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The uneven distribution of water resources and production fragmentation make the study of water footprint an important part of water resources management and environmental research. This paper provides a bibliometrics analysis of 3822 papers related to the water footprint topic before 2021, including 2381 English papers from the Science Citation Index (SCI) database and 1441 Chinese papers from the China National Knowledge Infrastructure (CNKI) database. We applied the method of co-word analysis to study the changes in hot research fields in four stages and represented a comparative analysis of highly cited papers and the application of water footprint theory in various sectors. First, water footprint can be divided into two categories: “volumetric” water footprint and “impact-oriented” water footprint. “Volumetric” water footprint methodology focuses on water consumption while “impact-oriented” water footprint methodology focuses more on the environmental impact of water use. Water scarcity, carbon footprint, and grey water are the high-frequency keywords of both two databases. The research linkage of papers related to water footprint from the SCI database has gradually shifted to climate change and carbon emission, while, those from the CNKI database are more closely linked to ecological footprint and sustainable development. Second, SCI’s highly cited papers prefer to study the water footprint through scientific experiments from a bottom-up perspective, while CNKI’s highly cited papers prefer to combine economics and management theories to study the water footprint from a top-down perspective. In addition, water footprint theory is mainly applied in agriculture and industrial sectors and less in service sectors. This paper provides a review of water footprint research on a large scale and a reference for future research on water footprint.
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1 INTRODUCTION
With the development of society, the scarcity of freshwater resources in the world has become increasingly prominent (Gleick 2000; Mekonnen and Hoekstra 2016). As the population continues to grow and dietary habits change, the shortage of freshwater resources will become increasingly serious (Rosegrant and Ringler 2000; Liu et al., 2008). Many scholars propose to study water footprint. The concept of virtual water is an important theoretical basis for the water footprint. Allan (1997) first proposed the concept of “virtual water”, and used imported virtual water as a strategy to alleviate water scarcity in the Middle East. Based on the study of virtual water, Hoekstra (2003) further proposed the concept of “water footprint” in 2002 to describe the impact of human activities on water resources. His idea originated from the ecological footprint theory proposed by Canadian scholars in the 1990s. The fragmentation of production is increasing internationally. The water footprint concept aims at illustrating the hidden links between human consumption and water use and between global trade and water resources management (Galli et al., 2012). Therefore, the water footprint has important practical significance to evaluate the environmental impact and allocation of water resources.
According to the methodologies of water footprint, water footprint can be divided into two categories: “volumetric” water footprint and “impact-oriented” water footprint (Berger & Finkbeiner 2013; Ren et al., 2020; Wu et al., 2022). The older methodology is the “volumetric” water footprint developed by professor Hoekstra and is based on the “Water Footprint Assessment Manual”, while “impact-oriented” or life cycle assessment (LCA) water footprint is a younger methodology that based on ISO 14046 (Berger & Finkbeiner, 2013). “Volumetric” water footprint methodology focuses on water consumption while “impact-oriented” water footprint methodology focuses more on the environmental impact of water use (Gerbens-Leenes et al., 2021). “Volumetric” water footprint, proposed by Hoekstra has three components: blue water, green water, and gray water (Hoekstra et al., 2011). The " green water” footprint refers to the rainwater consumed; the “blue water” footprint is the amount of freshwater consumption from rivers, lakes, and groundwater; “grey water footprint” refers to the amount of freshwater required to absorb the pollutant load generated during the production based on the existing water environmental quality standards (Hoekstra and Mekonnen 2012). Allan proposed the concept of embedded water, and later the more popular one of virtual water (Allan 1997). The importance of virtual water is that Allan has changed the way the world thinks about water and global trade by highlighting the role of ‘embedded water’ and its transfer between regions through international trade (Jägerskog and Lundqvist, 2022). In addition, the theoretical basis of water footprint research consists of resource flow, resource substitution, regional association and inter-regional coordination, comparative advantage, and ecological security (Chapagain et al., 2006). These studies have promoted the development of the concept of water footprint, from theory to method and practice.
