for the period of 2007-2016 well above the world average for SDGS8 research (Figure 8.7).
However, given the very low count of SD publications from Colombia, Mexico, and Brazil (i.e. less than 100 SD publications for
the full period) interpretation of this metric should focus on the top 5 countries only. All countries had an FWDI at or above the
world average for SDG8 research.
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Figure 8.7— Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. (Source:
ScienceDirect)
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8.6 SDGS8 collaboration network

8.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG8-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 8.10-8.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG8 publications with. Among academic partner institutes, Colombia has published the most SDG8 papers in
collaboration with Royal Institute of Technology (4 publications from 2007-2016) based on Table 8.10. The University of
Gottingen produced 3 publications in collaboration with Colombia. Stanford University, Harvard University, Universidad de
Cadiz, and the United Nations each co-authored 2 publications with Colombia. Other institutes among the top 20 each co-
authored one collaborative publication. The FWCI of collaborative publications with top foreign partner institutes is above the
world average except for those with the Royal Institute of Technology, the University of Gottingen, and the United Nations.

Country Institution (Country) Pulca:l:l:‘anttlon FWCI

Royal Institute of Technology (Sweden)

University of Gottingen (Germany)
Stanford University (United States)

Harvard University (United States)

Universidad de Cadiz (Spain)
United Nations (United States)
Universite Catholique de Louvain (Belgium)

University of Bonn (Germany)

University of British Columbia (Canada)

Yale University (United States)
Colombia Universidade Federal do Ceara (Brazil)

Fundacao Oswaldo Cruz (Brazil)

World Health Organization (Switzerland)

Universidade de Brasilia (Brazil)

3.89

Eastern Mediterranean University (Turkey)
Institut Catala de la Salut (Spain)

3.66
3.66
3.13
2.68

Universidad Nacional Autonoma de Mexico (Mexico)

Universidad Autonoma de Yucatan (Mexico)

RikrRrRPRIR|IRPR|R|R|R[RP[R[R[R|IN[NN[N

University of Wales Trinity Saint David (United Kingdom)

INRA Institut National de La Recherche Agronomique
(France)

[any

2.15

+
Table 8.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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N Publication
Country Institution (Country) uCc:untl FWCI

Texas A and M University (United States)
Yale University (United States)
Wageningen University & Research (Netherlands)

Arizona State University (United States)

University of Toronto (Canada)
Michigan State University (United States)

University of Georgia (United States)

University of Massachusetts Lowell (United States)

University of Oxford (United Kingdom) 2
University of Washington (United States) 2

Mexico World Health Organization (Switzerland) 2
University of Bergen (Norway) 2
University of Arizona (United States) 2 4.30
Bill and Melinda Gates Foundation (United States) 2 3.90
Colorado State University (United States) 2 3.46
Universidad Nacional de Colombia (Colombia) 2 3.40
Harvard University (United States) 2 3.36
Food and Agriculture Organization of the United Nations
(Italy) 2 3.23
North Carolina State University (United States) 2 3.08
University of Massachusetts (United States) 2 2.80

+
Table 8.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Country Institution (Country) Pulél(:c:‘a:tlon FWCI

Harvard University (United States) 8

Imperial College London (United Kingdom)
Stanford University (United States)

University of Oxford (United Kingdom)

Wageningen University & Research (Netherlands) 2.05

Monash University (Australia)

University of Oslo (Norway)
United Nations (United States)

World Health Organization (Switzerland)

Chiang Mai University (Thailand)

Brazil Lund University (Sweden)

Flinders University (Australia)

University of California at San Diego (United States)

University of East Anglia (United Kingdom)

Wlwlwlwlw|d|l|D|H|D>

University of Tennessee, Knoxville (United States)
London School of Hygiene and Tropical Medicine (United
Kingdom)

Virginia Polytechnic Institute and State University (United
States)

KU Leuven (Belgium) 3 0.53 ‘
Yunnan Agriculture University (China)
University of Wolverhampton (United Kingdom) 3 0.53

w
'
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+
Table 8.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)



8 DECENT WORK AND ECONOMIC GROWTH 219

Country Institution (Country) Puglcl,(l:la:tlon FWCI

Hong Kong Polytechnic University (Hong Kong)

National Institute for Environmental Studies of Japan (Japan)

University of Regina (Canada)

University of Hong Kong (Hong Kong)

City University of Hong Kong (Hong Kong)

Chinese University of Hong Kong (Hong Kong)

Wageningen University & Research (Netherlands)

Harvard University (United States)

University of Cambridge (United Kingdom)

Universita degli Studi di Napoli Parthenope (Italy)
China University of South Australia (Australia)

University of Tsukuba (Japan)

Arizona State University (United States)
Stanford University (United States)
University of Maryland (United States)

International Institute for Applied Systems Analysis,
Laxenburg (Austria)

National University of Singapore (Singapore)

University of Melbourne (Australia)

University of Macau (Macao)

Colorado State University (United States)

+
Table 8.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Country

United States

Publication

Institution (Country) Count FWCI
Chinese Academy of Sciences (China) 2.30
Peking University (China) 23 3.70
World Health Organization (Switzerland) 21

University of Cambridge (United Kingdom) 21 5.57
International Institute for Applied Systems Analysis,

Laxenburg (Austria) 19 >-34
Tsinghua University (China) 18 3.49
University of Oxford (United Kingdom) 17 6.48
University of British Columbia (Canada) 17 2.77
Institute of Geographical Sciences and Natural Resources 17 2 60
Research Chinese Academy of Sciences (China)

L9ndon School of Hygiene and Tropical Medicine (United 15 -
Kingdom)

Universidade de Sao Paulo (Brazil) 15 4.25
Zhejiang University (China) 15 1.70
Wageningen University & Research (Netherlands) 14 4.22
University of Toronto (Canada) 14 3.52
Beijing Normal University (China) 14 2.40
CAS - Shenyang Institute of Applied Ecology (China) 13 4.78
University of Oslo (Norway) 12 9.97
University College London (United Kingdom) 11 ‘
CNRS (France) 11 4.47
University of Stellenbosch (South Africa) 11 1.32

+

Table 8.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Country

Institution (Country)

United Kingdom

Harvard University (United States)

Wageningen University & Research (Netherlands)

Chinese Academy of Sciences (China)

Stanford University (United States)

Publication

FWCI

United Nations (United States)

World Health Organization (Switzerland)

University of Washington (United States)

CNRS (France)

Lund University (Sweden)

Ghent University (Belgium)

Institute of Geographical Sciences and Natural Resources 3 435
Research Chinese Academy of Sciences (China)

University of Toronto (Canada) 8 4.23
KU Leuven (Belgium) 8 3.32
Columbia University (United States) 7 -
Monash University (Australia) 7 7.65
University of New South Wales (Australia) 7 4.75
Australian National University (Australia) 7 2.79
Universitat Autonoma de Barcelona (Spain) 7 1.21
University of Oslo (Norway) 6

Macquarie University (Australia) 6 5.13

+

Table 8.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
Kingdom. (Source: Scopus)
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Country Institution (Country) Puzgt'a:tlon FWCI
Chinese Academy of Sciences (China) 1.89
Shandong University (China) 1.81
Imperial College London (United Kingdom) 9 7.25
Harvard University (United States) 8
World Health Organization (Switzerland) 8 8.01
Wageningen University & Research (Netherlands) 7 3.33
Texas A and M University (United States) 7 1.39
Stanford University (United States) 6
University of Oxford (United Kingdom) 6 9.15
United Nations (United States) 6 2.66

Australia Shandong Jianzhu University (China) 6 2.12
University of California at Davis (United States) 6 2.04
University of Otago (New Zealand) 6 1.57
University of Auckland (New Zealand) 6 1.15
Colorado State University (United States) 5 6.97
University of British Columbia (Canada) 5 4.25
CAS - Research Center for Eco-Environmental Sciences
(China) > 2.85
Hong Kong Polytechnic University (Hong Kong) 2.44
University of the Witwatersrand (South Africa) 5 2.16
Massey University (New Zealand) 5 1.91

+

Table 8.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Harvard University (United States)

King's College London (United Kingdom)

Technical University of Denmark (Denmark)

Stanford University (United States)

London School of Hygiene and Tropical Medicine (United
Kingdom)

United Nations (United States)

(2}

University of California at San Francisco (United States)

University of Oslo (Norway)

World Health Organization (Switzerland)

2.38
1.28

University of Pennsylvania (United States)

India
Wageningen University & Research (Netherlands)

National University of Singapore (Singapore)
Bill and Melinda Gates Foundation (United States)

Columbia University (United States)

Universidade de Sao Paulo (Brazil)

Wlwlwlw|dib|BI|B(HlWU

University of Oxford (United Kingdom)

Council for Scientific and Industrial Research South Africa
(South Africa)

University of Cambridge (United Kingdom) 3 4.82
University of Melbourne (Australia) 3 4.42
University of Stellenbosch (South Africa) 3 3.64

w

+
Table 8.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for India.

(Source: Scopus)
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8.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG8 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG8 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDGS8 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. As shown in Figure 8.8, the University of Bonn and the University of British Columbia sit at the upper part of the top
right quadrant, indicating that they've developed a highly mutually beneficial collaboration with Colombia. Other institutes,
such as Yale University, also locate in the same quadrant indicating the mutually beneficial collaboration in terms of citation
impact. Harvard University sits in the bottom right meaning the collaboration yields a citation advantage to Colombia but not
Harvard. The United Nations, the University of Gottingen, and the Royal Institute of Technology are all in the bottom left
quadrant indicating that the collaborations do not bring any citation advantage to either Colombia or these partners.

5.00 -+ '
1 University of Bonn
1 E Q
. /
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S
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g n:s Universite Catholique de Louvain —@
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[} 1
s 1
2 \
[}
£ : Yale University —G}
] 1
15 —_ .
% 3.00 - Easter:n Mediterranean University Universidade de Brasilia
= 1
S R
§ Universidad Autor:uoma de Yucatan Universidade Federal do Ceara
< . . Tl . - /'
- University of Wales I|n|ty Saint
5 -
‘C: : David Stanford University
S 2.00 A 1 / o ~
~ INRA Institut National de La World Health Organization o s
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0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Collaboration FWCI / COL international FWCI

Figure 8.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG8-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG8-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).
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8.6.3 Collaboration chart

Figure 8.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign institutional
partners on SDG8. While the sections above elaborate on the most productive and impactful partnerships that Colombia is
engaged in, Figure 8.9 shows where there may be potential to improve output and impact through partnership. Colombia
publishes only 1-4 SDG8 publications with its top 20 partners. Among Colombia’s top 20 partners, the United Nations and
Harvard produce the highest number of SDG8 publications with 84 and 77 SDG8 publications, respectively. Harvard
University, Stanford University and the World Health Organization have the highest FWCI for SDG8 research among

Colombia's top 20 partners (at 4.57, 4.44, and 4.31 respectively). Colombia may want to leverage its existing relationships
with these institutes to increase its publication output and impact in SDG8 research.
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Figure 8.9— Chart showing Colombia’s top 20 collaborators on SDG8 from 2007-2016. Circle (node) size is
proportional to the number of SDG8 publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with

Colombia, respectively, with darkest shade of green indicating the highest FWCI (4.57) and lightest shade of green
indicating the lowest FWCI (0.80). (Source: Scopus).
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In this Chapter, we assess research related to SDG9, which aims to build resilient
infrastructure, promote sustainable industrialization, and foster innovation. Statistics
are provided for the top 5 countries publishing research in this field along with
Colombia, Mexico, and Brazil.
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9.1 Key Findings

Goal 9: Build resilient infrastructure,

promote sustainable industrialization and
foster innovation

WORLD RESEARCH OUTPUT

74,897

Number of SDG9 publications, 2007-2016.

SDGY PATENTS

1,103

Number of SDG9 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT

274

Colombia's SDG9 publications, 2007-2016.

COLOMBIA RESEARCH OUTPUT CAGR

22%

Compound annual growth rate for Colombia's 2007-2016
SDG9 publications.

COLOMBIA TOP TEN PERCENTILE FOR CITATION

28

Colombia's SDG9 publications within the top ten percentile
for citations, 2007-2016.

COLOMBIA FIELD WEIGHTED CITATION IMPACT

1.01

Average field-weighted citation impact for Colombia's SDG9
publications, 2007-2016.
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9.2 SDG9 - Build resilient
infrastructure, promote sustainable
industrialization and foster
innovation

According to the United Nations,
“Investments in infrastructure - transport, irrigation, energy and information and communication
technology - are crucial to achieving sustainable development and empowering communities in many
countries. It has long been recognized that growth in productivity and incomes, and improvements in health
and education outcomes require investment in infrastructure.
Inclusive and sustainable industrial development is the primary source of income generation, allows for
rapid and sustained increases in living standards for all people, and provides the technological solutions to
environmentally sound industrialization.
Technological progress is the foundation of efforts to achieve environmental objectives, such as increased
resource and energy-efficiency. Without technology and innovation, industrialization will not happen, and
without industrialization, development will not happen.”*

The targets for SDG9, according to the United Nations are:

e “Develop quality, reliable, sustainable and resilient infrastructure, including regional and transborder
infrastructure, to support economic development and human well-being, with a focus on affordable and
equitable access for all.

e Promote inclusive and sustainable industrialization and, by 2030, significantly raise industry’s share of
employment and gross domestic product, in line with national circumstances, and double its share in
least developed countries.

® Increase the access of small-scale industrial and other enterprises, in particular in developing countries,
to financial services, including affordable credit, and their integration into value chains and markets.

e By 2030, upgrade infrastructure and retrofit industries to make them sustainable, with increased
resource-use efficiency and greater adoption of clean and environmentally sound technologies and
industrial processes, with all countries taking action in accordance with their respective capabilities.

e Enhance scientific research, upgrade the technological capabilities of industrial sectors in all countries,
in particular developing countries, including, by 2030, encouraging innovation and substantially
increasing the number of research and development workers per 1 million people and public and private
research and development spending.

e Facilitate sustainable and resilient infrastructure development in developing countries through
enhanced financial, technological and technical support to African countries, least developed countries,
landlocked developing countries and small island developing States 18.

e Support domestic technology development, research and innovation in developing countries, including
by ensuring a conducive policy environment for, inter alia, industrial diversification and value addition to
commodities.

e Significantly increase access to information and communications technology and strive to provide
universal and affordable access to the Internet in least developed countries by 2020."*

" http://www.un.org/sustainabledevelopment/infrastructure-industrialization /
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Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG9 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal"in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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0.3 SDG9: Leaders in the field

9.3.1 Top 5 countries conducting SDG1 research

The top 5 countries publishing on SDG 9 based on cumulative publication output from 2007-2016 is indicated by Table 9.1
and Figure 9.1. The United States ranks 1%t in Publication Count, Percentage of Global Output, and Citation Count, followed
by China, the United Kingdom, Germany, and Australia. The United Kingdom ranks 1%t in FWCI with 1.69, which is higher than
the world average. All other countries’ FWCI exceed the average as well except for China.

Publication Percentage of Citation

Country count Global Output Count Fwel
+ United States 182,798
Table9.1— Top 5 China 56,167
countries based on United Kingdom 6,238 8.33% 88,104
publication output from Germany 4,101 5.48% 49,736 1.57
2007-2016. (Source: Australia 3,963 5.29% 51,593 1.57
Scopus) World 74,897 100.00% 273,408 1.13
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Figure 9.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG9 research. (Source: Scopus)
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9.3.2 Top 20 institutes conducting SDG9 research

A list of the top 20 research institutes publishing SDG9-related research is shown in Table 9.2. The Chinese Academy of
Sciences ranks 1% according to Publication Count and Citation Count followed by Wageningen University & Research, and the
CNRS. The University of California at Berkeley sits in 1 place in terms of FWCI with an FWCI of 2.81, much higher than the
world average. Wageningen University & Research also has an FWCI nearly 2.5 times higher than the world average. All top
20 institutes except for Universidade de Sao Paulo have an FWCI above the global average. The trends in publication output
from 2007-2016 are shown in Figure 9.2. (Note that the figure is limited to the top 8 institutes to facilitate visualization. To
see the trends for all 20 institutes, please refer to accompanying data files.)

Publication Citation

Rank Institution (Country) count Count FWCI
1 Chinese Academy of Sciences (China) 1.28
2 Wageningen University & Research (Netherlands)
3 CNRS (France) 397 6,257 2.06
4 Delft University of Technology (Netherlands) 387 5,876 1.74
5 Tsinghua University (China) 355 5,189 1.47
6 Universiti Teknologi Malaysia (Malaysia) 339 2,283 1.40
7 Arizona State University (United States) 324 4,705 1.97
8 University of Queensland (Australia) 322 6,320 1.90
9 Universidade de Sao Paulo (Brazil) 322 2,148
10 Politecnico di Milano (Italy) 315 2,828 2.01
11 CSIRO (Australia) 304 7,300 236
12 U.S. Department of Agriculture (United States) 297 5,308 1.65
13 Hong Kong Polytechnic University (Hong Kong) 296 5,106 2.13
14 Ministry of Education China (China) 287 4,033 1.07
15 ETH Zurich (Switzerland) 287 5,346 2.20
16 Royal Institute of Technology (Sweden) 275 2,464 1.58
17 CNR (ltaly) 272 3,783 1.67
18 University of California at Berkeley (United States) 266 8,077
19 Georgia Institute of Technology (United States) 259 3,956 2.27
20 University of British Columbia (Canada) 258 5,599 1.97

+
Table 9.2— Top 20 research Institutes ranked based on SDG9 publication output and FWCI from 2007-2016. (Source:

Scopus)
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Figure 9.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG9. (Source:
Scopus)
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9.3.3 Top 20 researchers conducting SDG9 research

A list of the top 20 researchers publishing in the SDG9 field based on publication output from 2007-2016 is shown in Table
9.3. Taisch M. ranks 1%t in Publication Count followed by Haapala K. and Vinodh S.
Sarkis J., Yang Z., and Chen B. are the top 3 researchers based on h-index, with an h-index of 62, 50, and 46, respectively.

Pub Citation

Rank Researcher Institution (Country) count Count FWCI  h-index

Taisch M. Politecnico di Milano (lItaly) 408 2.16 15

2 Haapala K. Oregon State University (United States) 277 1.74 12

3 Vinodhs. ?ifzifh”if;L’;S::;L‘(TE;‘;)TeCh“O'c’gy 439 134 22

4 Dornfeld D. UC Berkeley (United States) 993 37

5 Sarkis J. \Slll;)trecse)ster Polytechnic Institute (United 37

6 Zuo J. Shenzhen University (China) 37 516 1.76 23

7 Geng. Shanghai Jiaotong University (China) 36 859 2.53 -

8 Blevis E. Indiana University (United States) 33 640 2.61 15

9 Germani M. Universita Politecnica delle Marche (lItaly) 33 111 1.41 12

0 e, et eeedton [y an v

11  ChenB. Beijing Normal University (China) 31 721 2.24

12 Brent A. Universiteit Stellenbosch (South Africa) 29 0.68

13 Govindan K. Syddansk Universitet (Denmark) 28 7.18

14 Seliger G. Technische Universitat Berlin (Germany) 28

15 El-Halwagi M. Texas A and M University (United States) 28 1.75

16 Umeda. University of Tokyo (Japan) 28 0.84

17 YANG Z. Beijing Normal University (China) 27

8 s peeesSoun Vs UN)

19 Sutherland J. Purdue University (United States) 26

20 Jawahir I. University of Kentucky (United States) 26

Table 9.3— Top 20 researchers publishing SDG9 related research ranked based on 2007-2016 publication output and
their FWCI. FWClI is based on SDG9 publications, h-index is based on all publications by the researcher that are indexed
in the Scopus database. (Source: Scopus)
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9.3.4 Top 10 journals publishing SDG9 research

A list of the top 10 journals publishing SDG9-related research from 2007-2016 is shown in Table 9.4. Advanced Materials
Research published the most SDG 9 publications (1386) followed by Journal of Cleaner Production, and Sustainability. All top
10 journals have published more than 300 publications. Journal of Cleaner Production ranks 1t according to FWCI followed
by Procedia Engineering and Renewable and Sustainable Energy Reviews in the 2™ and 3™ place, respectively. As for
CiteScore, Renewable and Sustainable Energy Reviews sits in the 1% place with 7.66 followed by Journal of Cleaner
Production of 3.70.

Publication

Rank Journal count FWCI CiteScore
1 Advanced Materials Research
2 Journal of Cleaner Production
3 Sustainability
4  Applied Mechanics and Materials
5 Lecture Notes in Computer Science
6 Renewable and Sustainable Energy Reviews
Proceedings of the 28th International Business Information
7 Management Association Conference - Vision 2020:

Innovation Management, Development Sustainability, and
Competitive Economic Growth

Procedia Engineering

WIT Transactions on Ecology and the Environment

Proceedings of the 27th International Business Information
Management Association Conference - Innovation

10 Management and Education Excellence Vision 2020: From
Regional Development Sustainability to Global Economic
Growth, IBIMA 2016

+
Table 9.4— Top 10 journals based on SDG9 publication output from 2007-2016. FWCI is mean FWCI for any SDG9
publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source: Scopus)
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9.4 Research efforts focused on
SDG9

9.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
9.3, the United States leads in terms of research output related to SDG9. China follows with 4,000 fewer publications. Among
comparators, Colombia has the lowest output in this field, just below Mexico. However, as shown in Table 9.5, Colombia has
the highest Compound Annual Growth Rate (CAGR) of 22.00% in this field of research. Brazil, Mexico and China also see
marked increases in publication output with a CAGR above 14%.
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Figure 9.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries for
the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count
United States 9.60%
China 14.50%
United Kingdom 6,238 10.70%
Germany 4,101 12.30%
Australia 3,963 9.90% +
Colombia 274 Table 9.5— Number of publications per country and the Compound
Mexico 564 Annual Growth Rate (CAGR) for publication output during the period
Brazil 1,998 2007-2016. (Source: Scopus)

World 74,897 10.20%
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9.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDGI related research from 2006-2017 is 1.13.

Comparing the FWCI of publications from each of the eight countries included in this

Country FWCI :
United Stat chapter reveals the impact of research from each country (Table 9.6). Most notably,
n_l ed states the United Kingdom achieves the highest FWCI among comparator countries.
China Germany, Australia, and the United States follow with an FWCI approximately 50%
United Kingdom higher than the world average.
Germany
Australia
Colombia 1.01 +
Mexico 116 Table 9.6 — FWCI for SDG9 research from 2007-2016 per country and world.
] . FWCI values below the world average for all research (i.e. below 1.0) are highlighted
in green. (Source: Scopus)
World 1.13

9.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘'most influential’ papers. As shown in Figure 9.4 and Table 9.7, the United States leads in terms
of publications that are among the top 10% most cited. The United Kingdom and China, then Germany and Australia follow in
that order. Colombia had a very small number of publications among the top 10% most cited during this time period. According
to Table 9.7, Brazil and China are the top 2 countries by CAGR at around 30%, while Colombia and Mexico have a CAGR for
top 10% publications near 20%.
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Figure 9.4— Top 10% most cited publications on SDG9 from 2007-2016 per country. CAGR shown at top of each bar.
(Source: Scopus)
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Country Count c.vf Tc.)p 10% CAGR +
Publications Table 9.7— Top 10% most highly cited publications and
United States 13.51% their Compound Annual Growth Rate (CAGR) for each
China 825 country’'s SDG9 publications from 2007-2016. (Source:
United Kingdom 1,231 13.23% Scopus)
Germany 752 17.14%
Australia 722 11.55%
Colombia 28 19.58%
Mexico 65 18.19%
Brazil 176
World 9,583 16.53%

9.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 9.8
provides the count of SDG9 publications from each country that have been cited in patents and the number of patents that
have cited these publications. The findings show that patent citation count is related to publication count in that the leaders in
publication output have the highest patent citation count.
The United States leads with 136 publications cited in 486

Patent Cited Patents Citing
Country

Publications Publications
United States 136 486 patents. China, the United Kingdom, Germany, and Australia
. have comparable counts of patent cited publications.
China L9 22l Colombia has 2 patent cited publications and 2 patents
United Kingdom 35 76 citing publications.
Germany 34 68
Australia 23 42 +
Colombia 2 2 Table 9.8 — Number of publications cited in USPTO, WIPO,
Mexico 2 16 or EPO patents and number of USPTO, WIPO, or EPO
Brazil 3 11 patents citing publications on SDG9 from 2007 to 2016.
(Source: Scopus and LexisNexis)
World 443 1,261

9.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG9. To identify
patents relevant to SDG9, we retrieved all the patents citing any SDG9-related publication. Patents retrieved were limited to
those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States had 171 patent
applications and 510 patents granted in this field, leading in this indicator. Germany follows with one seventh the number of

patents. Colombia either has no grant Patents Patents % of World
and/or no patents granted in this field Country . Total
: applied for Granted Total
Note that ChlnaI an(lj Australia rfr;ay have United States 171 510 681 61.74%
tents i tent i t
Pa ents '|n a' oca ?a ent office no China 17 5 99 1.99%
included in this analysis.
United Kingdom 22 21 43 3.90%
+ Germany 58 30 88 7.98%
Table 9.9 — Number of patents Australia 9 8 17 1.54%
applied for and granted during the Colombia - - - 0.00%
period 2006-2016. (Source: Lexis- Mexico 1 1 2 0.18%
Nexis) Brazil 2 - 2 0.18%

World 465 638 1,103
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9.4.6 Research Focus

Within the topic of SDG9-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences in research focus in SDG9-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’'s SDG9 research is shown in Figure 9.5. More details on the methods employed for key
phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG9 research from Colombia, the term that stands out as unique to Colombia is ‘Cement
Industry’, ‘Scheduling’, and ‘Growth (Materials). Among the top 50 key phrases the terms ‘Innovation’, ‘Environmental
Management’, ‘Supply Chain Management’, ‘Construction Industry’, ‘Technology’, ‘Construction Industry’, and ‘Supply Chains’
were common among the countries analyzed. The term ‘Industrial Management’ stand out as unique to the Latin American
countries. Figure 9.5 provides a visualization of the top 50 key phrases for SDG9 research from each country. The
accompanying data files provide a list of the key phrases as well as the relevance score for each key phrase.
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9.5 The reach of Colombia’'s SDG9
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

9.5.1 Downloads

As shown in the Figure 9.6, the mean count of downloads per ScienceDirect publication fluctuates considerably from 2007-
2011 and then converges to a similar trend for all countries. The fluctuations likely stem from the fact that most data points
were based on less than 100 SD publications per year from 2007-2011. It should be noted that for Colombia and Mexico, the
results shown are based on very small counts of SD articles and should be interpreted with caution.
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Figure 9.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most prolific
countries from 2007-2016. (Source: ScienceDirect)
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9.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. Interestingly, Australia has the highest
mean FWDI for the period of 2007-2016 (Figure 9.7). However, given the very low count of SD publications from Colombia,
and Mexico (i.e. less than 100 SD publications for the full period) interpretation of this metric should focus on the other
countries only.

