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Executive Summary 

The present bibliometric study was conducted to support the development of Canada’s Northern 
Strategy, more particularly the implementation of a research station in the Arctic. This report thus 
presents salient statistics on the scientific output of Arctic research in Canada, with comparisons to 
other countries.  

Canada is second behind the US in terms of the number of papers published over the 1996–2007 
period. Canada is thus highly specialized in the field, as are other countries with direct access to the 
Arctic. However, Canadian papers on Arctic science are not very frequently cited on average, at least 
when compared to other leading countries in this field. Canada also appears to conduct its Arctic 
research in a very autarkic (or closed) manner, Canada being the country with the lowest 
international collaboration rate among the 20 leading countries in this field. Moreover, other than 
Environment Canada, its institutions are generally weakly linked to other international leading 
institutions. As international collaboration is correlated to higher scientific impact, encouraging 
collaboration with foreign institutions might boost the scientific impact of Canada in Arctic 
research. The most beneficial international collaborations are likely to be with highly cited and 
productive researchers, and those which allow access to new equipments, installations or data. 

Canadian areas of strength within Arctic research were also identified. A preliminary analysis shows 
that Arctic-based environmental sciences is clearly a Canadian strength. This finding is supported by 
the impressive performance for Environment Canada in Arctic sciences. This federal department is 
not only the third most prolific institution worldwide in Arctic research, but its scientific output is 
also increasing rapidly each year. Moreover, Environment Canada produces papers with a high level 
of scientific impact and is a central hub in the scientific collaboration network in this field, both 
nationally and internationally. 
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1 Introduction 

There is a clear interest within the Canadian federal government in the development of national 
research capacities in the Arctic. This interest was crystallized in the October 2007 Speech of the 
Throne, when the government commissioned the development of an important research station in 
the Arctic. Indian and Northern Affairs Canada, which is the leading department for this initiative, 
has mandated Science-Metrix to conduct an analysis of Canada’s scientific performance in Arctic 
research. This report presents salient statistics on the scientific output of Arctic research in Canada, 
with comparisons to other countries. These statistics are based on bibliometric data computed from 
the Scopus bibliographic database. Bibliometrics is basically a way of “counting” articles indexed in 
the database; these counts can be performed on different dimensions (i.e., counts at the country or 
institution level, counts of collaborations, citation counts) based on the information available for 
each article in the database (e.g., authors’ addresses, year of publication, article title, references). To 
learn more about the methods and indicators used in this document, please see the methods section 
in the appendix. 

Canada is one of only eight countries that have direct land access to the Arctic,1 as well as having a 
large share of Arctic land, freshwater and ocean. The Arctic also represents a significant share of the 
Canadian landmass and a region of growing economic potential. Canada is thus expected to be 
highly active in Arctic research, yielding important discoveries and useful scientific knowledge. 
Within this context, the present report seeks to address two main questions: 

1- Is Canada a leader in Arctic research? 

2- How does Canada interact with other countries in Arctic research? 

The first section (Section 2) of this report will briefly examine the intensity and the quality of Arctic 
research in Canada as compared to that in the world and in other leading countries. It will also 
present data on the leading international and Canadian institutions in the field. Section 3 will depict 
the scientific collaboration patterns of Canada in Arctic research, as compared to its collaboration in 
science generally but also as compared to the scientific collaboration in Arctic research seen in other 
countries. This section will also present data on the scientific collaboration of leading institutions in 
the field.  

                                                            
1 For the definition of the Arctic used in this document, please see the methods section (Appendix). 
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2 Scientific production of Canada in Arctic research 

The present section presents trends on the scientific output of Canada in Arctic research as 
compared to other leading countries (2.1), identifies leading institutions in Arctic research at the 
world level (Section 2.2), and highlights Canadian strengths in specific fields of research with regard 
to Arctic science (Section 2.3). 

2.1 Trends in Canada, other leading countries and the world 

The Arctic as an object of research or as a location of scientific activity has led to the publication of 
numerous scientific articles. Almost 26,000 papers on Arctic science have been identified within the 
11,495,000 papers indexed in the Scopus database for the 1996–2007 period. This represents about 
0.2% of the papers indexed in the database, which covers all scientific fields2 (i.e., natural sciences, 
engineering, health sciences and social sciences).  

As shown in Figure 1, the number of Arctic science papers published annually in the world has 
slowly increased over the period. However, this increase of about 42% over the period is similar to the 
increase in the number of papers in science generally. Consequently, the Arctic has not gained 
ground over other topics of research. 
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Figure 1 Number of papers on Arctic science in Scopus, 1996–2007 
Source: Calculated by Science-Metrix using the Scopus Database 

Similarly, the number of papers on Arctic science has increased at the same pace in Canada as in the 
world. Thus, Canada has a maintained a constant share of about 15% of world papers in the field 
over the 1996–2007 period (Figure 2).  

