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Abstract: The main purpose of this paper is to evaluate the global performance and to 
assess the current spatio-temporal trends on research outputs of Great Lakes in North 
America by applied mathematics method. The computational science methods were used to 
survey Great Lakes related articles in the Science Citation Index (SCI) and Social Science 
Citation Index (SSCI) during the past decades. The Macro level, Meso level and Micro 
level analysis insights were employed respectively on each dataset. Great Lakes research 
were mainly completed by USA and Canada institutes, covering 85.87% among the global 
research productivities. 7 academic institutes in top 10 productive institutes are located in 
USA and other 3 institutes are addressed in Canada. 50% of the top 10 scientists belong to 
USA, the other 50% belong to Canada, and every expert published more than 80 papers. In 
addition, the cognitive learning of citations explained that Great Lakes research domain 
was focused by USA and Canada community in total citations with an average value on 
citation per paper. Sweden has the most quantity in citation per paper with a relatively high 
quality, while in developing countries, its quality of paper needs to be improved such as in 
P.R China. Institutes with high quality papers are Fisheries & Ocean Canada, University of 
Minnesota, NOAA and Wisconsin Department Natural Resources accordingly. 
Considering the future challenges of climate change and sustainability in freshwater 
ecosystems, it should be mentioned at this point that the essence of the water security 
issues should be emphasized on Great Lakes research issues. 

1. Introduction 

Water is a basic need for human survival and necessary condition for social development [26], 
and also the lifeline of economic development or social progress, even an important material basis 
for sustainable development [7,2,22]. Water, especially fresh water, is one of the most important 
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strategic resources, which plays a significant role in the social development and the survival of 
humankind [34,13].  

The main fields of water resource research focus on ecological environment, economy, politics, 
culture and other fields [33, 29, 6, 16]. In recent years, with the rapid socio-economic development 
and impact of human activities, people are unbridling to plunder with the nature resources, this 
results in the emergence of competing for water among people, regional and countries, which taking 
us pollutants and ecological environment problems, such as water and other undesirable phenomena 
in ecological environment [18]. With the continuous reduction of water resources, many unexpected 
things such as increased pollution, weak and loss of normal water function, lost of the balance in 
hydrological cycle, reduction of water quality et.al. Furthermore, this consequence of actions is 
recessive, extensive and lagging, it will endanger the natural environment, normal operation of 
socio-economic system and a virtuous circle when this accumulation reached more than some 
threshold. Someday, a series of water security issues will be leaded [15, 25, 12, 8, 20, 11, 23].   

As the largest surface fresh water system on earth, Great Lakes basin hosts the world’s most 
abundant surface fresh water reserve. Great Lakes is a group of five large interconnected lakes in 
central North America that consist of lakes Superior, Michigan, Huron, Erie, and Ontario, and 
constitute the largest area of fresh water in the world. Lake Michigan is wholly within the US, and 
the others lie on the Canada–US border. Connected to the Atlantic Ocean by the St. Lawrence 
Seaway, Great Lakes form an important commercial waterway. Great Lakes watershed is home to 
over 40 million people (Canadian and USA) who depend on a healthy Great Lakes ecosystem for 
economic, societal and personal vitality. Over 25 million people in the U.S. rely on Great Lakes for 
their drinking water (U.S. Environmental Protection Agency, 2009). Great Lakes contain about 
23,000 km3 (5,500 cu. mi.) of water; cover a total area of 244,000 km2 (94,000 sq. mi.), and 
account for 90% of the United States’ surface fresh water (20% of the world’s fresh surface water). 
Great Lakes watershed drains almost 200,000 square miles, has a nearly 10,000-mile-long shoreline, 
and includes 35,000 islands. Agriculture alone contributes $53.4 billion in Canada and the U.S. [14]. 
Forestry remains a locally important industry throughout much of the watershed. The watershed 
contains 20% of all U.S. timberland and 20% of all U.S. manufacturing (58% of cars made in the 
U.S. and Canada are made in the basin). Though Great Lakes are one of America’s most important 
natural features, and they are important to the economy of both U.S. and Canada, environmental 
issues related to them are often overlooked. However, the healthy functioning of ecosystems in 
Great Lakes region and the services they provide are important. Unfortunately, the complexity of 
the interactions between the environmental services provided by the ecosystem and the societal 
demands upon that ecosystem tend to obscure the importance of tending to the significant impact 
that over 40 million people are having on this ecosystem [17,5]. Meanwhile, regional climate over 
Great Lakes Basin will respond to human-induced global warming throughout the 21st century [30].  

