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Understanding the historical evolution of science development for rethinking science in the
Anthropocene is crucial for our future survival. This paper analyzed the knowledge
development of the top 95 most researched river basins in the Web of Science
database in the past 3 decades (1987–2017) using a network metric-based
framework, comprising one scalar metric and three structural metrics: equality,
efficiency, and resilience. We found that the highly researched river basins accounting
about 30% of total publications, including the Yangtze River and the Great Lakes,
demonstrated the “ageing” knowledge structures characterized by high inequality, low
efficiency, and large redundancy with continuous expansion in scales. Dominations of
knowledge interactions among Environmental Sciences, Water Resources, Marine
Science and Freshwater Biology contributed to this knowledge structure.
Transformations of both the composition and structure of the knowledge system is
required to support global river basin management in the Anthropocene.

Keywords: complex knowledge system, knowledge structure, knowledge scale, network metric-based framework,
river basin management

INTRODUCTION

The Anthropocene, in which humans have massively changed various Earth system cycles, has
been engined by accumulated science development over generations (Steffen et al., 2011).
Understanding the historical evolution of science development for rethinking science in the
Anthropocene is crucial for our future survival. River basins are basic components of the Earth
system which link major cycles (e.g., water, nutrients, energy, and carbon) of the Earth system
as well as the human society. Most of them are degraded and are expected to face further
environmental deterioration (Vörösmarty et al., 2010). In the past decades, increasing efforts
have been devoted to integrating knowledge from engineering, geomorphology, chemistry,
ecology, hydrology, economics, sociology, and law in river basin management (Biggs et al.,
2015; Pahl-Wostl, 2015). Yet, the status of global river basins implies a failure of science
development.

On one hand, to tackle sustainability problems in the Anthropocene requires scientific
knowledge to address the diverse interactions and feedback effects between various human and
natural components in the Earth system (Steffen et al., 2015; Liu et al., 2019). On the other
hand, science development has been increasingly recognised as a complex and dynamic
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network within which different disciplines “knit, weave and
knot together into an overarching scientific fabric” (Latour,
1987; Shi et al., 2015). Blind spots in the science knowledge
network not only occur when there is lack of certain “nodes”
(i.e., disciplines), but also when there are missing “links”
between different disciplines (Turnbull et al., 2018). Lack
of either “nodes” or “links” can result in deficiency of the
knowledge system.

Science development is often analysed in two primary ways
(Cheng et al., 2020). First, disciplinary experts qualitatively
examine state-of-the-art disciplinary advances and provide
recommendations for future developments (e.g., (Blöschl
et al., 2019; Di Baldassarre et al., 2019). However, this
method tracks knowledge development on key research
topics, thus has limited capacity in reflecting the structure
and development processes of the whole knowledge system
(Kallio and Houtbeckers, 2020). Second, science development
is structurally analysed using bibliometric methods to reveal
interactive links between different research topics
(e.g.(Khasseh et al., 2017; Su et al., 2020). This method
often focuses on the big data trends and numerical
elements of scientific publications such as co-authors,
institutions, and literature citations that are hardly
recognized by disciplinary scientists. There is no systemic
framework that bridges expert knowledge and bibliometric
analysis to assess the blind spots in the knowledge system,
compromising our capacity in strategic intervention for
knowledge development.

This paper aims to develop a network metric-based
framework to reveal the endogenous processes of
knowledge development for structurally directing future
knowledge development. We examine the knowledge
development of the top 95 most researched river basins
with scientific publications in the Web of Science (WoS)
database during 1987–2017. Specifically, we will: 1)
describe the temporal and spatial change of the scales
and structures of the knowledge systems in these river
basins; 2) analyze the relationships among the structural
metrics and between the structural metrics and scalar
metrics of the knowledge systems in these river basins; 3)
identify the deficiencies of these knowledge systems if any
and potential strategies for future development. Key
findings from this study are expected to cast insights into
the evolution of knowledge development in the Earth
system.