                                                            
2 Only a limited number of articles from the humanities are indexed in Scopus 
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Figure 2 Number of Canadian papers in Arctic science, 1996–2007 
Note:  Numbers of papers have been computed using fractional counting at the level of authors (e.g., a paper 

co-authored by 2 Canadians and 3 Americans represents 0.4 of a paper for Canada and 0.6 of a paper 
for the US). 

Source: Calculated by Science-Metrix using the Scopus Database 

This pattern is also observed for other countries that are highly active in Arctic science (Figure 3). 
Unless trends change dramatically, it can be predicted that Canada will keep its second rank behind 
the US for the production of scientific papers on the Arctic for many years. 
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Figure 3 Trends in the number of papers in Arctic science by leading countries, 1996–
2007 

Note:  The numbers of papers have been computed using fractional counting at the level of authors. (e.g., a 
paper co-authored by 2 Canadians and 3 Americans represents 0.4 of a paper for Canada and 0.6 of a 
paper for the US). 

Source: Calculated by Science-Metrix using the Scopus Database 

Figure 4 presents the number of papers in Arctic science between 1996 and 2007 for the 20 leading 
countries. The US is clearly in the lead, with almost twice as many papers as Canada, which ranks 
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second. Canada also comfortably ahead of the remaining leading countries, with almost 50% more 
papers than the Russian Federation, Norway and the UK, which follow it. Note that all countries in 
the top 20 either have direct access to the Arctic or are countries that are usually very productive in 
science as a whole. 
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Figure 4 Number of papers in Arctic science by leading countries, 1996–2007 
Source: Calculated by Science-Metrix using the Scopus Database 

Canada’s second rank in terms of number of papers in Arctic science is quite remarkable given that 
Canada is ranked seventh in the world in science as a whole. This means that Canada is more 
productive in Arctic research than what would be expected given its production in science generally. 
This can also be shown by the specialization index (SI), which is an indicator of research intensity in 
a given field of research. It compares the share of papers of a country in science as a whole with the 
share of papers of this country in a given field. When the SI is above one (one being the world 
average), it means that this country is specialized in the field. Canada’s SI score in Arctic science is 
4.6, confirming that Canada is specialised in this area of research. 

In Figure 5, the SI is used to position the 20 leading countries in Arctic science on the x axis 
according to their specialization in the field; specialized countries are positioned to the right of the 
origin, which represents the world average. Not surprisingly, the countries with land access to the 
Arctic are also very specialized in Arctic research; the only exception is the US, which is just slightly 
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specialized in the field. The y axis in Figure 5 represents the scientific impact3 of the different 
countries in Arctic research, the origin being the average impact at the world level. Most countries 
presented have more scientific impact than the world average in this research area. Switzerland and 
Austria have the highest impact scores, whereas Russia and Poland have very low scientific impact. 
Sweden is positioned above the other Nordic countries in terms of impact and is very also specialized 
in the field. Note that Canada’s scientific impact is slightly higher than the world level but is behind 
many countries in the top 20. However, in many other areas of research, Canada has a much higher 
scientific impact than what is observed for Arctic research. 
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Figure 5 Positional analysis of leading countries in Arctic science using SI, ARC and 
number of papers, 1996–2007 

Note:  The number of papers is proportional to the area of circles. SI=Specialization Index; ARC=average of 
relative citations, a indicator of scientific impact 

Source: Calculated by Science-Metrix using the Scopus Database 

                                                            
3 The scientific impact is determined by the average of relative citations (ARC), an indicator based on counts of 
references that are made to scientific articles by other scientific articles. Please see the methods section for 
more details. 
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Table I presents a multicriteria ranking of the selected countries using the number of papers, papers 
per capita, SI and ARC for the 1996-2007 period. The multirank is calculated as the average of each 
indicator rank, with each indicator having the same weight. Countries that were positioned in the 
top right quadrant in Figure 5 also obtain the top ranks in the multicriteria ranking. Canada ranks 
third, following closely behind Norway and Denmark, and just above Sweden. 

Table I Multicriteria ranking of leading countries in Arctic science using number of 
papers, papers per capita, SI and ARC, 1996–2007 