At present, some new directions and research areas have emerged in Great Lakes research. The 
history of impairment and management in Great Lakes can be instructive as we consider the future 
challenges of climate change and sustainability in freshwater ecosystems. Many scientists, 
stakeholders and government agencies are already involved in research and management of Great 
Lakes, and one benefit of the multitude of programs is the rich and ever-growing data sets on a 
variety of physical, chemical, biological and socioeconomic indicators [3]. Water pollution in Great 
Lakes have attracted increasing attention by water professionals and experts, due to pollution by 
plastic debris is an increasing environmental concern in Great Lakes where it affects open-water, 
shoreline, and benthic environments[10]. Great Lakes provides essential ecosystem services to 
citizens in the basin, such as providing a source of drinking water, a sport fishery, recreational uses 
of beaches[28], shipping and transportation. This basin is also threatened by stressors common 
across the globe, such as land use change, pollution from human activities and their interactions 
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with climate change [1, 31, 19, 24]. 
Population growth and development are associated with increased water demand that often 

exceeds the capacity of existing resources, resulting in water shortages, particularly in urban areas, 
where more than 60% of the world’s population resides. Energy, food, environment and industrial 
policies of a nation, all of which have intimate linkages to water. Each will affect the others, and, in 
turn, be affected by the others. Policies in all these areas will be also influenced by exogenous 
forces such as demographic transitions, advances in technology and information and 
communication systems, climatic change, globalization, free trade and increasing social activism [4]. 
The current and foreseeable development direction of modern society forecasts that future water 
problem will continue and become increasingly complex as interconnection with economic 
development fields such as energy, transportation and communication, industry and agriculture, and 
departments in social or natural systems such as environment, health, education, civilization and 
culture[9,27,28].  

The current and foreseeable development direction of modern society forecasts that future water 
problem will continue and become increasingly complex as well as interconnection with economic 
development departments such as energy, transportation and communication, industry and 
agriculture, and departments in social or natural systems such as environment, health, education, 
civilization and culture[21]. Therefore, more attentions should be paid to freshwater resource.  

Informetrics has been applied for scientific study as the quantitative analysis method and the 
outcomes of statistics can measure the contribution of scientific publications within a specified 
theme, as well as describe current research trends that can be used to indicate future study focuses. 
In this study, the publications of Great Lakes productivity were analyzed carefully. 

2. Data and Method 

This paper is based on the data analysis of the articles from the online Web of Science (WoS) 
version database which belongs to Thomson Reuters now. The WoS, which from the Institute for 
Scientific Information (ISI), is the most significant and frequently employed source database 
reviewing scientific achievements and trends. Therefore, Great Lakes related articles from the WoS 
were used to investigate the present and future development trends. 

The statistical analysis tool is the Thomson Data Analyzer (TDA); the drawing tool is Aureka 
and MS Office Excel 2010. 

2.1 Data Source 

The data sources came from the WoS Web offered by Clarivate Analystics, and the publishing 
time span is up to 2016. Data in this paper was acquired on January 28th, 2018 using the topic= 
(Lake* and (Superior or Michigan or Huron or Erie or Ontario) or "Great lake*") selecting “all the 
years”. Totally 21,836 articles were received from the database of WoS. 