METHODS

Defining the Scale and Structure of a
Knowledge System
We proposed an original framework to measure and evaluate
the knowledge structures in river basin studies based on the
system theory, complex network characteristics (Fortunato
et al., 2018) and our previous findings on this field (Wu
et al., 2021; Wei and Wu, 2022). In this framework, we
considered the river basin knowledge development as a
complex system, within which different disciplines interact
and feedback on each other in a coevolutionary manner.

As the structure of a complex system may be dependent on its
scale (Von Bertalanffy, 1968; Cooper et al., 2020), we firstly defined
the scalar metric which is the number of disciplines involved in the
knowledge system (Table 1). It indicates how large a system is on a
quantitative basis. We then defined three structural metrics of the
knowledge system: equality, resilience, and efficiency. They have
been widely recognized properties characterizing a complex network
system (Walker et al., 2004; Siegenfeld and Bar-Yam, 2020), which
are measured with three basic network metrics: degree, betweenness,
and closeness, respectively. Rather than measuring the total
connections as stated by Newman (2003), we used degree to
measure the differences between total connections of one
discipline with the average total connections of all disciplines
within the network. Higher degree value indicates greater
imbalances of disciplinary connections in the knowledge system
and therefore higher inequality. Betweenness measures the average
times one discipline sits along the shortest distance between all other
disciplines in the network. Higher betweenness indicates the more
disciplines act as the “medium” for cross-disciplinary knowledge
transfer and the more resilient (redundant) the knowledge system is
(Freeman, 1977). Closeness measures the inverse of average shortest
connections between a discipline and all other disciplines (Latora
and Marchiori, 2001). Higher closeness indicates shorter distances
among different disciplines, meaning higher efficiency in knowledge
propagation and easier to establish collaborations among disciplines.

We further defined the different development stages of a
knowledge system based on the system transition theory as
outlined in Brugge and Rotmans (2007), which include
initialization, take-off, acceleration, and stabilization/decay stages.
During the initialization, take-off, and acceleration stages, a
knowledge system is considered to be expanding in either scalar,
structural, or both metrics. When the scalar metrics of a knowledge
system do not change significantly with increasing publications, we

TABLE 1 | The metrics for scale and structure of a knowledge system on river basins.

Metrics Definition Explanation

Scale The total number of disciplines in a network The larger the number is, the more disciplines the knowledge system has
Equality (Degree) The average difference between connections of one discipline with any

other disciplines in the network
The smaller difference between connections of one discipline with any other
disciplines, the more equal position each discipline is at in the network

Resilience
(Betweenness)

The average number of times a discipline sits along the shortest paths
between all the disciplines in the network

The greater numbers of disciplines sit along the shortest paths between
another pairs of disciplines, the more resilient the discipline is in the network

Efficiency
(Closeness)

The inverse of average shortest distance between one discipline and all
other disciplines in the network

The shorter the distance between a discipline and others, the smaller
amount of time and cost is required for the discipline to receive and send
information and thus more efficient the knowledge system is
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consider the knowledge system enters the scalar stabilization stage.
Furthermore, the knowledge system is considered to enter the
structural stabilization stage when one or two structural metrics
degrade with time and the other one or two metrics do not
significantly change with scale. A knowledge system is defined to
be “ageing”when it enters both the scalar and structural stabilization
stages. Thus, this network metric-based framework can be used to
identify the evolutionary patterns and the structural deficiencies if
any for the river basin knowledge systems. This will enable structural
direction of future knowledge development on river basins from a
system perspective.

Data Sources and Study Period
We used scientific publications indexed in the Science Citation
Index (SCI) of the WoS database as the data source in this study.
WoS is a widely used database for analysis of scientific
publications, covering approximately 12,000 top-tier
international and regional journals in all areas of natural and
social sciences and the humanities (Rousseau et al., 2019). It
classifies articles according to the ISI Subject Category, which
includes 254 disciplinary categories under five major Research
Areas: arts and humanities, life sciences and biomedicine,
physical sciences, social sciences, and technology https://
images.webofknowledge.com/images/help/WOS/hp_subject_
category_terms_tasca.html).