With the development of water footprint, the related research has been increasing, and the bibliometric method has been applied in the field of water footprint. In 1969, Pritchard first introduced bibliometrics (Glänzel 2003). The definition of bibliometrics is “the quantitative study of physical published units, or of bibliographic units, or of the surrogates for either” (Broadus 1987). Bibliometrics is mainly used to reveal the structure of knowledge in specific fields (Samiee and Chabowski 2012). According to published papers of the water footprint, the information related to countries, institutions, journals, categories, top publications, keywords, hot issues, and research trends were studied in these papers by bibliometric method (Zhang et al., 2017; Zhu et al., 2019; Ma et al., 2020; Adetoro et al., 2021; Çaloğlu Büyükselçuk, 2021). Mubako (2018) provides an overview of blue, green, and grey water quantification approaches. In addition, some studies have focused on important sectors such as industry sector (Pires et al., 2018) and agricultural production sector (Xiao et al., 2022). What’s more, some studies have focused on specific countries and regions. Ansorge et al. (2019) compared the water footprint research in the Czech Republic and in abroad. Ansorge et al. (2021) presented a systematic overview of water footprint research in countries of former Yugoslavia. Zhu et al. (2019) and Zhuo et al. (2020) studied China’s water footprint.
However, the published literature on bibliometric analysis of water footprint seldom makes a comparative analysis of the characteristics of different databases. In addition, the published papers paid less attention to the changes in the hot areas of water footprint research at different stages. Thus, this paper compared the research situation of the water footprint of the SCI database and CNKI database before 2021 and analyzed the high-frequency keywords, application sectors, and highly cited papers. It is worth noting that we analyzed the characteristics and trends of the water footprint research in four stages were analyzed by using the co-word analysis method. These results provide a deeper understanding of the characteristics of water footprint theory and support a useful reference for future studies.
2 DATA SOURCES AND METHODOLOGY
According to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 Checklist, we retrieved the papers from the SCI (https://www.webofscience.com/) and CNKI (https://www.cnki.net) databases related to the water footprint. The research methods of this paper are as follows: 1) data download. We entered the SCI database and typed “water footprint” in the topic field, and filtered the database as Web of Science Core Collection. Then we entered the CNKI database, typed “water footprint” in the topic field, and selected exact retrieval. Metadata was downloaded on 2 March 2022. Microsoft Excel was used for metadata analysis. The obtained information included authors, title, year of publication, abstracts, keywords, countries of publications, institutions, journals, and so on. 2) Data consolidation. By further screening the retrieved papers and removing papers irrelevant to water footprint research. In addition, to exclude non-traceable articles, the search only included original articles and reviews thereby eliminating other documents, because they are mostly viewed as an original contribution to the body of knowledge. We finally retrieved 1441 papers of CNKI and 2381 papers of SCI, and 44 papers were excluded from the analysis. 3) Data sorting. We combined keywords that have similar meanings, such as life cycle assessment and LCA, and singular or plural keywords such as emission and emissions. We classified the retrieved data according to the year of publication of the papers. Considering that the number of papers published before 2010 is far less than that of other years, we divided the year of the publication into four stages: before 2010, 2010–2013, 2014–2017, and 2018–2021.
This paper uses the co-word analysis method to analyze the research trends and characteristics of water footprint. Co-word analysis is a content analysis technique, which can effectively reflect the correlation strength of various information in text data. The results of the co-word analysis are based on the assumption that each area of study can be described by the most important keywords (Börner et al., 2003). The existence of two keywords in the same paper shows the connection between the topics (Ding et al., 2001). There are two steps in the co-word analysis as follows: first, select high-frequency keywords; then calculate the frequency of two different keywords appearing in an article (Wang et al., 2014). Because the co-word network analysis can reveal a research topic’s evolution trend, it has been widely applied in many research fields (Choi et al., 2011). Currently, many scholars use co-word analysis to visualize the internal structure of a particular field. For example, de la Hoz-Correa et al. (2018) analyzed the evolution of medical tourism (MT) research from 1931 to 2016 from a longitudinal perspective using bibliometrics and co-word analysis and visualized all potential and interrelated sub-fields. Olawumi and Chan (2018) made use of the papers on sustainable development research from 1991 to 2016 to generate the research network and geospatial map of this type of research by using co-word analysis.