2.2 Analysis Method 

The bibliometric method, which was a branch of intelligence science was firstly proposed by 
Alan Pritchard in 1969, is widely used to analyze scientific production and research trends in 
branches of learning. Scientometric analysis is considered as a useful mathematical and statistical 
method to describe productivity of science, technology and the development trend of research, and 
can evaluate and predict the relative research with geographic variation in outputs and findings [32]. 
In this scientometrics study, the paper productivity countries/ institutes/experts, rates of publications, 
collaborative network and citations from the perspective of Macro level, Meso level and Micro 
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level were deeply discussed in the quantitative analysis methods. 

3. Collaborative Analysis 

3.1 Annual Publications Trend 

 
Figure 1 Major related Great Lakes papers records in WoS database. 

Figure 1 revealed the publication output of Great Lakes researches from 1990 to 2016. During 
the past decades, the published paper related to Great Lakes research rose from 200 in 1990 to 
nearly 1200 in 2016. The annual output of papers increased rapidly between 1990 and 1991 with a 
reached ratio 60%, and then with a steady growth to 1998 achieved almost 600. The number of 
papers almost a horizontal line appeared during 1998 to 2002 and after these years this growth 
phase is continuing. This feature signifies that Great Lakes is still a popular issue, with higher 
quality papers will be produced in the future maturity period.  

3.2 Macro Level 

Figures and Tables are used to describe the production and the development trends of Great 
Lakes research in both the science and social science fields. Publications (as indicator for scientific 
performance) are commonly accepted indicators for quantitative analysis on innovation research 
performance. 

3.2.1 Productivity countries on spatial analysis 

From geography spatial distribution in Figure 2, the productivity countries distributed in North 
America (USA and Canada), Europe (England, Germany, Sweden, France and Spain), Asia 
(P.R.China and Japan) and Australia. Among them, USA and Canada covered 85.87% ratio of the 
whole publications. 

3.2.2 Publications per country per year 

According to the subject categories classification of Thomson Reuters in the Journal Citation 
Report (JCR), the papers produced during the past two decades per country per year were increased 
steadily. From the annual publication in Figure 2 from 1997 to 1998 totally increased 100 papers, 
with a similar trend in Figure 3 for per country in 1997 and 1998. After 1998, it can get a result that 
the publications in USA described much smoother with no obvious fluctuations. There is an 
interesting phenomenon that the other countries expect USA, including Canada, owned the same 
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growth of fluctuation trend per year. Particular, China showed relatively fastest growing after 2014 
compared with the other countries. 

 

Figure 2 Geographical distribution of the Productivity Countries. 

 
Figure 3 Main country of Great Lakes papers per year in WoS. 

3.2.3 Country Collaborative Network 

From the country collaborative network in Figure 4, USA and Canada are the core central roles 
with a formal pattern because that the geographical distribution of the two counties around the 
location of Great Lakes. Obviously, P.R China, Japan, Spain, Italy, France, Sweden, Germany, 
Switzerland, Netherlands, Scotland, Austria, Norway, England, Belgium and Australia have a 
relative of the cooperative relationship each other, also with USA and Canada.  
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Figure 4 Country collaborative network of Great Lakes papers in WoS. 

3.2.4 Citation per Country 

 
Figure 5 Citation per country of Great Lakes papers in WoS.  

From Figure 5, it is seen that USA and Canada have the highest total citations with more than 
150,000, as well as the citation per paper with more than 30 in Sweden and England are the highest 
one. It is interesting that the number of citation/paper among P.R China, England, Germany, 
Sweden, France, Australia, Japan and Spain shows up and down whilst the difference number of 
total citations are not great. Especially Sweden has the most quantity number 35 in citation per 
paper, however, P.R China seems minimal number. It is noteworthy that two largest production 
countries USA and Canada reached an average value on citation per paper.  

