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Abstract 
As one of the most effective methods to measure the water resource pressure in the world, water footprint 
has attracted considerable attention from both researchers and practitioners and has led to a large number of 
related researches. However, few review papers have been published in this field, resulting in a lack of 
systematic understanding on the related research achievements. Therefore, by using the co-citation analysis 
in scientometric, this paper conducts a detailed analysis of 1320 papers on water footprint from the Web of 
Science database from 2006-2018. The results indicated that the USA, China and Netherlands occupy 
dominant positions in the water footprint field. Journal of Cleaner Production becomes the most productive 
journal followed by Ecological Indicators and Sustainability. University of Twente, Chinese Academy of Science 
and Beijing Normal University are the most prestigious institutions. Pro. Hoekstra AY, Pro. Mekonnen MM 
and Pro. Pfister S are the authoritative scholars. In addition, “life cycle assessment”, “input-output analysis”, 
“diet/food”, “virtual water trade”, “ecological footprint” and “water governance” are the main research areas; 
The Water Footprint Assessment Manual: Setting the Global Standard published by Hoekstra AY is the most cited 
reference; “climate change”, “environmental footprint” and “energy-water-food nexus” are new research 
tendencies at present and in the future. 
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INTRODUCTION 
An efficient use of freshwater resources has been an 

issue of concern in pursing water sustainability, as the 
scarcity of available water resources has been 
prominent, a result of deteriorating water stress and 
water contamination arising from an expanding world 
population and sustained social-economic growth (Fu 
and Liu 2017a, da Silva et al. 2016, Zhao et al. 2017). 
Considering this context, Pro. Hoekstra AY in 2002 
proposed the concept of water footprint(WF), a concept 
developed from virtual water and defined it as, the 
amount of water needed for all products and service that 
a country, region or individual consumes in a certain 
period of time (Hoekstra 2002, 2017). For any product, 
its WF includes not only that from its direct 
consumption, but also that from its indirect input in the 
process of production, and that triggering 
contamination (Ahams et al. 2017, Lovarelli et al. 2016). 
Water footprint has become a key indicator which is 
widely used for measuring global water consumption in 

human activities (Fu and Liu 2017b, Kersebaum et al. 
2016, Scherer and Pfister 2016). 

The last decade witnessed a rapid development of 
the WF research due to the growing public awareness of 
water conservation and a widespread acceptance of 
sustainable utilization. Faced with the vast literature in 
WF, many scholars have reviewed the development of 
this domain. For example, Lovarelli D reviews on the 
study on the water footprint of agricultural products 
(Lovarelli et al. 2016); Paterson W summarizes urban 
WF researches and provides a direction for further study 
(Patersonet al. 2015); Sabli NSM reviews on the 
evaluation methods for WF (Sabli et al. 2017). 
However, due to the limitation of individual study, 
those papers conclude and review based on only over a 
dozen or dozens of papers. Only a few scholars could 
make quantitative analysis on more than thousands of 
papers in WF domain under the assistance of current 
advanced information science technology. 
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Scientometric based on information technology is a 
tool to evaluate research development in a discipline 
according to the quantitative characteristic of literatures 
by using statistical methods (Tsay 2008), and now it has 
been applied to many fields (Konur 2011, Zhao 2017). 
Chen CM conducted a research on emerging trends in 
regenerative medicine base on a scientometric analysis 
(Chen et al. 2012); Hu Y analysis the current status and 
future research trends in electric vehicle research 
domain (Hu et al. 2014); Zhu J analyzes the knowledge 
structure and the evolutionary law governing the 
themes in sustainable development domain (Zhu and 
Hua 2017). In WF domain, only Zhang Y makes a co-
word analysis based on publications between 2006 and 
2015 (Zhang et al. 2017), yet literature reviews on WF 
from other perspectives are not touched upon. 
Therefore, it is important to make a statistical review on 
the literatures themed in WF from the angle of citation 
analysis, to provide a useful reference to academic 
research and production practice in WF domain. 