Our study period spanned 30 years from 1987 to 2017 to
reflect the rapid increase of river basin studies since 1990s (Wu
et al., 2021). English research publications in the WoS containing
the words river” OR “river basin” OR “watershed” OR
“catchment” OR “drainage basin” OR “hydrographic basin”
OR “wetland” OR “valley” in the Title, Abstract and Keywords
sections were retrieved as the raw dataset (Rebholz-Schuhmann
et al., 2012). Each publication was automatically assigned to one
or more disciplines based on the disciplinary categories of the
journal published. Duplicate publications were removed and
publications focusing smaller spatial units (e.g., sub-catchment,
wetland or lake) were merged in the river basin which they are
affiliated with. We identified the top 100 river basins with the
largest number of publications for analysis as they covered major
publications on global river basins. After those with ambiguous
data (i.e., same river names with different locations) were
removed, 95 river basins and a total of 190577 publications
covering 216 disciplines were finally used for further analysis.

Data Analysis
Based on the co-occurrence principle (Callon et al., 1983), a
disciplinary network was established for each river basin: two
disciplines were connected when they were linked to the same
publication. It should note that equal weights were assigned to
links between disciplines to reduce bias towards highly published
disciplines. These disciplinary networks were established
annually for each river basin to track the temporal evolution
of the knowledge systems. Establishment of the disciplinary
networks and calculations of the scalar and structural metrics
as outlined in Table 1 for each river basin for each year using the
“igraph” package in R (https://igraph.org/). Then the metric
values were normalized for comparison between metrics.

Finally, both linear and nonlinear least square regression
analysis using the “stats” package in R (https://www.
rdocumentation.org/packages/stats/versions/3.6.2) were
conducted to reveal the temporal relationships with the scalar
and structural metrics, the relationships between the scalar and
structural metrics, and among the structural metrics.

RESULTS

Evolutions of Publications in the 95 River
Basins
The 95 river basins were divided into five groups to reflect the
disproportional increase (in logarithmic scale of 10) of the total
number of publications among river basins: very highly
researched (VH, log10 (no. of publications) ≥ 4), highly
researched (H, 3.6 ≤ log10 (no. of publications) < 4),
moderately researched (M, 3 ≤ log10 (no. of publications) <
3.6), lowly researched (L, 2.6 ≤ log10 (no. of publications) < 3) and
very lowly researched (VL, log10 (no. of publications) < 2.6)
(Figure 1) (refers to Supplementary Method and Supplementary
Table S1 for more details of grouping criteria and river basins
classified into each group).

Spatially, the number of publications were unevenly
distributed among the 95 river basins (Figure 1A). Two
spatial centers were observed, signified by the two river basins
classified into the “VH” group: the Yangtze River (14498
publications in total) and the Great Lakes (11946). The six
river basins in the “H” group indicated several hot spots in
North America (the Mississippi River, the Colorado River),
Asia (the Yellow River; the Pearl River), Europe (the
Mediterranean Sea), and Oceania (the Murray-Darling Basin),
all of which had publications ranged between 4,000 and 9,000.
Moderate research publications were most common in the
European rivers, with the “M” group (44 river basins) being
comprised mainly by European rivers (43%), followed by 25% in
Asia, 23% in North America, and the remaining equally shared
between South America and Africa. In the “L” group (30 river
basins), 43% were in North America, 33% in Asia, 17% in Europe
and only 7% in Africa. The “VL” group (13 river basins) was
dominated by Asian rivers (31%), followed by North American
rivers (23%), the two Poles and South America (15%
respectively), Europe and Africa (7% respectively). The river
basins in Arctic and Antarctic tended received the smallest
amounts of publications (e.g., the Mcmurdo Dry Valley, the
Antarctic Lakes, the Beaufort Sea) with less than 400
publications in total.