The co-word network is composed of three elements: node, line, and cluster. Each node has a degree representing the number of lines connected to a node and is visualized as the node’s size. A larger node means that it is more interconnected with other nodes and plays a more important role. The lines between nodes represent the connection between them. Clusters are also called groups, and the nodes of the same cluster have a strong correlation (Li et al., 2017). Cluster analysis can divide the high-frequency keywords into a cluster, which is easy to find the research hotspots (Wang et al., 2019). There are many co-word network analysis tools such as Gephi, VOSviewer, and Pajek. Gephi is a free and open-source complex network visualization analysis software based on JVM (Java Virtual Machine), which has the function of cluster analysis and can visualize the co-word network. This study uses the Gephi network analysis tool because of its ability to handle different data formats; it has powerful filtering techniques and can manipulate large datasets in addition to its ability to develop visual illustrations for large networks which hastens the exploration work (Kiani Mavi et al., 2020). In this paper, Gephi is used to cluster the co-occurrence content in the literature information and draw the network map of the keyword co-occurrence relationship, which can reveal the research status and development trend of the discipline.
3 RESULT
3.1 Hotspot analysis of water footprint research from SCI
3.1.1 Analysis of SCI’s high-frequency keywords
In order to reveal the hotspots of water footprint research, this paper compared the top eight high-frequency keywords which appear most frequently in SCI’s papers Figure 1. The high-frequency keywords in the SCI mainly include water scarcity, carbon footprint, water consumption, grey water, China, blue water, and input-output analysis. The most frequent is water scarcity, which occurred with similar frequency in the four stages. The frequency of carbon footprints, blue water and water consumption varies widely across different stages. For example, the frequency of carbon footprint is very low before 2010, while blue water is very high in 2010. In addition, the frequency of grey water was very high from 2018 to 2021, which has become a recent research hotspot.
[image: Figure 1]FIGURE 1 | Top eight high-frequency keywords from SCI.
Research content mainly includes this category includes water scarcity, carbon footprint, water consumption, grey water, and blue water. These keywords are concepts related to environmental problems. Gray water footprint and blue water footprint are important parts of water footprint. Water scarcity and consumption are related to the water resource pressure that social development faces. The carbon footprint is an indicator of Climate change. A literature review indicates that the major categories of footprints developed to date are carbon, ecological, and water footprints, forming the so-called “footprint family” (Čuček et al., 2012). Many other lesser-known footprints exist, including nitrogen, phosphorus, energy, and biodiversity footprints. Such integration is important for a comprehensive understanding of environmental issues, policy formulation, and assessment of trade-offs between different environmental concerns (Vanham et al., 2019). The water footprint cannot fully assess the environmental impact of a product, so it is often used together with the carbon footprint to measure environmental stress. For example, Bonamente et al. (2016) proposed an assessment method that combines the carbon and water footprint to assess the environmental impact of Italian red wine. Vanham et al. (2019) assessed how the footprint family delivers on measuring progress toward Sustainable Development Goals (SDGs), considering its ability to quantify environmental pressures along the supply chain and relating them to the water-energy-food-ecosystem (WEFE) nexus and ecosystem services.
In addition, a large percentage of the papers studied the water footprint in China. This is because China’s water resources are unevenly distributed (about 66% of water resources are located in South China) and many parts of China are suffering from severe water shortages as a result (Liu et al., 2019). Moreover, the water demand is growing in China, exacerbating water scarcity issues (Distefano and Kelly, 2017). Therefore, China has attracted the attention of many scholars.
3.1.2 The co-word network analysis of SCI’s keywords
To study the trend of SCI’s hot research field, we conducted a co-word analysis of SCI high-frequency keywords. The top 30 SCI high-frequency keywords related to water footprint were selected and the “modular” function in Gephi was used for cluster analysis. We use the name of the central node as the cluster name. The analysis results were shown in Figure 2.
[image: Figure 2]FIGURE 2 | The evolutionary co-words network of water footprint from SCI.
Before 2010, there were 6 clusters in this stage, with weak connections between each cluster and a low degree of nodes, indicating that the research on water footprint is in its infancy. The 6 clusters are agriculture, consumption, water scarcity, climate change, ecological footprint, and virtual water trade. LCA method is the important node connecting clusters. Agriculture is the hottest topic at this stage.
From 2010 to 2013, there were 5 clusters in this stage, and the number of clusters decreased, indicating that many research fields have been continuously integrated after development. For example, the green water footprint cluster and blue water footprint cluster were integrated into a new cluster with the newly added virtual water trade as the central node. Two new clusters of biofuels and regional trade were added in this stage, and the carbon footprint appeared in the regional trade cluster for the first time.