MATERIALS AND METHODS 

Data Collection 
This paper takes Science Citation Index Expanded 

(SCIE) and Social Science Citation Index (SSCI) 
focused Web of Science (WOS) as the data sources to 
retrieve and download papers, and takes “water 
footprint” or “virtual water footprint” (Small 1973) as 
search field to conduct the following searches: 

(TS=(“water footprint*”) OR TS=(“virtual water” AND 
footprint*)) AND LANGUAGE: (English) 

Indexes=SCI-EXPANDED, SSCI  

Timespan=All years 

Search Results: 1320 records  

Date last updated: December 1, 2018 

To guarantee a max-relativity between searching 
samples and the theme of WF, only the above-
mentioned two search fields are adopted. The search 
range includes title, abstract and keywords, and a total 
of 1320 publications from 2006 to 2018 are downloaded 
in WoS for further analysis. The download information 
included authors, title, publication year, page numbers, 
contact address, author keywords, keywords plus, 
countries/territories, institutions, journals, abstract, 
country, citations, Web of Science categories etc. 

Methods Description 
Based on the data text of literatures from Web of 

Science, the methodological process is described based 
on four essential stages: (1) general statistics analysis, 

focusing on the year and geographic distribution of the 
literatures in WF domain, key journals with high 
number of published articles, influential research 
institutions and renown authors; (2) Cluster analysis, 
aiming at identifying the key research areas and themes 
in WF domain; (3) Analysis on the most cited works, 
directing at identifying significant and classical works 
forming the knowledge base in WF domain; (4) 
Analysis on burst detection, designed to find out fastest-
growing references and keywords in WF domain. 

Co-citation Analysis is mostly conducted by co-
citation clusters, which are regularly visualized in the 
form of networks based on some latest visualization 
techniques, which helps to identify the knowledge 
structure of the domain, highly cited paper etc. (Shiau 
et al. 2017, Small 1973). Its basic principle is that if two 
articles are cited by later one or many articles, the more 
times of citation, the more strength of co-citation, and 
the more similarity in semantics of the two articles 
(Boyack and Klavans 2010, Hsiao and Yang 2011). 
CiteSpace software is proposed by Chen, and is a 
software commonly used in the field of scientometric 
for the analysis and visualization of literatures data 
(Chen 2006). In the visualization of Citespace, node 
represents reference, and connection between two 
nodes means two references are cited by another article 
(Chen et al. 2008). The important nodes is shown as 
citation tree-rings, which represent the citation history 
of an article; the color of a citation ring denotes the time 
of corresponding citations (Kim and Chen 2015, Li et 
al. 2017). 

GENERAL STATISTICAL ANALYSIS 

Year and Geographic Distribution Analysis 
From 2006 to 2018, 1320 literatures was published 

by scholars in WF research. Fig. 1 shows that the 
number of publications increases year by year after 
2008, and it has seen a faster growth from 2013 till now; 
the overall trend approximates an exponential function 
(R2=0.910), and it accords with the scientific 
knowledge increase law discovered by Dr. Price (1963, 
1975), which indicates academic impact of WF 
researches keeps growing. Overall, citation for each year 
at first rose from 546 in 2006 to 4670 in 2012 and then 
fell to 355 in 2018, suggesting that the year 2012 
witnessed an emergence of a large number of the most 
cited citations in WF domain. 
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From 2006 to 2018, 73 countries published WF 
research articles. Fig. 2 is a global geographic 
distribution of WF publications. The United States 
ranks the top with 226 publications, closely followed by 
China and then by Netherlands, with 217 and 141 
publications respectively. Total publications from the 
three countries account for 55% of all WF publications 
in the world, showing that the three countries enjoy 
mighty research strength in WF domain; European 
countries (the United Kingdom, Italy, Spain, Germany 
and Switzerland) and Australia rank the fourth to ninth, 
with publications between 50 and 100 respectively, 
indicating these countries are relatively active in WF 
research; The number of publications from regions 
including North America, South America, Africa, and 
Southeast Asia are under 50 or even 10, which means 

attention to WF research in these regions needs to 
improve. 