The number of publications per year demonstrated
exponential growth rates in all five groups of the 95 river
basins (Figure 1B). It is shown that the growth rates followed
a descending order for river basins moving from the “VH” to the
“VL” group. River basins in the “VH” reached as high as over
2,000 publications per year in 2017 and demonstrated the
strongest exponential growth. Along with the river basins in
the “H” groups, these river basins only comprised of about 8% of
the total river basins studied but contributed to 35% of total
publications. Although a majority of river basins in the “M” and
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“L” groups (78%) had average total publications of about 2000
and 700 respectively, these river basins demonstrated similar
growth rates to the “VH” and “H” groups but weaker exponential
relationships (R2 = 0.42 and 0.40, p < 0.05, respectively). A much
weaker exponential relationship was observed with the “VL”
group river basins (R2 = 0.26, p < 0.05), with average
publications of only 300.

Evolutions of the Scales and Structures of
the 95 River Basins’ Knowledge Systems
The scales of the knowledge networks for the 95 river basins linearly
increased in time (Figure 2A). The strongest linear relationship was
observed for river basins in the “VH” group (R2 = 0.68), which also
had the greatest average scale values. The Yangtze River in the “VH”
group had the greatest scale metric in 2017with 88 disciplines in the
network and was followed by the Mississippi River (62), the Yellow
River 56) and the Pearl River (56), all of which belonged to the “H”
group. Although the Great Lakes belonged to the “VH” publication
group, it only had 36 disciplines in its knowledge network in 2017.
The scalar growth rates reduced in the lower publication groups.
The normalized scalar ranges reduced from 0.7 in the “H” group
river basins to below 0.6 in the “M” group, 0.3 in the “L” group and
0.2 in the “VL” group. Environmental Sciences remained the most
published discipline among the five groups in time. Water
Resources and Multidisciplinary Geosciences were in the
top three most published disciplines in the “H” group,
whereas the “VH” group demonstrated specialized focuses
on Marine & Freshwater Biology and Limnology since 1987.
Between 1990 and 2000, Environmental Engineering and
Civil Engineering emerged as the top five highly published
disciplines for the “M” and “L” group river basins. Since 2000,
the highly published disciplines remained relatively stable
among all five groups. River basins demonstrated similar
focuses with Water Resources, Marine & Freshwater
Biology, Multidisciplinary Geosciences, and Ecology as the
top five most published disciplines that contributed to more
than 50% of total publications until 2017 (refer to

Supplementary Table S2 for disciplines studied in each
publication group).

Both the equality and resilience metrics for the five groups
demonstrated linear relationships in time (Figures 2B,C). As
the river basins moved from the highest published group “VH”
to the lowest published group “VL”, the growth rates reduced
by 10 folds for equality and almost 30 folds for resilience. River
basins in the “M”, “L” and “VL” groups were less sensitive to
time (R2 < 0.5, p < 0.01), and only received marginal
development in their knowledge structures. On the other
hand, the efficiency metrics demonstrated more turbulent
patterns, decreasing in time in general (Figure 2D). The
“VH” group river basins showed the strongest exponential
decay in time (R2 = 0.44, p < 0.05), whereas this was less
evident in the remaining groups (R2 < 0.3, p < 0.05). Higher
efficiency values were more frequent before 2010. The “VL”
group river basins had the greatest average efficiency value in
time (0.16). Only the Peace River (“L”), the Indian River (“L”)
and the Death Valley (“VL”) reached over 0.5 after 2010 and
almost 90% of river basins reached their maximum values
before 2000. Multidisciplinary Geosciences and Physical
Geography were the key disciplines that demonstrated high
efficiency to the Death Valley in time, whereas broader range
of disciplines with high efficiencies were identified for the
Peace River and the Indian River, including Environmental
Sciences, Ecology, Soil Sciences, Marine & Freshwater Biology,
and Engineering.

The spatial distribution of the average scale, equality, and
resilience metrics of the 95 river basins during our study period
was consistent to the total number of publications, presenting
Asia and North America as the two major spatial centers
(normalized metric values > 0.75), and Europe, South
America, Oceania, and Africa as the major hot spots
(normalized metric values between 0.25 and 0.75). However,
the efficiency metrics were consistently low among most of the
river basins. The Death Valley in North America had the
greatest efficiency, whereas all other river basins had metric
values below 0.25.