3.3 Meso Level 

3.3.1 Productivity Institutes 

The top 10 output institutes displayed in Figure 6. It is seen that the University Wisconsin is in 
the lead position and Environment Canada is in the second, followed by University Michigan, 
Michigan State University, USA Geological Survey, University Toronto, University Minnesota, 
National Oceanic and Atmospheric Administration, Wisconsin Department of Natural Resources 
and Fisheries& Oceans Canada. This stationary distribution curve may reflect the relationship 
between productive record and research institute geographical distribution. 7 research institutes in 
the 10 productive institutes are in USA, the other research institutes are universities in Canada. 
USA Geological Survey and National Oceanic and Atmospheric Administration in these 7 institutes 
in USA are scientific agencies of the United States government. From the space distribution of these 
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institutes in Figure 7, most of them locate nearby Great Lakes.  

 
Figure 6 Top productive institute about Great Lakes research. 

 
Figure 7 Space distribution of these institutes. 

3.3.2 Publications per institution per year 

 
Figure 8 Publications per country per year about Great Lakes. 

Figure 8 is a curve of publications per year in top 10 productive institutes during 1990 to 2007. 
The fluctuation curve shows a similar distribution trend among these institutions. The distribution 
pattern of publications number is characterized by three peaks pattern (1998, 2003 and 2005) while 
the most productive year occurring in 2005 with more than 375 publications.  
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3.3.3 Institute Collaborative Network 

 
Figure 9 Institute collaborative network of Great Lakes papers in WoS. 

Figure 9 is a cooperation of network maps of organizations in Great Lakes research which 
according to the degree of cooperation between these institutions is clearly seen that some 
institutions, such as University of Wisconsin, Wisconsin Department of Natural Resources，UAS 
Geological Survey, Environment Canada, Fisheries & Oceans Canada, University of Toronto, 
University pf Guelph, University of Minnesota, University of Michigan, National Oceanic and 
Atmospheric Administration, United States Environmental Protection Agency and Ministry of 
Natural Resources and Forestry are in the core status of the network which indicate that these 
institutions cooperate with other organizations more frequently. It also means these organizations 
play an import part in the process of knowledge transfer in Great Lakes on a global scale. Some 
institutions lower in paper production such as University of Toledo, Bowling Green State 
University and Russian Academy of Sciences scatter fringer of the network because of less 
cooperation. In addition, there is a big cooperation circle in the middle of this map. It can be 
concluded that these significant institutions mostly belong to USA and Canada. Therefore it can be 
safely concluded that USA and Canada have huge advantages and development strength prospects 
in these fields. 

3.3.4 Citation per Institute 

Total citing and average citation frequencies in the field of Great Lakes research of top 10 
institutions are shown in Figure 10. The Fisheries & Oceans Canada has the highest in citation per 
paper followed by University of Minnesota, Environment of Canada and University of Michigan. 
Total citations list in descending order are University of Wisconsin, Environment Canada, 
University of Michigan, Michigan State University and University of Minnesota. The total citation 
of the University of Toronto is the same as citation per paper, and the citation per paper of Fisheries 
& Oceans Canada is far more than the second one and other institutions. Moreover, Fisheries & 
Ocean Canada, University of Minnesota, NOAA and Wisconsin Department Natural Resources are 
more than the total citations indicating paper quality of these institutions are higher. 
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Figure 10 Citation of top productive institution on Great Lakes publications. 

3.4 Micro Level 

3.4.1 Productivity Experts 

 
Figure 11 Top author of Great Lakes papers published in WOS. 

Figure 11 identifies the 10 authors with a paper productivity of 80 or more. Smol JP, Dillon PJ 
and Hites RA performed well and exceeded other authors in total number of paper with more than 
120, followed by Giesy JP, Madenjian CP and MacIsaac HJ. These top 10 authors 50% belong to 
USA, the other 50% belong to Canada. 

3.4.2 Publications per country per year 

The top 10 output authors are displayed in Figure 12. Their historic performance in the past 
decade is also described. The output of these authors almost started a fluctuating trend rising, 
especially Dillon PJ published a highest number with 16 in 2003, following by Smol JP with 13 in 
2012 and Madenjian CP with 13 in 2014. While every year with the exception of 2008 showed a 
declined popularity with these 10 authors, probably affected by the global financial crisis. 
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Figure 12 Top authors publications per year about Great Lakes. 