Major Journals Analysis 
The 1320 WF publications cover 257 journals in 

SCIE database and SSCI database. Table 1 lists top 10 
main journals by the number of publications. The 
number of publications in Journal of Cleaner Production is 
far higher than that in other journals, and the number 
of citations also ranks the first. With an impact factor 
being 5.175, it falls into the Q1 quartile in 
environmental science category. Besides, though the 
number of publications in Ecological Economics is only 35, 
ranking the fifth, the number of citations is as high as 
1566. It means that the articles related to WF published 
in it are influential. On the whole, impact factor of the 

 
Fig. 1. Year distribution of WF publications (citations) 

 
Fig. 2. Global geographic distribution of WF publications 
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ten journals is more than 1, with Environmental Science & 
Technology ranking the top at 6.198 and Sustainability the 
lowest 1.789. This reveals that WF publications are 
generally highly qualified. 

Influential Institutions Analysis 
Sources of WF publications are distributed in 1110 

institutions around the world. Table 2 lists the top 10 
productive institutions from 2006 to 2018. University 
of Twente in Netherlands ranks the first in terms of 
publications and that of citations, and especially the 
number of citations is nearly ten times higher than other 
institutions. Analysis shows the major contribution is 
made by Pro. Hoekstra AY. H Index, proposed by Pro. 
Jorge Hirsch in 2005, denotes that at least h publications 
are cited for at least h times in a certain period. It is a 
composite quantitative indicator to measure the output 
of publications with high quality of scholars and 
institutions (Hirsch 2005). In Table 2, H Indexes of 
University of Twente, Chinese Academy of Science and 
Beijing Normal University are ranked top, which 
indicates that the three institutions are homes to 
publications with high quality and enjoy a greater 
international influence in WF domain. Overall, six of 
the ten institutions are China based, and this shows the 
abundant scientific research strength of China in the 
domain. 

Core Authors Analysis 
In this part, top 10 authors with over 13 publications 

are selected, and the detailed information can be 

referred to in Table 3. Undoubtedly, Pro. Hoekstra AY, 
founder of WF Theory, takes the lead with 82 
publications, 4534 citations and H Index being 32. With 
each index far higher than that of other scholars, Pro. 
Hoekstra AY is the well-deserved chief scholar. Pro. 
Mekonnen MM also from Univ Twente ranks the 
second with H Index being 16 and is the authoritative 
scholar in the domain. It is worthy of being mentioned 
that though Pro. Ridoutt BG from Australia only 
published 16 articles, his H Index is as high as 13. It 
means the quality of his publications is relatively high 
in general. 

Table 1. Top 10 major journals and impact factor 
 Publications Citations Journals Impact factor 

(2016) 
1 130 1854 JOURNAL OF CLEANER PRODUCTION 5.715 
2 48 1013 ECOLOGICAL INDICATORS 3.898 
3 41 188 SUSTAINABILITY 1.789 
4 40 418 SCIENCE OF THE TOTAL ENVIRONMENT 4.9 
5 35 1566 ECOLOGICAL ECONOMICS 2.965 
6 34 1042 ENVIRONMENTAL SCIENCE & TECHNOLOGY 6.198 
7 34 172 WATER 1.832 
8 29 259 ENVIRONMENTAL RESEARCH LETTERS 4.404 
9 29 404 INTERNATIONAL JOURNAL OF LIFE CYCLE ASSESSMENT 3.173 
10 26 882 WATER RESOURCES MANAGEMENT 2.848 

 

Table 2. Top 10 productive institutions and h index 
 Publications Citations Institutions H Index Country 

1 94 5043 Univ Twente 36 Netherlands 
2 52 544 Chinese Acad Sci 13 Peoples R China 
3 38 654 Beijing Normal Univ 13 Peoples R China 
4 21 377 Beijing Forestry Univ 8 Peoples R China 
5 21 90 Univ Chinese Acad Sci 6 Peoples R China 
6 20 136 Northwest A&F Univ 7 Peoples R China 
7 19 287 Peking Univ 9 Peoples R China 
8 17 498 Arizona State Univ 9 USA 
9 17 505 ETH 11 Switzerland 
10 16 182 Univ Virginia 8 USA 
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The cooperation network of authors in WF domain 
can be drawn through CiteSpace, and the chain network 
graph evolving from the basis of Pro. Hoekstra AY can 
be presented as in Fig. 3. In the top ten prolific authors, 
there are two sub-networks with close cooperation. The 
first one is made among Pro. Hoekstra AY, Pro. 
Mekonnen MM and Pro. Vanham D, and the second 
one is made among Pro. Wang YB, Pro. Wu PT, Pro. 
Zhao XN and Pro. Sun SK. The two sub-networks 
show a strongest scientific research strength and 
activity. In addition, Pro. Pfister S, Pro. Ridoutt BG and 
Pro. Chen B are at the core position in their own sub-
network. 

