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ABSTRACT
This study was designed to evaluate the global scientific output in the ISI subject category of “water resources”
for the past 16 years. Data were based on the online version of the Science Citation Index Expanded, Web of
Science, from 1993 to 2008. Articles referring to water resources were assessed for many aspects, including
distributions of source countries, institutes, words in the title, author keywords, and KeyWords Plus. The hindex was also calculated in terms of the characteristics of publications. Distributions of paper titles, the
author’s keywords, and KeyWords Plus at different periods were applied to evaluate research trends. The
analysis showed that researchers paid most attention to groundwater and water quality parameters. Modeling
and adsorption were the most popular techniques in water resources research. In addition, the relationship
between the impact factor and h-index was significant for journals in the fi rst group. The impact of the most
cited articles each year were also discussed along with the article life information.

I.INTRODUCTION
Three-quarters of the Earth’s surface is covered by oceans, which dominate the overall impact on the weather
and climate system.
[1]. Water is the most preciousglobal commodity with its myriad uses like drinking, industrial production,
irrigation and the production of fish, waterfowl and shellfish.
[2]. These include waterfor freshwater systems that provides many non-extractive or instream benefits like flood
control, transportation, recreation, waste processing, hydroelectric power, and habitat for aquatic life
[3]. Some benefits, such as irrigation and hydroelectric power, are achieved only by major changes to the flow
regime and flow paths from dams and water diversions.
[4]. Degradation of water resources with time is a social concern. Therefore, researchers have investigated the
unbalanced distribution of water resources
[5]. According to a review on history of water resource studies, the earliest research was presented in 1910.
[6], and many investigations were implemented in the following years, for example about central and east
African water resources
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[7], whereas today, water resources science has become one of the most important areas in the water
researchfield. The issue of water resources plays an importantrole in the global environment. Over the years, a
great deal of progress has been made in water resource monitoring.
[8], water treatment techniques.
[9] water resource management.
[10] adsorption technology
[11] aerosol
[12], hydrologic sciences
[13]hydrogeology
[14] wetland
[15], solid waste
[16] desalination
[17]. The Science Citation Index Expanded (SCI-Expanded), from the Institute for Scientific Information (ISI)
Web of Science databases, is the most important and frequently used source database of choice for a broad
review of scientific accomplishment in all fields.
[18] Many bibliometric investigations have been carried out in various subject areas, for example the medical
fields of oncology.
[19], radiology, nuclear medicine and medical imaging.
[20], otolaryngology
[21], tropical medicine
[22], virology
[23], and dentistry, oral surgery & medicine
[24] as well as the science and engineering fields ecology
[25], microbiology
[26], psychology
[27], biology
[28], and ocean engineering
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[29]. Conventional bibliometric methods often evaluate research trends by the publication outputs of countries
[30], research institutes .

II. DATA SOURCES AND METHODOLOGY
The data were collected by analyzing articles and citations from the Thomson Reuters Web of Science database
which is based on the online version of SCI expanded. According to Journal Citation Reports (JCR), it indexed
6,426 major journals with citation references across 172 scientific disciplines in 2007. All journals thatpublish
articles mostly on water resources, were selected from among 59 journals listed in the category of “water
resources” indexed by ISI in 2007. Articles originating from England, Scotland, Northern Ireland, and Wales
were reclassified as from the United Kingdom (UK). Papers addressed in Hong Kong were not included in
China. The impact factor (IF) of a journal is defined by the JCR, and is derived by dividing the number of
current citations to articles published in the two previous years by the total number of articles published in the
two previous years. It is a measure of the frequency with which the average article in a journal has been cited in
a particular year. The IF is used to evaluate a journal’s relative importance, especially when compared to others
in the same field [37,58]. The IF of each journal was obtained from the 2008 JCR. Contributions from different
institutes and countries were estimated by the affiliation of at least one author to the article. Collaboration type
was determined by the addresses of the authors, where the term “single country article” was assigned if the
researchers’ addresseswere from the same country. The term “internationally collaborative article” was
designated to those articles that were coauthored by researchers from more than one country. The term “single
institute article” was assigned if the researchers’ addresses were from the same institute. The term “interinstitutionally collaborative article” was assigned if authors were from different institutes. All the articles
referring to the subject category of water resources during 1993–2008 were assessed from the following aspects
document type and language of article, characteristics of article output, distribution of output in journals, article
output of source country, source institute, author number per single country or institute article, and analysis of
words in the title, author keywords, and KeyWords Plus. Keywords were defined as comma-separated items of
one or more words. All keywords, both those reported by authors and those assigned by ISI, as well as words in
the title were identified and separated into 4 four-year spans (1993–1996, 1997–2000, 2001–2004,and 2005–
2008), then their ranks and frequencies werecalculated, and different words with identical meaning and
misspelled keywords were grouped and considered as a single keyword. In addition, the h-index was also
calculated as a representative indicator of scientific achievement [47]. It was defined as the number of papers
with citation number greater than or equal to h[47]. Hirsch suggests that the h-index has a better predictive
power than other measures such as total number of published papers and total number of acquired citations [48].