Country Papers Paper/capita SI ARC Multirank
Norway 3,065 (4) 56.6 (2) 17.9 (2) 1.1 (14) 5.5 (1)
Denmark 2,007 (7) 30.8 (3) 8.3 (3) 1.2 (11) 6.0 (2)
Canada 4,918 (2) 13.0 (4) 4.6 (4) 1.1 (15) 6.3 (3)
Sweden 1,226 (8) 11.4 (6) 2.7 (7) 1.3 (6) 6.8 (4)
United Kingdom 2,947 (5) 4.1 (8) 1.3 (9) 1.3 (8) 7.5 (5)
Germany 2,810 (6) 2.8 (10) 1.4 (8) 1.3 (7) 7.8 (6)
United States 8,908 (1) 2.6 (11) 1.1 (11) 1.3 (9) 8.0 (7)
Switzerland 476 (14) 5.4 (7) 1.1 (12) 1.5 (1) 8.5 (8)
Iceland 283 (20) 82.5 (1) 26.4 (1) 1.1 (13) 8.8 (9)
Netherlands 659 (12) 3.4 (9) 1.1 (13) 1.3 (3) 9.3 (10)
Finland 790 (11) 12.7 (5) 3.6 (6) 1.1 (16) 9.5 (11)
Russian Federation 3,428 (3) 2.0 (14) 4.4 (5) 0.5 (20) 10.5 (12)
France 1,217 (9) 1.6 (15) 0.8 (15) 1.3 (4) 10.8 (13)
Australia 495 (13) 2.1 (13) 0.7 (16) 1.5 (2) 11.0 (14)
Belgium 287 (19) 2.3 (12) 0.9 (14) 1.3 (5) 12.5 (15)
Japan 1,065 (10) 0.7 (17) 0.5 (17) 0.9 (17) 15.3 (16)
Poland 473 (16) 1.0 (16) 1.2 (10) 0.6 (19) 15.3 (16)
Italy 450 (17) 0.6 (18) 0.4 (18) 1.1 (12) 16.3 (18)
Spain 307 (18) 0.6 (19) 0.4 (19) 1.2 (10) 16.5 (19)
China 476 (14) 0.03 (20) 0.2 (20) 0.7 (18) 18.0 (20)  
Note:  Paper/capita = Average yearly number of papers per 106 inhabitants 
Source: Calculated by Science-Metrix using the Scopus Database 

2.2 Leading institutions 

The high volume of publication in Arctic research in Canada is also reflected in the importance of 
Canadian institutions in this field. Canada has 8 institutions listed in the top 40 world institutions 
in Arctic science, ordered according to their number of papers in the field (Table II). The Russian 
Academy of Science is ranked first, with about 2.5 times more papers than its two followers in the 
field. The predominance of the Russian Academy of Sciences can be explained, at least partially, by 
the fact that the scientific activity of the Russian government is almost all conducted under this 
umbrella organization. Consequently Russia, which is the third country in terms of number of 
papers, only has one other institution (Moscow Sate University) in the top 40.  
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Table II Top 40 world institutions in Arctic science, 1996–2007 

 
Note:  GI=Growth Index, Trend=yearly number of papers, ARC=average of relative citations. 

Papers from the Bedford Institute of Oceanography are added to DFO when applicable. Similarly, papers from 
CIRES are counted for the University of Colorado when applicable. Data for CIRES are also presented. 

Source: Calculated by Science-Metrix using the Scopus Database 

Environment Canada is ranked third, with close to the same number of papers as the University of 
Alaska in Fairbanks, which is ranked second (Table II). Environment Canada is also increasingly 
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active in Arctic research as denoted by its growth index (GI) of 1.7, meaning it produced 70% more 
papers in the last 6 years than it did in the 6 first years. The yearly number of papers (pictured in the 
small histogram) produced by Environment Canada increased fairly steadily over the 12-year period, 
except for 2007 (although it is too soon to say whether this represents a real trend). Environment 
Canada’s scientific impact is also very high (ARC score of 1.7), just behind that of the highest-impact 
institutions, namely NASA, Columbia University and CIRES (each with an ARC score of 1.8). Other 
institutions with very good scientific impact scores are the University of Colorado at Boulder, the 
University of Toronto, the Max-Planck, Caltech and Lunds Universitet (ARC score of 1.7). Note that 
Fisheries and Oceans Canada is also doing well, ranking in 11th position for its number of papers and 
having an ARC score of 1.3 (i.e., 30% higher than the world average).  

Some institutions have increased their scientific output substantially over the period, as indicated by 
their GI scores (Table II). The trends in their yearly output (number of papers), represented by the 
small histograms, suggest that their growth will continue in the years to come and that they may 
come to occupy a more important position in Arctic research in following years. This is the case for 
the already productive University of Alaska in Fairbank, as well as for somewhat less productive 
institutions such as the geological Survey of Denmark and Greenland (GI of 2.0), The University of 
Alberta (GI of 2.1), the UK Natural Environment Research Council (GI of 2.0), the Norwegian 
Polarmiljøsenteret (GI of 4.0) and the Polish Academy of Sciences (GI of 2.4). 

Table III presents similar statistics for the top 40 Canadian institutions. The top three most 
productive institutions are all federal departments (Environment Canada, Fisheries & Oceans and 
NRCan). Federal institutions are listed eight times in the top 40, the rest being almost all 
universities, except for the Centre hospitalier universitaire de Québec (which has links with 
Université Laval). The University of Windsor, the University of Guelph and the University of New 
Brunswick had the highest impact in the field in the period with ARC of 2.0, 1.9 and 1.8, which 
represent roughly twice as many citations in Arctic research as the world average. 