2.0
1.8
1.4 -.| |
5 _—
= 10 ! 4
= | |
06 | |
0.4 ‘ ‘
0.2 | I
0.0 |
United States China United Germany Australia Colombia Mexico Brazil
Kingdom
+

Figure 9.7— Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. (Source:
ScienceDirect)
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9.6 SDG9 collaboration network

9.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG9-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 9.10-9.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG9 publications with. Among top partner institutes, Colombia published the most SDG9 papers in collaboration with
Wageningen University & Research (5 publications from 2007-2016) with an FWCI more than 3 times higher than the overall
average (Table 9.10). Universitat Autonoa de Barcelona and the University of Leeds also produce 5 collaborative publications
with Colombia. Universitat Rovira i Virgili, the United Nations, and Universitat Politecnica de Catalunya each co-authored 4
collaborative publications with Colombia. The FWCI of those collaborative publications ranges, with 17 of the 20 top
collaborations having an FWCI above the global average.

Publication
Country Institution (Country) uz:;ar:tlo Fwcl

Wageningen University & Research (Netherlands)

Universitat Autonoma de Barcelona (Spain)

University of Leeds (United Kingdom)

Universitat Rovira i Virgili (Spain)
United Nations (United States)

Universitat Politecnica de Catalunya (Spain)

Imperial College London (United Kingdom)

Purdue University (United States)

Royal Institute of Technology (Sweden)

Instituto Tecnologico de Estudios Superiores de Monterrey
(Mexico)

Colombia
lowa State University (United States)

International Food Policy Research Institute (United States)

International Crops Research Institute for the Semi-Arid
Tropics (India)

World Bank (United States)

University of Wisconsin (United States)

Rhodes University (South Africa)

Centro Internacional de la Papa (Peru)
Texas A and M University (United States)
Universidad Central de Las Villas (Cuba)

IRTA - Institute of Agrifood Research and Technology (Spain)

+
Table 9.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) Pulél(:c:‘a:tlon FWCI

Texas A and M University (United States)

Wageningen University & Research (Netherlands)

King Abdulaziz University (Saudi Arabia)

Universitat Politecnica de Catalunya (Spain)

Griffith University Queensland (Australia)

New Mexico State University (United States)

SUNY Albany (United States)
University of California at Santa Barbara (United States)

CNRS (France) 8
INRA Institut National de La Recherche Agronomique 3
(France)
U.S. Department of Agriculture (United States) 8 1.08
CSIC (Spain) 7 2.03
Mexico Clark University (United States) 6
University of California at San Diego (United States) 6
University of Vermont (United States) 6 2.26
University of California at Berkeley (United States) 6 1.24
CSIRO (Australia) 5
ETH Zurich (Switzerland) 5 2.33
Arizona State University (United States) 5 2.15
Technical University of Denmark (Denmark) 5 1.77
5
4
4

+
Table 9.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Publication
Count

FWCI

Country Institution (Country)
INRA Institut National de La Recherche Agronomique
(France)
CIRAD (France)
University of Oxford (United Kingdom)
University of Florida (United States)
Wageningen University & Research (Netherlands)
CNRS (France)
CSIRO (Australia)
U.S. Department of Agriculture (United States)
Universidade do Porto (Portugal)

Brazil Ericsson Sweden (Sweden)

Woods Hole Oceanographic Institution (United States)

Technische Universitat Berlin (Germany)

Yale University (United States)

University of British Columbia (Canada)

Harvard University (United States)

ETH Zurich (Switzerland)

University of East Anglia (United Kingdom)

IRD (France)

Chalmers University of Technology (Sweden)

Texas A and M University (United States)

DD OO OO || |0 | N|IN|N|w|WL|WL |

+

Table 9.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Country

United States

Publication

Institution (Country) Count FWCI
Chinese Academy of Sciences (China) 105 2.73
Wageningen University & Research (Netherlands) 50 ‘
University of British Columbia (Canada) 49 2.53
ETH Zurich (Switzerland) 45 3.15
University of Toronto (Canada) 45 1.69
University of Cambridge (United Kingdom) 40
University of Queensland (Australia) 40 3.51
Tsinghua University (China) 39 2.73
CNRS (France) 36 3.01
CSIRO (Australia) 36 2.76
McGill University (Canada) 34 3.06
Universidade de Sao Paulo (Brazil) 32 2.41
Zhejiang University (China) 32 1.59
University of Oxford (United Kingdom) 31 2.97
National University of Singapore (Singapore) 31 2.46
Hong Kong Polytechnic University (Hong Kong) 30

University of Waterloo (Canada) 29 ‘
Beijing Normal University (China) 29 3.24
Ministry of Education China (China) 28 1.17
Imperial College London (United Kingdom) 27 -

+

Table 9.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Hong Kong Polytechnic University (Hong Kong) M
City University of Hong Kong (Hong Kong) 56 1.42
University of Hong Kong (Hong Kong) 41 1.67
Georgia Institute of Technology (United States) 29
National Institute for Environmental Studies of Japan (Japan) 29 ‘
Nanyang Technological University (Singapore) 26 2.39
University of South Australia (Australia) 26 1.70
Wageningen University & Research (Netherlands) 25 1.59
National University of Singapore (Singapore) 24 -I
University of Adelaide (Australia) 24 1.81

China Arizona State University (United States) 24 1.42
University of Michigan (United States) 23 2.61
CSIRO (Australia) 22 1.99
University of Nebraska (United States) 21
University of Nottingham (United Kingdom) 21
Colorado State University (United States) 20
Hong Kong University of Science and Technology (Hong Kong) 19
University of Cambridge (United Kingdom) 17 2.29
International Institute for Applied Systems Analysis,

Laxenburg (Austria) 17 1.74
Chinese University of Hong Kong (Hong Kong) 17 1.39

+
Table 9.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Country

United Kingdom

Publication

Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 3.29
CNRS (France) 40 4.44
Delft University of Technology (Netherlands) 33 2.34
University of Queensland (Australia) 29 3.42
European Commission Joint Research Centre Institute

(Belgium) 28 2.32
Harvard University (United States) 27 7.19
I(l;lgé]g;tltut National de La Recherche Agronomique 27 458
University of British Columbia (Canada) 26 3.63
CSIRO (Australia) 24 3.75
Ghent University (Belgium) 24 3.09
CSIC (Spain) 24 2.77
University of Sydney (Australia) 24 2.51
Technical University of Denmark (Denmark) 23 3.44
ETH Zurich (Switzerland) 23 3.37
CNR (ltaly) 23 3.29
University of Copenhagen (Denmark) 23 2.70
Universite Paris Saclay (France) 22 5.13
KU Leuven (Belgium) 22 3.05
Politecnico di Milano (ltaly) 22 2.93
Chinese Academy of Sciences (China) 20 3.06

+

Table 9.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
Kingdom. (Source: Scopus)
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Country Institution (Country) PuZI(i’tl:la:tion FWCI
Wageningen University & Research (Netherlands) 3.03
ETH Zurich (Switzerland) 3.11
CNRS (France) 3.97
CNR (Italy) 2.57
:E;;(;ri)j;r; Commission Joint Research Centre Institute 75 224
Delft University of Technology (Netherlands) 25 2.09
Technical University of Denmark (Denmark) 24
Politecnico di Milano (ltaly) 22 2.71
Royal Institute of Technology (Sweden) 22 2.30
CEA (France) 22 2.26

Germany INRA Institut National de La Recherche Agronomique 27 -
(France)

Ghent University (Belgium) 21 3.25
Universite Paris Saclay (France) 21 2.27
Chinese Academy of Sciences (China) 20 2.66
University of New South Wales (Australia) 19

University of Manchester (United Kingdom) 19

University of Copenhagen (Denmark) 18

Lund University (Sweden) 18 4.49
Utrecht University (Netherlands) 18 4.38
Ecole Polytechnique Federale de Lausanne (EPFL)

(Switzerland) 18 1.92

+

Table 9.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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Country Institution (Country) Puglcl,(l:la:tlon FWCI

Wageningen University & Research (Netherlands)

Chinese Academy of Sciences (China)

Hong Kong Polytechnic University (Hong Kong)

National University of Singapore (Singapore)
CNRS (France)
University of Auckland (New Zealand)

U.S. Department of Agriculture (United States)

North China Electric Power University (China)

University of Cambridge (United Kingdom)

University of Hong Kong (Hong Kong)
Australia University College London (United Kingdom)

Imperial College London (United Kingdom)
ETH Zurich (Switzerland)
University of Washington (United States)

Chongging University (China) 13 1.74
Shandong University (China) 12 1.85
Delft University of Technology (Netherlands) 12 1.38
Universiti Tun Hussein Onn Malaysia (Malaysia) 12
University of Oxford (United Kingdom) 11
Instituto Tecnologico de Estudios Superiores de Monterrey

. 11 3.21
(Mexico)

+

Table 9.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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9.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG9 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG9 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG9 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. As shown in Figure 9.8, the World Bank sits at the far upper top right indicating that they've developed a mutually
beneficial collaboration with Colombia. Other institutes, such as the International Food Policy Research Institute, are also in
the same quadrant and therefore result in mutually beneficial collaborations in terms of citation impact. Imperial College
London sits in the bottom right quadrant, meaning that the collaboration yields a citation advantage to Colombia but not to the
partner. lowa State University and Purdue University are both in the bottom left quadrant indicating that these collaborations
do not yield any citation advantage to Colombia or either partner.
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Figure 9.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG9-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG9-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).
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9.6.3 Collaboration chart

Figure 9.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign
institutional partners on SDG9. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 9.9 shows where there may be potential to improve output and impact through partnership.
Currently, Colombia produces the most co-authored papers with Wageningen University & Research, which produces the
highest number of publications (among Colombia's top 20 partners) with 502 SDG9 publications. Royal Institute of
Technology is the second most prolific among Colombia's top 20 foreign partner institutes, with 275 publications, 3 of which
are co-authored with Colombia. Among Colombia'’s top 20 partners, Universitat Rovira i Virgili has the highest FWCI for
SDG9 research. Colombia may want to leverage its existing relationships with these institutes to increase its publication
output and impact in SDG9 research.
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Purdue University
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Figure 9.9— Chart showing Colombia’s top 20 collaborators on SDG9 from 2007-2016. Circle (node) size is
proportional to the number of SDG9 publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (2.79) and lightest shade of green
indicating the lowest FWCI (0.85). (Source: Scopus).



In this Chapter, we assess research related to SDG10, which aims to reduce inequality
within and among countries. Statistics are provided for the top 5 countries publishing
research in this field along with Colombia, Mexico, and Brazil.
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10.1 Key Findings

Goal 10: Reduce inequality within and

among countries

WORLD RESEARCH OUTPUT SDG10 PATENTS
Number of SDG10 publications, 2007-2016. Number of SDG10 patents, 2007-2016.
COLOMBIA RESEARCH OUTPUT WORLD RESEARCH OUTPUT CAGR
Colombia's SDG10 publications, 2007-2016. Compound annual growth rate for all 2007-2016 SDG10
publications.
COLOMBIA TOP TEN PERCENTILE FOR CITATION COLOMBIA FIELD WEIGHTED CITATION IMPACT
[ |
Colombia's SDG10 publications within the top ten percentile Average field-weighted citation impact for Colombia's

for citations, 2007-2016. SDG10 publications, 2007-2016.
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10.2 SDG10 - Reduce inequality
within and among countries

According to the United Nations,
"“The international community has made significant strides towards lifting people out of poverty. The most
vulnerable nations - the least developed countries, the landlocked developing countries and the small island
developing states - continue to make inroads into poverty reduction. However, inequality still persists and
large disparities remain in access to health and education services and other assets.
Ad(ditionally, while income inequality between countries may have been reduced, inequality within countries
has risen. There is growing consensus that economic growth is not sufficient to reduce poverty if it is not
inclusive and if it does not involve the three dimensions of sustainable development - economic, social and
environmental.
To reduce inequality, policies should be universal in principle paying attention to the needs of
disadvantaged and marginalized populations."*°

The targets for SDG10, according to the United Nations are:

e “By 2030, progressively achieve and sustain income growth of the bottom 4.0 per cent of the population
at a rate higher than the national average.

e By 2030, empower and promote the social, economic and political inclusion of all, irrespective of age,
sex, disability, race, ethnicity, origin, religion or economic or other status.

e Ensure equal opportunity and reduce inequalities of outcome, including by eliminating discriminatory
laws, policies and practices and promoting appropriate legislation, policies and action in this regard.

e Adopt policies, especially fiscal, wage and social protection policies, and progressively achieve greater
equality.

e Improve the regulation and monitoring of global financial markets and institutions and strengthen the
implementation of such regulations.

e Ensure enhanced representation and voice for developing countries in decision-making in global
international economic and financial institutions in order to deliver more effective, credible, accountable
and legitimate institutions.

e Facilitate orderly, safe, regular and responsible migration and mobility of people, including through the
implementation of planned and well-managed migration policies.

o Implement the principle of special and differential treatment for developing countries, in particular least
developed countries, in accordance with World Trade Organization agreements.

e Encourage official development assistance and financial flows, including foreign direct investment, to
States where the need is greatest, in particular least developed countries, African countries, small island
developing States and landlocked developing countries, in accordance with their national plans and
programmes.

e By 2030, reduce to less than 3 per cent the transaction costs of migrant remittances and eliminate
remittance corridors with costs higher than 5 per cent.”®

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG10 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal" in
a query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms
and subject limitations imposed on the query, can be found in Appendix B.

http:/fwww.un.org/sustainabledevelopment/inequality/
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The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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10.3 SDG10: Leaders in the field

10.3.1 Top 5 countries conducting SDG10 research

The top 5 countries publishing on SDG 10 based on cumulative publication output from 2007-2016 is indicated by Table 10.1
and Figure 10.1. The United States ranks 1% in Publication Count, Percentage of Global Output, and Citation Count. China
and the United Kingdom follow with approximately 800 fewer publications than the United States. The United Kingdom ranks
13t according to FWCI with an FWCI of 1.85, which is much higher than the world average. All other countries’ FWCI exceed
the world average as well.

Publicati P f itati
country ublication ercentage o) Citation FWCl
count Global Output Count
+ United States 1,917 19.44% 30,060 1.63
Table 10.1—Top 5 China 1,117 11.33% 10,448 1.15
countries based on United Kingdom 1,069 10.84%
publication output from Australia 562 5.70% 12,212 1.75
2007-2016. (Source: Canada 455 4.61% 7,774 | 180 |
Scopus) World 9,860 100.00% 40,660 1.13
350
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Figure 10.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG10 research. (Source:
Scopus)
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10.3.2 Top 20 institutes conducting SDG10 research

A list of the top 20 research institutes publishing SDG10-related research is shown in Table 10.2. The Chinese Academy of
Sciences ranks 1% in Publication Count followed by Wageningen University & Research, and the CNRS. The University of
Oxford sits in 1 place according to Citation Count with 2,494 citations and 1% according to FWCI with an FWCI of 3.49.
University College London also has a high FWCI that is more than 2.5 times higher than the average. The FWCI of all top 20
institutes is above the global average for SDG10 research. The trends in publication output from 2007-2016 are shown in
Figure 10.2. (Note that the figure is limited to the top 8 institutes to facilitate visualization. To see the trends for all 20
institutes, please refer to accompanying data files.)

Publication Citation

Rank Institution (Country) count Count FWCI
1 Chinese Academy of Sciences (China) 2,169 1.22
2 Wageningen University & Research (Netherlands) 82 1,507 2.58
3 CNRS (France) 72 1,484 1.71
4  University of British Columbia (Canada) 66 1,326 2.31
5 U.S. Department of Agriculture (United States) 59 1,601 1.96
6 Universidade de Sao Paulo (Brazil) 59 869 1.82
7 University College London (United Kingdom) 56 _
8 University of Toronto (Canada) 54 1,243 2.34
9 I(l;lgél(lzz;tltut National de La Recherche Agronomique 53 1238 1.89
10 University of Oxford (United Kingdom) 50
11 University of Queensland (Australia) 48 571 1.52
12 Tsinghua University (China) 48 650 1.69
13 World Health Organization (Switzerland) 48 800 3.15
14  CSIC (Spain) 46 865 1.64
15 Zhejiang University (China) 45 627 1.64
16 University of Melbourne (Australia) 44 1,543 2.66
17 London School of Economics (United Kingdom) 44 597 1.67
18 University of Cambridge (United Kingdom) 44 762 2.27
19 University of Leeds (United Kingdom) 44 512 1.60

20 University of Sydney (Australia) 43 1,129 -

Table 10.2— Top 20 research Institutes ranked based on SDG1 0 publication output and FWCI from 2007-2016.
(Source: Scopus)

+



10 REDUCED INEQUALITIES 259

45 - .
= Chinese Academy of Sciences
a0 Wageningen University & Research
CNRS /
35 | === University of British Columbia
= |].S. Department of Agriculture /
w 30 T ==Universidade de Sao Paulo
.5 == niversity College London /
B 25 T === University of Toronto
=)
g 20 / \\__/
-3 /
5 15
a
E 10 /
S — e
z
5 -
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 10.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG10. (Source:
Scopus)
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10.3.3 Top 20 researchers conducting SDG10 research

Alist of the top 20 researchers publishing in the SDG10 field based on publication output from 2007-2016 is shown in Table
10.3. Geng Y. ranks 1% in Publication Count followed by Hanlon P. and Salvati L

Bhutta Z., Zhang F., and Oenema O. are the top 3 researchers in terms of h-index, with an h-index of of 87, 72, and 49,
respectively.

Rank Researcher Institution (Country) Pub Citation FWCI  h-index
count Count
Geng. Shanghai Jiaotong University (China) 143 1.93 41
2 Hanlon P. University of Glasgow (United Kingdom) 114 1.00 18
. Council for Agricultural Research and
Ivati L. 7 1.37 27
3 salvati Economics (CREA) (Italy) - > 3
4 Zhang F. China Agricultural University (China) 7 179 1.79 -
Huang B. Chinese Academy of Sciences (China) 7 138 1.47 17
. . University of South Florida Tampa
Mihelcic J. 21 1.1 2
6 thelcicJ (United States) / 0 > 6
7 Liu L. University of Central Missouri (United 7 86 115 8
States)
8 Friel S. Australian National University (Australia) 6 1,008 32
COMSATS Institute of Information
9 Shahbaz M. Technology Lahore (Pakistan) 6 114 4.92 27
10 Jorgenson A. Boston College (United States) 6 136 3.33 26
11 van lttersum M. Wageningen University and Research 6 210 390 35
Centre (Netherlands)
Institute of Development Studies (IDS),
12 Devereux S. University of Sussex (United Kingdom) 6 >0 2:49 16
- itv of - -
13 Dasgupta P. U'nlver5|ty of Cambridge (United 6 111 5 45 31
Kingdom)
Wageningen University and Research
14 Oenema O. Centre (Netherlands) 6 50 2.30 49
15 Zuo J. Shenzhen University (China) 6 73 1.73 23
16 Duro J. Universitat Rovira i Virgili (Spain) 6 55 1.30 11
17 Pokrovskaia N. Salnt'Petersburg.State University 6 ) 1.07 1
(Russian Federation)
Shenyang Institute of Applied Ecology
1 Xue B. 4
8 ue Chinese Academy of Sciences (China) 6 3
19 Streimikiene D. Lithuanian Energy Institute (Lithuania) 6 46
20 Bhutta 7. Hospital for Sick Children University of 5 148
Toronto (Canada)
+

Table 10.3— Top 20 researchers publishing SDG10 related research ranked based on 2007-2016 publication output
and their FWCI. FWCl is based on SDG10 publications, h-index is based on all publications by the researcher that are
indexed in the Scopus database. Source: Scopus)
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10.3.4 Top 10 journals publishing SDG10 research

A list of the top 10 journals publishing SDG10-related research from 2007-2016 is shown in Table 10.4. Sustainability
published the most SDG 10 publications (123) followed by Renewable and Sustainable Energy Reviews, Journal of Cleaner
Production, and other journals with more than thirty publications. All top 10 journals have more than 30 publications in the
field. Journal of Cleaner Production ranks 1% in FWCI followed by Ecological Economics and Land Use Policy in the 2™ and 3™
place, respectively. As for CiteScore, Renewable and Sustainable Energy Reviews sits in the 1% place with a CiteScore of
7.66 followed by PLoS ONE with a CiteScore of4.29 and Journal of Cleaner Production with a CiteScore of 3.70.

Rank Journal Publication FWCI CiteScore
count
1 Sustainability
2 Renewable and Sustainable Energy Reviews
3 Journal of Cleaner Production
4 Acta Ecologica Sinica
5 Energy Policy 74 1.43 3.52
6 PLoS ONE 68 1.34 4.29
7 Ecological Economics 65
8 WIT Transactions on Ecology and the Environment 57
9 Mediterranean Journal of Social Sciences 45 _
10 Land Use Policy 39 1.62 2.89

+
Table 10.4— Top 10 journals based on SDG10 publication output from 2007-2016. FWCI is mean FWCI for any

SDG10 publications in the journal during the period: CiteScore is based on data for the journal as a whole. (Source:
Scopus)
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10.4 Research efforts focused on
SDG10

10.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
10.3, the United States is by far the leader in terms of research output related to SDG10. China follows, along with the United
Kingdom, then Australia, Canada, and Brazil. Among comparators, Colombia has the lowest output in this field, just below
Mexico. As shown in Table 10.5, Australia, China and Brazil rank among the top 3 in publication output growth with a CAGR
above 13%.
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Figure 10.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries
for the period 2007-2016. (Source: Scopus)

Country Pu::::‘a:‘ttlon CAGR

United States
China
United Kingdom

Australia 15.00%
Canada 455 12.80% +
Colombia 55 - Table 10.5— Number of publications per country and the Compound
Mexico 106 8.00% Annual Growth Rate (CAGR) for publication output during the period
Brazil 371 13.20% 2007-2016. (Source: Scopus)

World 9,860 12.40%
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10.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG10 related research from 2006-2017 is 1.13.

Country Fwci Comparing the FWCI of publications from each of the eight countries included in this
United States 1.63 chapter reveals the impact of SDG10 research from each country (Table 10.6). Most
China 1.15 notably, the United Kingdom achieves the highest FWCI among comparator countries,
United Kingdom 1.85 closely followed by Canada and Australia with an FWCI 80% higher than the world
Australia average.
Canada

. +
Colombia 1.23 Table 10.6— FWCI for SDG10 research from 2007-2016 per country and world.
Mexico 1.55 FWCI values below the world average for all research (i.e. below 1.0) are highlighted
Brazil 1.02 in green. (Source: Scopus)
World 1.13

10.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential papers. As shown in Figure 10.4 and Table 10.7, the United States leads in
terms of publications that are among the top 10% most cited. The United Kingdom and China, then Australia and Canada
follow in that order. Colombia has a very small number of publications among the top 10% most cited during this time period.
According to Table 10.7, China is the top country in terms of growth, with a CAGR approaching 40%. Canada and the United
States also have high growth of 13% or more annually.
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Figure 10.4— Top 10% most cited publications on SDG10 from 2007-2016 per country. CAGR shown at top of each
bar. (Source: Scopus)
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Count of Top 10% CAGR +
Publications Table 10.7— Top 10% most highly cited publications and
14.84% their Compound Annual Growth Rate (CAGR) for each

Country

United States

China country's SDG10 publications from 2007-2016. (Source:
United Kingdom 7.28% Scopus)
Australia 105 8.01%
Canada 82 12.98%
Colombia 8 -

Mexico 12 8.01%
Brazil 34 8.01%
World 1,177 12.85%

10.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 10.8
provides the count of SDG10 publications from each country that have been cited in patents and the number of patents that

Patent Cited Patents Citing have cited these publications. The findings show that patent
Country  , blications Publications citation count is related to publication count in that the
United States 21 67 leaders in publication output have the highest patent citation
China 4 6 count. The United States leads with 21 patent cited
) ) publications and 67 patent citing publications followed by
United Kingdom 7 13 Mexico, the United Kingdom, China, Australia, and Canada.
Australia 4 6 Colombia and Mexico have no patent citations.
Canada 1
Colombia - - +
Mexico 3 20 Table 10.8 — Number of publications cited in USPTO,
Brazil ) ) WIPO, or EPO patents and number of USPTO, WIPO, or
EPO patents citing publications on SDG10 from 2007 to
World 46 119

2016. (Source: Scopus and LexisNexis)

10.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG10. To identify
patents relevant to SDG10, we retrieved all the patents citing any SDG10-related publication. Patents retrieved were limited
to those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States has 14 patent
applications and 55 patents granted in this field. Australia, the United Kingdom, China and Canada each had 1-4 patents
during the period. Colombia and other countries either have no grant and/or no patents granted in this field. Note that China

and Australia may have patents Patents Patents % of World
in a local patent office not Country ; Total
! a P _ applied for Granted Total
included in this analysis. United States 14 55 69 61.06%
China 1 - 1 0.88%
United Kingdom 1 1 2 1.77%
Australia 2 2 4 3.54%
+ Canada 1 - 1 0.88%
Table 10.9— Number of Colombia - - - 0.00%
patents app‘/ied for anq Mexico _ _ _ 0.00%
granted during the period Brazil ) ) ) 0.00%

2006-2016. (Source:

Lexis-Nexis] World 39 74 113
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10.4.6 Research Focus

Within the topic of SDG10-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences inresearch focus in SDG10-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’s SDG10 research is shown in Figure 10.5. More details on the methods employed for
key phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG10 research from Colombia, terms that stand out as unique to Colombia are ‘Design’,
'‘Growth (Materials), ‘Product Design’, 'Personnel’, ‘Accreditation’, ‘Carbon Dioxide’, ‘Carbon Monoxide', ‘Coal Dust’ and ‘Mine
Dust’. Among the top 50 key phrases the terms ‘Developing Countries’ and ‘Alternative Agriculture’ were common among the
countries analyzed. Figure 10.5 provides a visualization of the top 50 key phrases for SDG10 research from each country.
The accompanying data files provide a list of the key phrases as well as the relevance score for each key phrase.
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Brazil grasses symbiosis

agricultural developmentwastewater )
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10.5 Thereach of Colombia's SDG10
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

10.5.1 Downloads

As shown in the Figure 10.6, the mean count of downloads per ScienceDirect publication is similar across all countries with
some fluctuations shared among countries (for example, as seen from 2012-2014). It should be noted that all the data points
were based on less than 100 SD publications per year. Therefore, the results shown should be interpreted with caution.
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Figure 10.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most
prolific countries from 2007-2016. (Source: ScienceDirect)
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10.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. The world average FWDI for SDG10
research is 1.42 (Figure 10.7). However, given the very low count of SD publications from Colombia, Mexico, and Brazil (i.e.
less than 100 SD publications for the full period) interpretation of this metric should focus on the other countries only. All top
5 countries have an FWDI above the average for all SDG10 research.
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Figure 10.7 — Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. (Source:

ScienceDirect)
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10.6 SDG10 collaboration network

10.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG10-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 10.10-10.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG10 publications with. Among academic partner institutes, Colombia has published the most SDG10 papers in
collaboration with Wageningen University & Research (3 publications from 2007-2016) with an FWCI nearly 9 times higher
than the world average (Table 10.10). Aarhus University, the University of Cape Town, and the Royal Institute of Technology
each have 3 collaborative publications with Colombia. Other top 20 institutes each produce 2 publications with Colombia. The
FWCI of those collaborative publications ranges from 13.48 to 4.16, except for those with the Royal Institute of Technology
whose FWCl is lower than the global average.