From 2014 to 2017, there were 5 clusters in this stage. The water consumption cluster is gradually becoming the hot research field of water footprint. At this stage, carbon footprint and biofuels clusters were shrunk. A new cluster of irrigation was born.
From 2018 to 2021, there are four clusters in this stage, and the number of clusters is further reduced, and the relationship between each cluster is strong, some immature clusters disappear or merge with the mainstream cluster. The green water footprint cluster integrates the input-output analysis cluster, and the number of nodes in the cluster increases significantly, which may become a new hot research field in the future. Climate change has been a newly formed cluster. And food safety, food consumption and other nodes have been added to the climate change cluster.
With time, the content of the co-word network analysis of SCI’s keywords becomes richer and richer, and the network becomes more and more complex. This may be due to changes in the use of natural resources and the awareness of the environment as a whole.
3.1.3 Analysis of SCI’s highly cited papers
This paper retrieved the 10 SCI papers with the highest citation frequency in the water footprint field, as shown in Table 1. The research content of the paper is mainly divided into the following four categories:
TABLE 1 | SCI highly cited papers.
[image: Table 1]The first category of papers mainly studies the spatial and temporal differences of the global or regional water footprint on a macro scale. Mekonnen and Hoekstra (2016) assessed the global blue water shortage with high spatial resolution every month. They found that 4 billion people in the world live under severe water shortage for at least 1 month every year, and nearly half of them live in India and China. Hoekstra and Mekonnen (2012) estimated the global water footprint from the perspective of production and consumption. This study revealed that some countries are heavily dependent on foreign water resources and many countries have a significant impact on water consumption and pollution elsewhere. Hoekstra and Chapagain (2007) calculated the global water footprint from 1997 to 2001, and the global average water footprint was 1240 m3/year. It is suggested that the four main direct factors that determine a country’s water footprint are consumption, consumption patterns, climate, and actual crop production. Gleeson et al. (2012) found that the size of the global footprint of groundwater was about 3.5 times the basis of the actual area at present, about 1.7 billion people live in groundwater resources or rely on groundwater ecosystem threatened areas. They put forward a calculation method that uses groundwater footprint to assess agricultural yield potential. Hoekstra et al. (2012) analyzed 405 river basins between 1996 and 2005. The results showed that in 201 basins with 2.67 billion inhabitants, severe water shortages occur for at least 1 month each year.
The second category of papers is mainly about the product’s water footprint. Mekonnen and Hoekstra (2011) estimated the water footprint of 126 crops on a grid cell of 5 × 5 arc minute using a high-resolution method. They also calculated the water footprint of more than 200 derived crop products, including various types of flour, beverages, fiber, and biofuels. One year later, Mekonnen and Hoekstra (2012) estimated the water footprint of animal products, considering different production systems and feed composition per animal type and country. Chapagain et al. (2006) studied the water footprint of cotton production and found that on average 44% of the world’s water used for the growing and processing of cotton is not used for the domestic market, but for export. This means that nearly half of the world’s water problems related to the growth and processing of cotton can be attributed to foreign demand for cotton products.
The third category of the papers discussed the sustainability, efficiency, and equity of water footprint. Hoekstra and Wiedmann (2014) assessed the water footprints along supply chains as paramount in understanding the sustainability, efficiency, and equity of resource use from the perspective of producers, consumers, and government.
The fourth category of papers is the review of water footprint research. Čuček et al. (2012) presented the definition and measurement unit of footprints. They also presented an overview of several tools for footprint evaluation.
In terms of time scale, six out of ten were published from 2010 to 2013. This indicates that during this period, there was a breakthrough in water footprint, and the research was very hot. Before 2010, there were two related papers. This is the initial stage of water footprint development. Similarly, from 2014 to 2017, there were two papers involved and one of which was the highest cited. It shows that at this stage, the water footprint research has entered a more mature and innovative stage. Since 2018, no relevant papers have been included in the top 10 most-cited papers. Studies show that the average cited half-life (CdHL) of journal is generally 6–7 years (Dang and Wang, 2007; Gilyarevskii et al., 2021). That is, for the papers after 2018, there are not enough published papers cited them, so it is difficult to enter the top 10 cited papers.