Some Canadian institutions had important and constant increases in their scientific production over 
the 12-year period and thus may become very important players in years to come. A good example of 
this is Carleton University, with a rather constant growth of 15% per year over the study period; if 
this trend continues, Carleton may break into the top five leaders in the next few years. The move of 
Environment Canada’s National Wildlife Research Centre onto the Carleton University campus in 
2002 has probably contributed to this enhanced activity. In addition, research on the Arctic at 
Carleton University yields articles that are 60% times more cited than those of its peers (ARC score of 
1.6). Finally, the University of Alberta also has demonstrated important growth in Arctic science, 
even though this institution was already in the top five. However, the impact of its papers is only a 
little higher than that of the world (ARC of 1.1). 
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Table III Top 40 Canadian institutions in Arctic science, 1996–2007 

 
Note:  GI=Growth Index, Trend=yearly number of papers, ARC=average of relative citations. 

Papers from the Bedford Institute of Oceanography are added to DFO when applicable. Data for the Bedford 
Institute are also presented. 
GEOTOP = Centre de recherche en géochimie et en géodynamique; INRS = Institut national de la recherche 
scientifique; GIROQ = Groupe interuniversitaire de recherches océanographiques du Québec. 

Source: Calculated by Science-Metrix using the Scopus Database 
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2.3 Canada’s strengths by scientific fields 

Canada is clearly a leader in Arctic research, particularly with regard to the size of its scientific 
production. Then again, the fact that Canada’s output has been stable over the last 12 years suggests 
it may be difficult to increase this level of activity as it is already very active and specialized in the 
field. There remains, however, room for improvement in the scientific impact of these papers.  

Figure 6 presents the volume of output, specialization and impact of Canada in Arctic research in 
different fields and subfields of science. The classification of papers in the different fields and 
subfields is based on a general classification of the journals, which was not developed for Arctic 
research specifically. Note that the identification of topics specific to the Arctic and the development 
of a classification that, on one hand, is specific to Arctic research, on the other hand, is based on 
articles rather than journals would surely yield more powerful analyses to support management of 
research in this field. However, the method used herein can still support informative basic analyses 
of strengths and weaknesses in general fields. 

For example, one of the most interesting finding from this analysis is that the subfield of 
environmental sciences is clearly Canada’s top strength in Arctic research. This is consistent with the 
dominant position of Environment Canada in the field. Clinical medicine is also a strength for 
Canada in Arctic research, as shown by the above-average levels of impact and specialization n this 
field. Chemistry is the field in which Canada has the highest impact, but the number of papers in the 
field (30) is very small. Oceanography and limnology is another subfield with high impact but in 
which Canada is not as active as other countries, resulting in a low specialization score. 
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Figure 6 Positional analysis of Canada in Arctic science in selected fields/subfields, 
1996–2007 

Note:  Only fields with sufficient numbers of papers have been shown. Subfields from the Earth & Space field 
have are presented in light green. The number of papers is proportional to the area of circles. 
ARC=average of relative citations. The specialization index has been calculated within Arctic research. 

Source: Calculated by Science-Metrix using the Scopus Database 
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3 Scientific collaboration in Arctic 

As will be demonstrated in Section 3.2, collaboration can play an important role in fostering 
scientific excellence in science. Scientific collaboration can occur between authors from the same 
laboratory or group, between different departments in the same institutions, between different 
institutions in the same country or between different countries. Given that research in the Arctic 
often requires special remote infrastructure, advanced logistics and sophisticated equipment, it is 
certainly advisable to share usage of facilities and related costs. This may also result in higher 
scientific collaboration. This section will measure the extent of scientific collaboration in Arctic 
research (Section 3.1) and the resulting scientific impact of these collaborations (Section 3.2). The 
scientific collaboration of leading institutions over the 1996–2007 period will also be analyzed to 
identify important hubs of collaboration and to position these institutions in the global and 
Canadian collaboration networks in Arctic research (Section 3.3). 

3.1 Trends in scientific collaboration 

Nearly 90% of scientific papers indexed in Scopus had more than one author in 2007; this share has 
been increasing steadily over time (Figure 7). The occurrence of papers co-authored by 2, 3, 5, 10 
authors is also increasing over time such as the average team size of authors on papers is increasing 
(data not shown). Team size on Arctic papers is also increasing, at a rate that appears to be a slightly 
higher than in science as a whole (Figure 7). Indeed, the share of Arctic papers with at least 2, 3, and 4 
authors was about 10 percentage points lower than the average for all papers Scopus in 1996, but 
this has been slowly catching up over the period to reach similar team sizes in 2007. 
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Figure 7 Trends in team size in Arctic papers, 1996-2007 
Source: Calculated by Science-Metrix using the Scopus Database 
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Collaboration between institutions from different countries appears to be more frequent in Arctic 
science than in Scopus generally. Table IV presents statistics on the international collaboration of 
leading countries in Arctic research. It compares the occurrence of Arctic papers with more than 1 
country and more than 2 countries with equivalent statistics for Scopus. The international 
collaboration rates are systematically higher in Arctic research than in Scopus generally. The 
difference between international collaboration rates in Arctic research versus science generally is 
particularly marked in countries with no land access to the Arctic. A possible hypothesis to explain 
this trend is that countries without access to the Arctic need to collaborate with countries with direct 
access to conduct scientific project in the Arctic.  