Country Institution (Country) Pulzlc:fjanttlon FWCI
Wageningen University & Research (Netherlands)
Aarhus University (Denmark) 3
University of Cape Town (South Africa) 3
Royal Institute of Technology (Sweden) 3
World Health Organization (Switzerland) 2
Universidade de Brasilia (Brazil) 2
Harvard University (United States) 2
Universidade de Sao Paulo (Brazil) 2 11.02
Washington University St. Louis (United States) 2 10.65
Karolinska Institutet (Sweden) 2 10.47

Colombia
Erasmus University Rotterdam (Netherlands) 2 10.47
University of Coimbra (Portugal) 2 10.47
University College London (United Kingdom) 2 10.47
Dartmouth College (United States) 2 10.44
Chinese Academy of Medical Sciences (China) 2 10.32
National Health Service (United Kingdom) 2 10.32
Mansoura University (Egypt) 2 10.32
Ludwig-Maximilians-University Munchen (Germany) 2 10.32
Imperial College London (United Kingdom) 2 10.32
Cornell University (United States) 2 4.16

+
Table 10.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) Pulzlc:iar‘ttlon FWCI
World Health Organization (Switzerland)
U.S. Department of Agriculture (United States)
Universidad Nacional de Colombia (Colombia)
Imperial College London (United Kingdom)
King Abdulaziz University (Saudi Arabia)
Kyung Hee University (South Korea) 2
King's College London (United Kingdom) 2
University of Wisconsin (United States) 2 16.86
University of Toronto (Canada) 2 12.89
Harvard University (United States) 2 12.89

Mexico
University of Pennsylvania (United States) 2 12.89
University of Delhi (India) 2 12.78
Columbia University (United States) 2 12.78
James Cook University Queensland (Australia) 2 12.78
University of Hong Kong (Hong Kong) 2 12.48
University of Virginia (United States) 2 11.21
Emory University (United States) 2 10.90
University of Liverpool (United Kingdom) 2 10.83
Aarhus University (Denmark) 2 10.45
University of Cape Town (South Africa) 2 10.44

+

Table 10.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Country Institution (Country) Puglcl,(l:la:tlon FWCI

Harvard University (United States)
University of Florida (United States)
World Health Organization (Switzerland)
United Nations (United States)

London School of Hygiene and Tropical Medicine (United
Kingdom)

University College London (United Kingdom)

U.S. Department of Agriculture (United States)

Universidad de Sonora (Mexico)

Johns Hopkins University (United States)

Brazil University of Toronto (Canada)

Universidade do Porto (Portugal)

Virginia Polytechnic Institute and State University (United

States) 3 8.36
Wageningen University & Research (Netherlands) 3 8.28
University of Oxford (United Kingdom) 3 8.15
Australian National University (Australia) 3 7.82
Imperial College London (United Kingdom) 3 7.47
Brown University (United States) 3 6.18
CIRAD (France) 3 1.84
IRD (France) 3 1.82
Universidad Peruana Cayetano Heredia (Peru) 3 1.38

+
Table 10.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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icati
Country Institution (Country) Pulzl;cuantlon EWCI

World Health Organization (Switzerland)

Chinese Academy of Sciences (China)

University of Toronto (Canada)

University College London (United Kingdom)

University of British Columbia (Canada) 13 4.67
Universidade de Sao Paulo (Brazil) 13 3.85
Wageningen University & Research (Netherlands) 12 4.12
Australian National University (Australia) 11 -I
Tsinghua University (China) 10 4.57
Imperial College London (United Kingdom) 10 4.04
United States | -nRs (France) 10 3.61
University of Cambridge (United Kingdom) 10 2.67
Vrije Universiteit (Netherlands) 10 2.47
University of Oxford (United Kingdom) 9 3.79
ETH Zurich (Switzerland) 9 2.94
International Institute for Applied Systems Analysis,
Laxenburg (Austria) ? 2.83
Zhejiang University (China) 8 2.46
Embrapa - Empresa Brasileira de Pesquisa Agropecuaria
(Brazil) 8 2.34
China Agricultural University (China) 8 1.88

University of Oslo (Norway) 7 -

+
Table 10.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 3.08
University of Hong Kong (Hong Kong) 3.65
University of British Columbia (Canada) 9 3.76
Hong Kong Polytechnic University (Hong Kong) 8 1.77
Arizona State University (United States) 8 1.69
University of Western Australia (Australia) 7 3.97
Purdue University (United States) 7 1.74
University of Melbourne (Australia) 6 4.34
University of Maryland (United States) 6 1.82
) Michigan State University (United States) 6 1.42
China U.S. Department of Agriculture (United States) 5 -
City University of Hong Kong (Hong Kong) 5 243
Universite du Quebec a Montreal (Canada) 5 1.52
Kyushu University (Japan) 5
Queensland University of Technology (Australia) 4
Aarhus University (Denmark) 4
University of Pennsylvania (United States) 4 6.07
Yale University (United States) 4 5.95
University of California at Riverside (United States) 4 3.12
University of New South Wales (Australia) 4 2.14

+
Table 10.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Country

Institution (Country)

United Kingdom

Wageningen University & Research (Netherlands)

World Health Organization (Switzerland)

Ghent University (Belgium)

Harvard University (United States)

Publication
Count

FWCI

Aarhus University (Denmark) 8 7.77
University of Toronto (Canada) 8 6.11
United Nations (United States) 8 4.89
University of Melbourne (Australia) 7 4.74
Stockholm Environment Institute (Sweden) 7 3.09
World Bank (United States) 6 7.49
Australian National University (Australia) 6 5.68
University of Sydney (Australia) 6 5.38
University of Cape Town (South Africa) 6 4.62
University of the Witwatersrand (South Africa) 5 6.76
Erasmus University Rotterdam (Netherlands) 5 6.45
Karolinska Institutet (Sweden) 5 5.87
University of British Columbia (Canada) 5 5.40
University of Athens (Greece) 5 4.88
Boston University (United States) 5 4.79
Monash University (Australia) 5 4.78

+

Table 10.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

Kingdom. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
University College London (United Kingdom) 4.54
World Health Organization (Switzerland) 3.93
Imperial College London (United Kingdom) 7 5.26
University of Toronto (Canada) 7 4.71
University of British Columbia (Canada) 6 5.42
Chinese Academy of Sciences (China) 6 1.77
Harvard University (United States) 5 7.06
University of Oxford (United Kingdom) 5 6.72
Wageningen University & Research (Netherlands) 5 5.66
University of California at Berkeley (United States) 5 4.06

Australia Chinese Academy of Agricultural Sciences (China) 5 1.40
University of Southampton (United Kingdom) 4 9.24
United Nations (United States) 4 6.95
London School of Hygiene and Tropical Medicine (United
Kingdom) 4 6.85
University of Hong Kong (Hong Kong) 4 5.63
University of Cape Town (South Africa) 4 5.47
University of Cambridge (United Kingdom) 4 2.46
Universidad de Sonora (Mexico) 4
Fudan University (China) 3
Aarhus University (Denmark) 3

+
Table 10.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Harvard University (United States)

University College London (United Kingdom)

Chinese Academy of Sciences (China)

University of Washington (United States)

London School of Hygiene and Tropical Medicine (United
Kingdom)
United Nations (United States)

Brown University (United States)

University of Stellenbosch (South Africa) 5 4.46
University of Wisconsin (United States) 5 4.19
Johns Hopkins University (United States) 4
Canada Aga Khan University (Pakistan) 4
World Health Organization (Switzerland) 4 9.44
Yale University (United States) 4 9.04
Erasmus University Rotterdam (Netherlands) 4 8.23
University of Cape Town (South Africa) 4 7.52
University of East Anglia (United Kingdom) 4 6.84
University of Queensland (Australia) 4 6.64
Columbia University (United States) 4 5.69
University of California at Berkeley (United States) 4 1.54
3
3

Woods Hole Oceanographic Institution (United States)

Table 10.17 — A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Canada.
(Source: Scopus)

+
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10.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG10 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG10 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG10 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. As shown in Figure 10.8, Imperial College London sits at the far upper top right, indicating that they've developed a
highly mutually beneficial collaboration with Colombia in terms of citation impact. Other institutes, such as the World Health
Organization, are also in the same quadrant revealing that collaborations with these partners is mutually beneficial in terms of
citation impact. The Royal Institute of Technology, in the bottom left quadrant, indicates that the collaboration does not yield
any citation advantage to either Colombia or its partner.

-+ T ++
Beneficial Imperial College London 46_)
5.00 -+ for partner Mutually
only beneficial
0 1,1
Beneficial World Health O izati
Beneficial for subject or ca reanization )
for none I
4.00 =Ny Universidade de Sao Paulo
i o +-
Karolinska Institutet
Wageningen University & Research \®
3.00 University of Cape Town \6_) Harvard University

Reference size:
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o | (D
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Erasmus University Rotterdam \6\
/ Universidade de Brasilia
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Collaboration FWCI / Partner Institute international FWCI

e S

Louis
Ludwig-Maximilians-University Munchen
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Figure 10.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG10-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG10-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on top left. (Source: Scopus).
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10.6.3 Collaboration chart

Figure 10.9 provides an alternative perspective to visualize Colombia's most productive collaborations with foreign
institutional partners on SDG10. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 10.9 shows where there may be potential to improve output and impact through partnership.
Colombia has co-authored 2-3 publications with each of its top 20 foreign partner institutes. Colombia co-authored 3
publications with Wageningen University & Research, which produces the highest number of publications (among Colombia's
top 20 partners) at 82 SDG10 publications. Universidade de Sao Paulo and University College of London are the second and
third most prolific among Colombia’s top 20 foreign partner institutes, with 59 and 56 publications, respectively. Among
Colombia's top 20 partners, National Health Service has the highest FWCI for SDG10 research. Colombia may want to
leverage its existing relationships with these institutes to increase its publication output and impact in SDG10 research.
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Figure 10.9— Chart showing Colombia’s top 20 collaborators on SDGX from 2007-2016. Circle (node) size is
proportional to the number of SDGX publications by each entity (top institutional partners and Colombia); the thickness of
connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (10.32) and lightest shade of green
indicating the lowest FWCI (1.02). (Source: Scopus).



In this Chapter, we assess research related to SDG11, which aims to make cities
inclusive, safe, resilient, and sustainable. Statistics are provided for the top 5 countries
publishing research in this field along with Colombia, Mexico, and Brazil.
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11.1 Key Findings

Goal 11: Make cities inclusive, safe,

resilient and sustainable

WORLD RESEARCH OUTPUT SDG11 PATENTS

Number of SDG11 publications, 2007-2016. Number of SDG11 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT COLOMBIA'S RESEARCH OUTPUT CAGR

Colombia's SDG11 publications, 2007-2016. Compound annual growth rate for Colombia's 2007-2016

SDG11 publications.

COLOMBIATOP TEN PERCENTILE FOR CITATION COLOMBIA FIELD WEIGHTED CITATION IMPACT
[ |
Colombia's SDG11 publications within the top ten percentile Average field-weighted citation impact for Colombia's

for citations, 2007-2016. SDG11 publications, 2007-2016.
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11.2 SDG11 - Make cities inclusive,
safe, resilient and sustainable

According to the United Nations,
“Cities are hubs for ideas, commerce, culture, science, productivity, social development and much more. At
their best, cities have enabled people to advance socially and economically.
However, many challenges exist to maintaining cities in a way that continues to create jobs and prosperity
while not straining land and resources. Common urban challenges include congestion, lack of funds to
provide basic services, a shortage of adequate housing and declining infrastructure.
The challenges cities face can be overcome in ways that allow them to continue to thrive and grow, while
improving resource use and reducing pollution and poverty. The future we want includes cities of
opportunities for all, with access to basic services, energy, housing, transportation and more.”°

The targets for SDG 11, according to the United Nations are:

e “By 2030, ensure access for all to adequate, safe and affordable housing and basic services and upgrade
slums.

e By 2030, provide access to safe, affordable, accessible and sustainable transport systems for all,
improving road safety, notably by expanding public transport, with special attention to the needs of
those in vulnerable situations, women, children, persons with disabilities and older persons.

e By 2030, enhance inclusive and sustainable urbanization and capacity for participatory, integrated and
sustainable human settlement planning and management in all countries.

e Strengthen efforts to protect and safeguard the world's cultural and natural heritage.

e By 2030, significantly reduce the number of deaths and the number of people affected and substantially
decrease the direct economic losses relative to global gross domestic product caused by disasters,
including water-related disasters, with a focus on protecting the poor and people in vulnerable situations.

e By 2030, reduce the adverse per capita environmental impact of cities, including by paying special
attention to air quality and municipal and other waste management.

e By 2030, provide universal access to safe, inclusive and accessible, green and public spaces, especially
for women and children, older persons and persons with disabilities.

o Support positive economic, social and environmental links between urban, peri-urban and rural areas by
strengthening national and regional development planning.

e By 2020, substantially increase the number of cities and human settlements adopting and implementing
integrated policies and plans towards inclusion, resource efficiency, mitigation and adaptation to climate
change, resilience to disasters, and develop and implement, in line with the Sendai Framework for
Disaster Risk Reduction 2015-2030, holistic disaster risk management at all levels.

e Support least developed countries, including through financial and technical assistance, in building

sustainable and resilient buildings utilizing local materials.”®

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG11 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal” in
a query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms
and subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.

http:/fwww.un.org/sustainabledevelopment/cities/
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11.3 SDG11:Leadersin the field

11.3.1 Top 5 countries conducting SDG11 research

The top 5 countries publishing on SDG11 based on cumulative publication output from 2007-2016 are shown in Table 11.1
and Figure 11.1. The United States ranks 1%t according to Publication Count, Percentage of Global Output, and Citation Count.
Italy ranks 15t in FWCI with 1.59, closely followed by the United Kingdom at 1.58, and Australia at 1.52, all much higher than
the world average (1.05 for SDG11). Except for China, all other countries’ FWCI exceed the global average as well.

Publication Percentage of Citation
Country count Global Output Count Fwel
+ United States 18.96% 140,647
Table 11.1— Top 5 China
countries based on United Kingdom 8.78%
publication output from  Aystralia 3,146 5.25% 42,190 1.52
2007-2016. (Source: Italy 2,950 4.93% 29,024
Scopus) World 59,895 100.00% 206,762 1.05

1,800
= Jnited States
1,600 + China
United Kingdom /_/
1,400 -+— =Australia
e taly /
w 1,200 e
s / —~
=]
m
= 1,000
£
-
-8 /
S 800
3 \/
£
£
3 600
400 —
200 ——
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 11.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG11 research. (Source:
Scopus)
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11.3.2 Top 20 institutes conducting SDG11 research

A list of the top 20 research institutes publishing SDG11-related research is shown in Table 11.2. The Chinese Academy of
Sciences (China) ranks 1% in Publication Count and surpasses the next ranked institute by more than 500 publications. All
other top institutes have published between 200-400 publications. Among top 20 institutes, Wageningen University &
Research (Netherlands) has the highest FWCI at over two times the world average. Except for Tongji University (China) and
Islamic Asdad University (Iran), all the top 20 institutes have a mean FWCI above world average in this research field. The
trends in publication output from 2007-2016 are shown in Figure 1.2. (Note that the figure is limited to the top 8 institutes to
facilitate visualization. To see the trends for all 20 institutes, please refer to accompanying data files.)

Publication Citation

Rank Institution (Country) count Count FWCI
1 Chinese Academy of Sciences (China) m
2 Delft University of Technology (Netherlands) 373 4,533 1.74
3 Arizona State University (United States) 350 _
4  Beijing Normal University (China) 326 3,730 1.62
5 Wageningen University & Research (Netherlands) 325
6 Tsinghua University (China) 318 3,182 1.27
7 Ministry of Education China (China) 281 3,682 1.23
8 Universiti Teknologi Malaysia (Malaysia) 280 1,543 1.05
9 Universidade de Sao Paulo (Brazil) 256 2,411 1.18
10 University College London (United Kingdom) 254 4,774 -
L ey~ ®1 230
12 CNRS (France) 249 4979 199
13 Hong Kong Polytechnic University (Hong Kong) 246 3,155 1.71
14  Tongji University (China) 245 797
15 Politecnico di Milano (ltaly) 241 1,730 1.60
16 U.S. Department of Agriculture (United States) 239 5,313 -
17 Royal Institute of Technology (Sweden) 236 2,349 1.57
18 Islamic Azad University (Iran) 231 615
19 University of British Columbia (Canada) 224 3,929 1.90
20 Monash University (Australia) 222 3,993 1.73

+
Table 11.2— Top 20 research Institutes ranked based on SDG11 publication output and FWCI from 2007-2016.

(Source: Scopus)
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Figure 11.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG11. (Source:

Scopus)
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11.3.3 Top 20 researchers conducting SDG11 research

Alist of the top 20 researchers publishing in the SDG11 field based on publication output from 2007-2016 is shown in Table
11.3. Brown R.and Salvati L. rank 1% in Publication Count followed by Yang Z. and Chen B.
Yang Z, Chen B., and Nijkamp P. are the top 3 researchers in this list in terms of H-index.

Pub Citation

Rank Researcher Institution (Country) FWCI  h-index
count Count
1 Brown R. Monash University (Australia) 48 2.37 24
. Council for Agricultural Research and
2 Salvati L. Economics (CREA) (Italy) 48 1.53 27
YANG Z. Beijing Normal University (China) 1.23
4 Chen B. Beijing Normal University (China) 1.89
Scholz M. University of Salford (United Kingdom)
Technische Universiteit Eindhoven
Zeiler W.
6 eter (Netherlands)
7 Zhang X. City University of Hong Kong (China) 38 700 2.46 18
Institut de Ciencia i Tecnologia
8  GabarrellX. Ambientals (ICTA)-UAB (Spain) 35 614
9 Geng. Shanghai Jiaotong University (China) 34 787
10 ChanE. Hong Kong Polytechnic University (China) 34 562 1.49 23
Research Center for Eco-Environmental
11 Wang R. Sciences Chinese Academy of Sciences 34
(China)
12 Rogers C. U'nlver5|ty of Birmingham (United 33
Kingdom)
13 ShenlL. Chongging University (China) 33
. Institut de Ciencia i Tecnologia
14 Rieradevall J. Ambientals (ICTA)-UAB (Spain) 33 659 2.03 29
15 Macharis C. Vrije Universiteit Brussel (Belgium) 33 131 1.85 23
. Uniwersytet im. Adama Mickiewicza w
16 Nijkamp P. Poznaniu (Poland) 30
17 Liu G. Beijing Normal University (China) 29
18 Tighe S. University of Waterloo (Canada) 29
19 Butler D. University of Exeter (United Kingdom) 27
20 Wu J. Arizona State University (United States) 27
+

Table 11.3— Top 20 researchers publishing SDG11 related research ranked based on 2007-2016 publication output
and their FWCI. FWCl is based on SDG1 1 publications, h-index is based on all publications by the researcher that are
indexed in the Scopus database. (Source: Scopus)
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11.3.4 Top 10 journals publishing SDG11 research

Alist of the top 10 journals publishing SDG11-related research from 2007-2016 is shown in Table 11.4. Advanced Materials
Research published 1,234 SDG11 related publications, making it the highest ranked journal in terms of SDG11 publications.
The FWCI and CiteScore for Sustainability Advanced Materials Researchis well below 1. Only Journal of Cleaner Production
and Renewable and Sustainable Energy Reviews have an FWCI and CiteScore above 1.

Rank Journal Publication
count
1 Advanced Materials Research 1,234
2 Sustainability 776
3 WIT Transactions on Ecology and the Environment 733
4 Applied Mechanics and Materials 712
5 Journal of Cleaner Production 705
6 Procedia Engineering 612
Proceedings of the 27th International Business Information
Management Association Conference - Innovation
7 Management and Education Excellence Vision 2020: From 397
Regional Development Sustainability to Global Economic
Growth, IBIMA 2016
8 Renewable and Sustainable Energy Reviews 367
Proceedings of the 25th International Business Information
9 Management Association Conference - Innovation Vision 364
2020: From Regional Development Sustainability to Global
Economic Growth, IBIMA 2015
10 Acta Ecologica Sinica 342
+

FWCI

CiteScore

Table 11.4— Top 10 journals based on SDG11 publication output from 2007-2016. FWCI is mean FWCI for any
SDG11 publications in the journal during the period: CiteScore is based on data for the journal as a whole. (Source:
Scopus)
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11.4 Research efforts focused on
SDG11

11.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
11.3, the United States is followed by China in terms of research output related to SDG11. However, while the United States
has seen ongoing growth over the period, China has plateaued since 2011. The United Kingdom follows, along with Australia
and Italy, which overtook Australia in 2013. Among comparators, Colombia has the lowest output in this field, just below
Mexico. However, as shown in Table 1.5, Colombia has seen the greatest growth in research output in this field among
comparators with a Compound Annual Growth Rate (CAGR) of 41.7%. All countries analysed have a CAGR above 8% in this
field and the CAGR for all research in this field was 8.7%.
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Figure 11.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries
for the period 2007-2016. (Source: Scopus)

Country P"'::E?‘ttm" CAGR

United States 9.40%

China 16.00%

United Kingdom 5,261 8.40%

Australia 3,146 11.10%

Italy 2,950 21.30%
Colombia 229 Table 11.5— Number of publications per country and the Compound
Mexico 525 16.10% Annual Growth Rate (CAGR) for publication output during the period

Brazil 1,531 16.50% 2007-2016. (Source: Scopus)

World 59,895 8.70%
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11.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG11 related research from 2006-2017 is 1.05.

Country FWCI

United States 1.41 Comparing the FWCI of SDG11 publications from each of the eight countries included
in this chapter reveals that Italy, United Kingdom and Australia leads in terms of FWCI
(Table 11.6). Colombia's FWCl is above the world average for this field at 1.27 while
China, Mexico and Brazil all have an FWCI below the world average for this subject.

China 0.74
United Kingdom

Australia

Italy 1.59

Colombia 1.27 +

Mexico 0.95 Table 11.6— FWCI per Comparator, 2007-2016. FWCI values below the world
Brazil average for all research (i.e. below 1.0) are highlighted in green. (Source: Scopus)
World 1.05

11.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential papers. As shown in Figure 11.4 and Table 11.7, the United States leads in
terms of SDG11 publications with 1,802 publications that are among the top 10% most cited. The United Kingdom follows
with less than half the count of top 10% publications and Australia, China, and Italy all produce a similar count of top 10%
publications, with China showing high growth during the period (CAGR of 32.9%). Colombia had 32 publications among the
top 10% most cited during this time period.
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Figure 11.4— Top 10% most cited publications on SDG11 from 2007-2016 per country. (Source: Scopus)
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Count of Top 10%

Country Publications CAGR
United States 1,802 13.12%
China 705 32.89%
United Kingdom 971 8.85%
Australia 558 11.73%

Italy 595 o 2847%
Colombia 32 22.03%
Mexico 42 16.65%
Brazil 158 14.93%
World 7,075 14.91%

11.4.4 Patents citations in articles

+
Table 11.7— Top 10% most highly cited publications and

their Compound Annual Growth Rate (CAGR) for each
country's SDG11 publications from 2007-2016. (Source:
Scopus)

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 11.8

Country Patef\t C.ited Pater!ts C.iting
Publications Publications
United States 86 426
China 14 18
United Kingdom 14 59
Australia 13 22
Italy 12 18
Colombia 1 1
Mexico - -
Brazil 3 3
World 227 751

11.4.5 Patents

provides the count of SDG11 publications from each country
that have been cited in patents and the number of patents
that have cited these publications. For the United States, 86
US publications on SDG11 have been cited in 426 patents.
The other top 5 countries had 12-14 publications cited in
approximately 20 patents (nearly 60 patents for the United
Kingdom). Colombia, has a single publication cited in a single
patent.

+
Table 11.8— Number of publications cited in patent and

patents citing publications on SDG11 from 2007 to 2016.
(Source: Scopus)

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG11. To identify
patents relevant to SDG11, we retrieved all the patents citing any SDG11-related publication. Patents retrieved were limited
to those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States has the highest
number of SDG11-related patents (both applied for and granted) with 123 patent applications and 303 patents granted (Table

11.9). The other top 5 countries have a

Patents Patents % of World
small number of patents (10-25) during the Country applied for  Granted Total Total
pe;"’: Z”d Colombia agp!j'ed for ‘;”e pate’;t United States 123 303 426 65.84%
and had none granted during the period. .

Ch 16 1 17 2.63%
Note that China and Australia may have ina °
. . o
patents in a local patent office not included United Kingdom 15 10 25 3.86%
in this analysis. Australia 1 10 11 1.70%
+ Italy 6 2 8 1.24%
Table 11.9— Number of patents Colombia 1 - 1 0.15%
applied for and granted during th? Mexico 2 _ 2 0.31%
perlgd 2006-2016. (Source: Lexis- Brazil 1 ) 1 0.15%
Nexis)
World 285 362 647
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11.4.6 Research Focus

Within the topic of SDG11-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences inresearch focus in SDG11-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country's SDG11 research is shown in Figure 11.5. More details on the methods employed for
key phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG11 research from Colombia, terms that stand out as unique to Colombia are ‘Bamboo’,
'Rainwater’, Tank (Containers), ‘Buses’, and ‘Watersheds'. Among the top 50 key phrases the terms ‘Transportation’, Housing/,
‘Regional Planning’, ‘Environmental Management’, ‘Waste Management’, ‘Buildings’, and ‘Energy Efficiency’ were common
among the countries analyzed. Figure 11.5 provides a visualization of the top 50 key phrases for SDG11 research from each
country. The accompanying data files provide a list of the key phrases as well as the relevance score for each key phrase.
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11.5 Thereach of Colombia's SDG11
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called ‘'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

11.5.1 Downloads

As shown in the Figure 11.6, the mean count of downloads per ScienceDirect publication is similar across all countries. For
Colombia, there is a sharp peak in 2009, resulting from 4 SD articles in 2009 and 2015 from Colombia that were downloaded
more than 10,000 times, resulting in a high ‘mean’ value. It should be noted that for Colombia, Mexico, and Brazil, the results
shown are based on very small counts of SD articles and therefore, results that deviate greatly from the mean should be
interpreted with caution.
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Figure 11.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most
prolific countries from 2007-2016. (Source: ScienceDirect)
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11.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. All countries analysed had an FWDI close
to the world average for SDG11 research during the period of 2007-2016 (Figure 11.7).
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+

Figure 11.7 — Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted
line indicates average for all SDG11 research. (Source: ScienceDirect)
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11.6 SDG11 collaboration network

11.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG11-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 11.10-11.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG11 publications with. Among academic partner institutes, Colombia has published the most SDG11 papers in
collaboration with Universitat Autonoma de Barcelona (Spain; 6 publications from 2007-2016). The FWCI for these
publications is just over 2 times the world average for SDG11 research.