Studies assessing the efficiency of the h-index have pointed out its convergent validity as a major advantage
[49–51]. Moreover, quantity and quality of output are usually assessed by “number of publications” and “total
citation counts”, respectively [50,51]. Therefore, as a quality measure of publication activity, the h-index of
languages, journals, research institutes and countries were calculated to evaluate achievements.
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III. RESULTS AND DISCUSSION
3.1. Document type and language of publication.
The distribution of document type identified by ISI was analyzed. From this study, 18 document types were
found in the total 96,574 publications during 1993–2008. Journal articles (62,258) were the most-frequently
used document type with 64% of the total production, followed by proceedings papers (19,769; 20%), editorial
materials (5,743; 5.9%), and reviews (1,806; 1.9%). The others were less significant, including news items
(799), letters (660), corrections (569), discussions (513), notes (485), addition corrections (208), biographical
items (136), software reviews (38), meeting abstracts (30), items about an individual (25), reprints (21),
bibliographies (8), book reviews (6), and database review (1). As journal articles were dominant in the
document types and peer-reviewed within this field, they were identified and further analyzed. The emphasis of
the following discussion was to determine the pattern of scientific production and research activity trends which
consisted of authorship, institutes, countries, and trends in the research subjects addressed. Ninety Eight percent
of all these journal articles were published in English (60,793) with an h-index of 151. Compared with other
investigations, English was the dominant language [21,43,52], followed by French (913), Spanish (407),
German (130), Afrikaans (10), Dutch (2), Rumanian (2), and Danish (1) with h-indexes of 14, 6, 11, 2, 0, 1, and
1 for each respectively. A significant correlation was found between the yearly cumulative number of articles
and the year from1993 to 2008 [53,54]. The relationship between the cumulative number of articles published
each year (P) and the number of consecutive years (Y) studied from 1993 to 2008 was found to be: P =
2088Y1.144 (r2 = 0.997) until 2002 and P = 9568exp (0.1173Y) (r2 = 1.000) for 2002–2008 (Fig. 1).
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3.2. Distribution of outputs in journals
All journals with their impact factor, impact factor rank, number of articles in 2007, and h-index were
statistically analyzed (Table 1). In total, 62,258 articles were published in the 59 searched journals under the
category of water resources. Seventeen journals had more than 1,000 published articles referring to water
resources research from 1993 to 2008. The h-index provides a new indicator for the research performance and
the impact factor is a mature indicator. Water Research published the most articles (6,880; 11%), and had the
highest h-index (117). The coefficients of determination between the h-index and the impact factor of journal
outputs were calculated (Figs. 2 and 3). Group 1 journals had a coefficient of determination (r2) of 0.81 while
group 2 had 0.63.Moreover, Bradford’s Law of Scattering [55] was applied. The journals were sorted in
descending order in terms of number of articles, and then divided into three “zones”.
Zone 1 represents the most productive one-third of the total articles, with 5 (8.5%) of 59 journals.Zone 2
represents the next most productive one-third of total articles, with 14 (24%) of 59 journals, and Zone 3
represents the least productive one-third of total articles with 40 (68%) of 59 journals. The number of journals in
the three zones approximately followed Bradford’slaw. To reiterate, the number of journals was approximately
1: n: n2 (1: 2.8: 8). The water resources category contained five Bradford’s core journals, Water Research,
Water Resources Research, Journal of Hydrology, Water Air and Soil Pollution, and Environmental Geology
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IV. CONCLUSIONS
In this study on the articles in the category of water resources journals listed in SCI-Expanded, significant points
on worldwide research performance from 1993 to 2008 were revealed. The effort provided a systematic
structural picture, as well as clues to the impact of research on water resources. Even though English was the
dominant language, eight other languages were also used, which indicated global concern about water resources.
Apparently more authors, institutes, and countries were engaged in this research over the 16 years. The United
States Geological Survey was the pioneer in the field of water resources, with the most independent, interinstitutionally collaborative, first author, and corresponding author articles. Furthermore, the h-index (64) of the
United Stated Geological Survey was the highest. The G7 along with China, India, Australia, and Spain had a
long research history in this field. China showed a rapidly ascending trend in the number of articles during the
last 6 years. Not only did they have the absolute ascendancy of articles, but were also the mostfrequent research
partners and had higher h-in dices. The number of journals published in three zones of articles approximately
followed Bradford’s law. We calculated the coefficients of determination of the impact factor and the h-indices,
and found that the journals in the second group had a weaker relationship than that in the first group. In terms of
the distributions of words in the paper titles, “river” and “groundwater” were the most concerned “water
bodies”. In the author keywords analysis, the two most frequently used keywords were “groundwater” and
“water quality”. The topics, “runoff”, “wastewater”, “irrigation”, and “evapotranspiration” had become new
foci. The top four most frequently used KeyWords Plus were “water”, “model”, “flow”, and “transport”.
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“Management”, “waste-water”, “runoff”, and “variability” were active research areas. In addition, “modelling”
and “adsorption” were the most popular techniques. The most frequently cited paper each year was a backstage
pioneer in the research field. The article published in Water Research by Tern’s in 1998 had been cited 630
times up to 2008. But its citation rate decreased in the past two years. Another paper published in 2000 by Ho
and McKay still has a great impact on current water resources research. This study provided researchers with a
panorama of global water resources research and established further research directions.
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