Unlike what is observed for most other countries, the increase between Canada’s international 
collaboration rates in Arctic research as compared to all fields of science is very small. For example, 
there is only a five percentage point difference between its share of papers with more than one 
country in Arctic research and science as a whole. Moreover, Canada ranks 18th out 20 leading 
countries for its share of Arctic papers with at least one foreign collaborator. It also ranks 20th out of 
20 for papers with at least 2 foreign collaborators. In fact, Canada has authored only 15% of its Arctic 
papers in multinational collaboration.  

Table IV International collaboration patterns of leading countries in Arctic science, 
2003−2007 

Papers % of papers with 
more than 1 country

% of papers with 
more than 2 countries

Country Arctic All science Arctic All science Arctic All science

Switzerland 282 96,203 87% (1) 58% (2) 48% (1) 23% (2)
Spain 175 179,113 86% (2) 36% (15) 43% (7) 12% (13)

Belgium 137 72,249 85% (3) 53% (3) 45% (4) 21% (3)

Australia 244 154,982 82% (4) 41% (13) 34% (10) 12% (14)
Iceland 152 2,454 80% (5) 68% (1) 47% (2) 31% (1)
France 603 297,318 80% (6) 45% (9) 41% (8) 15% (9)
Netherlands 324 132,057 79% (7) 47% (7) 45% (3) 18% (8)
Sweden 633 92,698 78% (8) 49% (6) 43% (6) 18% (6)
Italy 262 229,024 74% (9) 37% (14) 44% (5) 13% (12)
Finland 364 45,228 68% (10) 46% (8) 35% (9) 18% (7)
UK 1,482 444,424 68% (11) 41% (12) 33% (12) 13% (11)
Germany 1,383 421,306 68% (12) 43% (11) 33% (11) 14% (10)
Denmark 981 50,733 65% (13) 51% (4) 31% (13) 21% (4)
Norway 1,502 37,340 62% (14) 49% (5) 28% (14) 20% (5)
China 333 637,290 58% (15) 14% (20) 19% (17) 2% (20)
Japan 565 425,690 57% (16) 22% (19) 27% (15) 5% (19)
Poland 279 89,931 48% (17) 32% (17) 25% (16) 11% (16)
Canada 2,331 232,113 48% (18) 43% (10) 15% (20) 11% (15)
US 4,261 1,580,922 48% (19) 27% (18) 17% (19) 6% (18)
Russian Fed. 1,559 141,302 46% (20) 33% (16) 19% (18) 11% (17)  
Note:  The numbers in parentheses are the ranks of countries among the top 20 shown according to each indicator. 
Source: Calculated by Science-Metrix using the Scopus Database 
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Nevertheless, as Canada is the second most important producer of scientific papers in Arctic 
research, even the relatively small percentage of papers it co-authored with other countries represents 
a large absolute number of collaborations. As shown in Figure 8, Canada has many important links 
with other countries in Arctic science. Note that in this illustration, the links are proportional to the 
number of co-authored papers between two countries; the threshold for these links has been set to at 
least ten collaborations per year, on average (i.e., 120 collaborations over the 12-year period). 
Canada’s main collaborator is the US, which is a pattern that is often observed in science generally. 

 

Figure 8 Collaboration network between countries in Arctic science, 1996–2007 
Note:  The figure presents the data for countries which have a minimum of 120 collaborations with at least 

one other country over the 1996–2007 period. Thus, only links representing at least 120 collaborations 
(an average of ten per year) over this period are presented. Links are proportional to the number of 
collaborations between two countries. Circle size is proportional to the number of papers. 

Source: Calculated by Science-Metrix using the Scopus Database 

3.2 Scientific impact of collaboration 

For many countries, scientific collaboration is an effective strategy to gain access to the Arctic region. 
It can also be a way to lower the costs of conducting research in such a remote area. But scientific 
collaboration is also an excellent way to increase a country’s scientific impact. Table V presents data 
on the scientific impact of papers resulting from international collaboration. The average scientific 
impact of Arctic papers co-authored by authors from different countries (ARC of 1.23) is higher than 
papers from a single country (ARC of 0.89). Moreover, this trend is observed systematically for the 20 
leading countries in Arctic Research. This is also consistent with similar comparisons in science as a 
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whole (data not shown). The average impact scores are even higher for papers with more than 2 
collaborating countries. 