Country Institution (Country)

Universitat Autonoma de Barcelona (Spain)

Universitat Rovira i Virgili (Spain)

IRTA - Institute of Agrifood Research and Technology (Spain)

Universidade de Sao Paulo (Brazil)

CSIC (Spain)

Universitat Politecnica de Catalunya (Spain)
ETH Zurich (Switzerland)

University of Leeds (United Kingdom)
UNIVERSIDAD DEL BIO-BIO (Chile)

Stanford University (United States)

Colombia
University College London (United Kingdom)

KU Leuven (Belgium)

Columbia University (United States)

University of California at Berkeley (United States)

Universite Catholique de Louvain (Belgium)

University of Bonn (Germany)

Georgia Institute of Technology (United States)

Harvard University (United States)

Imperial College London (United Kingdom)
World Bank (United States)

NININININIDNIN[WW W WSS [B[BS B+

+
Table 11.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) P“Z:za:t'on FWCI

Texas A and M University (United States)

King Abdulaziz University (Saudi Arabia)

Arizona State University (United States)

University of Arizona (United States)

Imperial College London (United Kingdom)

University of California at San Diego (United States)

Universidade de Sao Paulo (Brazil)

U.S. Department of Agriculture (United States)

University of California at Santa Barbara (United States)

University of California at Berkeley (United States)

Mexico
Delft University of Technology (Netherlands)

City University of New York (United States)

Universitat Autonoma de Barcelona (Spain)

University of California at Davis (United States)

Humboldt-Universitat zu Berlin (Germany)

Technical University of Denmark (Denmark)

Wageningen University & Research (Netherlands)

Carnegie Mellon University (United States)

Universidad Nacional de Colombia (Colombia)

Wiwlwwlwlwwwlwlwid|dlwlu v u|o | N[N

Instituto Nacional de Tecnologia Agropecuaria (Argentina)

+
Table 11.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Country

Institution (Country)

Brazil

Wageningen University & Research (Netherlands)

Colorado State University (United States)

CIRAD (France)

CNRS (France)

University of East Anglia (United Kingdom)

University of Florida (United States)

Publication
Count

U.S. Department of Agriculture (United States)

Universidad Nacional Autonoma de Mexico (Mexico)

IRD (France)

0| ||

INRA Institut National de La Recherche Agronomique
(France)

(o]

University of Minho (Portugal)

Lancaster University (United Kingdom)

United Nations (United States)

Harvard University (United States)

ETH Zurich (Switzerland)

Imperial College London (United Kingdom)

University of Aberdeen (United Kingdom)

University of Coimbra (Portugal)

Technische Universitat Berlin (Germany)

Universitat Politecnica de Catalunya (Spain)

||| 0|0 | N ||

+

Table 11.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Country

United States

Publication

Institution (Country) Count FWCI
Chinese Academy of Sciences (China) 2.23
Tsinghua University (China) 47 2.55
Beijing Normal University (China) 45 3.56
Peking University (China) 36 2.68
Universidade de Sao Paulo (Brazil) 35 2.84
Wageningen University & Research (Netherlands) 34 -
National University of Singapore (Singapore) 34 3.41
Zhejiang University (China) 33 2.30
University of Cambridge (United Kingdom) 32

University of British Columbia (Canada) 32

University of Toronto (Canada) 32 1.87
Ministry of Education China (China) 31 2.09
Institute of Geographical Sciences and Natural Resources )8 157
Research Chinese Academy of Sciences (China)

McGill University (Canada) 27

CNRS (France) 25

Delft University of Technology (Netherlands) 25

CSIRO (Australia) 24

Erasmus University Rotterdam (Netherlands) 24 1.84
University of Oxford (United Kingdom) 23 2.20
CAS - Research Center for Eco-Environmental Sciences

(China) 22 2.30

+

Table 11.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Hong Kong Polytechnic University (Hong Kong) 1.67
University of Hong Kong (Hong Kong) 1.58
City University of Hong Kong (Hong Kong) 52 2.24
Arizona State University (United States) 44 2.63
Chinese University of Hong Kong (Hong Kong) 29 1.70
National Institute for Environmental Studies of Japan (Japan) 27 -
University of Regina (Canada) 26 2.33
National University of Singapore (Singapore) 26 2.32
Delft University of Technology (Netherlands) 25 1.97
Wageningen University & Research (Netherlands) 24 -I
China Royal Institute of Technology (Sweden) 22 1.48
Purdue University (United States) 21 1.58
Queensland University of Technology (Australia) 20 -
University of Cambridge (United Kingdom) 20 2.43
University of Michigan (United States) 19 2.11
Hong Kong University of Science and Technology (Hong Kong) 18 2.35
University of Toronto (Canada) 18 1.55

International Institute for Applied Systems Analysis,
Laxenburg (Austria)

Texas A and M University (United States) 17 1.63

University of British Columbia (Canada) 16 3.17 ‘

17 2.47

+
Table 11.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.
(Source: Scopus)



11 SUSTAINABLE CITIES AND COMMUNITIES

301

Country

United Kingdom

Publication

Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 4.72
University of Copenhagen (Denmark) 25 4.37
Chinese Academy of Sciences (China) 22 2.64
Harvard University (United States) 21
University of Melbourne (Australia) 21 4.61
Swedish University of Agricultural Sciences (Sweden) 20 4.28
CNRS (France) 20 3.33
Lund University (Sweden) 20 2.66
Delft University of Technology (Netherlands) 20 2.19
Humboldt-Universitat zu Berlin (Germany) 19 5.19
ETH Zurich (Switzerland) 19 5.09
I(l;llz,?mlz;tltut National de La Recherche Agronomique 19 4.40
University of Sydney (Australia) 19 2.62
European Commission Joint Research Centre Institute

(Belgium) 18 2.65
Universidade de Lisboa (Portugal) 17 2.76
University of Cape Town (South Africa) 16 3.97
Utrecht University (Netherlands) 16 3.69
Universidade de Sao Paulo (Brazil) 16 3.63
United Nations (United States) 16 2.33
Stockholm Environment Institute (Sweden) 16 1.81

+

Table 11.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
Kingdom. (Source: Scopus)
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Country Institution (Country) Puzgf‘a:tlon FWCI
Chinese Academy of Sciences (China) 2.09
Hong Kong Polytechnic University (Hong Kong) 1.69
National University of Singapore (Singapore) 4.45
Wageningen University & Research (Netherlands) 4.81
University of Hong Kong (Hong Kong) 16 331
Delft University of Technology (Netherlands) 16
University of Cambridge (United Kingdom) 15 5.20
University of Auckland (New Zealand) 14 2.96
City University of Hong Kong (Hong Kong) 13 2.34
] University of Sheffield (United Kingdom) 12
Australia
University of California at Berkeley (United States) 12
Imperial College London (United Kingdom) 12 5.97
Chongging University (China) 12 2.12
University College London (United Kingdom) 12 2.07
University of Exeter (United Kingdom) 11 5.33
Zhejiang University (China) 11 3.93
Erasmus University Rotterdam (Netherlands) 11 2.40
Harvard University (United States) 10
Colorado State University (United States) 10 6.16
University of British Columbia (Canada) 10 5.12

+

Table 11.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
European Commission Joint Research Centre Institute 554
(Belgium)

Wageningen University & Research (Netherlands) 25 3.08
CSIC (Spain) 14 2.40
European Commission (Belgium) 14 1.96
University Politehnica of Bucharest (Romania) 13 2.25
Beijing Normal University (China) 12 3.93
Universitat Autonoma de Barcelona (Spain) 12 2.05
CNRS (France) 12 1.31
INRA Institut National de La Recherche Agronomique
(France) 11 >.78
Italy Delft University of Technology (Netherlands) 11 3.19
Technical University of Denmark (Denmark) 11 3.01
KU Leuven (Belgium) 10 3.43
Aristotle University of Thessaloniki (Greece) 10 3.16
Aarhus University (Denmark) 10 2.35
Ghent University (Belgium) 10 2.18
Vrije Universiteit (Netherlands) 10
Hellenic Centre for Marine Research (Greece) 9 3.93
Imperial College London (United Kingdom) 9 3.80
University of Copenhagen (Denmark) 9 3.52
Universidade de Lisboa (Portugal) 9 3.22

+
Table 11.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Italy.
(Source: Scopus)
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11.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG11 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG11 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG11 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. For SDG11 research from 2007-2016, about half of Colombia’s collaborations were mutually beneficial to both
Colombia and the collaboration partner (Figure 11 .8 The two publications resulting from collaboration with the University of
Bonn and with the University of California at Berkeley were highly mutually beneficial in terms of citation impact. A small
number of publications with a few partners (Colombia University, University of Leeds, ETH Zurich, and Universidad del Bio-
Bio) resulted in a low FWClI relative to Colombia and each partners respective FWCI for internationally collaborated research
on SDG11.
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Figure 11.8 — Collaboration quadrant for Colombia and its top 20 collaborators on SDG1 from 2007-2016. (Source:
Scopus).
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11.6.3 Collaboration chart

Figure 11.9 provides an alternative perspective to visualize Colombia's most productive collaborations with foreign
institutional partners on SDG11. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 11.9 shows where there may be potential to improve output and impact through partnership.
Colombia co-authored 2-6 publications with its top foreign partner institutes. Among Colombia’s top 20 partners,
Universidade de Sao Paulo and University College of London produce the highest number of SDG11 publications with 256
and 254 publications, respectively. Among Colombia's top 20 partners, Stanford University has the highest FWCI for SDG11
research. Colombia may want to leverage its existing relationships with these institutes to increase its publication output and

impact in SDG11 research.
IRTA - Institute of Agrifood Research and Technology

KU Leuven . University College London

Stanfcg University
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Figure 11.9— Chart showing Colombia’s top 20 collaborators on SDG11 from 2007-2016. Circle (node) size is
proportional to the number of SDG11 publications by each entity (top institutional partners and Colombia); the thickness
of connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (3.03) and lightest shade of green
indicating the lowest FWCI (0.62). (Source: Scopus).
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In this Chapter, we assess research related to SDG12, which aims to ensure
sustainable consumption and production patterns. Statistics are provided for the top
5 countries publishing research in this field along with Colombia, Mexico, and Brazil.
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12.1 Key Findings

Goal 12: Ensure sustainable consumption

and production patterns

WORLD RESEARCH OUTPUT SDG12 PATENTS

Number of SDG12 publications, 2007-2016. Number of SDG12 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT COLOMBIA'S RESEARCH OUTPUT CAGR

Colombia's SDG12 publications, 2007-2016. Compound annual growth rate for Colombia's 2007-2016

SDG12 publications.

COLOMBIATOP TEN PERCENTILE FOR CITATION COLOMBIA FIELD WEIGHTED CITATION IMPACT
[ |
Colombia's SDG12 publications within the top ten percentile Average field-weighted citation impact for Colombia's

for citations, 2007-2016. SDG12 publications, 2007-2016.
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12.2 SDG12 - Ensure sustainable
consumption and production patterns

According to the United Nations,

"Sustainable consumption and production is about promoting resource and energy efficiency, sustainable
infrastructure, and providing access to basic services, green and decent jobs and a better quality of life for
all. Its implementation helps to achieve overall development plans, reduce future economic, environmental
and social costs, strengthen economic competitiveness and reduce poverty.

Sustainable consumption and production aims at “doing more and better with less,” increasing net welfare
gains from economic activities by reducing resource use, degradation and pollution along the whole
lifecycle, while increasing quality of life. It involves different stakeholders, including business, consumers,
policy makers, researchers, scientists, retailers, media, and development cooperation agencies, among
others.

It also requires a systemic approach and cooperation among actors operating in the supply chain, from
producer to final consumer. It involves engaging consumers through awareness-raising and education on
sustainable consumption and lifestyles, providing consumers with adequate information through standards
and labels and engaging in sustainable public procurement, among others.™

The targets for SDG 12, according to the United Nations are:

o “Implement the 10-year framework of programmes on sustainable consumption and production, all
countries taking action, with developed countries taking the lead, taking into account the development
and capabilities of developing countries.

e By 2030, achieve the sustainable management and efficient use of natural resources.

e By 2030, halve per capita global food waste at the retail and consumer levels and reduce food losses
along production and supply chains, including post-harvest losses.

e By 2020, achieve the environmentally sound management of chemicals and all wastes throughout their
life cycle, in accordance with agreed international frameworks, and significantly reduce their release to
air, water and soil in order to minimize their adverse impacts on human health and the environment.

e By 2030, substantially reduce waste generation through prevention, reduction, recycling and reuse.

e Encourage companies, especially large and transnational companies, to adopt sustainable practices and
to integrate sustainability information into their reporting cycle.

e Promote public procurement practices that are sustainable, in accordance with national policies and
priorities.

e By 2030, ensure that people everywhere have the relevant information and awareness for sustainable
development and lifestyles in harmony with nature.

o Support developing countries to strengthen their scientific and technological capacity to move towards
more sustainable patterns of consumption and production.

o Develop and implement tools to monitor sustainable development impacts for sustainable tourism that
creates jobs and promotes local culture and products.

o Rationalize inefficient fossil-fuel subsidies that encourage wasteful consumption by removing market
distortions, in accordance with national circumstances, including by restructuring taxation and phasing
out those harmful subsidies, where they exist, to reflect their environmental impacts, taking fully into
account the specific needs and conditions of developing countries and minimizing the possible adverse
impacts on their development in a manner that protects the poor and the affected communities.”™”

http:/fwww.un.org/sustainabledevelopment/sustainable-consumption-production/
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Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG12 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal” in
a query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms
and subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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12.3 SDG12: Leaders in the field

12.3.1 Top 5 countries conducting SDG12 research

The top 5 countries publishing on SDG12 based on cumulative publication output from 2007-2016 are shown in Table 12.1
and Figure 12.1. The United States ranks 1%t according to Publication Count, Percentage of Global Output, and Citation Count.
The United Kingdom ranks 1°tin FWCI with 1.99, whichis higher than the world average of 1.31 for SDG12. All other countries’
FWCI exceed the world average for all research although China's FWCl is below the average for all SDG12 research.

Publication Percentage of Citation

Country count Global Output Count Fwcl
+ United States 14,993 19.11% 269,796 1.74
Table 12.1—Top 5 China 93,869 1.08
countries based on United Kingdom 5,936 7.56% 120,326
publication output from Germany 4,718 6.01% 77,142 1.73
2007-2016. (Source: Italy 4,572 5.83% 58,747 1.71
Scopus) World 78,468 100.00% 417,068 1.31
2,500
= Jnited States
China
United Kingdom
2,000 1— — Germany —
e taly
1,500

Number of publications

1,000 -__—_/
500 -----—-—-—-_---_—_,.—‘——--._

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

+
Figure 12.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG12 research. (Source:

Scopus)
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12.3.2 Top 20 institutes conducting SDG12 research

A list of the top 20 research institutes publishing SDG12-related research is shown in Table 12.2. The Chinese Academy of
Sciences (China) ranks 1%t in Publication Count and surpasses the next ranked institute by 200 publications. Five institutes
among the top 20 have published between 490-900 publications and the remaining have published 300-400 publications.
Among the top 20 institutes, University of California at Berkley (United States) has the highest FWCI at 3.21. Except for
Universidade de Sao Paulo (Brazil), all the top 20 institutes have a mean FWCI above world average in this research field. The
trends in publication output from 2007-2016 are shown in Figure 12.2. (Note that the figure is limited to the top 8 institutes
to facilitate visualization. To see the trends for all 20 institutes, please refer to accompanying data files.)

Rank Institution (Country) Pu:i::‘anttlon cét::'notn FWcl

1.48
2.33
1.95

1 Chinese Academy of Sciences (China)

Wageningen University & Research (Netherlands)

U.S. Department of Agriculture (United States)

INRA Institut National de La Recherche Agronomique

4 (France) 617 2.18
5 CNRS (France) 520 - 2.33
6 Universidade de Sao Paulo (Brazil) 492 4,845 1.21
7 CSIRO (Australia) 396 - 2.31
8 Tsinghua University (China) 395 7,040 1.83
9 Ministry of Education China (China) 389 6,102 1.67
10 Universiti Teknologi Malaysia (Malaysia) 357 3,855 1.96
11 Delft University of Technology (Netherlands) 355 7,960 1.82
12 CNR (ltaly) 342 4,686 1.67
13 CSIC (Spain) 337 9,533 1.90
14 University of Queensland (Australia) 333 10,648 -
15 Ghent University (Belgium) 333 8,524 2.26
16 ETH Zurich (Switzerland) 333 8656 | 251
17 Texas A and M University (United States) 315 5,859 1.78
18 University of California at Berkeley (United States) 312 9,311
19 Politecnico di Milano (Italy) 309 3,044 2.02
20 Technical University of Denmark (Denmark) 306 9,395 -

+
Table 12.2— Top 20 research Institutes ranked based on SDG12 publication output and FWCI from 2007-2016.

(Source: Scopus)
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Figure 12.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG12. (Source:
Scopus)
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12.3.3 Top 20 researchers conducting SDG12 research

Alist of the top 20 researchers publishing in the SDG12 field based on publication output from 2007-2016 is shown in Table

12.3. Lal R. ranks 1%t in Publication Count followed by Geng Y. and Dinger I.
Geng Y., Dinger I., and Zhang F. are the top 3 researchers in this list in terms of H-index.

Rank Researcher Institution (Country) Pub Citation FWCI h-index
count Count
Lal R. Ohio State University (United States) 61 76
2 Geng. Shanghai Jiaotong University (China) 1,290 2.50 41
. University of Ontario Institute of
D . .
3 inger Technology (Canada) LoEh S5/
4 Sarkis J. Worcester Polytechnic Institute (United 2587
States)
5 Chen B. Beijing Normal University (China) 41 1,098 2.45 46
6 Ulgiati s. Universita degli Studi di Napoli a1 919 502 38
Parthenope (Italy)
El-Halwagi M. Texas A and M University (United States) 41 608 1.77 40
8 Faaij A. University of Groningen (Netherlands) 37 “
Dewulf J. Universiteit Gent (Belgium) 37 786 2.18 45
10 Germani M. Universita Politecnica delle Marche (Italy) 37 138 1.60 12
11 Taisch M. Politecnico di Milano (Italy) 36 180 2.28 15
12 Lleek. Universiti Sains Malaysia (Malaysia) 36 | Li77 | 179 49
Institut de Ciencia i Tecnologia
13 Gabarrell X. Ambientals (ICTA)-UAB (Spain) 35 548 1.70 26
14 YANG Z. Beijing Normal University (China) 35 603 1.70 50
15 Ng D. The University of Nottingham Malaysia 34 486 3.40 29
Campus (Malaysia)
16  ZhangF. China Agricultural University (China) 33 886 235 [
17 Haapala K. Oregon State University (United States) 33 232 1.78 12
18 ::l/larodoslawsky Technische Universitat Graz (Austria) 33 473 1.64 18
19 Webber M. University of Texas at Austin (United 33 553 133 29
States)
.. University of Tennessee, Knoxville
20 H h D. . 31 1,22 26
uising (United States) 8 H
+

Table 12.3— Top 20 researchers publishing SDG12 related research ranked based on 2007-2016 publication output
and their FWCI. FWCl is based on SDG12 publications, h-index is based on all publications by the researcher that are
indexed in the Scopus database. (Source: Scopus)
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12.3.4 Top 10 journals publishing SDG12 research

Alist of the top 10 journals publishing SDG12-related research from 2007-2016 is shown in Table 12.4. Advanced Materials
Research published 1,554 SDG12 related publications, closely followed by Journal of Cleaner Production, making these the
highest ranked journals in terms of SDG12 publications. Among these two top journals, only the Journal of Cleaner Production
had an FWCI that exceeded the world average for SDG12 research and a CiteScore indicating an average of 3.7 citations per
article. Renewable and Sustainable Energy Reviews ranks 1t in terms of CiteScore, with 7.66 citations per article on average,
which is not surprising given that reviews garner more citations in general than original research.

Rank Journal Publication  \ve;  Citescore
count

1 Advanced Materials Research
2 Journal of Cleaner Production
3 Acta Horticulturae
4 Renewable and Sustainable Energy Reviews
5 Sustainability
6 Applied Mechanics and Materials
7 Energy Policy
8 WIT Transactions on Ecology and the Environment
9 Energy Procedia 389 1.41 2.05

10 Acta Ecologica Sinica 386

+
Table 12.4— Top 10 journals based on SDG12 publication output from 2007-2016. FWCI is mean FWCI for any

SDG12 publications in the journal during the period: CiteScore is based on data for the journal as a whole. (Source:
Scopus)



12 RESPONSIBLE CONSUMPTION AND PRODUCTION 3 15

12.4 Research efforts focused on
SDG12

12.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
12.3, the United States leads in terms of research output related to SDG12. The China lags behind the US by approximately
5,000 publications while the United Kingdom, Germany, Italy and Brazil have followed a similar trend in publication output
during the period with 3,000-6,000 per country. Among comparators, Colombia has the lowest scholarly output in this field,
just below Mexico. However, as shown in Table 12.5, Colombia has seen the greatest growth in research output in this field
with a Compound Annual Growth Rate (CAGR) of 40.4%. After Colombia, Italy, Brazil and China have the highest CAGR at 20-
23%. All countries analysed have a CAGR above 11% in this field and the CAGR for all research on SDG12 is 9.6%.
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=
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-
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£ 500 //
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L e ——— - . .
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 12.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries
for the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count

United States 11.40%

China 21.20%

United Kingdom 5,936 11.90%

Germany 4,718 13.20%

Italy 4,572 23.30%
Colombia 363 Table 12.5— Number of publications per country and the Compound
Mexico 839 17.20% Annual Growth Rate (CAGR) for publication output during the period

Brazil 3,179 21.50% 2007-2016. (Source: Scopus)

World 78,468 9.60%
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12.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG12 related research from 2006-2017 is 1.31.

Comparing the FWCI of SDG12 publications from each of the eight countries included

Country FWCI

United States in this chapter reveals that the United Kingdom leads in terms of FWCI with an FWCI
) near 2.0 (Table 12.6). The United States, Germany and Italy all have an FWCI near

China 1.08 1.7. Among countries analysed, China, Brazil and Mexico have an FWCI below the

United Kingdom 1.99 world average for this subject.

Germany

Italy +

Colombia 1.17 Table 12.6 — FWCI per Comparator, 2007-2016. FWCI values below the world

Mexico 112 average for all research (i.e. below 1.0) are highlighted in green. (Source: Scopus)

Brazil

World 1.31

12.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘'most influential’ papers. As shown in Figure 12.4 and Table 12.7, the United States leads in
terms of SDG12 publications with close to 3,000 publications that are among the top 10% most cited. The other top 5
countries - China, United Kingdom, Germany, and Italy - have similar counts of top 10% papers. Colombia has 45 publications
among the top 10% most cited during this time period. China has the highest CAGR for this metric, which combined with its
large output, suggests it is on course to be on a par with the United States in the near future.

450 -
e Jnited States
400 A Chl_na i /\-g-"
United Kingdom /
350 - e Germany S —
.E 300 - —Colo_mbia
= s V1 X1 CO f-—_/
= N i
= 250 - Brazil
=
o /
% 200 o -
5 / /
€ 150 — ~
z
100 /
20 m—— e
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 12.4— Top 10% most cited publications on SDG12 from 2007-2016 per country. CAGR shown at top of each
bar. (Source: Scopus)
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Country Count c.vf Tc.)p 10% CAGR +
Publications Table 12.7— Top 10% most highly cited publications and
United States 2,990 12.42% their Compound Annual Growth Rate (CAGR) for each
China 1,246 32.93% country's SDG12 publications from 2007-2016. (Source:
United Kingdom 1,381 13.33% Scopus)
Germany 960 18.06%
Italy 1,013
Colombia 45 -

Mexico 98 8.01%

Brazil 318 23.38%

World 11,739 15.89%

12.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 12.8
provides the count of SDG12 publications from each country

Country Patef\t C'ited Pater!ts (Eiting that have been cited in patents and the number of patents
Publications Publications that have cited these publications. For the United States,
United States 306 1,232 306 US publications on SDG12 have been cited in 1,232
China 90 313 patents. China, The United Kingdom and Germany follow
United Kingdom 81 202 with 80-90 publications cited in 200-300 patents. Three of
Germany 83 201 Colombia’s publications have been cited in 3 patents.
Italy 34 68
Colombia 3 3 ) S o
Table 12.8— Number of publications cited in patent and
Mexico 7 17 patents citing publications on SDG12 from 2007 to 2016.
Brazil 21 30 (Source: Scopus)
World 976 3,066

12.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG12. To identify
patents relevant to SDG12, we retrieved all the patents citing any SDG12-related publication. Patents retrieved were limited
to those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States had the highest
number of SDG12-related patents (both applied for and granted) with 421 patent applications and 887 patents granted (Table

12.9). Germany, the United Kingdom and Patents Patents % of World
thna acc.ount for 2—7.% of patents in this Country applied for  Granted Total Total
f'e'Ol' while g‘;’omb'a has 1 . pati”t United States 421 887 1,308  57.27%
icati tent ted in thi
a.pp ication an .pa ents granted in .|s China 41 19 60 2 63%
field. Note that China may have patents in
. . o
a local patent office not included in this United Kingdom 53 27 80 3.50%
analysis. Germany 122 41 163 7.14%
Italy 28 4 32 1.40%
+ Colombia 1 2 3 0.13%
Table 12.9— Number of patents Mexico 4 1 5 0.22%
apg//ed for and granted during th? Brazil 6 1 7 0.31%
period 2006-2016. (Source: Lexis-
World 1,098 1,186 2,284

Nexis)
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12.4.6 Research Focus

Within the topic of SDG12-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences inresearch focus in SDG12-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country's SDG12 research is shown in Figure 12.5. More details on the methods employed for
key phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG12 research from Colombia, terms that stand out as unique to Colombia are ‘Energy’,
and 'Cleaner Production’. Among the top 50 key phrases the terms ‘Supply Chain Management’, ‘/Environmental Management,
‘Supply Chains', ‘Industry’, ‘Production’, ‘Biomass', ‘Alternative Agriculture’, and ‘Biofuels’ were common among the countries
analyzed. Figure 12.5 provides a visualization of the top 50 key phrases for SDG12 research from each country. The
accompanying data files provide a list of the key phrases as well as the relevance score for each key phrase.
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cleaner production energy  Supply chains Electricity prolific countries from 2012-
Supply chain management Biodiesel Biomass Design 2016. (Source: Scopus, SciVal
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Brazil Deforestation  Construction industry
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12.5 The reach of Colombia’'s SDG12
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

12.5.1 Downloads

As shown in the Figure 12.6, the mean count of downloads per ScienceDirect publication is similar across all countries. For
Colombia, there is a peak in 2009 that results from five SD articles that were downloaded more than 60,000 times, resulting
in a high ‘'mean’ value. The United Kingdom’s SD publications consistently receive more downloads per publication than other
countries.
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Figure 12.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most
prolific countries from 2007-2016. (Source: ScienceDirect)
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12.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. All countries analyzed have an FWDI
above the world average for all research (10.) and near the world average for SDG12 research (world average FWDI = 1.5;
Figure 12.7).