CO-CITATION ANALYSIS 

Research Clusters Analysis 
In this section, 1320 WF publications from 2006 to 

2018 are the object, and a co-citation network of the 

works is drawn through CiteSpace. In the software, set 
time slice as 2, and thresholds of node as (2.2.20), 
(4.4.20), (4.4.20), and the Minimum spanning tree as 
function of Pruning. The cluster analysis should be 
operated after running the software. Then keyword 
should be chosen for cluster tag and LLR for algorithm, 
and clusters of co-citation network can be gained as 
shown in Fig. 4. It contains 602 co-citation nodes and 
736 lines between co-citation connections. Modularity 
value of the network is 0.793, which means that with a 
high degree of polymerization, co-citation clusters 
could clearly define each research area’s content in WF 
domain. Its average silhouette value is 0.3488, and the 
reason why the number is relatively low is that there is 
a great deal of small clusters. 

The WF co-citation network covers 16 clusters. 
These clusters composed of cited references constitute 
the knowledge basis of WF domain. In Fig. 4, color of 

Table 3. Top 10 productive authors and detailed information 
 Publications Citations Authors H Index Institutions 

1 82 4534 Hoekstra AY 32 Univ Twente 
2 31 1611 Mekonnen MM 16 Univ Twente 
3 24 706 Pfister S 13 ETH 
4 19 154 Wang YB 8 Northwest A&F Univ 
5 18 150 Wu PT 8 Northwest A&F Univ 
6 16 596 Ridoutt BG 13 CSIRO Sustainable Ecosyst 
7 15 122 Zhao XN 7 Chinese Acad Sci 
8 14 341 Chen B 10 Beijing Normal Univ 
9 14 123 Sun SK 7 Chinese Acad Sci 
10 13 269 Vanham D 9 Commiss European Communities 

 

 
Fig. 3. Cooperation network of authors 
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clusters is corresponding with the timeline, 
representing the active time of cluster theme researches. 
The more the color of cluster close to orange, the more 
active the research theme is. Active time of themes in 
cluster 3, cluster 7 and cluster 13 is earlier, focusing 
between 2008 and 2012; while cluster 11 and cluster 16 
focus on 2016 and 2018, which means that energy-
water-food nexus and WF sustainability are current hot 
topics and research trends in the future. 

 Table 4 lists main information and keywords of the 
top six clusters, which have 287 nodes, accounting for 
48% of all nodes. Cluster 0 covers 54 articles, which are 
mainly published between 2009 and 2014, mostly 
studying the assessment and calculation of total life 
cycle of WF; Cluster 1 covers 49 articles, which are 
mainly published between 2007 and 2015, mostly 
calculating and evaluating the WF of industry 
department through input and output analysis; Cluster 
2 covers 45 articles, which are mainly published 
between 2008 and 2016, discussing the WF in different 
diet styles and foods; Cluster 3 covers 43 cited 
publications, which are mainly published between 2006 

and 2011, mostly discussing the virtual water flow in 
country and region trades; Cluster 4 covers 35 articles, 
which are mainly published between 2009 and 2015, 
mostly studying the calculation and environmental 
impact of ecological footprint; Cluster 5 covers 32 
articles, which are mainly published between 2008 and 
2014, mostly studying the measurement and calculation 
of green water content in agricultural production 
consumption; Cluster 6 covers 29 articles, which are 
mainly published between 2010 and 2016, mostly 
studying the application of WF in water resource 
management. The average silhouette values of all 
clusters are over 0.7, which means there is relatively 
high homogeneity and strong credibility. 