Table V Scientific collaboration and scientific impact of leading countries in Arctic 
science, 1996–2007 

Average of relative citations (ARC)

Country All papers No. of countries = 1 
(no intl collaboration) No. of countries > 1 No. of countries > 2

Russian Fed. 0.53 0.17 1.02 1.37
Poland 0.59 0.29 0.94 1.25
China 0.72 0.38 0.98 1.31
Japan 0.94 0.66 1.21 1.66
Finland 1.07 0.82 1.21 1.56
Canada 1.09 0.89 1.36 1.75
Norway 1.10 0.91 1.25 1.51
Iceland 1.13 0.50 1.37 1.83
Italy 1.14 0.53 1.43 1.76
Denmark 1.16 0.82 1.41 1.74
Spain 1.23 0.60 1.39 1.70
US 1.27 1.20 1.36 1.69
UK 1.28 1.03 1.43 1.72
Germany 1.29 1.06 1.44 1.77
Sweden 1.30 0.85 1.48 1.80
Belgium 1.31 0.93 1.42 1.64
France 1.32 0.84 1.48 1.74
Netherlands 1.34 0.95 1.49 1.75
Australia 1.46 1.28 1.53 1.77
Switzerland 1.54 1.16 1.62 2.03
WORLD 1.00 0.89 1.23 1.54

 
Source: Calculated by Science-Metrix using the Scopus Database 

Thus, the intensification of international collaboration may be a means through which a country 
can boost its scientific impact, particularly if the collaborators are carefully selected. For example, 
collaborating with leading, highly cited researchers, or collaborations that allow access to new 
equipments, installations or data may be especially beneficial. This observation is particularly 
appropriate for Canada as it has lots of room to improve in both its number of international 
collaboration and its scientific impact.  

3.3 Inter-institutional collaboration 

Canada is the second most productive country in Arctic research but currently has relatively weak 
relationships with other countries. This results in Canadian institutions being fairly isolated from 
international institutions, as illustrated in Figure 9. Without Environment Canada—and, to a lesser 
extent, the University of Alberta—Canada would not be linked to other leading institutions. Note 
that the threshold has been set to at least two collaborations per year, on average (i.e., 24 
collaborations over the 12-year period).  
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Figure 9 Scientific collaboration between leading international institutions (1996–2007) 
Note:  The figure presents the data for the 50 institutions with the most papers over the 1996–2007 period. 

Links are proportional to the number of collaborations between two institutions. Only links representing 
at least 24 collaborations (an average of two per year) over the period are presented. Circle size is 
proportional to the number of papers and the colour of the circles represents their country. 

Source: Calculated by Science-Metrix using the Scopus Database 

Even the national network is not very strong, and depends on the highly connected Environment 
Canada to act as a hub (Figure 9). Conversely, the Norwegian, the American and to a lesser extent the 
German sub-networks are more developed. The Russian Academy of Sciences is the main hub in the 
network, a fact that can be explained, at least in part, by its size. 

Upon closer examination of the Canadian collaboration network (Figure 10), the structure of this 
network reveals itself as being be more complex than shown above. Environment Canada is still an 
important hub but other institutions such as Fisheries and Oceans (DFO), NRCan and Université 
Laval are positioned at the centre of a relatively small group of key collaborators. Federal 
departments and universities dominate the network, with only the Government of the Northwest 



Measuring Canada’s Arctic Research Performance: A Bibliometric Study  

 18

Territories and the Centre hospitalier universitaire de Québec representing other sectors in the 
network. However, given that the links presented in this figure represent a minimum of one 
collaboration per year (i.e., only links that represent 12 or more collaborations between two 
institutions over the period are shown), the Canadian network is not very strong. 

 

Figure 10 Scientific collaboration between leading Canadian institutions (1996–2007) 
Note:  The figure presents the data for the 50 institutions with the most papers over the 1996–2007 period. 

Links are proportional to the number of collaborations between two institutions. Only links representing 
at least 12 collaborations over the period (an average of one per year) are presented. Circle size is 
proportional to the number of papers and the colour of the circles represents their institution type 
(federal government – red, provincial government - blue, university - green, other - black). 

Source: Calculated by Science-Metrix using the Scopus Database 
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4 Conclusions 

Canada is clearly a leader in Arctic research, at least in terms of its high number of publications in 
the field. In fact, Canada was the second most productive country in Arctic science during the 1996–
2007 period, whereas it is usually 6th or 7th overall in science generally. Canada is thus very specialized 
in Arctic research, as it is the case for other countries with direct access to the Arctic; one exception 
to this trend is the US, which is only slightly specialized in the field. However, Canada has a scientific 
impact just over that of the world in Arctic science, which is among the lowest levels of impact seen 
among the 20 leading countries in this field. In many other fields of research, Canada is much better 
positioned in terms of scientific impact.  

A preliminary analysis of fields and subfields of research in the Arctic reveals that Canada’s main 
strength is in environmental sciences, a subfield in which Canada is highly specialized and has a high 
level of impact. An in-depth analysis of Canada strengths and weaknesses in Arctic research could be 
a powerful tool to support funding decision and strategic planning. 

Canada’s strength in Arctic-related environmental science is not surprising, considering that 
Environment Canada is ranked 3rd among world institutions for its number of papers in Arctic 
research. This institution also has high level of scientific impact and has seen important growth in 
the last 12 years. Moreover, Environment Canada is a central hub within the international and 
national collaboration networks of institutions in the field.   