2.0

1.8

16

1.4 | |
5 L
= 10 ! 4
= | |

- [

0.6 | |

- [

0.2 -.| |.-

0.0 s b

United States China United Germany Italy Colombia Mexico Brazil

Kingdom

+
Figure 12.7 — Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted

line indicates average for all SDG12 research. (Source: ScienceDirect)
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12.6 SDG12 collaboration network

12.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG12-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 12.10-12.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG12 publications with. Among partner institutes, Colombia has published the most SDG12 papers in collaboration
with three institutes: International Crops Research Institute for the Semi-Arid Tropics (India); Wageningen University
& Research (Netherlands); CSIC (Spain). The highest FWCI came from publications with INRA Institut National de La
Recherche Agronomique (France) and the United Nations. Notably, publication on this subject with 12 of the 20 top
partners yielded an FWCI above 3.0, which is more than double the world average for SDG12 research.

Country Institution (Country) PuZI(::Janttlon FWCI

International Crops Research Institute for the Semi-Arid
Tropics (India)

Wageningen University & Research (Netherlands)
CSIC (Spain)

IRD (France)

KU Leuven (Belgium)

Universidad Nacional Autonoma de Mexico (Mexico)

Aarhus University (Denmark)

INRA Institut National de La Recherche Agronomique

(France)

Universitat Rovira i Virgili (Spain) 5 4.33
Colombia Universitat Politecnica de Catalunya (Spain) 5 2.28

Universite Pierre et Marie Curie (France) 5 2.14

Japan International Research Center for Agricultural Sciences 5 187

(Japan)

Universidade de Sao Paulo (Brazil) 5 1.73

Universitat Autonoma de Barcelona (Spain) 5 1.43

CIRAD (France) 5 1.42

United Nations (United States) 4

Chinese Academy of Agricultural Sciences (China) 4

U.S. Department of Agriculture (United States) 4

International Livestock Research Institute (Kenya) 4

CNRS (France) 4

+
Table 12.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) Publication FWCI

Count

Texas A and M University (United States)

King Abdulaziz University (Saudi Arabia)

Wageningen University & Research (Netherlands)

KU Leuven (Belgium)

U.S. Department of Agriculture (United States) 14 1.69

INRA Institut National de La Recherche Agronomique
(France)

Clark University (United States)
CSIC (Spain)
Ghent University (Belgium)

New Mexico State University (United States)
SUNY Albany (United States)

Universitat Politecnica de Catalunya (Spain)

Mexico

Cornell University (United States) 2.73

2.07

University of California at Berkeley (United States)
CNRS (France)

International Crops Research Institute for the Semi-Arid
Tropics (India)

University of Massachusetts Lowell (United States)

D[N | N[00 |00 |00|00|[00]|LO

(e}

Universidad Nacional de Colombia (Colombia)
Utrecht University (Netherlands)
Yale University (United States)

vy |o | O

2.73

+
Table 12.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.
(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

U.S. Department of Agriculture (United States)

INRA Institut National de La Recherche Agronomique
(France)

CIRAD (France)
University of Florida (United States)

Wageningen University & Research (Netherlands)

Universidade Nova de Lisboa (Portugal)
CNRS (France)
Universidad Politecnica de Valencia (Spain)

University of East Anglia (United Kingdom)
Brazil CSIRO (Australia)

AgroParisTech (France)

IRD (France)

Universidade do Porto (Portugal)
Colorado State University (United States)

Yale University (United States)

Swedish University of Agricultural Sciences (Sweden)

University of Tennessee, Knoxville (United States)

Florida State University (United States)
Royal Institute of Technology (Sweden)

9
8
8
University of lllinois at Urbana-Champaign (United States) 8 2.13
8
8
8

+
Table 12.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Country

United States

Publication

Institution (Country) Count FWCI
Chinese Academy of Sciences (China) 2.77
Wageningen University & Research (Netherlands) 4.10
Universidade de Sao Paulo (Brazil) 52 1.90
CSIRO (Australia) 51 3.88
Tsinghua University (China) 49 2.73
University of Queensland (Australia) 45 8.10
University of Cambridge (United Kingdom) 45 ‘
University of British Columbia (Canada) 45

ETH Zurich (Switzerland) 45 3.83
University of Toronto (Canada) 41 1.91
China Agricultural University (China) 38 2.30
Swedish University of Agricultural Sciences (Sweden) 37 3.87
Ministry of Education China (China) 37 2.21
McGill University (Canada) 36 -I
CNRS (France) 36 5.31
I(l;lrlz;clzj,tltut National de La Recherche Agronomique 36 168
King Abdulaziz University (Saudi Arabia) 36 2.43
Zhejiang University (China) 31 3.31
Embrapa - Empresa Brasileira de Pesquisa Agropecuaria

(Brazil) 31 2.23
Ghent University (Belgium) 30 5.31

+

Table 12.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Hong Kong Polytechnic University (Hong Kong) 1.81
Wageningen University & Research (Netherlands) 2.06
U.S. Department of Agriculture (United States) 46 2.54
National Institute for Environmental Studies of Japan (Japan) 40 3.21
City University of Hong Kong (Hong Kong) 38 1.27
Arizona State University (United States) 33 2.34
CSIRO (Australia) 30 2.11
National University of Singapore (Singapore) 29 -
AgriFood Canada (Canada) 29 1.48
Nanyang Technological University (Singapore) 27 2.45

China Hong Kong University of Science and Technology (Hong Kong) 26 2.63
University of Regina (Canada) 26 2.13
International Institute for Applied Systems Analysis,

Laxenburg (Austria) 25 -
University of Michigan (United States) 25 2.19
Purdue University (United States) 23 2.19
University of Hong Kong (Hong Kong) 23 1.97
Texas A and M University (United States) 23 1.96
King Abdulaziz University (Saudi Arabia) 22

University of Cambridge (United Kingdom) 21

Georgia Institute of Technology (United States) 21

+
Table 12.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Country

Institution (Country)

United Kingdom

Wageningen University & Research (Netherlands)

INRA Institut National de La Recherche Agronomique
(France)

CNRS (France)

Publication
Count

CSIC (Spain)

Ghent University (Belgium)

Chinese Academy of Sciences (China)

CSIRO (Australia)

University of Copenhagen (Denmark)

University of Sydney (Australia)

Swedish University of Agricultural Sciences (Sweden)

Aarhus University (Denmark)

Universidade de Sao Paulo (Brazil)

U.S. Department of Agriculture (United States)

Delft University of Technology (Netherlands)

European Commission Joint Research Centre Institute
(Belgium)

Technical University of Denmark (Denmark)

Harvard University (United States)

China Agricultural University (China)

Utrecht University (Netherlands)

University College Dublin (Ireland)

+

Table 12.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
Kingdom. (Source: Scopus)
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Publicati
Country Institution (Country) ublication FWCI
Count
Wageningen University & Research (Netherlands)
ETH Zurich (Switzerland)
CNRS (France)
INRA Institut National de La Recherche Agronomique
(France)
Chinese Academy of Sciences (China)
European Commission Joint Research Centre Institute
. 35 2.36
(Belgium)
Swedish University of Agricultural Sciences (Sweden) 33 3.49
Delft University of Technology (Netherlands) 33 1.86
University of Helsinki (Finland) 26 2.86
Germany Technical University of Denmark (Denmark) 23
Ghent University (Belgium) 23
CNR (ltaly) 23 2.97
Aarhus University (Denmark) 22 3.44
Utrecht University (Netherlands) 22 3.19
University of Copenhagen (Denmark) 21 2.52
Politecnico di Milano (ltaly) 21 2.23
Universite Paris Saclay (France) 20
CEA (France) 20
International Institute for Applied Systems Analysis,
. 19
Laxenburg (Austria)
Vrije Universiteit (Netherlands) 19

+

Table 12.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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_— Publication
Country Institution (Country) Count FWCI
European Commission Joint Research Centre Institute
(Belgium) 3.44
Wageningen University & Research (Netherlands) 3.51
I(l;lgé]g;tltut National de La Recherche Agronomique 0 334
CSIC (Spain) 34 2.13
European Commission (Belgium) 23 2.64
CNRS (France) 23 1.57
University of Copenhagen (Denmark) 22 3.00
Aarhus University (Denmark) 22 2.30
Ghent University (Belgium) 21 2.92
Italy ETH Zurich (Switzerland) 20 2.37
Beijing Normal University (China) 18 3.11
Universidad Politecnica de Madrid (Spain) 17
Swedish University of Agricultural Sciences (Sweden) 17 2.57
Technical University of Denmark (Denmark) 17 1.79
Vrije Universiteit (Netherlands) 15 1.92
KU Leuven (Belgium) 14 3.65
Chalmers University of Technology (Sweden) 14 3.26
Aristotle University of Thessaloniki (Greece) 14 2.34
U.S. Department of Agriculture (United States) 13 3.43
CIRAD (France) 13 2.05

+

Table 12.17 — A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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12.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG12 collaborations relative to the FWCI for all of
Colombia’s internationally collaborated SDG12 publications (x-axis) was plotted against the ratio of the FWCI from
collaborations relative to the FWCI for all of the partner’s international publications on SDG12 (y-axis). The citation impact of
collaborations can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that
the partner lies within. For SDG12 research from 2007-2016, the majority of Colombia’s collaborations with top 20 academic
partners were mutually beneficial to both Colombia and the collaboration partner in terms of citation impact (Figure 12.8).
Collaborations with the United Nations, Chinese Academy of Agricultural Sciences, INRA, and ASDA were particularly
beneficial to both parties (relative to the FWCI for international SDG12 publications for each respectively). Publications with
CIRAD, Universitat Autonoma de Barcelona and Aarhus yielded a lower average FWCI than each partner's SDG12 FWCI for
international publications.
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Figure 12.8 — Collaboration quadrant for Colombia and its top 20 collaborators on SDG1 from 2007-2016. (Source:

Scopus).
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12.6.3 Collaboration chart

Figure 12.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign
institutional partners on SDG12. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 12.9 shows where there may be potential to improve output and impact through partnership.
Colombia co-authored 4-7 publications with its top foreign partner institutes. Among Colombia's top 20 partners, Wageningen
University & Research produces the highest number of SDG12 publications with 881 publications and International Livestock
Research Institute has the highest FWCI for SDG12 research at 3.28. Colombia may want to leverage its existing relationships
with these institutes to increase its publication output and impact in SDG12 research.

o
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Universitat Autonoma de Barcelona N
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Figure 12.9— Chart showing Colombia'’s top 20 collaborators on SDG12 from 2007-2016. Circle (node) size is
proportional to the number of SDG12 publications by each entity (top institutional partners and Colombia); the thickness
of connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (3.28) and lightest shade of green
indicating the lowest FWCI (1.09). (Source: Scopus).



In this Chapter, we assess research related to SDG13, which aims to take urgent
action to combat climate change and its impacts. Statistics are provided for the top 5
countries publishing research in this field along with Colombia, Mexico, and Brazil.
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13.1 Key Findings

Goal 13: Take urgent action to combat

climate change and its impacts

WORLD RESEARCH OUTPUT SDG13 PATENTS

Number of SDG13 publications, 2007-2016. Number of SDG13 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT COLOMBIA'S RESEARCH OUTPUT CAGR

Colombia's SDG13 publications, 2007-2016. Compound annual growth rate for Colombia's 2007-2016

SDG13 publications.

COLOMBIATOP TEN PERCENTILE FOR CITATION COLOMBIA FIELD WEIGHTED CITATION IMPACT
Colombia's SDG13 publications within the top ten percentile Average field-weighted citation impact for Colombia's

for citations, 2007-2016. SDG13 publications, 2007-2016.
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13.2 SDG13 - Take urgent action to
combat climate change and its
impacts

According to the United Nations,
"“Climate change is now affecting every country on every continent. It is disrupting national economies and
affecting lives, costing people, communities and countries dearly today and even more tomorrow.
People are experiencing the significant impacts of climate change, which include changing weather
patterns, rising sea level, and more extreme weather events. The greenhouse gas emissions from human
activities are driving climate change and continue to rise. They are now at their highest levels in history.
Without action, the world's average surface temperature is projected to rise over the 21st century and is
likely to surpass 3 degrees Celsius this century—with some areas of the world expected to warm even
more. The poorest and most vulnerable people are being affected the most.
Affordable, scalable solutions are now available to enable countries to leapfrog to cleaner, more resilient
economies. The pace of change is quickening as more people are turning to renewable energy and a range
of other measures that will reduce emissions and increase adaptation efforts.

But climate change is a global challenge that does not respect national borders. Emissions anywhere affect
people everywhere. It is an issue that requires solutions that need to be coordinated at the international
level and it requires international cooperation to help developing countries move toward a low-carbon
economy.

To address climate change, countries adopted the Paris Agreement at the COP21 in Paris on 12 December
2015. The Agreement entered into force shortly thereafter, on 4 November 2016. In the agreement, all
countries agreed to work to limit global temperature rise to well below 2 degrees Celsius, and given the
grave risks, to strive for 1.5 degrees Celsius. You can learn more about the agreement here.

Implementation of the Paris Agreement is essential for the achievement of the Sustainable Development
Goals, and provides a roadmap for climate actions that will reduce emissions and build climate resilience."®

The targets for SDG 13, according to the United Nations are:

e “Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters in all
countries.

e Integrate climate change measures into national policies, strategies and planning.

e Improve education, awareness-raising and human and institutional capacity on climate change
mitigation, adaptation, impact reduction and early warning.

o Implement the commitment undertaken by developed-country parties to the United Nations Framework
Convention on Climate Change to a goal of mobilizing jointly $100 billion annually by 2020 from all
sources to address the needs of developing countries in the context of meaningful mitigation actions and
transparency on implementation and fully operationalize the Green Climate Fund through its
capitalization as soon as possible.

e Promote mechanisms for raising capacity for effective climate change-related planning and
management in least developed countries and small island developing States, including focusing on
women, youth and local and marginalized communities."”®

http://www.un.org/sustainabledevelopment/climate-change-2/
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Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG13 in general, the following search terms were used in combination with sustainab* OR "sustainable development goal" in
a query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms
and subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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13.3 SDG13: Leadersin the field

13.3.1 Top 5 countries conducting SDG13 research

The top 5 countries publishing on SDG13 based on cumulative publication output from 2007-2016 are shown in Table 13.1
and Figure 13.1. The United States ranks 1%t according to Publication Count, Percentage of Global Output, and Citation Count.
The United Kingdom ranks 15t in FWCI with 1.83. The world average for SDG13 research is above the world average for all

research, at 1.21. Except for China, all other countries’ FWCI exceeds the average for SDG13 research.

Publication Percentage of Citation
FWCI
Country count Global Output Count ¢
+ United States 27,423 20.07% 446,992 1.64
Table 13.1—Top 5 China 16,939 12.40% 146,310 1.02
countries based on United Kingdom 12,382 9.06% 220,869
publication output from Germany 7,953 5.82% 121,851 1.64
2007-2016. (Source: Australia 7,666 5.61% 132,485
Scopus) World 136,651 100.00% 623,539 1.21
4,000
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Figure 13.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG13 research. (Source:

Scopus)
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13.3.2 Top 20 institutes conducting SDG13 research

A list of the top 20 research institutes publishing SDG13-related research is shown in Table 13.2. The Chinese Academy of
Sciences (China) ranks 1% in Publication Count and surpasses the next ranked institute by nearly 900 publications. It is
interesting to note that, the second highest ranked institute, Wageningen University & Research has the highest citation count,
despite 900 fewer publications. Among the top 20 institutes, University of California at Berkeley (United States) has the
highest FWCI at close to 3.0, more than double the world average for SDG13. The trends in publication output from 2007-
2016 are shown in Figure 13.2. (Note that the figure is limited to the top 8 institutes to facilitate visualization. To see the
trends for all 20 institutes, please refer to accompanying data files.)

Rank Institution (Country) Pu:i:::‘anttlon cét:lt,l:tn FWcl

1 Chinese Academy of Sciences (China) 1.32
2 Wageningen University & Research (Netherlands) 38,016
3 U.S. Department of Agriculture (United States) 1.88
4 CNRS (France) 912 20,076 2.10
5 I(l;lrlz;clzj,titut National de La Recherche Agronomique 877 21,315 220
6 CSIRO (Australia) 756
7 University of Queensland (Australia) 715 17,506 2.31
8 Universidade de Sao Paulo (Brazil) 714 7,649 1.32
9 Ministry of Education China (China) 664 8,252 1.36
10  University of British Columbia (Canada) 656 19,711 -
11 Arizona State University (United States) 616 21,844
12 Delft University of Technology (Netherlands) 614 10,344 1.95
13 Tsinghua University (China) 601 9,908 1.65
14 CSIC (Spain) 588 14,283 1.85
15 Beijing Normal University (China) 566 6,315 1.40
16 CNR (Italy) 554 6,986 1.53
17 ETH Zurich (Switzerland) 537 13,220 | 242
18 Texas A and M University (United States) 531 8,590 1.62
19 University of Florida (United States) 524 9,488 1.68
20 University of California at Berkeley (United States) 519 15,119

+
Table 13.2— Top 20 research Institutes ranked based on SDG13 publication output and FWCI from 2007-2016.

(Source: Scopus)
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Figure 13.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG13. (Source:
Scopus)
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13.3.3 Top 20 researchers conducting SDG13 research

Alist of the top 20 researchers publishing in the SDG13 field based on publication output from 2007-2016 is shown in Table

13.3. Lal R. ranks 1°tin Publication Count followed by Dinger |. and Salvati L.

Antonietti M. has the highest h-index at 141 and Lal R., Dinger |., Zhang F., Smith P. have the next highest h-index with an
h-index near 70.

Rank Researcher

Institution (Country)

Pub
count

Citation
Count

FWCI

h-index

1 Lal R. Ohio State University (United States) 1,966 1.96 76
) Dincer | University of Ontario Institute of
gert. Technology (Canada)
. Council for Agricultural Research and

3 salvatiL, Economics (CREA) (Italy)

4 Geng. Shanghai Jiaotong University (China) 59 1,267 2.45 41

5 YANG Z. Beijing Normal University (China) 57 996 1.49 50

6 Chen B. Beijing Normal University (China) 55 1,265 2.02 46

7 Faaij A. University of Groningen (Netherlands) 49 2,518 - 61

8 Huang G. Beijing Normal University (China) 49 930 1.93 50

9 Ulgiati s. Universita degli Studi di Napoli 48 1,042 209 38
Parthenope (lItaly)

10 Zuo J. Shenzhen University (China) 46 707 2.06 23

11 ZhangF. China Agricultural University (China) 44 1,346 2.69 72
Research Center for Eco-Environmental

12 Ouyang Z. Sciences Chinese Academy of Sciences 44 1,310 1.77 43
(China)

13 Webber M. University of Texas at Austin (United a4 593 1.20 59
States)

14 El-Halwagi M. Texas A and M University (United States) 43

15 Streimikiene D. Lithuanian Energy Institute (Lithuania) 43

16  Smith P. University of Aberdeen (United Kingdom) 41

17 Azapagic A. U.nlver5|ty of Manchester (United a1
Kingdom)
Max Planck Institut fur Kolloid Und

18 Antonietti M. Grenzflachenforschung Potsdam 40
(Germany)

19  Scholz M. University of Salford (United Kingdom) 39

20 Huisingh D. University of Tennessee, Knoxville 38

(United States)

Table 13.3— Top 20 researchers publishing SDG13 related research ranked based on 2007-2016 publication output

and their FWCI. FWCl is based on SDG1 3 publications, h-index is based on all publications by the researcher that are

indexed in the Scopus database. (Source: Scopus)
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13.3.4 Top 10 journals publishing SDG13 research

Alist of the top 10 journals publishing SDG13-related research from 2007-2016 is shown in Table 13.4. Advanced Materials
Research published 2,326 SDG13 related publications, making it the highest ranked journal in terms of SDG13 publications.
Journal of Cleaner Production ranks 1% in terms of average FWCI from SDG13 publications and 2™ in terms of publication
count. Given that reviews attract a higher count of citations, it is not surprising that Renewable and Sustainable Energy
Reviews is in 1% place in terms of CiteScore. Renewable and Sustainable Energy Reviews is 4™ in terms of publication count.
Over half of the journals publishing the most SDG13 research have an FWCI above the world average.

Rank Journal Publication -ty Citescore
count

1 Advanced Materials Research 2,326 0.51 0.17
2 Journal of Cleaner Production 3.06
3 Sustainability 0.92
4 Renewable and Sustainable Energy Reviews 7.66
5 Acta Horticulturae 971 0.20
6 Energy Policy 823
7 WIT Transactions on Ecology and the Environment 810 0.08 0.08
8 Applied Mechanics and Materials 791 0.47 0.11
9 Acta Ecologica Sinica 712

10 PLoSONE 633 1.54

+
Table 13.4— Top 10 journals based on SDG13 publication output from 2007-2016. FWCI is mean FWCI for any

SDG13 publications in the journal during the period: CiteScore is based on data for the journal as a whole. (Source:
Scopus)
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13.4 Research efforts focused on
SDG13

13.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
13.3, the United States leads in terms of research output related to SDG13, followed by China, which surpassed the output
of the United Kingdom in 2008. Germany and Australia follow the United Kingdom. Among comparators, Colombia has the
lowest output in this field, just below Mexico. However, as shown in Table 1.5, Colombia has seen the greatest growth in
research output in this field with a Compound Annual Growth Rate (CAGR) near 30%. All countries analysed have a CAGR
above 9% in this field and the CAGR for SDG13 research globally was 8.4%.
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Figure 13.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries
for the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count

United States 9.40%
China
United Kingdom 12,382 9.60%
Germany 7,953 12.20%
Australia 7,666 10.70%
Colombia 620 Table 13.5— Number of publications per country and the Compound
Mexico 1,453 10.80% Annual Growth Rate (CAGR) for publication output during the period
Brazil 4,650 17.30% 2007-2016. (Source: Scopus)

World 136,651 8.40%
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13.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG13 related research from 2006-2017 is 1.21.

Country FWCI Comparing the FWCl of SDG13 publications from each of the eight countries included

United States _ in this chapter reveals that the United Kingdom leads in terms of FWCI (Table 13.6).
Along with the United Kingdom, the United States, Australia, Germany, and Colombia

China 1.02
. . all have an FWCI at or above the world average for SDG13 research.
United Kingdom 1.83
Germany
Australia
Colombia 1.21 +
Mexico 1.18 Table 13.6 — FWCI for SDG13 research from 2007-2016 per country and world.
Brazil 1.02 FWCI values below the world average for all research (i.e. below 1.0) are highlighted
World 171 in green. (Source: Scopus)

13.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential’ papers. As shown in Figure 13.4 and Table 13.7, the United States leads in
terms of SDG13 publications with 5,079 publications that are among the top 10% most cited. The United Kingdom comes in
second in terms of total number of top 10% papers during the period. China recently surpassed the United Kingdom in this
metric and has the highest CAGR for top 10% papers, suggesting that China may overtake the United States in this field in
the near future.
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Figure 13.4— Top 10% most cited publications on SDG13 from 2007-2016 per country. CAGR shown at top of each
bar. (Source: Scopus)
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Country Count c.vf Tc.)p 10% CAGR +
Publications Table 13.7— Top 10% most cited publication count per
United States 5,079 12.81% Comparator and Compound Annual Growth Rate, 2007-
China 1,922 33.17% 2016. (Source: Scopus)
United Kingdom 2,622 10.46%
Germany 1,538 16.82%
Australia 1,532 13.04%
Colombia 75 _
Mexico 170 7.54%
Brazil 467 15.26%
World 18,316 14.81%

13.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 13.8
provides the count of SDG13 publications from each country

Country Patef\t C.ited pater!ts (Eiting that have been cited in patents and the number of patents
Publications Publications that have cited these publications. For the United States,
United States 351 1,361 351 US publications on SDG13 have been cited in 1,361
China 98 351 patents. China, the United Kingdom, Germany and Australia
United Kingdom 38 192 also had 50 - 100 publications cited in 100-350 patents.
Germany 86 224 Colombia had 3 publications cited in 3 patents.
Australia 57 114
Colombia 3 3 T S .
Table 13.8— Number of publications cited in patent and
Mexico 9 20 patents citing publications on SDG13 from 2007 to 2016.
Brazil 20 29 (Source: Scopus)

13.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG13. To identify
patents relevant to SDG13, we retrieved all the patents citing any SDG13-related publication. Patents retrieved were limited
to those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States had the highest
number of SDG13-related patents (both applied for and granted) with 445 patent applications and 1,041 patents granted
(Table 13.9). Germany accounted for approximately 6% of the total patents in this field while China, Australia and the United

Kingdom account for 2-4% of the Patents Patents % of World
atents in this field. Colombia applied for Country : Total
P : pRiec: applied for Granted Total
one patent and had two granted during United States 445 1,041 1,48  59.70%
the period. Note thét China and Austre?lia China 48 20 68 2 73%
may have patents in a local patent office
. . o
not included in this analysis. United Kingdom 53 25 8 3.13%
Germany 118 40 158 6.35%
Australia 15 38 53 2.13%
+ Colombia 1 2 3 0.12%
Table 13.9— Number of patents Mexico 4 1 5 0.20%
apg//ed for and granted during th? Brazil 6 1 7 0.28%
period 2006-2016. (Source: Lexis-
World 1,150 1,339 2,489

Nexis)




13 CLIMATE ACTION 345

13.4.6 Research Focus

Within the topic of SDG13-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences inresearch focus in SDG13-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’s SDG13 research is shown in Figure 13.5. More details on the methods employed for
key phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG13 research from Colombia, the term that stands out as unique to Colombia is
‘Electricity’. Among the top 50 key phrases the terms ‘Greenhouse Gases', ‘Public Policy’; 'Economics’, ‘Conservation’, ‘Climate
Change’, 'Production’, 'Ecosystem Service', 'Energy Efficiency’, and'Alternative Agriculture’ were common among the countries
analyzed. The term'Agriculture’ and ‘Protected Area’ stand out as unigue to the Latin American countries. Figure 13.5 provides
a visualization of the top 50 key phrases for SDG13 research from each country. The accompanying data files provide a list
of the key phrases as well as the relevance score for each key phrase.
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13.5 The reach of Colombia’'s SDG13
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

13.5.1 Downloads

As shown in the Figure 13.6, the mean count of downloads per ScienceDirect publication varies across all countries with the
United Kingdom most consistently receiving a high count of downloads per SD publications. Mexico and Colombia receive the
fewest downloads on average relative to the other countries analysed.
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Figure 13.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most
prolific countries from 2007-2016. (Source: ScienceDirect)
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13.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. Colombia has the highest mean FWDI for
the period of 2007-2016 (Figure 13.7). However, it is important to note that the FWDI for Colombia is based on only 150 SD
publications and therefore, outliers may sway the mean significantly. Therefore, interpretation of this metric should focus on
the top 5 countries only. All top 5 countries had an FWDI near the average for all SDG13 research (1.43).
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Figure 13.7 — Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted
line indicates average for all SDG13 research. (Source: ScienceDirect)
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13.6 SDG13 collaboration network

13.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG13-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 13.10-13.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG13 publications with. Among academic partner institutes, Colombia has published the most SDG13 papers in
collaboration with Wageningen University & Research (Netherlands; 17 publications from 2007-2016). The FWCI for
these publications was very high at more than 5 times the world average for SDG13 research. Colombia’s collaborated
publications with each of the top 20 partners resulted in an FWCI greater than the world average for SDG13 research.