FIGURE 1 | (A) Spatial distribution of the five publication groups in the chosen 95 river basins, and (B) temporal evolution of publications in each group.
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FIGURE 2 | Temporal evolutions (left) and spatial distributions (right) of the (A) scale, (B) equality, (C) resilience, and (D) efficiency among the five publication groups
during 1987–2017.
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Relationships Between the Scales and
Structures of the 95 River Basins’
Knowledge Systems
The river basins in all groups demonstrated strong power
relationships between the number of publications and the scalar
metric of their respective knowledge networks (R2 > 0.7, p < 0.01)
(Figure 3A). It should note that the “VL” group river basins having
the highest coefficient (0.65), implying that although river basins in
this group had the lowest publications, their rates of developing new
disciplines were fastest. In contrast, although river basins in the

“VH” group weremore published, their rates in expanding the scales
of their knowledge networks were the smallest (growth
coefficient = 0.5).

The equality and resilience metrics of the 95 river basins
demonstrated linear relationships with the scalar metric
(Figures 3B,C). These two structural metrics for river basins
in the “VH”, “H” and “M” groups (55% of river basins) had
growth rates close to 1 with the scalar metrics. This indicates that
the inequality and resilience of the knowledge networks
proportionally increase with its scale (R2 > 0.8, p < 0.01). For

FIGURE 3 | (A) Relationships between the publication and scale, and between the scalar and structural metrics of (B) equality and scale, (C) resilience and scale,
and (D) efficiency and scale among five publication groups.
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river basins in the “L” and “VL” groups (45% of river basins), the
linear relationships were weaker (R2 ranged between 0.53–0.71
for equality and between 0.39–0.60 for resilience). These river
basins with smaller scale (normalised scale <0.3) demonstrated
more scattered distributions of structural metrics, with slightly
lower growth rates with respect to scalar increases.

The efficiency metrics demonstrated an inverse power law
relationship with the scalar metric (Figure 3D). This
relationship was consistent among the five publication
groups (R2 ranged between 0.6 and 0.7, p < 0.01), but the
rates of decay increased with reducing publication groups.
This mean that although the river basins with low publications
(i.e., the “VL” and “L” groups) had smaller scales (<0.3), they
demonstrated higher average efficiency values and thus more
effective knowledge structures. On the other hand, although
the highly published river basins (i.e., the “VH”, “H”, and “M”
groups) had greater scales (0.6–1), their knowledge structures
were less sensitive to changes in scale.

Relationships Among the Structural Metrics
of the 95 River Basins’ Knowledge Systems
It is not surprising that the equality and resilience metrics
demonstrated a linear relationship (Figure 4A). This is most
evident in the “VH” and “H” group river basins, which
indicates proportional development (growth rate close to1)
between inequality (increasing degree) and resilience
(increasing betweenness) for the knowledge systems in
highly published river basins (R2 > 0.8, p < 0.01). It should
also note that river basins in the “VH” group covered the
broadest equality and resilience value range from 0 to 1, while
the “H” group only covered between 0 and 0.8. This
relationship also holds for the “M” group, which comprised
about 46% of total river basins with increased scattering

(R2 = 0.73, p < 0.01). Smaller increase in resilience with
increase of inequality was more evident among the lower
published river basins in the “L” and “VL” groups (R2

reduced from 0.60 to 0.36 and growth rates reduced from
0.64 to 0.34, p < 0.01).

Both the equality and resilience metrics demonstrated
power decay relationships with the efficiency metric
(Figures 4B,C). The rates of decay between efficiency and
equality were similar among the five publication groups
(ranged between -0.75 and -0.89, p < 0.05). This indicates
that the trade-off relationship between efficiency (increasing
closeness) and inequality (increasing degree) were insensitive
to varying publications among different publication groups.
For highly published river basins (i.e., the “VH”, “H” and “M”
groups), 90% of the normalized efficiency values remained
below 0.1 (i.e., low closeness) with increases in normalized
inequality (i.e., high degree). For limited published river basins
(i.e., the “VL” and “L” groups), they tended to achieve high
efficiency (i.e., high closeness) when the structural inequality
was low (i.e., low degree).