3.4.3 Experts Collaborative Network 

 

Figure 13 The collaboration map of authors with Great Lakes papers. 
Figure 13 is a cooperative network map and national cooperative relationship of Great Lakes has 

been displayed in accordance with the author cooperation degree. The thickness of the lines 
between authors can reflect their degree of cooperation. Madenjian. CP, Nalepa. TF, Ludsin, SA 
Vanderploeg, HA and Fahnenstiel, GL cooperate frequently with each other and the Madenjian, CP 
and Nalepa, TF have the core position in the network. This network can describe that both of these 
authors benefits from the knowledge transfer among Great Lakes research. Other authors such as 
Rutherford, ES and Hook, TO, Rudstam, LG and Mills, EI are in the peripheral layer of the 
cooperation network and have some cooperation with each other. 

3.4.4 Citation per Author 

Total citing and average citation frequencies in the field of Great Lakes research from top 10 
authors are shown in Figure 14. Hites RA was the highest author in total citing count followed by 
Giesy JP, Dillon PJ, MacIsaas HJ and Muir DCG. The citations per paper listed in descending order 
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are Hites RA, Giesy JP, MacIsaas HJ, Muir DCG and Dillon PJ. Hites RA is first, and Giesy JP is 
second in total citing and average citation frequencies. This condition indicates the high quality of 
the papers published by these authors. Ten authors excluding Hites RA, Dillon PJ and Smol JP were 
more than the total citations indicating paper quality of these authors are higher. 

 

Figure 14 Citation distribution of WoS Great Lakes papers. 

4. Conclusion 

The future challenges of climate change and sustainability in freshwater ecosystems of Great 
Lakes is becoming more serious. Great Lakes provides essential ecosystem services to citizens in 
the basin, such as providing a source of drinking water, a sport fishery, recreational uses of beaches, 
shipping and transportation. This basin is also threatened by stressors common across the globe, 
such as land use change, pollution from human activities and their interactions with climate change. 
This study showed some remarkable viewpoints on the world-wide Great Lakes research trends and 
performance from. 

Great Lakes research showed an upward trend as the SCI and SSCI paper production increased 
steadily in the last three decades and rapidly in the last 10 years. Great Lakes research mainly 
focused by USA and Canada, covered 85.87% ratio among the productivity countries. 7 research 
institutes in top 10 productive institutes are in USA and other 3 institutes are in Canada. From the 
space distribution of these institutes, most of the top 10 productive institutes locate nearby Great 
Lakes. 50% of the top 10 authors belong to USA, the other 50% belong to Canada, and every expert 
published 80 or more papers. 

In addition, the analysis of citation explained that Great Lakes research was domain focused by 
USA and Canada in total citations with an average value on citation per paper. Especially Sweden 
has the most quantity in citation per paper with a relatively high quality, whilst in developing 
countries such as P.R China, its quality of paper needs to be improved. Paper quality of institutions 
is high including Fisheries & Ocean Canada, University of Minnesota, NOAA and Wisconsin 
Department Natural Resources. 

Figures and tables in this paper describe the entire performance, distribution and the trend of 
Great Lakes research. The explain result will be conducive to researchers who study this field. 
Nevertheless, papers about Great Lakes are so numerous scattering in a number of databases that 
some high-quality papers may not be analyzed. Great Lakes basin is the largest surface fresh water 
system on earth, providing essential ecosystem services to citizens such as a source of drinking 
water, a sport fishery, and recreational uses of beaches, shipping and transportation. This basin is 
also threatened by stressor common across the globe, such as land use change, pollution from 
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human activities and their interactions with climate change. Considering the future challenges of 
climate change and sustainability in freshwater ecosystems, it should be mentioned at this point that 
the essence of the water security issues is Great Lakes issues. Great Lakes research should be given 
more priority. 
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