Country Institution (Country) PuI(o:I(;cl:‘anttlon FWCI
Wageningen University & Research (Netherlands) 6.11
Universidade de Sao Paulo (Brazil) 6.76
Columbia University (United States) 12 6.22
Aarhus University (Denmark) 11 6.87
CSIC (Spain) 11 2.39
Universidad Nacional Autonoma de Mexico (Mexico) 10 4.25
International Crops Research Institute for the Semi-Arid
Tropics (India) 2 4.22
IRD (France) 9 2.29
Imperial College London (United Kingdom) 8 -
University of Cambridge (United Kingdom) 8 8.72

Colombia
Stanford University (United States) 8 8.12
University of Leeds (United Kingdom) 8 2.63
United Nations (United States) 7 -
Yale University (United States) 7
INRA Institut National de La Recherche Agronomique
(France) / 8.21
University of California at Davis (United States) 7 3.79
CIRAD (France) 7 2.24
Universitat Politecnica de Catalunya (Spain) 7 2.21
Universite Pierre et Marie Curie (France) 7 1.78
University of British Columbia (Canada) 6

+
Table 13.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.
(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Texas A and M University (United States) 2.20
Wageningen University & Research (Netherlands) 4.95
University of Arizona (United States) 23 3.75
KU Leuven (Belgium) 21 2.48
King Abdulaziz University (Saudi Arabia) 18 2.25
U.S. Department of Agriculture (United States) 18 1.54
INRA Institut National de La Recherche Agronomique
(France) 15 3.59
CSIC (Spain) 14 2.42
Ghent University (Belgium) 13 6.70

Mexico Stanford University (United States) 13 6.59
Arizona State University (United States) 13 3.01
University of British Columbia (Canada) 12 8.08
Yale University (United States) 12 7.14
CSIRO (Australia) 12 5.39
SUNY Albany (United States) 11 6.46
Universidad Nacional de Colombia (Colombia) 11 6.26
University of California at Berkeley (United States) 11 1.59
World Health Organization (Switzerland) 10 11.89
Imperial College London (United Kingdom) 10
University of Toronto (Canada) 10 ‘

+
Table 13.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)



13 CLIMATE ACTION 352

Publication

Country Institution (Country) Count FWCI

University of Florida (United States)

Wageningen University & Research (Netherlands)

U.S. Department of Agriculture (United States)

CIRAD (France)

INRA Institut National de La Recherche Agronomique
(France)

IRD (France)
Harvard University (United States)

University of East Anglia (United Kingdom)

University of Oxford (United Kingdom)
Brazil Yale University (United States)

CNRS (France)

World Health Organization (Switzerland)
CSIRO (Australia)

Universidad Nacional Autonoma de Mexico (Mexico)

Universidade Nova de Lisboa (Portugal)
United Nations (United States)

Colorado State University (United States)
Stanford University (United States)

Universidade de Lisboa (Portugal)

Imperial College London (United Kingdom)

+
Table 13.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Chinese Academy of Sciences (China) M
Wageningen University & Research (Netherlands) 156 4.74
University of British Columbia (Canada) 148 5.31
CSIRO (Australia) 118 5.32
University of Cambridge (United Kingdom) 110 5.47
CNRS (France) 107 4.73
University of Queensland (Australia) 101 -I
University of Oxford (United Kingdom) 101 4.61
Universidade de Sao Paulo (Brazil) 100 3.05
World Health Organization (Switzerland) 95 4.41

United States University of Toronto (Canada) 94 2.61
Tsinghua University (China) 87 2.56
McGill University (Canada) 82
Stockholm University (Sweden) 80 7.47 ‘
Imperial College London (United Kingdom) 79 5.29
Beijing Normal University (China) 79 2.22
Ministry of Education China (China) 77 1.63
Institute of Geographical Sciences and Natural Resources 77 1.46
Research Chinese Academy of Sciences (China)

Swedish University of Agricultural Sciences (Sweden) 75 5.08
University of Cape Town (South Africa) 75 4.12

+
Table 13.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)



13 CLIMATE ACTION 354

Publication

Country Institution (Country) Count FWCI
Hong Kong Polytechnic University (Hong Kong) 1.79
U.S. Department of Agriculture (United States) 2.61
University of Hong Kong (Hong Kong) 2.48
Wageningen University & Research (Netherlands) 77 3.11
Colorado State University (United States) 75 0
City University of Hong Kong (Hong Kong) 73 1.94
Arizona State University (United States) 66 2.62
CSIRO (Australia) 59 2.47
National Institute for Environmental Studies of Japan (Japan) 51 3.01

China National University of Singapore (Singapore) 49
University of Regina (Canada) 48
University of British Columbia (Canada) 46
AgriFood Canada (Canada) 43
Chinese University of Hong Kong (Hong Kong) 42
University of Cambridge (United Kingdom) 41
University of Maryland (United States) 40
Texas A and M University (United States) 40
Purdue University (United States) 40
University of Adelaide (Australia) 39
University of Western Australia (Australia) 39

+
Table 13.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Country

United Kingdom

Publication

Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 188 4.26
CNRS (France) 97 3.61
l(';l,:?,CIZ)StItUt National de La Recherche Agronomique 92 353
CSIC (Spain) 78 2.20
University of Copenhagen (Denmark) 71 4.50
European Commission Joint Research Centre Institute

(Belgium) 1 4.19
Harvard University (United States) 66

CSIRO (Australia) 66 |
Chinese Academy of Sciences (China) 66 2.63
Aarhus University (Denmark) 65 3.70
University of Cape Town (South Africa) 63 4.28
Ghent University (Belgium) 63 3.30
University of British Columbia (Canada) 60

Swedish University of Agricultural Sciences (Sweden) 59

University of Queensland (Australia) 55

University of Sydney (Australia) 55 4.12
United Nations (United States) 53 4.56
World Health Organization (Switzerland) 52 5.64
Stockholm University (Sweden) 52 5.64
CNR (Italy) 51 2.84

+

Table 13.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

Kingdom. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) M
CNRS (France) 90 411
ETH Zurich (Switzerland) 88 3.28
;E:erlc;pi)js]r; Commission Joint Research Centre Institute 75 254
I(l;lgé]g;tltut National de La Recherche Agronomique 73 495
Chinese Academy of Sciences (China) 73 2.49
Swedish University of Agricultural Sciences (Sweden) 61 4.22
University of Copenhagen (Denmark) 60 5.39
Lund University (Sweden) 53 5.91

Germany CNR (ltaly) 52 247
Ghent University (Belgium) 51 4.15
Utrecht University (Netherlands) 46 3.09
Vrije Universiteit (Netherlands) 44 3.81
University of Helsinki (Finland) 43 4.13
Universite Paris Saclay (France) 43 4.04
University of Bern (Switzerland) 43 3.75
Delft University of Technology (Netherlands) 43 2.47
Stockholm University (Sweden) 41
University of Zurich (Switzerland) 41 5.15
University of Oxford (United Kingdom) 41 4.88

+
Table 13.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Chinese Academy of Sciences (China)

Wageningen University & Research (Netherlands)

University of British Columbia (Canada)
University of Washington (United States)
University of Cambridge (United Kingdom)
National University of Singapore (Singapore)
U.S. Department of Agriculture (United States)
University of Cape Town (South Africa)
Stanford University (United States) 39
University of Oxford (United Kingdom) 38

Australia Imperial College London (United Kingdom) 37
Harvard University (United States) 34
NOAA (United States) 34
University of Leeds (United Kingdom) 33
University of Auckland (New Zealand) 32
University College London (United Kingdom) 31
CNRS (France) 31
I(I;lrf;?]clz)stitut National de La Recherche Agronomique 30 487
University of Copenhagen (Denmark) 29 4.83
Stockholm University (Sweden) 28 -I

+
Table 13.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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13.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG13 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG13 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG13 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. For SDG13 research from 2007-2016, the majority of Colombia’s collaborations with top 20 academic partners were
mutually beneficial to both Colombia and the collaboration partner (Figure 13.8). The publications resulting from collaboration
with the United Nations, University of British Columbia, Yale University and Imperial College London stand out for being highly
mutually beneficial in terms of citation impact.
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Figure 13.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG13-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG13-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on top left. (Source: Scopus).
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13.6.3 Collaboration chart

Figure 13.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign
institutional partners on SDG13. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 13.9 shows where there may be potential to improve output and impact through partnership.
Colombia co-authored 6-17 publications with its top foreign partner institutes. Currently, Colombia produces the most co-
authored papers with Wageningen University & Research, which produces the highest number of publications (among
Colombia's top 20 partners) with 1,394 SDG13 publications. INRA Institut National de La Recherche Agronomique is the
second most prolific among Colombia's top 20, with 877 publications, 7 of which were in co-authored with Colombia. Among
Colombia'’s top 20 partners, Stanford University has the highest FWCI for SDG13 research at 3.87. Colombia may want to
leverage its existing relationship with INRA Institut National de La Recherche Agronomique and Stanford University to increase
its publication output and impact on SDG13 research.
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Figure 13.9— Chart showing Colombia'’s top 20 collaborators on SDG13 from 2007-2016. Circle (node) size is
proportional to the number of SDG1 3 publications by each entity (top institutional partners and Colombia); the thickness
of connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (3.87) and lightest shade of green
indicating the lowest FWCI (1.33). (Source: Scopus).



In this Chapter, we assess research related to SDG14, which aims to conserve and
sustainably use the oceans, seas, and marine resources. Statistics are provided for the
top 5 countries publishing research in this field along with Colombia, Mexico, and

Brazil.
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14.1 Key Findings

Goal 14: Conserve and sustainably use the

oceans, seas and marine resources

WORLD RESEARCH OUTPUT SDG14 PATENTS

Number of SDG14 publications, 2007-2016. Number of SDG14 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT COLOMBIA'S RESEARCH OUTPUT CAGR

Colombia's SDG14 publications, 2007-2016. Compound annual growth rate for Colombia's 2007-2016

SDG14 publications.

COLOMBIATOP TEN PERCENTILE FOR CITATION COLOMBIA FIELD WEIGHTED CITATION IMPACT
Colombia's SDG14 publications within the top ten percentile Average field-weighted citation impact for Colombia's

for citations, 2007-2016. SDG14 publications, 2007-2016.
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14.2 SDG14 - Conserve and
sustainably use the oceans, seas and
marine resources

According to the United Nations,
"The world's oceans - their temperature, chemistry, currents and life - drive global systems that make the
Earth habitable for humankind.
Our rainwater, drinking water, weather, climate, coastlines, much of our food, and even the oxygen in the
air we breathe, are all ultimately provided and regulated by the sea. Throughout history, oceans and seas
have been vital conduits for trade and transportation.” *°

The targets for SDG 1, according to the United Nations are:

e "By 2025, prevent and significantly reduce marine pollution of all kinds, in particular from land-based
activities, including marine debris and nutrient pollution.

e By 2020, sustainably manage and protect marine and coastal ecosystems to avoid significant adverse
impacts, including by strengthening their resilience, and take action for their restoration in order to
achieve healthy and productive oceans.

e Minimize and address the impacts of ocean acidification, including through enhanced scientific
cooperation at all levels.

o By 2020, effectively regulate harvesting and end overfishing, illegal, unreported and unregulated fishing
and destructive fishing practices and implement science-based management plans, in order to restore
fish stocks in the shortest time feasible, at least to levels that can produce maximum sustainable yield
as determined by their biological characteristics.

e By 2020, conserve at least 10 per cent of coastal and marine areas, consistent with national and
international law and based on the best available scientific information.

e By 2020, prohibit certain forms of fisheries subsidies which contribute to overcapacity and overfishing,
eliminate subsidies that contribute to illegal, unreported and unregulated fishing and refrain from
introducing new such subsidies, recognizing that appropriate and effective special and differential
treatment for developing and least developed countries should be an integral part of the world Trade
Organization fisheries subsidies negotiation.

e By 2030, increase the economic benefits to Small Island developing States and least developed
countries from the sustainable use of marine resources, including through sustainable management of
fisheries, aquaculture and tourism.

e Increase scientific knowledge, develop research capacity and transfer marine technology, taking into
account the Intergovernmental Oceanographic Commission Criteria and Guidelines on the Transfer of
Marine Technology, in order to improve ocean health and to enhance the contribution of marine
biodiversity to the development of developing countries, in particular small island developing States and
least developed countries.

o Provide access for small-scale artisanal fishers to marine resources and markets.

e Enhance the conservation and sustainable use of oceans and their resources by implementing
international law as reflected in UNCLOS, which provides the legal framework for the conservation and
sustainable use of oceans and their resources, as recalled in paragraph 158 of The Future We Want.”*°

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG1 in general, the following search terms were used in combination with sustainab® OR "sustainable development goal" in a

http:/fwww.un.org/sustainabledevelopment/oceans/
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query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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14.3 SDG14: Leadersin the field

14.3.1 Top 5 countries conducting SDG14 research

The top 5 countries publishing on SDG14 based on cumulative publication output from 2007-2016 are shown in Table 14.1
and Figure 14.1. The United States ranks 1%t according to Publication Count, Percentage of Global Output, and Citation Count.
The United Kingdom ranks 15t in FWCI with 1.22, which is much higher than the world average. Except for China, all other
countries’ FWCI also exceed the average.

Country Publication Percentage of Citation EWCI
count Global Output Count

+ United States 24,572 23.56% 358,044 1.56
Table 14.1—Top 5 United Kingdom 10,727 10.28% 173,983 1.79
countries based on Australia 7,123 6.83% 111,100 1.64
publication output from  China 6,856 6.57% 67,218 1.19
2007-2016. (Source: Germany 5,753 5.52% 82,457 1.67
Scopus) World 104,312 100.00% 440,296 1.22
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Figure 14.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG14 research. (Source:

Scopus)
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14.3.2 Top 20 institutes conducting SDG14 research

A list of the top 20 research institutes publishing SDG14-related research is shown in Table 14.2. The Chinese Academy of
Sciences ranks first in terms of Publication Count but ranks fairly low among the top 20 institutes in terms of FWCI.
Wageningen University & Research ranks just behind the Chinese Academy of Sciences with 91 fewer publications but has
10,000 more citations. Arizona State University (United States) has the highest FWCI among comparators. Among the top 20
institutes, the University of Minnesota has the highest FWCI at over three times the world average. Except for Universidade
de Sao Paulo (Brazil), all top 20 institutes have a mean FWCI above world average in this research field. The trends in
publication output from 2007-2016 are shownin Figure 14.2. (Note that the figure is limited to the top 8 institutes to facilitate
visualization. To see the trends for all 20 institutes, please refer to accompanying data files.)

N Publication Citation
Rank Institution (Country) count Count FWCI

1 Chinese Academy of Sciences (China) 1,059 15,187 1.49
2 Wageningen University & Research (Netherlands) 25,091
3 U.S. Department of Agriculture (United States) 1.94
4 University of British Columbia (Canada) 667 2.22
5 Arizona State University (United States) 635 2.84
6 Universidade de Sao Paulo (Brazil) 597 5,665 1.11
7 CNRS (France) 594 11,723 2.04
3 I(l;lrlz;clzj,titut National de La Recherche Agronomique 577 13,069 506
9 University of Queensland (Australia) 570 12,683 2.00
10 CSIRO (Australia) 562 22,802 274
11 Delft University of Technology (Netherlands) 523 8,736 2.01
12 University of Washington (United States) 482 13,254 -
13  University of Toronto (Canada) 451 8,627 1.68
14 Texas A and M University (United States) 438 6,797 1.60
15  CSIC (Spain) 413 9,090 1.76
16 University of California at Berkeley (United States) 411 9,243 -
17 Monash University (Australia) 407 8,576 1.89
18 University of Florida (United States) 407 5,458 1.50
19 Universiti Teknologi Malaysia (Malaysia) 404 2,438 1.54
20 University of Cambridge (United Kingdom) 403 8,318 -

+
Table 14.2— Top 20 research Institutes ranked based on SDG14 publication output and FWCI from 2007-2016.

(Source: Scopus)
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Figure 14.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG1. (Source:
Scopus)
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14.3.3 Top 20 researchers conducting SDG14 research

Alist of the top 20 researchers publishing in the SDG14 field based on publication output from 2007-2016 is shown in Table
14.3. Dinger I. ranks 1st in Publication Count followed by Rashid Sumaila U. and Sarkis J.

Lal R., Dinger I., and Pauly D. are the top 3 researchers in this list in terms of H-index.

Rank Researcher Institution (Country) Pub Citation FWCI  h-index
count Count
1 Dincer | University of Ontario Institute of
serl. Technology (Canada)
Rashid Sumaila Institute for the Oceans and Fisheries
2
u. (Canada)
3 Sarkis J. Worcester Polytechnic Institute (United
States)
4 Chen B. Beijing Normal University (China) 46 1.76
Lal R. Ohio State University (United States) 45 2.06
6 Wiek A, Leuphana Universitat Luneburg a4 4.00 30
(Germany)
Blevis E. Indiana University (United States) 43 726 2.32 15
8 Germani M. Universita Politecnica delle Marche (Italy) 42 147 1.57 12
YANG Z. Beijing Normal University (China) 41 627 1.07 50
. University of Tennessee, Knoxville
1 H h D. ! . 2
0 uising (United States) 40 8.38 6
11 Vinodhss. National Institute of Technology 40 375 1.16 22
Tiruchirappalli (India)
12 Shah A. Hewlett Packard Laboratories (United 39 359 531 17
States)
13 Haapala K. Oregon State University (United States) 39 199 1.86 12
14 Hepbasli A. Yasar Universitesi (Turkey) 38 1,219 2.28 48
15 Wu J. Arizona State University (United States) 37 2,613 3.81 50
16 Pauly D. The University of British Columbia 37 371
(Canada)
17 Ulgiati s. Universita degli Studi di Napoli 37 821 297 38
Parthenope (Italy)
18 Azapagic A. U'nlver5|ty of Manchester (United 36 681 558 32
Kingdom)
19 Rosen M. University of Ontario Institute of 36 845 550
Technology (Canada)
20 Taisch M. Politecnico di Milano (lItaly) 36 349 2.48 15
+

Table 14.3— Top 20 researchers publishing SDG14 related research ranked based on 2007-2016 publication output

and their FWCI. FWCl is based on SDG14 publications, h-index is based on all publications by the researcher that are

indexed in the Scopus database. (Source: Scopus)
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14.3.4 Top 10 journals publishing SDG14 research

A list of the top 10 journals publishing SDG14-related research from 2007-2016 is shown in Table 14.4. Sustainability
published 1,507 SDG14 related publications, making it the highest ranked journal in terms of SDG1 publications. Journal of
Cleaner Production ranks 1%t in terms of FWCI and second in terms of publication count while Renewable and Sustainable
Energy Reviews sits in the 1% place in terms of CiteScore and third in terms of publication count. Six of the top 10 journals
publishing SDG14 research have an FWCI above the world average for SDG14 research.

Publication

Rank Journal count FWCI CiteScore
1 Sustainability 1,507 1.00 0.92
2 Journal of Cleaner Production 3.46 3.70
3 WIT Transactions on Ecology and the Environment 788 0.09 0.08
4 Advanced Materials Research 566 0.69 0.17
5 Renewable and Sustainable Energy Reviews 555 1.17 7.66
6 Ecological Economics 475 - 3.42
7 Marine Policy 465 2.12 2.27
8 PLoSONE 450 1.57 4.29
9 Energy Policy 435 1.79 3.52

10 Journal of Environmental Management 434 1.51 3.75

+
Table 14.4— Top 10 journals based on SDG14 publication output from 2007-2016. FWCI is mean FWCI for any SDG1

publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source: Scopus)
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14.4 Research efforts focused on
SDG14

14.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
14.3, the United States is by far the leader in terms of research output related to SDG14. The United Kingdom follows, along
with Australia, China, and Germany. Among comparators, Colombia has the lowest output in this field, just below Mexico.
However, as shown in Table 14.5, Colombia has seen the greatest growth in research output in this field with a Compound
Annual Growth Rate (CAGR) of 33.1%. All countries analysed have a CAGR above the world average in this field. Following
Colombia, China and Brazil have the highest CAGR at 21% and 17% respectively.
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Figure 14.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries
for the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count
United States m
United Kingdom 10,727 9.70%
Australia 7,123 9.50%
China = 6856 | 21.70%
Germany 5,753 13.90%
Colombia 498 Table 14.5— Number of publications per country and the Compound
Mexico 1,061 13.70% Annual Growth Rate (CAGR) for publication output during the period
Brazil 3,768 17.40% 2007-2016. (Source: Scopus)

World 104,312 9.30%
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14.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG14 related research from 2006-2017 is 1.22.

Country FWCI Comparing the FWCI of SDG14 publications from each of the eight countries included

United States in this chapter reveals that the United Kingdom leads in terms of FWCI, followed by

United Kingdom 1.79 Germany and Australia (Table 14.6). The United States, though it leads in publication
. output comes in fourth among the top 5 countries. Among countries analysed, China

i has an FWCI just below the world average for this subject and Brazil has an FWCI

China = below the world average for all research.

Germany _

Colombia 1.01 +

Mexico 1.26 Table 14.6 — FWCI for SDG14 research from 2007-2016 per country and world.

Brazil FWCl values below the world average for all research (i.e. below 1.0) are highlighted

World 1.22 in green. (Source: Scopus)

14.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘most influential’ papers. As shown in Figure 14.4 and Table 14.7, the United States leads in
terms of SDG14 publications with 4,264 publications that are among the top 10% most cited. The United Kingdom follows
with approximately half the count of top 10% papers. Colombia has 52 publications among the top 10% most cited during
this time period. Although China has the lowest count of highly cited publications among the top 5 countries, China has the
highest CAGR and surpassed Australia and Germany in 2016. Colombia also has a high CAGR for this metric.
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Figure 14.4— Top 10% most cited publications on SDG14 from 2007-2016 per country. (Source: Scopus)
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Country Count c.vf Tc.)p 10% CAGR +
Publications Table 14.7— Top 10% most highly cited publications and
United States m their Compound Annual Growth Rate (CAGR) for each
United Kingdom 2,178 10.59% country’'s SDG14 publications from 2007-2016. (Source:
Australia 1,340 11.10%  Scopus)
China 881
Germany 1,151 17.02%
Colombia 52 _
Mexico 122 5.84%
Brazil 324 13.75%
World 14,058 13.70%

14.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 14.8
provides the count of SDG14 publications from each country

Country Patef\t C.ited pater!ts (Eiting that have been cited in patents and the number of patents
Publications Publications that have cited these publications. For the United States,
United States 183 482 183 US publications on SDG14 were cited in 482 patents.
United Kingdom 49 117 The other top 5 countries had 25-50 publications cited in
Australia 37 83 70-120 patents. Colombia, had a single publication cited in
China 29 71 one patent.
Germany 38 94
Colombia 1 1 +
Mexico 2 2 Table 14.8— Number of publications cited in patent and
Brazil 9 11 patents citing publications on SDG14 from 2007 to 2016.
World 525 1,436 (Source: Scopus)

14.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG14. To identify
patents relevant to SDG14, we retrieved all the patents citing any SDG14-related publication. Patents retrieved were limited
to those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States had the highest
number of SDG14-related patents (both applied for and granted) with 210 patent applications and 490 patents granted
accounting for 62% of the total (Table 14.9). The United Kingdom, Australia and Germany together account for 13% of all

patents in this field, while Colombia Patents Patents % of World
lied f d had Country . Total
applied for one patent and had one applied for  Granted Total
granted during the period. Note that China United States 210 490 700 62.61%
and Austrélia maY have pe‘atent's ina Ioc.:al United Kingdom 21 6 27 2 42%
patent office not included in this analysis.
Australia 12 31 43 3.85%
+ China 11 7 18 1.61%
Table 14.9— Number of patents Germany 59 6 65 5.81%
applied for and granted during the Colombia 1 1 2 0.18%
period 2006-2016. (Source: Lexis- Mexico 1 3 0.27%
Nexis) Brazil 2 - 2 0.18%

World 517 601 1,118
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14.4.6 Research Focus

Within the topic of SDG14-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences inresearch focus in SDG14-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country's SDG14 research is shown in Figure 14.5. More details on the methods employed for
key phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG14 research from Colombia, terms that stand out as unique to Colombia are
'Architecture’, ‘Biomass’, and ‘Concretes’. Among the top 50 key phrases the terms ‘Environmental Management','Economics’,
‘Climate Change', and ‘Ecosystem Service' were common among the countries analyzed. Figure 14.5 provides a visualization
of the top 50 key phrases for SDG14 research from each country. The accompanying data files provide a list of the key phrases
as well as the relevance score for each key phrase.
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14.5 The reach of Colombia’'s SDG14
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

14.5.1 Downloads

As shown in the Figure 14.6, the mean count of downloads per ScienceDirect publication is similar across all countries. For
Colombia, there is a prominent peak in 2009 resulting from four SD articles in 2009. Except for this anomaly, all countries
had a similar downloads per SD publication rate.
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Figure 14.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most
prolific countries from 2007-2016. (Source: ScienceDirect)
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14.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. The United Kingdom has the highest
mean FWDI for the period of 2007-2016 (Figure 14.7). It is important to note that given the very low count of SD publications
from Colombia, and Mexico (i.e. under 50 SD publications for the full period) interpretation of this metric should focus on the
top 5 countries only. All top 5 countries had an FWDI near the average for all SDG1 research of 1.45.
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Figure 14.7 — Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted
line indicates average for all SDG14 research. (Source: ScienceDirect)
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14.6 SDG14 collaboration network

14.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG14-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 14.10-14.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG14 publications with. Among academic partner institutes, Colombia has published the most SDG14 papers in
collaboration with Universitat Politecnica de Catalunya (Spain; 10 publications from 2007-2016). The FWCI for these
publications was near the world average for SDG14 research. The highest FWCI resulted from the 5 publications Colombia
did in collaboration with the Chinese Academy of Agricultural Sciences (China).