At the beginning of the study period, papers on Arctic research were co-authored by fewer authors on 
average than scientific papers in all fields combined. But since, the number of authors per paper has 
increased more rapidly for Arctic papers, such that it was equal to science in general in 2007. If this 
trend continues, team size in Arctic research is expected to exceed the team size in science generally 
in coming years. Papers produced as a result of international collaborations are already more 
frequent in Arctic research than in science as a whole. However, in this regard, Canada is at the tail 
end of the leading countries: only 15% of its papers were co-authored with two or more foreign 
countries, placing Canada in 20th rank out of the 20 leading countries. Moreover, Canadian 
institutions have few important collaboration links with other institutions, or amongst themselves. 

As it is usually the case in science, papers with international collaboration are, on average, more cited 
and thus have more scientific impact. Thus, as it has a relatively low impact and a low level of 
international collaboration, Canada would certainly benefit from pursuing more of its Arctic 
research through international collaboration, particularly with highly cited and productive 
researchers, or through collaborations that allow access to new equipments, installations or data. 
The development of a world-class research station in Arctic could also be a way to multiply 
opportunities for scientific collaboration with other countries.  
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Appendix − Bibliometric Methods 

The results of scientific research, especially in the natural sciences and engineering (NSE), are mainly 
disseminated through the publication of articles in scientific journals. Bibliometrics can be broadly 
defined as a set of methods and procedures used in the measurement of bibliographic records. 
Bibliometric methods can be used to measure scientific outputs (scientometrics; basic units of 
measurement are articles in scientific journals) and technological outputs (technometrics; basic 
units of measurement are patents). Bibliometric methods comprise a set of indicators that can be 
used to draw a picture of the evolution of the performance of various entities (i.e., institutions, 
countries) in diverse scientific areas.4 The bibliometric indicators presented in this study provide 
information on the level of scientific output, growth, impact and relative effort of Canada and of 
other leading countries in Arctic science, and enable the analysis of scientific collaboration in this 
field of research. 

Constitution of datasets 

This scientometric analysis is based on Elsevier’s Scopus abstract and citation database of peer-
reviewed literature. Scopus was chosen over other databases for its broad coverage of scientific 
literature in the Natural Sciences and Engineering and in Social Sciences, including more than 
15,000 peer-reviewed journals from over 4,000 international publishers. Among comparable 
databases, Scopus is the only citation database that links the authors of papers to their institutional 
addresses. Scopus also includes cited references for each document it contains (e.g., articles, 
conference papers, letters, reviews, notes, and press releases), allowing for the analysis of scientific 
impact based on citation counts. 

Note that the fields and subfields used in this report are based on the scientific journal classification 
used by the National Science Foundation (NSF) in the production of its Science and Engineering 
Indicators. 

In producing bibliometric data, only documents that have been peer-reviewed prior to being 
accepted for publication were retained. The peer-review process ensures that the research is of good 
quality and constitutes an original contribution to scientific knowledge. Moreover, the study is 
based on a selection of document types that include references to and that are cited by other 
academic documents. These documents are mainly articles, conference papers and reviews; in this 
report, these documents are collectively referred to as papers. 

In this study, the Arctic was defined using the union of four definitions which are broadly used by 
the scientific community: 

 Arctic Circle 
 July isotherm of 10°C 
 Boreal tree line 
 Continuous permafrost 

                                                            
4 King, J. 1987. A review of bibliometric and other science indicators and their role in research evaluation. 
Journal of Information Science, 13: 261-276. 
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The Arctic dataset was built by conducting searches using Arctic-specific keywords (e.g., geographical 
names, endemic species, ethnos) in titles, author keywords and abstracts of papers in the Scopus 
database. The keywords were identified by consulting various Internet sources indexing Arctic 
terminology or describing Arctic research topics. Each term was tested against the database to 
determine whether the papers returned were relevant or not to the field of Arctic science. In selecting 
keywords, special care was taken to retrieve papers that present research from all relevant geographic 
locations. Finally, all papers from the journal Arctic, published by the Arctic Institute of North America, 
were also retained.5 

Scientometric indicators 

Number of papers: Counts of the number of scientific papers in the Arctic dataset. Counts of 
papers were performed for leading countries and institution based on author addresses. 

Specialization index (SI): This is an indicator of the intensity of research by a given geographic or 
organizational entity (e.g., a country) in a given research area (e.g., field) relative to the intensity of 
the reference entity (e.g., the world) in the same research area. The SI can be formulated as follows: 

( )
( )TS

TS

/NN
/XX

SI =  

Where: 

XS = Papers from entity X in a given research area (e.g., Canada published 4,918 Arctic science papers 
over the 1996–2007 period); 

XT = Papers from entity X in a reference set of papers (e.g., Canada has 477,250 papers in Scopus 
from the 1996–2007 period); 

NS = Papers from the reference entity N in a given research area (e.g., 25,956 Arctic science papers 
were published at world level over the 1996–2007 period); 

NT = Papers from the reference entity N in a reference set of papers (e.g., there are 11,495,377 papers 
in Scopus from the 1996–2007 period); 

Thus, the SI for Canada in Arctic science = (4,918/477,250)/(25,956/11,495,377) = 4.56 

An index value above 1 means that a given entity is specialized relative to the reference entity, while 
an index value below 1 means the reverse. For example, if a country publishes 4% of its papers in 
biology, compared to the world level of 2%, this country has an SI of 2, because the percentage of its 
papers in biology is twice as high as the percentage at the world level (4%/2%=2). 