Most Cited References Analysis 
Timeline view of co-citation network is drawn by 

CiteSpace, as shown in Fig. 5. The marked nodes 
represent the references cited for over 100 times. In 
cluster 0, the two most cited references study the 
application of improved LCA in effect evaluation of 
fresh water resource consumption; The most cited 

 
Fig. 4. Clusters of co-citation network 

Table 4. Basic information of seven predominant clusters 
No. Size Silhouette Main (Year) Keywords 

0 54 0.909 2009-2014 life cycle assessment; water scarcity; water use 
1 49 0.858 2007-2015 input-output analysis; domestic trade; china 
2 45 0.783 2008-2016 diet; food; city; urban 
3 43 0.796 2006-2011 trade; virtual water; virtual water flows 
4 35 0.882 2009-2015 ecological footprint; MRIO; environmental impact 
5 32 0.721 2008-2014 green water; agriculture production; irrigation district 
6 29 0.86 2010-2016 Water governance; management; global governance 
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references in cluster 2 are published in famous PNAS 
in which the author Pro. Hoekstra AY quantifies and 
draws people’s WF; There are three most cited 
references in cluster 5, which evaluate, measure and 
calculate the WF in crop product, animal product in 
farm and international trade in agriculture respectively; 
In cluster 6 there are two most cited references, where 
the author calculates WF in every country from 1991 to 
2001, and issues global standards for WF evaluation in 
2001. 

Table 5 gives detailed information of eight most 
cited references in the order of co-citation frequency. It 
is worthy of being noted that citation frequency here is 
the number of citations searched in the downloaded 
1320 publications, instead of the number of citations 
shown in WOS searching. Therefore, Table 5 lists the 
citation frequency and the citations in WOS of each 
reference. Wherein, these with orange cup-shaped mark 
are the most cited references identified by WOS, and 
bold titles in the third column are books. Four of the 
eight references come from Pro. Hoekstra AY, and 
another two come from Pro. Mekonnen MM, from 
which we can also see the decisive position of them in 
WF domain and that they lead the development 
direction of WF research. In addition, all of the eight 
publications are published around 2010, and six journal 
papers of them are defined as highly cited articles by 
official WOS database, which means WF research is a 
hot topic at present. 

Burst Detection Analysis 
An article’s citation burst means that the article 

attracts scholar’s attention in a period of time. Sharp 
increase of citations reflects the evolution trend of 
scientific research (Chen et al. 2014, Yu et al. 2018). 
Using bursts detection function in CiteSpace, Fig. 6 
lists the top 12 references with the strongest burst 
strength in WF, and wherein red represents the 
duration time of citation bursts. Among the 12 
references, five are most cited ones listed in Table 5. It 
shows their importance in WF domain. For two articles 
published in 2004 and 2006 by Pro. Chapagain AK, their 
bursts start in 2007 and end in 2012. The author 
calculates WF of different objects and provides 
knowledge basis and direction for other scholars 
(Chapagain et al. 2006). Besides, study on unsustainable 
environmental footprint of humanity (Hoekstra and 
Wiedmann 2014) conducted by Pro. Hoekstra AY 
published in Science in 2014 leads the development 
direction of WF research, and it has been drawing much 
attention by academic circles since its publishment. 

 
Fig. 5. Timeline view of co-citation network 
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Table 6 lists main keywords with higher frequency 
of occurrence between 2006 and 2018. On a three-year 
research stage, keywords are burst new words with 
faster growth speed in each stage, and with increasing 

literature, keywords in each stage are one more than the 
previous stage. Keywords from 2006 to 2008 indicate 
that there were many researches on ecological footprint 
and virtual water trade in this stage; Keywords from 

Table 5. Most cited references and detailed information 
Freq* Citations 

(WOS) Title Authors Source Year Keywords Cluster 

345 543 

The water footprint 
assessment manual: Setting 
the global standard (Liu et al. 

2018) 

Hoekstra 
AY Book 2011  #6 

218 
315  

The green, blue and grey water 
footprint of crops and derived 
crop products (Mekonnen and 

Hoekstra 2011) 

Mekonnen 
MM 

Hydrology and Earth 
System Sciences 2011 

high-resolution assessment; 
resources; consumption; 

irrigation; countries; security; 
flows; model; world 

#5 

193 
394  

The water footprint of humanity 
(Yang et al. 2018) 

Hoekstra 
AY 

Proceedings of the 
National Academy of 

Sciences of the 
United States of 

America 

2012 
globalization; sustainable 

consumption; virtual water 
trade; water pollution 

#2 

162 
428  

Assessing the environmental 
impacts of freshwater 

consumption in LCA (Fu and 
Liu 2017)  