Country Institution (Country) Puzlc:ia:tlon FWCI
Universitat Politecnica de Catalunya (Spain) 1.24
Universidade de Sao Paulo (Brazil) 3.36
Universitat Autonoma de Barcelona (Spain) 2.27
Wageningen University & Research (Netherlands) 3.78
Columbia University (United States) 1.48
Universidad Nacional Autonoma de Mexico (Mexico) 1.71
Stanford University (United States) 6 4.16
KU Leuven (Belgium) 6 3.61
Chinese Academy of Agricultural Sciences (China) 5
University of Cambridge (United Kingdom) 5

Colombia Universitat Rovira i Virgili (Spain) 5 4.56
University of Leeds (United Kingdom) 5 3.48
CSIC (Spain) 5 2.98
IRTA - Institute of Agrifood Research and Technology (Spain) 5 2.03
Universite Pierre et Marie Curie (France) 5 1.40
IRD (France) 5 1.32
Georgia Institute of Technology (United States) 5 0.8
Universidade Nova de Lisboa (Portugal) 4
U.S. Department of Agriculture (United States) 4
Embrapa - Empresa Brasileira de Pesquisa Agropecuaria 4
(Brazil)

+
Table 14.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) PuZI(i’tl:la:tion FWCI
Texas A and M University (United States) 2.13
Wageningen University & Research (Netherlands) 3.47
University of California at San Diego (United States) 18 2.81
KU Leuven (Belgium) 16 2.41
University of Arizona (United States) 16 1.39
Arizona State University (United States) 14 2.79
King Abdulaziz University (Saudi Arabia) 13 2.46
U.S. Department of Agriculture (United States) 11 3.57
University of British Columbia (Canada) 11 3.43

Mexico Cornell University (United States) 10 -I
CSIC (Spain) 10 2.66
Stanford University (United States) 9 4.34
Clark University (United States) 9 4.65
SUNY Albany (United States) 9
CSIRO (Australia) 8
University of Wisconsin (United States) 8
Louisiana State University (United States) 8
Universitat Politecnica de Catalunya (Spain) 8
Utrecht University (Netherlands) 7
Imperial College London (United Kingdom) 7

+

Table 14.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Country Institution (Country) Puglci,(l:la:tion FWCI
University of Florida (United States) 1.47
INRA Institut National de La Recherche Agronomique 392
(France)

CIRAD (France) 1.53

Wageningen University & Research (Netherlands) 2.86

U.S. Department of Agriculture (United States) 2.56

IRD (France) 2.94

Universidade Nova de Lisboa (Portugal) 18 1.95

University of East Anglia (United Kingdom) 16 3.57

CNRS (France) 16 2.72
Brazil Harvard University (United States) 15

CSIRO (Australia) 15

University of Minho (Portugal) 15

Colorado State University (United States) 14

Stanford University (United States) 13

University of Oxford (United Kingdom) 13 3.33

Universidad Nacional Autonoma de Mexico (Mexico) 12 3.54

United Nations (United States) 12 2.12

University of Coimbra (Portugal) 12 1.15

Universidade do Porto (Portugal) 12

Universidade de Lisboa (Portugal) 11 3.55

+
Table 14.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Chinese Academy of Sciences (China) 2.76
University of British Columbia (Canada) 3.85
Wageningen University & Research (Netherlands) 100 4.62
University of Toronto (Canada) 98 2.23
CSIRO (Australia) 96 -I
University of Queensland (Australia) 81 3.91
CNRS (France) 74 4.05
Universidade de Sao Paulo (Brazil) 74 2.10
University of Cambridge (United Kingdom) 73 4.77

United States Stockholm University (Sweden) 71 7.73 ‘

McGill University (Canada) 67

University of Oxford (United Kingdom) 61 4.20
Beijing Normal University (China) 60 3.48
World Health Organization (Switzerland) 60 2.03
Swedish University of Agricultural Sciences (Sweden) 54 5.41
James Cook University Queensland (Australia) 53 4.55
Tsinghua University (China) 53 2.70
University of Cape Town (South Africa) 53 2.40
University of Alberta (Canada) 51 2.15
Imperial College London (United Kingdom) 50 3.81

+
Table 14.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

States. (Source: Scopus)
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Country

United Kingdom

Publication

Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 4.06
CNRS (France) 62 3.72
University of British Columbia (Canada) 61 5.28
CSIRO (Australia) 55 | 705 |
European Commission Joint Research Centre Institute

(Belgium) 54 2.80
CSIC (Spain) 54 1.95
Stockholm University (Sweden) 51 5.37
Harvard University (United States) 51 4.88
I(I;Irlrlclz)stitut National de La Recherche Agronomique 51 4.01
Swedish University of Agricultural Sciences (Sweden) 45 4.39
University of Copenhagen (Denmark) 44 4.50
Technical University of Denmark (Denmark) 44 2.91
Utrecht University (Netherlands) 43 5.37
University of Queensland (Australia) 42 4.23
University of Toronto (Canada) 42 3.03
Stanford University (United States) 41
James Cook University Queensland (Australia) 40 4.00
CNR (ltaly) 40 3.37
University of Cape Town (South Africa) 38 2.37
ETH Zurich (Switzerland) 37 4.25

+

Table 14.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United

Kingdom. (Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Chinese Academy of Sciences (China)

Wageningen University & Research (Netherlands)

University of British Columbia (Canada)

University of Washington (United States)

U.S. Department of Agriculture (United States)
NOAA (United States)
Stanford University (United States)

National University of Singapore (Singapore)

University of Auckland (New Zealand)

Imperial College London (United Kingdom)

Australia University of Cape Town (South Africa)

CNRS (France)

Stockholm University (Sweden)

INRA Institut National de La Recherche Agronomique

(France) 25 4.65
University of Cambridge (United Kingdom) 24 2.90
Hong Kong Polytechnic University (Hong Kong) 24 1.57
University College London (United Kingdom) 23 2.61
Delft University of Technology (Netherlands) 23 2.06
University of Leeds (United Kingdom) 22 3.79

Harvard University (United States) 21 -I

+
Table 14.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

Hong Kong Polytechnic University (Hong Kong)

Arizona State University (United States)

University of Hong Kong (Hong Kong)

U.S. Department of Agriculture (United States)

Wageningen University & Research (Netherlands)
CSIRO (Australia)
City University of Hong Kong (Hong Kong)

National University of Singapore (Singapore)
AgriFood Canada (Canada)
Texas A and M University (United States)

China

University of Maryland (United States)

National Institute for Environmental Studies of Japan (Japan) 26
Purdue University (United States) 26
University of Michigan (United States) 24
University of South Australia (Australia) 24
Michigan State University (United States) 24
Stanford University (United States) 23
Chinese University of Hong Kong (Hong Kong) 23
Delft University of Technology (Netherlands) 22
Georgia Institute of Technology (United States) 21

+
Table 14.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) M
ETH Zurich (Switzerland) 68 3.73
CNRS (France) 58 3.92
;E:erlc;pi)js]r; Commission Joint Research Centre Institute 46 250
University of Copenhagen (Denmark) 45 5.87
Swedish University of Agricultural Sciences (Sweden) 43 4.27
INRA Institut National de La Recherche Agronomique
(France) 41 2.23
Technical University of Denmark (Denmark) 40 3.01
Vrije Universiteit (Netherlands) 39 4.31

Germany Lund University (Sweden) 38 5.21
Chinese Academy of Sciences (China) 35 3.03
Stockholm University (Sweden) 32 -
Ghent University (Belgium) 32 3.65
Utrecht University (Netherlands) 32 3.65
CSIRO (Australia) 31 5.40
Universite Paris Saclay (France) 31 3.40
Arizona State University (United States) 30
Universitat Autonoma de Barcelona (Spain) 30 3.17
University of Zurich (Switzerland) 29 4.38
CNR (Italy) 29 2.64

+
Table 14.17— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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14.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG14 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG14 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG14 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. For SDG14 research from 2007-2016, about half of Colombia’s collaborations with top 20 academic partners were
mutually beneficial to both Colombia and the collaboration partner in terms of citation impact (Figure 14.8). Publications with
Universidade Nova de Lisboa, the Chinese Academy of Agricultural Sciences, the United States Department of Agriculture,
and Empraba stand out as being especially mutually beneficial to both parties in terms of citation impact.
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Figure 14.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG14-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG14-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).



14 LIFE BELOW WATER 386

14.6.3 Collaboration chart

Figure 14.9 provides an alternative perspective to visualize Colombia’s most productive collaborations with foreign
institutional partners on SDG14. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 14.9 shows where there may be potential to improve output and impact through partnership.
Colombia co-authored 4-10 publications with its top foreign partner institutes. Wageningen University & Research publishes
the most SDG14 research (among Colombia's top 20 partners) with 968 publications. U.S. Department of Agriculture is the
second most prolific among Colombia’s top 20, with 748 publications, 4 of which were in co-authored with Colombia. Among
Colombia'’s top 20 partners, Stanford University has the highest FWCI for SDG14 research at 3.54. Colombia may want to
leverage its existing relationship with U.S. Department of Agriculture and Stanford University to increase its publication output
and impact on SDG14 research.

Universitat Rovira i Virgili

@
csic Universite Pierre et Marie Curie
Wageningen University& Research
(o]
Embrapa - Empresa Brasileira de Pesquisa Agropecuaria ° IRTA - Institute of Agrifood Research and Technology
IRD ’
)
Universidade Nova de Lisboa
Chinese Academy of Agricultural Sciences
o
Universitat Politecnica de Catalunya
& e
i COLOMBIA University of Leeds
L \
Universidad Nacional Autonoma de Mexico '”'z‘_
\
\
\
U.S. Department of Agriculture "{,k
N\
\,
\ @
@
(@ University of Cambridge
/ “Columbia University

Universidade de Sao Paulo

<} \
KU Leuven d\“x,_

Stanford University
© @

Georgia Institute of Technology Universitat Autonoma de Barcelona

Figure 14.9— Chart showing Colombia'’s top 20 collaborators on SDG14 from 2007-2016. Circle (node) size is
proportional to the number of SDG14 publications by each entity (top institutional partners and Colombia); the thickness
of connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution’s output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (3.54) and lightest shade of green
indicating the lowest FWCI (1.11). (Source: Scopus).
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- Life onLand

In this Chapter, we assess research related to SDG15, which aims to sustainably
manage forests, combat desertification, halt and reverse land degradation, and halt
biodiversity loss. Statistics are provided for the top 5 countries publishing research in
this field along with Colombia, Mexico, and Brazil.
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15.1 Key Findings

Goal 15: Sustainably manage forests,

combat desertification, halt and reverse
land degradation, halt biodiversity loss

WORLD RESEARCH OUTPUT SDG15 PATENTS

Number of SDG15 publications, 2007-2016. Number of SDG15 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT COLOMBIA'S RESEARCH OUTPUT CAGR

Colombia's SDG15 publications, 2007-2016. Compound annual growth rate for Colombia's 2007-2016

SDG15 publications.

COLOMBIATOP TEN PERCENTILE FOR CITATION COLOMBIA FIELD WEIGHTED CITATION IMPACT
Colombia's SDG15 publications within the top ten percentile Average field-weighted citation impact for Colombia's

for citations, 2007-2016. SDG15 publications, 2007-2016.
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15.2 SDG15 - Sustainably manage
forests, combat desertification, halt
and reverse land degradation, halt
biodiversity loss

According to the United Nations,

"Forests cover 30 per cent of the Earth’s surface and in addition to providing food security and shelter,
forests are key to combating climate change, protecting biodiversity and the homes of the indigenous
population. Thirteen million hectares of forests are being lost every year while the persistent degradation
of drylands has led to the desertification of 3.6 billion hectares.

Deforestation and desertification - caused by human activities and climate change - pose major challenges
to sustainable development and have affected the lives and livelihoods of millions of people in the fight
against poverty. Efforts are being made to manage forests and combat desertification.”°

The targets for SDG15, according to the United Nations are:

e “By 2020, ensure the conservation, restoration and sustainable use of terrestrial and inland freshwater
ecosystems and their services, especially forests, wetlands, mountains and drylands, in line with
obligations under international agreements.

e By 2020, promote the implementation of sustainable management of all types of forests, halt
deforestation, restore degraded forests and substantially increase afforestation and reforestation
globally.

e By 2030, combat desertification, restore degraded land and soil, including land affected by
desertification, drought and floods, and strive to achieve a land degradation-neutral world.

e By 2030, ensure the conservation of mountain ecosystems, including their biodiversity, in order to
enhance their capacity to provide benefits that are essential for sustainable development.

e Take urgent and significant action to reduce the degradation of natural habitats, halt the loss of
biodiversity and, by 2020, protect and prevent the extinction of threatened species.

o Promote fair and equitable sharing of the benefits arising from the utilization of genetic resources and
promote appropriate access to such resources, as internationally agreed.

o Take urgent action to end poaching and trafficking of protected species of flora and fauna and address
both demand and supply of illegal wildlife products.

e By 2020, introduce measures to prevent the introduction and significantly reduce the impact of invasive
alien species on land and water ecosystems and control or eradicate the priority species.

e By 2020, integrate ecosystem and biodiversity values into national and local planning, development
processes, poverty reduction strategies and accounts.

e Mobilize and significantly increase financial resources from all sources to conserve and sustainably use
biodiversity and ecosystems.

e Mobilize significant resources from all sources and at all levels to finance sustainable forest
management and provide adequate incentives to developing countries to advance such management,
including for conservation and reforestation.

e Enhance global support for efforts to combat poaching and trafficking of protected species, including
by increasing the capacity of local communities to pursue sustainable livelihood opportunities.”’

http:/fwww.un.org/sustainabledevelopment/biodiversity/
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Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG1 ingeneral, the following search terms were used in combination with sustainab* OR "sustainable development goal"in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.
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15.3 SDG15: Leaders in the field

15.3.1 Top 5 countries conducting SDG15 research

The top 5 countries publishing on SDG15 based on cumulative publication output from 2007-2016 are shown in Table 15.1
and Figure 15.1. The United States ranks 1%t according to Publication Count, Percentage of Global Output, and Citation Count.
The United Kingdom ranks 1%t in FWCI with 1.73, which is much higher than the world average for SDG15 (1.07). Except for
China, all other countries’ FWCI exceed the global average as well.

Publication Percentage of Citation

Country count Global Output Count Fwcl
+ United States 448,029
Table 15.1—Top 5 China 131,692
countries based on United Kingdom 13,856 8.14% 222,478
publication output from Australia 8,909 5.23% 136,151 1.64
2007-2016. (Source: Germany 8,498 4.99% 116,658 1.63
Scopus) World 170,280 100.00% 592,675 1.07

6,000
= Jnited States
China
5000 —+— United Kingdom

e Australia
— GErmany

4,000 S ~——
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Number of publications

LO00 1 et

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

+
Figure 15.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG15 research. (Source:

Scopus)
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15.3.2 Top 20 institutes conducting SDG15 research

A list of the top 20 research institutes publishing SDG15-related research is shown in Table 15.2. The Chinese Academy of
Sciences (China) ranks 1°tin Publication Count and surpasses Wageningen University & Research, the next ranked institute by
approximately 1,200 publications. However, Wageningen University & Research has the highest citation count and is among
the top 4 for FWCI. Among the top 20 institutes, the University of Cambridge (United Kingdom) has the highest FWCI. The
trends in publication output from 2007-2016 are shown in Figure 15.2. (Note that the figure is limited to the top 8 institutes
to facilitate visualization. To see the trends for all 20 institutes, please refer to accompanying data files.)

Rank Institution (Country) Pu:!::‘anttlon cét:lt,l:tn Fwcl

1 Chinese Academy of Sciences (China) 1.16
2 Wageningen University & Research (Netherlands) 1,366
3 U.S. Department of Agriculture (United States) 1,142 1.92
4 CNRS (France) 973 19,448 1.94
5 Ministry of Education China (China) 900 6,869 0.84
6 Arizona State University (United States) 827
7 Universidade de Sao Paulo (Brazil) 819 7,451 1.17
3 I(I;l:;ﬁ(l:z)stitut National de La Recherche Agronomique 814 19,919 215
9 University of British Columbia (Canada) 808 20,861
10 CSIRO (Australia) 768
11 University of Queensland (Australia) 752 17,101 2.10
12 Delft University of Technology (Netherlands) 726 11,728 1.92
13 Beijing Normal University (China) 667 7,687 1.38
14 Tsinghua University (China) 666 7,452 1.29
15 Universiti Teknologi Malaysia (Malaysia) 628 3,662 1.32
16 Texas A and M University (United States) 585 8,164 1.51
17 University of Florida (United States) 578 9,141 1.60
18 ETH Zurich (Switzerland) 576 12,884 -
19  CSIC (Spain) 575 13,174 1.80
20  University of Cambridge (United Kingdom) 557 13,475

+
Table 15.2— Top 20 research Institutes ranked based on SDG15 publication output and FWCI from 2007-2016.

(Source: Scopus)
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Figure 15.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG15. (Source:
Scopus)
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15.3.3 Top 20 researchers conducting SDG15 research

Alist of the top 20 researchers publishing in the SDG15 field based on publication output from 2007-2016 is shown in Table
15.3. Lal R. ranks 1% in Publication Count followed by Dinger . and Yang Z.
Lal R. and Dinger I. are also the top 2 researchers in terms of H-index.

Pub Citation

Rank Researcher Institution (Country) FWCI  h-index
count Count
1 Lal R. Ohio State University (United States)
) Dincer I. University of Ontario Institute of
Technology (Canada)
YANG Z. Beijing Normal University (China)
4 Chen B. Beijing Normal University (China)
. Council for Agricultural Research and
> salvatiL, Economics (CgREA) (Italy)
6 Zuo J. Shenzhen University (China) 59
Geng Y. Shanghai Jiaotong University (China) 59
8 Hepbasli A. Yasar Universitesi (Turkey) 56
9 Sarkis J. Worcester Polytechnic Institute (United 55
States)
10 ShiR. East China Normal University (China) 54
11 Shen L. Chongqing University (China) 53
12 Wiek A. Leuphana Universitat Luneburg 49
(Germany)
13 Huang G. Beijing Normal University (China) 49
14 Ulgiati S. Universita degli Studi di Napoli 48

Parthenope (Italy)
15 Liu C. East China Normal University (China) 48
University of Tennessee, Knoxville

16 Huisingh D. . 47
ulsing (United States)

17 Jabbour C. Montpellier Research in Management 47 536 175 2
(France)
Research Center for Eco-Environmental

18 Ouyang Z. Sciences Chinese Academy of Sciences 46 1,319 1.72 43
(China)

19 Scholz M. University of Salford (United Kingdom) 46 577 .::E 26

20 Taisch M. Politecnico di Milano (Italy) 45 382 2.38 15

Table 15.3— Top 20 researchers publishing SDG15 related research ranked based on 2007-2016 publication output
and their FWCI. FWCl is based on SDG15 publications, h-index is based on all publications by the researcher that are
indexed in the Scopus database. (Source: Scopus)
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15.3.4 Top 10 journals publishing SDG15 research

Alist of the top 10 journals publishing SDG15-related research from 2007-2016 is shown in Table 1.4. Advanced Materials
Research publishes the most SDG15 publications by 3,600 publications. Journal of Cleaner Production had the highest FWCI
for SDG15 publications. Given that review articles attract citations at a higher rate, it is not surprising that Renewable and
Sustainable Energy Reviews has the highest CiteScore.

Rank Journal Publication FWCI CiteScore

count

1 Advanced Materials Research 5,629

2 Sustainability 1,927

3 Journal of Cleaner Production 1,874

4 Applied Mechanics and Materials 1,664

5 Renewable and Sustainable Energy Reviews 1,084

6 WIT Transactions on Ecology and the Environment 1,069

7 Procedia Engineering 1,063

8 Acta Ecologica Sinica 817

9 Energy Policy 779

10 Energy Procedia 762 1.23 2.05

+
Table 15.4— Top 10 journals based on SDG15 publication output from 2007-2016. FWCI is mean FWCI for any

SDG15 publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source:
Scopus)
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15.4 Research efforts focused on
SDG15

15.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
15.3, the United States is the leader in terms of research output related to SDG15 but is closely followed by China. The United
Kingdom follows, along with Australia, Germany, and Brazil. Among comparators, Colombia has the lowest output in this field,
just below Mexico. However, as shown in Table 15.5, Colombia has seen the greatest growth in research output in this field
with a Compound Annual Growth Rate (CAGR) of 29%. All countries analysed have a CAGR above 8% in this field, well above
the global CAGR (4.9%).
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Figure 15.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries
for the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count

United States 8.20%

China 13.70%

United Kingdom 13,856 8.20%

Australia 8,909 8.50%

Germany 8,498 11.30%
Colombia 717 Table 15.5— Number of publications per country and the Compound
Mexico 1,607 10.50% Annual Growth Rate (CAGR) for publication output during the period

Brazil 5,368 15.80% 2007-2016. (Source: Scopus)

World 170,280 4.90%
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15.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG15 related research from 2006-2017 is 1.07.

Country FWCI
v n_ItEd States Comparing the FWCI of SDG15 publications from each of the eight countries included
China 0.70 in this chapter reveals that the United Kingdom leads in terms of FWCI (Table 15.6).
United Kingdom 1.73 The United States, Australia, and Germany have an FWCI near 1.5. Among countries
Australia analysed, China and Brazil have an FWCI below the world average for this subject.
Germany
Colombia 1.10 +
Mexico 111 Table 15.6— FWCI for SDG13 research from 2007-2016 per country and world.

- FWCI values below the world average for all research (i.e. below 1.0) are highlighted
Breci ~

in green. (Source: Scopus)

World 1.07

15.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
more than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications from
a country are among the ‘most influential papers. As shown in Figure 15.4 and Table 15.7, the United States leads in terms
of SDG15 publications with 5,484 publications that are among the top 10% most cited. The United Kingdom follows with
1,892 publications. China, Australia, and Germany follow although China has a very high CAGR and is on track to surpass the
United Kingdom in the future, having overtaken Australia and Germany in 2011. Colombia has 82 publications among the top
10% most cited during this time period.
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Figure 15.4— Top 10% most cited publications on SDG15 from 2007-2016 per country. CAGR shown at top of each
bar. (Source: Scopus)
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+

Table 15.7— Top 10% most highly cited publications and
their Compound Annual Growth Rate (CAGR) for each

country's SDG15 publications from 2007-2016. (Source:
Scopus)

o
United States 5,484 11.29%
China 1,892 27.73%

United Kingdom 2,775 8.93%
Australia 1,671 11.85%
Germany 1,636 16.36%
Colombia 82 16.65%
Mexico 164 4.61%

Brazil 498 13.64%

World 20,141 13.54%

15.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 15.8

Country Patef\t C.ited
Publications
United States 250
China 65
United Kingdom 65
Australia 44
Germany 54
Colombia
Mexico 5
Brazil 11

15.4.5 Patents

provides the count of SDG15 publications from each country

Patents Citing that have been cited in patents and the number of patents
Publications that have cited these publications. For the United States,
769 250 US publications on SDG15 were cited in769 patents.
202 The other top 5 countries had approximately 40-65
149 publications cited in 80-200 patents. Colombia had 2
79 publications cited in 2 patents.
141
5 +
Table 15.8— Number of publications cited in patent and
20 patents citing publications on SDG15 from 2007 to 2016.
13 (Source: Scopus)

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG15. To identify
patents relevant to SDG15, we retrieved all the patents citing any SDG15-related publication. Patents retrieved were limited
to those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States had the highest
number of SDG15-related patents (both applied for and granted) with 276 patent applications and 711 patents granted,

accounting for nearly 60% of all patents
related to SDG15 (Table 15.9). Colombia
applied for one patent and had none
granted during the period. Note that China
and Australia may have patents in a local
patent office not included in this analysis.

+
Table 15.9— Number of patents

applied for and granted during the
period 2006-2016. (Source: Lexis-
Nexis)

Country Pa?ents Patents Total % of World
applied for ~ Granted Total
United States 276 711 987 59.35%
China 22 13 35 2.10%
United Kingdom 39 17 56 3.37%
Australia 15 32 47 2.83%
Germany 89 22 111 6.67%
Colombia - 1 0.06%
Mexico 3 0.18%
Brazil 2 6 0.36%

World 749 914 1,663
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15.4.6 Research Focus

Within the topic of SDG15-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences inresearch focus in SDG15-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a collection of key phrases (weighted) that represent it. Key phrases
based on Fingerprint technology are of higher quality and more representative than standard sets of author-provided keywords
which often suffer from problems such as duplicates, synonyms, and inclusion of irrelevant terms. A word cloud of the 50 most
relevant key phrases in each country’s SDG15 research is shown in Figure 15.5. More details on the methods employed for
key phrase analysis and generation of relevance scores can be found in Appendix A.

Among the top 20 key phrases for SDG15 research from Colombia, the term that stands out as unique to Colombia is ‘Bamboo”.
Among the top 50 key phrases the terms 'Environmental Management’; 'Innovation’, ‘Industry’, ‘Economics’, ‘Climate Change’,
'Planning’, and 'Societies and Institutions’ were common among the countries analyzed. The term ‘Biofuels’ stands out as unique
to the Latin American countries. Figure 15.5 provides a visualization of the top 50 key phrases for SDG15 research from each
country. The accompanying data files provide a list of the key phrases as well as the relevance score for each key phrase.
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15.5 The reach of Colombia's SDG15
research

Citation impact is a lagging indicator: for citations to accrue, newly published articles must be read and referenced in newly
written articles that are then accepted for publication and included in a citation index such as Scopus. Measures such as article
downloads can give a broader and more rapid perspective of how much the research is being used or read. In this report, the
number of downloads accrued by ScienceDirect (SD) articles are used as a proxy to understand research usage (more details
on the methodology can be found in Appendix A).

To facilitate the analysis of download counts across publication sets, the number of ScienceDirect article downloads is
normalized against the total number of ScienceDirect articles within the set, resulting in a metric called 'mean downloads per
ScienceDirect Paper.' To account for differences in subject area and publication year an indicator similar to the field-weighted
citation impact, called field-weighted download impact (FWDI), is also used here.

15.5.1 Downloads

As shown in the Figure 15.6, the mean count of downloads per ScienceDirect publication is similar across all countries. The
United Kingdom had the highest count of downloads per SD publication. Although there is a prominent peak in 2009 for
Colombia, this peak is the result of six SD articles in 2009 that were downloaded more than 70,000 times, resulting in a high
‘'mean’ value. It should be noted that for Colombia, the results shown for all years are based on very small counts of SD articles
and should be interpreted with caution.
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Figure 15.6 — Average downloads per ScienceDirect (SD) publication for Colombia, Mexico, Brazil, and the 5 most
prolific countries from 2007-2016. (Source: ScienceDirect)
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15.5.2 Field Weighted Download Impact (FWDI)

Field weighted download impact (FWDI) measures ‘ScienceDirect Downloads’ normalized against the world benchmark of
downloads received for all ScienceDirect articles of the same type, age, and subject. The mean FWDI for the period of 2007-
2016 is shown for each country in Figure 15.7. All countries had an FWCI near the world average for SDG15 research (1.43).

2.0
1.8
1.6
1.4 L1 L] -— L] —_—— R —_— L1 = L = -_—
1.2 A |

5 |

= 10 i ‘

= | |
08 ‘ ‘
” _—
0.4 ‘ ‘
- _
0.0 s b

United States China United Australia Germany Colombia Mexico Brazil
Kingdom
+

Figure 15.7 — Field Weighted Download Impact (FWDI) for Colombia and selected countries, 2007-2016. Grey dotted
line indicates average for all SDG15 research. (Source: ScienceDirect)
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15.6 SDG15 collaboration network

15.6.1 Top Collaboration Partners

Understanding and comparing the top foreign institutes that each country partners with for SDG15-related research can
provide insight on potential international partnerships that Colombia can pursue. Tables 15.10-15.17 provide a list of top
international collaboration partners identified as the research institutes with which each country co-publishes the most high
impact SDG15 publications with. Among academic partner institutes, Colombia has published the most SDG15 papers in
collaboration with Wageningen University & Research (Netherlands; 14 co-authored publications). The FWCI for Colombia’s
publications with each of the top 20 partners exceeds the world average for SDG15 research. Publications with INRA Institut
National de La Recherche Agronomique yield the highest FWCI with an average of 9.5.