3.1.4 Analysis of the number of papers published by different countries
Among the 2381 papers published in the SCI, the number of papers from the main publishing countries (including the number of papers published by researchers in that country alone and the number of papers published with authors from other countries) was retrieved, as shown in Table 2. The results indicated that China was the country that published the most papers, with a total of 589 papers, followed by the United States and the Netherlands. Therefore, the following comparative study on Chinese article databases CNKI may be of vital importance.
TABLE 2 | The number of papers published by major countries.
[image: Table 2]3.2 Hotspot analysis of water footprint research from CNKI
3.2.1 Analysis of CNKI’s high-frequency keywords
In order to reveal the research hotspot of the water footprint in CNKI’s papers, we analyzed the top six keywords that appear most frequently: Water scarcity, Ecological footprint, Virtual water trade, Carbon footprint, grey water footprint, and Sustainable development. What’s more, input-output method is a popular method to study water footprint in CNKI’s papers (Xu et al., 2018).
Research content mainly contains water scarcity, ecological footprint, virtual water trade, carbon footprint, gray water footprint, and sustainable development. Some of these keywords are the same as the SCI high-frequency keywords, such as water scarcity, carbon footprint, and gray water footprint. Although sustainable development, virtual water trade, and ecological footprint are high-frequency keywords of CNKI’s papers. It could be because sustainable development is an important strategy for China to solve its environmental problems and ecological footprint and water footprint are often used to evaluate ecological and sustainable development capabilities.
3.2.2 The co-word network analysis of CNKI’s keywords
In order to study the trend of CNKI’s hot research field, we conducted a co-word analysis of CNKI high-frequency keywords. The top 30 CNKI high-frequency keywords related to water footprint were selected and the modular function in Gephi was used for cluster analysis. The analysis results were shown in Figure 3.
[image: Figure 3]FIGURE 3 | The evolutionary co-words network of water footprint from CNKI.
Before 2010, there were 5 clusters in this stage, with almost no connection between each cluster and only 15 nodes, indicating that the research on China’s water footprint is in its infancy. The virtual water trade cluster is the largest in this stage, which is the focus of researchers. This indicated that CNKI’s papers are problem-oriented while SCI’s papers are method-oriented.
From 2010 to 2013, there were six clusters and the number of nodes also increased significantly, indicating an increase in researchers’ interest in the field. The water footprint is often used to assess water use and water stress. The new Water scarcity cluster in this stage indicates that water shortage is a major environmental problem in China. The blue water footprint cluster and carbon footprint cluster also appeared for the first time in this phase, representing the beginning of researchers’ attention to these two areas.
From 2014 to 2017, there were 4 clusters in this stage, and each cluster was strongly connected. Compared with the previous stage, the number of clusters was reduced, and some small clusters were merged into new large clusters, indicating that the research on China’s water footprint was becoming mature. At this stage, the water shortage cluster integrates into the ecological footprint cluster. In the blue water footprint cluster, gray water footprint was added and became the central node of the cluster. This revealed that China’s water environment problem is very serious. China, spatial autocorrelation, and other nodes were added to the gray water footprint cluster, which became the most popular research direction in this stage.
From 2018 to 2021, there are five clusters in this phase. The ecological footprint cluster produced a new central node - sustainable development and some new nodes were added. The Water scarcity cluster is separated from the ecological footprint cluster and becomes an independent cluster. In addition, the grey water footprint cluster in the previous stage changed internally, and the blue water footprint became the central node of the cluster again in this stage. This indicates that the research focus shifted from the water environment to water resources again.
Compared with SCI, the research on water footprint in CNKI started late but developed rapidly. On the one hand, it depends on the rapid development of China’s economy, culture and education; on the other hand, it may be due to the serious environmental deterioration in the rapid development, which makes people have to pay attention to the water footprint and related environmental problems.
3.2.3 Analysis of CNKI’s highly cited papers
This paper retrieved the 10 CNKI’s papers with the highest citation frequency in the water footprint field, as shown in Table 3. According to the research content of the paper, it is mainly divided into the following four categories:
TABLE 3 | CNKI highly cited papers.
[image: Table 3]The first category of papers mainly studies the theory and methods of water footprint. Liu et al. (2006) systematically introduced the basic concepts and quantitative methods of virtual water research and expounded the theoretical basis of virtual water research from three aspects: resource flow, resource substitution, and comparative advantage.