On the other hand, the rates between efficiency and
resilience reduced with reducing publication groups
(reduced from -0.51 to -0.15, p < 0.05). This indicates that
the trade-off relationship between efficiency (increasing
closeness) and resilience (decreasing betweenness) were
more sensitive to varying publications among different
publication groups. For highly published river basins
(i.e., the “VH”, “H” and “M” groups), there were greater
reductions in normalized efficiency (i.e., lower closeness)
with increases in normalized resilience (i.e., high
betweenness), as 90% of their normalized efficiency values
remained below 0.1. For limited published river basins (i.e., the
“VL” and “L” groups), the trade-off relationships were even
weaker (R2 < 0.1), indicating limited influences of the
resilience on efficiency for these river basins.

FIGURE 4 | Relationships of structural metrics between: (A) resilience and equality, (B) efficiency and equality, and (C) efficiency and resilience among the five
publication groups.
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DISCUSSION AND CONCLUSION

We developed a network metric-based framework comprising
scale, equality, efficiency, and resilience to reveal the endogenous
processes of knowledge developments. Specifically, we examined
the knowledge development in the top 95 most researched global
river basins with scientific publications in the WoS database
during 1987–2017. Key findings and their implications for
future knowledge development on river basins are summarized
as follows:

•216 of the total 254 disciplines in the WoS database were
involved in river basin studies during 1987–2017. With little
exception, Environmental Sciences, Water Resources,
Multidisciplinary Geosciences, Ecology, and Marine &
Freshwater Biology dominated 50–55% publications. These
disciplines had high inequality (degree), high redundancy
(betweenness) and low efficiency (closeness) values in the
knowledge networks, implying rigid compositions of the
knowledge systems in the 95 river basins.
•Spatially, scientific publications in the 95 river basins were
diverse with two centers: Asia and North America, comprising
a majority of river basins from the “VH” and “H” publication
groups. Temporally, river basins in these two groups presented
stronger patterns in terms of number of publications, scale,
equality, resilience, and efficiency than those in the lowly
published “L” and “VL” groups (higher R2).
•The relationships between the number of publications and
the scale (number of disciplines) demonstrate that highly
published river basins in the “VH” and “H” groups had
much slower increase in scale with increases in publications
compared to those in the “L” and “VL” groups. This implies
that knowledge development in the “VH” and “H” groups river
basins entered the stage of scalar stabilization whereas those in
the “L” and “VL” groups were still at the stage of initiation or
take-off. “M” group river basins were at the stage of transition
to stable development.
•The relationships between the structural and scalar metrics
differed among different publication groups. When the
normalized scale is approximately greater than 0.1–0.15
(i.e., 10–15 disciplines), river basins had linearly increased
inequality and resilience with scale, while their efficiency
tended to zero. This implies that the knowledge structure in
the highly researched, large-scale river basins entered the
“ageing” states (high inequality, low efficiency, and high
resilience). Unsurprisingly, inequality had positively linear
relationships with resilience, and there were trade-offs
between efficiency and resilience, and between efficiency
and equality.

These findings are of great implications for future knowledge
development in these five river basin groups. Specifically, those
river basins in the “VH” and “H” groups were with the ageing
structures, characterized by decay structure (increasing inequality
and resilience and extremely low efficiency), stabilized scales, and
rigid composition of disciplines. Substantial transformation of
both the composition and structure of the existing knowledge

systems are required. This can be done by replacing existing
disciplines with and establishing links to a wide spectrum of
disciplines in Humanities and Social Sciences, which require
substantial strategical intervention and may take a long time.
Those river basins in the “M” group were with a developing
knowledge structure in either take-off or acceleration stages,
progressive actions on changing the scales of their knowledge
systems by introducing new disciplines should be considered,
which provide leverage to balancing the relationships between the
three structural metrics. Those river basins in the “L” and “VL”
groups lied in the initialization stage, the planning and design for
balanced development of compositions and structures of the
knowledge systems should be made as early as possible to
avoid falling into the ageing structures in the “VH” and “H”
groups.