Country Institution (Country) PuZI(::Janttlon FWCI
Wageningen University & Research (Netherlands) 4.39
Universitat Politecnica de Catalunya (Spain) 1.40
CSIC (Spain) 2.53
Universidad Nacional Autonoma de Mexico (Mexico) 1.77
Universidade de Sao Paulo (Brazil) 4.90
Columbia University (United States) 3.47
IRD (France) 10 2.29
Universitat Autonoma de Barcelona (Spain) 9 2.27
Aarhus University (Denmark) 8 4.37
University of Leeds (United Kingdom) 8 2.77

Colombia International Crops Research Institute for the Semi-Arid 7 5.36
Tropics (India)
University of Cambridge (United Kingdom) 7 4.56
University of California at Davis (United States) 7 3.79
Stanford University (United States) 7 3.64
KU Leuven (Belgium) 7 3.45
Georgia Institute of Technology (United States) 7 1.55
INRA Institut National de La Recherche Agronomique 6
(France)
Imperial College London (United Kingdom)
Yale University (United States)
International Food Policy Research Institute (United States) 6 4.48

+
Table 15.10— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Colombia.

(Source: Scopus)
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Country Institution (Country) Puzgt'a:tlon FWCI
Texas A and M University (United States) 2.19
Wageningen University & Research (Netherlands) 4.06
University of Arizona (United States) 20 2.32
KU Leuven (Belgium) 20 2.27
U.S. Department of Agriculture (United States) 19 2.96
King Abdulaziz University (Saudi Arabia) 19 2.26
Arizona State University (United States) 18 2.49
University of California at San Diego (United States) 15 3.12
CSIC (Spain) 15 2.17
University of British Columbia (Canada) 12 4.85

Mexico CSIRO (Australia) 11 | ser |
Cornell University (United States) 11 4.96
Stanford University (United States) 11 4.15
INRA Institut National de La Recherche Agronomique
(France) 1 2.89
University of California at Berkeley (United States) 11 1.63
Utrecht University (Netherlands) 10
CNRS (France) 10 5.28
Yale University (United States) 10 4.57
SUNY Albany (United States) 10 4.55
Universidad Nacional de Colombia (Colombia) 10 2.89

+

Table 15.11— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Mexico.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI

University of Florida (United States)
CIRAD (France)
U.S. Department of Agriculture (United States)

Wageningen University & Research (Netherlands)

INRA Institut National de La Recherche Agronomique
(France)

IRD (France)

University of East Anglia (United Kingdom)
CNRS (France)

Yale University (United States)

CSIRO (Australia)

University of Oxford (United Kingdom)

Brazil

Universidade de Lisboa (Portugal)

Colorado State University (United States)

Universidade Nova de Lisboa (Portugal)

Universidad Nacional Autonoma de Mexico (Mexico)

Harvard University (United States)

University of Queensland (Australia)

University of Minho (Portugal)

Virginia Polytechnic Institute and State University (United

16 3.54
States)
Universidad de la Republica (Uruguay) 16 2.27

+
Table 15.12— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Brazil.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Chinese Academy of Sciences (China) M
University of British Columbia (Canada) 172 4.82
Wageningen University & Research (Netherlands) 158 4.44
CSIRO (Australia) 119 | 553 |
University of Cambridge (United Kingdom) 110 5.33
CNRS (France) 104 4.38
Universidade de Sao Paulo (Brazil) 104 2.27
Beijing Normal University (China) 97 2.61
University of Queensland (Australia) 95 5.02
University of Oxford (United Kingdom) 91 3.70

United States Ministry of Education China (China) 85
University of Toronto (Canada) 84 2.34
Tsinghua University (China) 84 2.25
Institute of Geographical Sciences and Natural Resources 84 1.40
Research Chinese Academy of Sciences (China)

East China Normal University (China) 83 1.03
McGill University (Canada) 82

Stockholm University (Sweden) 78 7.26 ‘
ETH Zurich (Switzerland) 78 4.37
Peking University (China) 76 2.28
Swedish University of Agricultural Sciences (Sweden) 75 5.02

+
Table 15.13— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
States. (Source: Scopus)



15 LIFE ON LAND 408

Publication

Country Institution (Country) Count FWCI
Hong Kong Polytechnic University (Hong Kong) 9 1.72
Colorado State University (United States) 109 0.6
University of Hong Kong (Hong Kong) 95 1.78
U.S. Department of Agriculture (United States) 90 2.48
City University of Hong Kong (Hong Kong) 86 1.62
Arizona State University (United States) 76 2.78
Wageningen University & Research (Netherlands) 68 2.58
CSIRO (Australia) 53 2.99
National University of Singapore (Singapore) 52 2.77
) University of South Australia (Australia) 50 2.34
China Texas A and M University (United States) 50 1.51
University of Maryland (United States) 49 2.86
University of Regina (Canada) 49 1.92
University of British Columbia (Canada) 43 2.61
Purdue University (United States) 43 2.01
Chinese University of Hong Kong (Hong Kong) 43 1.45
National Institute for Environmental Studies of Japan (Japan) 42 2.99
Delft University of Technology (Netherlands) 41 2.29
AgriFood Canada (Canada) 41 1.81
Georgia Institute of Technology (United States) 40

+
Table 15.14— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for China.

(Source: Scopus)
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Country

United Kingdom

Publication

Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) 4.29
CNRS (France) 93 3.56
:?,:?,CIZ)StItUt National de La Recherche Agronomique 84 380
CSIRO (Australia) 5 | 621 |
CSIC (Spain) 73 2.24
:E:;lc;pi)::;r; Commission Joint Research Centre Institute 70 419
Swedish University of Agricultural Sciences (Sweden) 68 4.20
University of Copenhagen (Denmark) 67 4.44
University of British Columbia (Canada) 64 -
Chinese Academy of Sciences (China) 64 2.75
Stockholm University (Sweden) 59 4.96
University of Queensland (Australia) 57 5.43
ETH Zurich (Switzerland) 55 4.18
James Cook University Queensland (Australia) 53 4.64
Aarhus University (Denmark) 53 3.03
Technical University of Denmark (Denmark) 52 3.38
CNR (Italy) 51 3.24
Utrecht University (Netherlands) 50 5.37
Stanford University (United States) 48

Harvard University (United States) 48 4.73

+

Table 15.15— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for the United
Kingdom. (Source: Scopus)
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Country Institution (Country) Puzgza:tion FWCI
Chinese Academy of Sciences (China) 2.45
Wageningen University & Research (Netherlands) 5.50
University of British Columbia (Canada) 52
U.S. Department of Agriculture (United States) 50 4.61
National University of Singapore (Singapore) 48 3.97
University of Washington (United States) 46 5.61
Stanford University (United States) 42 5.75
NOAA (United States) 38 5.47
University of Cape Town (South Africa) 37 2.98
Imperial College London (United Kingdom) 36 3.86

Australia Hong Kong Polytechnic University (Hong Kong) 36 1.56
University of Cambridge (United Kingdom) 35 -I
CNRS (France) 35 3.48
University of Leeds (United Kingdom) 34 4.04
University of Auckland (New Zealand) 34 3.81
Stockholm University (Sweden) 33
INRA Institut National de La Recherche Agronomique
(France) 31 4.98
University of Oxford (United Kingdom) 29
University College London (United Kingdom) 27
Food and Agriculture Organization of the United Nations 26

(Italy)

+

Table 15.16— A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Australia.

(Source: Scopus)
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Publication

Country Institution (Country) Count FWCI
Wageningen University & Research (Netherlands) m
ETH Zurich (Switzerland) 91 3.44
CNRS (France) 88 4.25
;E:erlc;pi)js]r; Commission Joint Research Centre Institute 70 255
Swedish University of Agricultural Sciences (Sweden) 67 3.90
:';I,:?,CIZ)StItUt National de La Recherche Agronomique 66 529
Chinese Academy of Sciences (China) 65 2.39
University of Copenhagen (Denmark) 56 5.14
Lund University (Sweden) 50 5.23

Germany Universite Paris Saclay (France) 49 3.00
Utrecht University (Netherlands) 47 3.80
CNR (ltaly) 47 2.48
Vrije Universiteit (Netherlands) 45 4.29
Stockholm University (Sweden) 44
Delft University of Technology (Netherlands) 44 2.88
Technical University of Denmark (Denmark) 43 4.65
CSIRO (Australia) 42 4.74
University of Bern (Switzerland) 42 3.90
Ghent University (Belgium) 41 4.23
University of Natural Resources and Applied Life Sciences
(Austria) 41 2.92

+
Table 15.17 — A list of the top 20 partnerships based on cumulative publication output from 2007-2016 for Germany.

(Source: Scopus)
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15.6.2 Collaboration impact analysis

To visualize the citation impact of collaborations, the ratio of FWCI from SDG15 collaborations relative to the FWCI for all of
Colombia's internationally collaborated SDG15 publications (x-axis) was plotted against the ratio of FWCI from collaborations
relative to the FWCI for all of the partner’s international publications on SDG15 (y-axis). The citation impact of collaborations
can then be assessed as either mutually beneficial for one, both or neither partner based on the quadrant that the partner lies
within. For SDG15 research from 2007-2016, the majority of Colombia’s collaborations with top 20 academic partners were
mutually beneficial to both Colombia and the collaboration partner (Figure 15.8). The publications resulting from collaboration
with INRA and Imperial College stand out as highly mutually beneficial for both parties relative to the international SDG15
collaborations of each.
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Figure 15.8 — Collaboration quadrant of Colombia’s Top 20 collaborations in SDG15-related research with other
institutions. Collaboration FWCI refers to the FWCI of all SDG15-related research co-authored by Colombia and the
partner institute during the period 2007-2016. Bubble size corresponds to number of co-authored publications
(reference bubble depicted at top left of chart). Impact of collaboration between partners can be interpreted based on
quadrant position as described in legend on right. (Source: Scopus).
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15.6.3 Collaboration chart

Figure 15.9 provides an alternative perspective to visualize Colombia's most productive collaborations with foreign
institutional partners on SDG15. While the sections above elaborate on the most productive and impactful partnerships that
Colombia is engaged in, Figure 15.9 shows where there may be potential to improve output and impact through partnership.
Colombia co-authored 6-14 publications with its top foreign partner institutes. Wageningen University & Research publishes
the most SDG15 research (among Colombia's top 20 partners) with 1,366 publications. Universidade de Sao Paulo is the
second most prolific among Colombia’s top 20, with 819 publications, 10 of which were in co-authored with Colombia. Among
Colombia'’s top 20 partners, Stanford University has the highest FWCI for SDG15 research at 3.33. Colombia may want to
leverage its existing relationship with these institutions to increase its publication output and impact on SDG15 research.
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Figure 15.9— Chart showing Colombia’s top 20 collaborators on SDG15 from 2007-2016. Circle (node) size is
proportional to the number of SDG15 publications by each entity (top institutional partners and Colombia); the thickness
of connecting lines (edges) corresponds to the count of collaborated publications between Colombia and each partner
institution. The colors of the nodes and edges reflect the FWCI of each institution's output and their collaboration with
Colombia, respectively, with darkest shade of green indicating the highest FWCI (3.33) and lightest shade of green
indicating the lowest FWCI (1.12). (Source: Scopus).



In this Chapter, we assess research related to SDG16, which aims to promote just,
peaceful, and inclusive societies. Statistics are provided for the top 5 countries
publishing research in this field along with Colombia, Mexico, and Brazil.




16 PEACE, JUSTICE AND STRONG INSTITUTIONS 415

16.1 Key Findings

Goal 16: Promote just, peaceful and

inclusive societies

WORLD RESEARCH OUTPUT SDG16 PATENTS

Number of SDG16 publications, 2007-2016. Number of SDG16 patents, 2007-2016.

COLOMBIA RESEARCH OUTPUT COLOMBIA'S RESEARCH OUTPUT CAGR

Colombia's SDG16 publications, 2007-2016. Compound annual growth rate for Colombia's 2007-2016

SDG16 publications.

COLOMBIATOP TEN PERCENTILE FOR CITATION COLOMBIA FIELD WEIGHTED CITATION IMPACT
[ |
Colombia's SDG16 publications within the top ten percentile Average field-weighted citation impact for Colombia's

for citations, 2007-2016. SDG16 publications, 2007-2016.
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16.2 SDG16 - Promote just, peaceful
and inclusive societies

According to the United Nations, the aim of this goal is to:
"dedicated to the promotion of peaceful and inclusive societies for sustainable development, the provision
of access to justice for all, and building effective, accountable institutions at all levels."**

The targets for SDG16, according to the United Nations are:

o “Significantly reduce all forms of violence and related death rates everywhere.

e E£nd abuse, exploitation, trafficking and all forms of violence against and torture of children.

e Promote the rule of law at the national and international levels and ensure equal access to justice for all

e By 2030, significantly reduce illicit financial and arms flows, strengthen the recovery and return of
stolen assets and combat all forms of organized crime.

o Substantially reduce corruption and bribery in all their forms.

o Develop effective, accountable and transparent institutions at all levels.

e Ensure responsive, inclusive, participatory and representative decision-making at all levels.

e Broaden and strengthen the participation of developing countries in the institutions of global
governance.

e By 2030, provide legal identity for all, including birth registration.

e Ensure public access to information and protect fundamental freedoms, in accordance with national
legislation and international agreements.

e Strengthen relevant national institutions, including through international cooperation, for building
capacity at all levels, in particular in developing countries, to prevent violence and combat terrorism and
crime.

w1

e Promote and enforce non-discriminatory laws and policies for sustainable development.

Research can play a huge role in supporting the above goals. To identify research that aims to support the above goals and
SDG1 in general, the following search terms were used in combination with sustainab™ OR "sustainable development goal" in a
query of the Scopus database. The full conditions of the search query, including methodology for identifying search terms and
subject limitations imposed on the query, can be found in Appendix B.

The analyses within this chapter give an overview of scholarly output and impact in the field as well as leading countries,
institutions, researchers, and journals in terms of scholarly output.

http:/fwww.un.org/sustainabledevelopment/peace-justice/
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16.3 SDG16: Leaders in the field

16.3.1 Top 5 countries conducting SDG16 research

The top 5 countries publishing on SDG16 based on cumulative publication output from 2007-2016 are shown in Table 16.1
and Figure 16.1. The United States ranks 1%t according to Publication Count, Percentage of Global Output, and Citation Count.
The United Kingdom ranks 1%t in FWCI with 1.72, which is much higher than the world average of 1.09 for SDG16 research.
Except for China, all other countries’ FWCI exceed the global average as well.

Publication Percentage of Citation

FWCI
Country count Global Output Count ¢
+ United States
Table 16.1— Top 5 United Kingdom
countries based on China 6.71%
publication output from  Australia 577 6.26% 10,563
2007-2016. (Source: Canada 463 5.02% 4,788 1.48
Scopus) World 9,219 100.00% 29,474 1.09
350
= Jnited States
United Kingdom
300 1— China g
e Australia
250 - ===Canada
(%]
=
i)
=]
8 200
=
-
o
E 150
@
£
€ ___’//
-
z
100
f
; ’Z\/
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 16.1— 2007-2016 trend in publication output for the top 5 countries publishing SDG16 research (Source:
Scopus)
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16.3.2 Top 20 institutes conducting SDG16 research

A list of the top 20 research institutes publishing SDG16-related research is shown in Table 16.2. The Chinese Academy of
Sciences (China) ranks 1% in Publication Count with 89 publications in this field. Institutes among the top 20 publishing SDG16
research published 36-89 publications. For all institutes except Universidade de Sao Paulo (Brazil), the FWCi surpassed the
world average for SDG16 research, ranging from 1.41-4.35. The highest FWCI comes from University of Sussex research on
SDG16. The trends in publication output from 2007-2016 are shown in Figure 16.2. (Note that the figure is limited to the top
8 institutes to facilitate visualization. To see the trends for all 20 institutes, please refer to accompanying data files.)

Publication Citation

Rank Institution (Country) count Count FWCI
1 Chinese Academy of Sciences (China) “ 1,072 1.41
2 Wageningen University & Research (Netherlands) _I
3 U.S. Department of Agriculture (United States) 57 876 1.49
4 University of Queensland (Australia) 56 771 1.89
5 I(I;lgﬁ(l:z)stitut National de La Recherche Agronomique 51 906 1.89
6 University of British Columbia (Canada) 47 547 1.66
7 University of Toronto (Canada) 46 536 1.55
8 University College London (United Kingdom) 45 488 2.09
9 University of Sussex (United Kingdom) 44 1,905 4.35

10 University of East Anglia (United Kingdom) 43

11 University of Oxford (United Kingdom) 42 708 2.46
12 Arizona State University (United States) 41

13 Australian National University (Australia) 40 959

14  University of Melbourne (Australia) 39 514 1.99
15 National University of Singapore (Singapore) 39 405 1.42
16 CNRS (France) 39 417 1.47
17 Texas A and M University (United States) 39 524 1.78
18 University of Sydney (Australia) 38 447 1.80
19 University of Leeds (United Kingdom) 37 410 2.61
20 Universidade de Sao Paulo (Brazil) 36 214

+
Table 16.2— Top 20 research Institutes ranked based on SDG16 publication output and FWCI from 2007-2016.

(Source: Scopus)
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Figure 16.2— 2007-2016 trend in publication output for the top 8 institutes conducting research on SDG16. (Source:
Scopus)
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16.3.3 Top 20 researchers conducting SDG16 research

A list of the top 20 researchers publishing in the SDG16 field based on publication output from 2007-2016 is shown in
Table 16.3. Seyfang G. ranks 1% in Publication Count followed by Lee B. and Smith A.
Tuteja N., Faroog M., and Sovacool B. are the top 3 researchers in this list in terms of H-index.

Rank Researcher Institution (Country) ccP)::t cét::notn FWCI h-index

1 Seyfang G. Eizlgggi:;c;/ of East Anglia (United
2 Lee B. Yale University (United States)
3 Smith A. University of Sussex (United Kingdom)
4 Tuteja N. Amity University, Uttar Pradesh (India)
5 Cozens P. Curtin University (Australia)
6 Byrne S. University of Manitoba (Canada)
7 Gupta J. University of Amsterdam (Netherlands)
a1 it e oo
9 Goeminne G. Universiteit Gent (Belgium) 6 55 2.43 9
10 Jamal T. Texas A and M University (United States) 6 81 2.31 21
11 Annicchiarico P. g:?sa;‘;zgjcntti;i:"(lrtZ‘l’yo)'der Crops and 6 107 231 19
12 Frias-AceitunoJ.  Universidad de Granada (Spain) 6 69 2.01 8
13 Sovacool B. Aarhus Universitet (Denmark) 6 67 1.76 -
14 Volaire F. Universite de Montpellier (France) 6 140 1.58 17
15 Esteves A. Community Insights Group (Singapore) 5 320 9
16 Longhurst N. E;l;gcr)sr:)y of East Anglia (United 5 131 9
17 Raco M. UCL (United Kingdom) 5 111 3.23 23
18 Kalfagianni A. Utrecht University (Netherlands) 5 108 2.83
19 Stirling A. University of Sussex (United Kingdom) 5 151 2.70
20 Faroog M. (Upr;il\(/iizi;:\)/ of Agriculture, Faisalabad 5 252 2 60

+

Table 16.3— Top 20 researchers publishing SDG16 related research ranked based on 2007-2016 publication output
and their FWCI. FWClI is based on SDG16 publications, h-index is based on all publications by the researcher that are
indexed in the Scopus database. (Source: Scopus)
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16.3.4 Top 10 journals publishing SDG16 research

A list of the top 10 journals publishing SDG16-related research from 2007-2016 is shown in Table 16.4. Sustainability
published 126 SDG16 related publications, making it the top journal in terms of SDG16 publications. The FWCI and CiteScore
for Sustainability is just below one. Ecological Economics ranks 1% in terms of FWCI and 10% in terms of publication count
while PLoS ONE sits in 1% place in terms of CiteScore. Six of the top 10 journals publishing the most SDG16 research have
an FWCI above the world average.

Publication

Rank Journal count FWCI CiteScore
1 Sustainability 126 0.99 0.92
2 Acta Ecologica Sinica 69 0.18 0.55
3 Local Environment 66 1.16 1.06
4 Acta Horticulturae 64 1.12
5 Development 57
6 Mediterranean Journal of Social Sciences 56
7 PLoS ONE 55
8 Journal of Cleaner Production 53
9 Land Use Policy 47

10 Ecological Economics 45

+
Table 16.4— Top 10 journals based on SDG16 publication output from 2007-2016. FWCI is mean FWCI for any

SDG16 publications in the journal during the period; CiteScore is based on data for the journal as a whole. (Source:
Scopus)
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16.4 Research efforts focused on
SDG16

16.4.1 Research output

Research output as measured by volume of publications (i.e. articles, reviews and conference proceedings indexed in Scopus)
is shown in the charts and tables in this section. Publication output is provided for the top 5 countries based on publication
output during the period 2007-2016. In addition, metrics are provided for Colombia, Mexico, and Brazil. As shown in Figure
16.3, the United States leads in terms of research output related to SDG16. The United Kingdom follows with just over half
the publications of United States. China, Australia, and Canada have 450-650 publications. Among comparators, Colombia
has the lowest output in this field, just below Mexico. However, as shownin Table 16.5, Colombia has seen the greatest growth
in research output in this field with a Compound Annual Growth Rate (CAGR) of 26.0%. All countries analysed have a CAGR
above 9% in this field.

350 -
= | Jnited States
United Kingdom
300 - China -
e Australia /
e Canada
" 250 e Colombia
5 e Mexico
® 200 -+ === razil
=
=
§ . /
B —_/—/
3
[ 100
3 e
Z __-#
50 /%l'
e —
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
+

Figure 16.3— Total number of publications; per country for Colombia, Mexico, Brazil, and the 5 most prolific countries
for the period 2007-2016. (Source: Scopus)

Country Publication CAGR
count

United States 10.90%

United Kingdom 11.00%

China 619 16.50%

Australia 577 13.10%

Canada 463 9.70%
Colombia 70 Table 16.5— Number of publications per country and the Compound
Mexico 97 14.00% Annual Growth Rate (CAGR) for publication output during the period

Brazil 244 17.60% 2007-2016. (Source: Scopus)

World 9,219 13.90%
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16.4.2 Field Weighted Citation Impact

To understand the scientific impact of research, we use a citation measure called field-weighted citation impact (FWCI). FWCI
reflects the number of citations that a publication receives relative to the number of citations expected based on the subject,
age, and type of publication. An FWCI of 1.0 represents the world average for all research done worldwide. The mean FWCI
for SDG16 related research from 2006-2017 is 1.09.

Country Fwdci Comparing the FWCI of SDG16 publications from each of the eight countries included
United States 1.35 in this chapter reveals that the United Kingdom leads in terms of FWCI (Table 16.6).
United Kingdom 1.72 The United States, Australia, Canada, Mexico, and Colombia all have an FWCI above
China 0.88 1.2. Among the countries analysed, China and Brazil have an FWCI below the world
Australia average for this subject.
Canada

) +
Colombia 1.40 Table 16.6 — FWCI for SDG16 research from 2007-2016 per country and world.
Mexico 1.21 FWCI values below the world average for all research (i.e. below 1.0) are highlighted
Brazil in green. (Source: Scopus)
World 1.09

16.4.3 Top 10 Percent Most Highly Cited

The top ten percent most highly cited publications (also known as top ten percentile) are those publications that have an FWCI
greater than 90% of papers worldwide. Contribution to the top ten percentile gives an indication of how many publications
from a country are among the ‘'most influential’ papers. As shown in Figure 16.4 and Table 16.7, the United States leads in
terms of SDG16 publications with 298 publications that are among the top 10% highest FWCI and has the highest CAGR for
these publications. The United Kingdom follows closely with 237 publications. Australia and Canada have a similar count of
top 10% publications. Colombia has 11 publications among the top 10% most cited during this time period.
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Figure 16.4— Top 10% most cited publications on SDG16 from 2007-2016 per country. CAGR shown at top of each
bar. (Source: Scopus)
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Country Count c.vf Tc.)p 10% CAGR +
Publications Table 16.7— Top 10% most highly cited publications and
United States 298 17.69% their Compound Annual Growth Rate (CAGR) for each
United Kingdom 15.42% country’'s SDG16 publications from 2007-2016. (Source:
China 52 - Scopus)
Australia 102 15.53%
Canada 75 15.53%
Colombia 11 -
Mexico 15 -
Brazil 19 | 16.65%
World 1,078 16.65%

16.4.4 Patents citations in articles

Typically, a patent application will include one or more claims that define the invention. As such, many patent applications cite
publications to support claims that the invention is novel. The number of publications cited in patent applications is therefore
an indicator of the success with which research findings published in the journal literature are used to justify the patentability
of aninvention. It is also a measure of how much the research is supporting translation into real world applications. Table 16.8
provides the count of SDG16 publications from each country

Country Patef\t C.ited pater!ts (Eiting that have been cited in patents and the number of patents
Publications Publications that have cited these publications. For the United States, 12
United States 12 23 US publications on SDG1 have been cited in 31 patents. The
United Kingdom 3 4 United Kingdom and Australia also had at least one
China - - publication cited in patents. Most countries, including
Australia 1 1 Colombia, have no patent citations for SDG16 related
Canada i i research. This is not surprising given that SDG16 does not
particularly led itself to patentable activities per se.
Colombia - ,
+
Mexico - - Table 16.8 — Number of publications cited in patent and
Brazil - - patents citing publications on SDG16 from 2007 to 2016.
World 31 57 (Source: Scopus)

16.4.5 Patents

By mining the LexisNexis TotalPatent database, we counted the number of patents issued that focus on SDG16. To identify
patents relevant to SDG16, we retrieved all the patents citing any SDG16-related publication. Patents retrieved were limited
to those in the following patent authorities: WIPO, EPO, and USPTO. From 2006 to 2016, the United States had the highest
number of SDG16-related patents (both applied for and granted) with 17 patent applications and 11 patents granted (Table
16.9). The United Kingdom, China, and Canada applied for a small number of patents and Australia had one patent granted.

Colombia applied for no patents, nor Patents Patents % of World
had any granted during the period. Note Country applied for Granted Total Total
that China and Australia may have United States
Patents .in a. local patent office not United Kingdom 1 i 1 2.04%
included in this analysis.
China 1 - 1 2.04%
+ Australia - 1 1 2.04%
Table 16.9— Number of patents Canada 2 - 2 4.08%
applied for and granted during the Colombia - - - 0.00%
period 2006-2016. (Source: Lexis- Mexico . . . 0.00%
Nexis) Brazil - - - 0.00%

World 35 14 49
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16.4.6 Research Focus

Within the topic of SDG16-related research, there can be differences in research focus from country to country. This can occur
as researchers are motivated by national interests, countries build upon their own inherent research strengths, and countries
set different social and economic priorities that influence their respective scientific agenda. In this section, we investigate the
differences inresearch focus in SDG16-related research from Colombia, Mexico, Brazil and the top five most prolific countries
in this research field. To do this, we employ Elsevier's Fingerprint Engine™, which uses natural language processing (NLP)
technology and domain-specific thesauri to analyze the information contained in textual publication data from the title,
abstract and keywords, and assigns to each publication a col