The second category of papers mainly studies the calculation of regional water footprint. The research results of Long et al. (2003) showed that the total water footprint of the four northwestern provinces (Xinjiang, Qinghai, Gansu, and Shaanxi) in 2000 was 613.3 × 108 m3, and the per capita water footprint was 1952 L·person−1·d−1, which was higher than the statistical water resource utilization. Wang X. et al. (2005) analyzed the per capita water footprint of Chinese provinces in 2000. The results showed that the water footprint of northwest provinces is larger, while that of south and east-central provinces is smaller. Ma et al. (2005) calculated the virtual water flow rate, water footprint, and water self-sufficiency rate of domestic regions and international trade in China. The results exposed that China is a highly self-sufficient country in water resources, but there are large regional differences. Wang X. H. et al. (2005) calculated and analyzed the water footprint of Gansu province in 2003. The results showed the total water footprint of Gansu province in 2005 and the water footprint per capita, which caused great pressure on the ecological environment of Gansu province.
The third category of papers is mainly about the product’s water footprint. Gai et al. (2010) calculated the water footprint of wheat and corn in the North China Plain (Hebei, Beijing, and Tianjin). The results indicated that reducing the water footprint of wheat and corn production was of great significance to the North China Plain.
The fourth category of papers uses economic theoretical methods to study the water footprint. Long et al. (2006) used the STIRPAT model to analyze the influencing factors of China’s water footprint and decomposed the environmental impacts of population, wealth, and technology on China’s water resources. Qi et al. (2011) constructed a set of index systems to evaluate and analyze the current situation and sustainability of regional water resource utilization based on water footprint and took Dalian city as a case to evaluate its water resources utilization. Based on the Gini coefficient, Syr index, and separation coefficient, Sun et al. (2010) analyzed the variation rules of water footprint intensity in China. The results show that the main factors that cause the difference in water footprint are regional development strategy, economic development level, and market development degree. Pan and Chen (2014) calculated the water footprint and water resources utilization index of Hubei Province from 1995 to 2010, identified its water resources utilization situation, and analyzed the pressure caused by social production and life on the water resources system.
We compared and analyzed the high-cited papers of SCI and CNKI. From the perspective of research content, both of them research the calculation of regional water footprint and product’s water footprint. However, SCI’s papers pay more attention to the research of the product’s water footprint. CNKI’s papers focus more on combining the water footprint theory with economics and management theory. This indicated that SCI’s highly cited papers prefer to study the water footprint theory through scientific experiments from a bottom-up perspective, while CMKI’s highly cited papers prefer to combine economics and management theories to study water footprint from an up-bottom perspective.
In terms of time scale, six out of ten were published before 2010. This period is the flourishing period of the theoretical basis and typical research on water footprint. From 2010 to 2013, there were three papers involved, and the water footprint research moved in a new direction, that is, combined with economic management theory. However, from 2014 to 2017, there was only one paper. This indicates that compared with the SCI database, the development of water footprint research in CNKI database is slower. Since 2018, no relevant papers have been included in the top 10 most-cited papers. This is similar to the reason mentioned in 3.1.3, i.e., the law of cited half-life. It is worth noting that the most recent year in the top 10 most-cited papers in CNKI database is 2014, while SCI database is 2016. It can be seen that the water footprint related papers in CNKI database have a slow aging speed, and at the same time, the development speed is also slow.
3.3 Application of water footprint theory in various sectors
To study the application of water footprint theory in various economic sectors, this paper searched the number of papers published in the primary, secondary and tertiary industries, i.e., agriculture, industry, and services sectors. The number of papers related to water footprint for each sub-sector of agriculture, industry and service was retrieved from the CNKI and SCI databases, and the results were shown in Figures 4–6. In the agricultural sector, the water footprint theory has been published a large number of papers in plant-products industry and animal husbandry. The water footprint theory has been widely applied in the agricultural field. This is mainly because 80% of the water footprint of human consumption comes from agricultural products. Therefore, water resources are the most important factor restricting agricultural development. According to different stages, there were only a few related to plant-products industry and animal husbandry before 2010, and no study about forests and fishery industry. From 2010 to 2013, studies considering forests and fishery industry appeared. Both 2014–2017 and 2018–2021 have a large number of studies focusing on the plant-products industry and animal husbandry.
[image: Figure 4]FIGURE 4 | The number of relevant papers related to the agricultural sector (A) Before 2010. (B) 2010–2013. (C) 2014–2017. (D) 2018–2021.