Pfister S 
Environmental 

Science and 
Technology 

2009 
resources; freshwater 

consumption; life cycle 
assessment 

#0 

160 
498  

Water footprints of nations: water 
use by people as a function of 

their consumption pattern 
(Hoekstra and Chapagain 2007) 

Hoekstra 
AY 

Water Resources 
Management 2007 

water footprint; consumption; 
virtual water; indicators; water 
use efficiency; external water 

dependency 

#6 

141 306 
Globalization of water: 

Sharing the planet’s 
freshwater resources 

Hoekstra 
AY Book 2008  #5 

124 
203  

A revised approach to water 
footprinting to make transparent 
the impacts of consumption and 
production on global freshwater 

scarcity (Fu et al. 2018) 

Ridoutt BG 
Global 

Environmental 
Change 

2010 

Water availability; water 
scarcity; water stress; water 

footprint; virtual water; 
agriculture; life cycle 

assessment 

#0 

106 
185  

A global assessment of the water 
footprint of farm animal products 
(Mekonnen and Hoekstra 2012) 

Mekonnen 
MM Ecosystems 2012 

meat consumption; livestock 
production; animal feed; water 
consumption; water pollution; 

sustainable consumption 

#5 

 

 
Fig. 6. Top 12 references with the strongest citation bursts 



 
 
 A Scientometric Analysis of Ecological Footprint of Water Resources from 2006-2018 
 

 
Ekoloji 28(107): 1539-1549 (2019)  1547 
 

2009 to 2011 reflect that energy consumption, WF 
calculation of products and water energy nexus were 
new focuses in this stage; Keywords between 2012 and 
2014 show that life cycle assessment for WF, WF in 
China, WF in agriculture and input-output analysis 
were new-rising research highlights in this stage; 
Keywords between 2015 and 2018 suggest that water 
resource management, WF under climate change, 
environmental impact of water use, environmental 
footprint (including ecological footprint, water 
footprint and carbon footprint etc.) calculation, and 
sustainability of water resource have become new 
research focuses at present. 

CONCLUSIONS 
WF research is a hot issue in academic circles. 

Taking the 1320 publications from SCIE database and 
SSCI database as the data source, this paper adopts the 
method of co-citation analysis in scientometric, and 
makes a systematical review and visualized analysis on 
developments in WF domain through CiteSpace. 
Conclusions are drawn as followed: 

(1) WF research literature has been greatly 
increasing in recent years. The United States, China 
and Netherlands are countries with high volumes of 
publications; Journal of cleaner production, Ecological 
indicators and Sustainability are main journals with 
highest number of publications; University of Twente, 
Chinese Academy of Science and Beijing Normal 
University are the most influential core institutions; 
Pro. Hoekstra AY, Pro. Mekonnen MM and Pro. Pfister 
S are the leading authorities in the domain. 

(2) After making co-citation analysis through 
CiteSpace, it is found that “life cycle assessment”, 
“input-output analysis”, “diet/food”, “virtual water 
trade”, “ecological footprint” and “water governance” 
are the major research areas in WF research domain. The 
Water Footprint Assessment Manual: Setting the Global 

Standard written by Hoekstra AY, Chapagin AK and etc. 
is the most cited reference in this domain. In addition, 
most cited six journal articles listed in Fig. 5 are defined 
as highly cited articles by official WOS database. 

(3) In WF domain, “water resource management”, 
“water footprint under climate change”, 
“environmental impact of water use”, “environmental 
footprint including ecological footprint, water footprint 
and carbon footprint”, “sustainability of water resource” 
and “energy-water-food nexus” have been and will be 
emerging research trends. 

On the basis of above general statistic analysis and 
co-citation analysis in WF domain, there exists still 
following limitations in this paper: Firstly, with retrieval 
scope sorely focusing on SCIE database and SSCI 
database, it may be difficult to show the development in 
WF domain comprehensively. In the future, researchers 
could try to expand the retrieval scope, for example, 
Google Scholar and Scopus. Secondly, for citation 
limitation, it may take some time to cite and learn an 
article after it is published, and the publishing cycle 
takes some time for an article B citing reference A to be 
collected into journal database. As a result, it is difficult 
for the co-citation analysis to fully cover and present the 
latest findings of research. 
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