The finding that the knowledge structures of highly researched
river basins (VH and H groups) have entered the ageing stage has
also been observed by Blöschl et al. (2019) in hydrology based on
a recent survey of over 200 hydrologists, by Ancey (2020) in
hydraulics, and by Burt and McDonnell (2015) in hillslope
hydrology, all of which express a growing concern in
traditional disciplines. In a general sense, this finding follows
the paradigm of science development “punctuated growth” or the
euphoria-disenchantment cycles (Eldredge and Gould, 1972). In
this paradigm, the science development is due to long periods of
knowledge accumulation of “normal science”, interrupted by
discontinuous transformations generated by new theoretical
and empirical approaches that support the transition from an
existing scientific paradigm to an emerging one. From the
network perspective, the knowlegde structure in “VH” and
“H” river basin groups are characterized by the presence of a
few nodes (disciplines) with large degrees, small distances
between nodes, and resilient to random failures, which were
considered as the “small-world” network (Newman, 2003). These
knowledge networks are scale-free (most complex at the smallest
scales and rapidly drop off as scales increase) (Zhang and Chen,
2021), and the trade-offs between resilience and efficiency (a very
resilient system will necessarily have to sacrifice its efficiency
largely) (Siegenfeld and Bar-Yam, 2020).

The endogenous structures of knowledge systems in river
basins identified in this study are influenced by a multitude of
external drivers. Firstly, some scientific disciplines are still
organized as a closed and self-regulated knowledge system.
They set the research agenda autonomously and are detached
from societal needs (Cornell et al., 2013). Secondly, science
development is in an era of academic capitalism (Hoffman,
2021). There has been an internal push by some universities and
institutes to leverage academic assets toward revenue-driven
opportunities. Thirdly, the scientific community is a subsystem
of society that is both socially constructed and shaped, thus
inevitably reflects the concerns and interests of specific regions,
nations and/or human societies (Coccia, 2020). For instance, it
is found that some disciplines are consistently developed across
countries with different income levels, while others are more or
less developed depending on the income levels and industry
sectors of the country (Jaffe et al., 2020). For river basin
research, studies have demonstrated that the knowledge
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systems of different river basins developed were different to
solve specific local problems (Bouleau, 2014; Su et al., 2020).
Transformation of the current river basin knowledge system
requires understanding of all these external drivers, yet research
on the knowledge development has not been central to scientific
work and relies on scientists’ post hoc reflections (Callon, 1994;
Kallio and Houtbeckers, 2020). Thus, we argue that science of
science development should be as an integral part of scientific
research, providing the solid foundation for designing the
structures and mechanisms that influences scientific activities
(Bacevic, 2020).

We recognize the limitations of our study and a number of
interesting avenues that remain unexplored. Firstly, only journal
papers on the WoS database were considered and only 95 river
basins were studied, which indicated future research with broader
study scopes and use of more comprehensive databases. Secondly,
the classification system in the WoS database classifies journals,
not publications with coarse disciplinary boundaries. Recent
research on designing field delineation algorithms using big
data have provided potential improvement from this
classification system (Lietz, 2020). Thirdly, assigning weights
to the links between disciplines based on the number of
publications may help more precisely analyse the structural
metrics (Wei and Wu, 2022). Finally, further research efforts
should be made to answer why metrics demonstrate different
statistical behaviors, how and why such differences arise and
disappear in different river basins from both endogenous
structures investigated in this study and the external drives
discussed as above.

The ability of the human society to cope with challenges of the
Anthropocene critically depends on the development of its
knowledge system. The degradation of global river basins
implies the limited capacity in science development and
application. This paper has made a solid first step towards the
quantification, assessment, and prediction of knowledge
development on global river basins by empirically revealing
the endogenous structures of science development on river

basin. It can assist in avoiding further deterioration of river
basins from the perspective of strategical planning and design
of knowledge structure.
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