Average of relative citations (ARC): This is an indicator of the scientific impact of the papers 
produced by an entity (e.g., country, institution) on the scientific community; it is based on the 
number of citations received by the papers (i.e., citation counts) produced by the entity. In general, 
papers will reach their citation peak year (i.e. when they receive the highest number of citations) two 

                                                            
5 This journal is the only scientific journal that is specifically dedicated to Arctic research in the database. 
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to three years after publication.6 Thus, the number of citations to each paper was counted for the 
year in which it was published and the two subsequent years. This ensures a uniform citation 
window of three years from year of publication, for all papers. For papers published in 1998, for 
example, citations received in 1998, 1999 and 2000 were counted. The only exceptions are 2006, 
which has a citation window of two years (2006 and 2007), and 2007, which has a citation window of 
one year, because citation data are not yet available for the subsequent years. 

Because citation practices vary among scientific fields and over time, the citation counts for 
individual papers were divided by the average citation count for all papers in their subfield for the 
year in which they were published to obtain a relative citation count (RC). For example, papers 
published in the field of biochemistry include around 30 references, while mathematics papers 
generally have fewer than ten. Thus, a mathematics paper with only five citations would have as 
much impact as a biochemistry paper with 15. 

The ARC of a given entity (e.g., a country, an institution) is the average of the RC of papers belonging 
to it (i.e., if an institution has 20 papers, the ARC is the average of 20 RC, one per paper). When the 
ARC is above 1, the entity (e.g., country, institution) scores better than the world on average; when it 
is below 1, this means that the papers it publishes are cited less often than the world average. 

International collaboration rate: This is an indicator of the relative importance of international 
collaboration. If there are at least two different institutions in the paper’s address field, and if they 
are from at least two different countries, the paper is said to be an international collaboration. For 
example, a paper co-authored by Environment Canada and UBC would be considered an 
international collaboration, but a paper co-authored by Environment Canada and the USDA counts 
as one international collaboration for Canada, one for the US, one for Environment Canada, and one 
for the USDA. The international collaboration rate is the number of international collaborations of 
an entity (i.e., an institution, a country) divided by its total number of papers. 

Visualization of collaboration networks: Scientific collaboration between entities (e.g., countries 
or institutions) is depicted by Science-Metrix using a collaboration network. Based on a square 
matrix cross-linking the number of papers co-authored by the relevant entities, the software 
programs UCINET and NetDraw (Analytic Technologies) produce a visual representation of the 
strength of the relationships between top entities. More specifically, a ‘spring-embedding’ algorithm 
with node repulsion and equal edge length is used to establish the relative locations of the entities in 
the graphic representation.  

In the networks, each node corresponds to an entity, represented by a circle of a size proportional to 
the number of papers it published in the field. Links (lines) between nodes represent collaborations 
between entities. The width of each link is proportional to the number of collaborations between 
two entities. For a link to be displayed between two entities in the network, researchers from the 
entities must have co-authored more than a specified number of papers over the period (e.g., 12 or 
more papers during 1996–2007). Although the algorithm attempts to place entities that share a 
greater number of collaborations closer together on a two-dimensional plane, the length of the links 
                                                            
6 Information on Thomson Scientific Essential Science Indicators, http://www.in-cites.com/ESI_Product_Info/1-
HotPapers.htm, last visited January 2008. 
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cannot be used as an objective measurement of their relationship. Minor manual adjustments are 
sometimes made to increase readability. 

Positional analysis: To more easily interpret the strengths and weaknesses of an entity (e.g., a 
country or an institution) through the use of several separate indicators, Science-Metrix uses a 
graphical representation called the positional analysis graph. This graphical representation logically 
combines three of the previously mentioned indicators (number of papers, SI, and ARC). The 
horizontal axis of this positional graph corresponds to the SI, and the vertical axis to the ARC. These 
data are transformed to obtain a symmetrical distribution of possible values between -1 and +1, with 
zero representing the world level. The size of the bubbles is proportional to the number of papers 
produced by the country or institution. The position of a country or institution in one of four 
quadrants can therefore be interpreted as follows: 

 Quadrant 1: Located at the top right of the graph, this quadrant is synonymous with leadership 
in the field. Institutions and countries in this quadrant specialize in the given domain and their 
activities have a high impact, meaning that their papers are more frequently cited than the 
world average in this field. 

 Quadrant 2: Located at the top left of the graph, this quadrant is synonymous with high impact 
scientific production, but the countries or institutions are not specialized in the field. 

 Quadrant 3: Located at the bottom right of the graph, this quadrant signals specialization in 
the field, whereas the entity’s impact is below the world average. 

 Quadrant 4: Located at the bottom left of the graph, this quadrant represents the worst case 
scenario, as both the specialization and impact levels are below the world average in the field. 