[image: Figure 5]FIGURE 5 | The number of relevant papers related to the industrial sector (A) Before 2010. (B) 2010–2013. (C) 2014–2017. (D) 2018–2021.
[image: Figure 6]FIGURE 6 | The number of papers related to the service sector (A) Before 2010. (B) 2010–2013. (C) 2014–2017. (D) 2018–2021.
In the industrial sector, the water footprint theory only published fewer papers than agriculture sector. This is mainly because industry is the second large sector of water use and the water pollution caused by production is very serious, such as sewage discharge from heavy industry and so on. Therefore, grey water footprint is a key issue in the industry sector. In the industrial sector, the water footprint theory has been published a large number of papers in processing industry sector. According to different stages, there were only a few related to mine, industry processing industry, and light industry sectors before 2010, and no study about raw material sector. From 2010 to 2013, studies considering raw material appeared. Both 2014–2017 and 2018–2021 have a bloom in all sectors.
The water footprint theory has been published in the household, traffic and tourism sectors in a relatively large number of papers. The results indicated that in the tourism and traffic sectors, where the water footprint theory is most widely used in the service sector, the number of related papers is still less than that in industry and agriculture sectors. The application of water footprint theory in the service industry needs to be strengthened. According to different stages, there were only a few related to household and tourism sectors before 2010. From 2010 to 2013, the studies added the traffic, accommodation and retail sectors. Both 2014–2017 and 2018–2021 have a large number of studies focusing on the household, traffic and tourism sectors.
4 CONCLUSION
In order to study the hotspots in the application of water footprint theory, this paper studied 2381 papers published in the SCI and 1441 papers published in the CNKI, analyzed the high-frequency keywords, co-words network, and application sector of these papers, and revealed the evolution process of hot spots in the study of water footprint theory.
When evaluating the consumption and utilization of water resources in a country or region, the sum of water used in daily life, agriculture and industry is usually taken as the main indicator. However, this method neglects the utilization of soil water in agricultural production and the influence of virtual water trade between regions. In contrast, the concept of water footprint is more realistic to the water resources. Water footprint research is mainly divided into the following stages: theoretical concept stage, accounting tool stage, and accounting tool application stage. Water footprint can be divided into two categories: “volumetric” water footprint and “impact-oriented” water footprint. “Volumetric” water footprint methodology focuses on water consumption while “impact-oriented” water footprint methodology focuses more on the environmental impact of water use. In addition to quantitative estimation of water footprint, current research hotpot is more about issues related to water footprint, such as carbon emissions, climate change, sustainable development and so on.
The literature associated with water footprint research has grown significantly in the last 20 years. Water scarcity, carbon footprint, and grey water are the high-frequency keywords of both two databases. The research focus of papers from SCI has gradually shifted to climate change and carbon emission, while, papers of SCI more focus on ecological footprint and sustainable development. With time, the content of the co-word network analysis of SCI’s keywords becomes richer and richer, and the network becomes more and more complex. This may be due to changes in the use of natural resources and the awareness of the environment. Compared with SCI, the research on water footprint in CNKI started late but developed rapidly. On the one hand, it depends on the rapid development of China’s economy, culture and education; on the other hand, it may be due to the serious environmental deterioration in the rapid development, which makes people have to pay attention to the water footprint and related environmental problems. And the underlying driving reasons may need more research.
This paper analyzed SCI and CNKI’s high-cited published papers and compared their differences. Both of their high-cited papers mainly studied regional water footprints. In addition, CNKI’s research is mainly combing the water footprint theory with economics and management theory, SCI’s research content is primarily concerned with the product’s water footprint. This suggested that SCI’s highly cited papers are more focused on the product’s water footprint theory by scientific experiments, while CNKI’s highly cited papers tend to combine economics and management theories to study water footprint from a macroscopic perspective.
The application of water footprint theory in various industries was analyzed by searching the number of papers published in each field. The water footprint theory has been widely applied in the agricultural sector. In the industry sector, water footprint theory is often used to analyze environmental problems in the light industry and processing industry. However, the application of water footprint theory in the service industry is far less than that in industry and agriculture. Scholars should do more research on water footprint related to the service sector to promote the development of the water footprint theory. Further water-footprint simulation studies and field tests are also needed. In addition, the water footprint could be regionally different, so comparative analyses of water footprint studies between countries and regions can be done in the future.
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