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Abstract: The severity and frequency of flood and drought events have increased in recent decades.
These climate change-induced and anthropogenic stressors on water resources represent the leading
water-related hazards to communities. Further, the increasing exposure of the population and
infrastructure to such events has heightened the risks. Assessing the impact scope of these events in
different subfields towards comprehensively evaluating the risks requires an unbiased systematic
approach. This paper combines content analysis and science mapping to investigate the existing
multidisciplinary body of knowledge on analyzing flood and drought together. Searching the
literature using selected search terms yielded a sample of 119 publications. Initially, various contents,
such as the authors’ keywords, applied methods and indices, and study scale, were extracted from
these articles. These contents were then incorporated into the science mapping technique to form
communicative networks. Analyzing these publications revealed 13 major research themes, with
a sustained focus on hydrological issues. However, a more diverse range of themes was recently
revealed, including economy, sociology, insurance, and policymaking. Producing such computational
and visual networks explained informative insights that can help further develop both existing and
new frameworks to support the management, design and policymaking sectors in responding to
both flood and drought events.

Keywords: hydro hazards; gephi; nodexl; social network analysis

1. Introduction

Flood and drought are examples of water-related hazards that have caused enormous
damages to human communities in recent decades. These natural extremes that are highly
associated with climate change-induced risks could lead to further anthropogenic disasters
if not managed appropriately [1–4]. Such risks with societal interconnections are influenced
by increasing population exposure, partly due to urbanization, water resource stress and
management strategies [5–7]. Flooding and drought hazards represent two extremes of the
same hydrological cycle, which have been researched extensively using different subsets
of some similar datasets. However, there is an increasing trend for these hazards to occur
consecutively or sometimes even simultaneously [8,9]. Thus, at present, there exists only
one water resource management system for coping with these extremes, leading to various
short-term and long-term stresses towards mitigating the risks [10–14]. From the socio-
economic perspective, water-related hazards in areas under urbanization have been the
cause of around 90% of the disastrous events during the last century, and losses have
increased five times since the early 1980s [15,16].

Research on hydro-hazards often concentrates on either flood risks or drought risks,
whilst these are two extremes of the same hydrological cycle [8,10]. This paper systemat-
ically reviews studies that have analyzed combined flood and drought events or issues
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around them. These studies could be alternative floods and droughts or simply the com-
bined risk that water resource systems may experience during their lives.

Explaining and quantifying flood and drought issues together represents a complex
yet challenging area of research [17] and requires implicating various methods and indices.
The literature on analyzing flood and drought issues discusses different perspectives
ranging from water resources [18–20], to climate change [21–27], urban and landscape
planning [15,28,29], ecology [30–33] socio-economy [34–36], policymaking [37,38], water
quality [39,40] and even abrupt alternation/coexistence [41].

The fact that these extreme phenomena have been recognized by various study fields
shows its importance and extent. Alternatively, it adds, to some degree, more complexity
to modelling flood and drought risks and exposure. One reason for this is that some
approaches of the mentioned research fields tend to have issues that are contradictorily
or slightly overlap. Since the early 2000s after the ecologic resilience concept was first
introduced, combined flood and drought issues began to develop [42]. Following from
this, many organizations and research studies have attempted to create data platforms
and directives to tackle some of the challenges involved in analyzing and modelling these
extreme events, such as data availability and management criteria [43]. For example, the
United Nations Environment Program/Global Resource Information database-Europe
(UNEP/GRID-Europe); Project for Risk Evaluation, Vulnerability, Information and Early
Warning (PREVIEW); EU Flood Directive; and Global Assessment Report (GAR) are some
of the available data/criteria platforms. However, thus far, there is a lack of general
reviews on various existing research directions and trends inhibiting the advancement of
this important field of climatic research.

Hence, this paper aims to deliver a comprehensive synthesis of research themes
(e.g., hydrology, climate change, economy and sociology) around the literature that has
analyzed both flood and drought topics to depict an overview of the applied methods
and indices, including the emerging trends and thematic areas. Scientists have made
numerous efforts in reviewing the challenges in modelling flood and drought events
and identifying widely accessible datasets [5,17,44]. Nevertheless, this paper provides
a systematic literature review and an overall evaluation, encompassing all the research
themes surrounding the flood and drought body of knowledge. This approach benefits from
the novel application of a combination of content analysis and science mapping techniques,
based on network theory [45], to extract the relevant information and inputs in seeking to
evaluate the connections and patterns amongst the research themes and methods [46,47].
Science mapping, also known as scientography or knowledge domain maps, is a visual
representation of the formation and dynamics of scholarly knowledge [48–50], which is
usually produced by studying extensive collections of scientific publications [51]. This
technique could help identify the main topics within a particular scientific field or their
relationship to one another and its development over time. It could also demonstrate the
factors that define the emergence of the latest interdisciplinary scientific developments [52].

This review paper, therefore, seeks to: (a) identify the main research themes that have
emerged around combined analyses of flood and drought topics; (b) identify the methods
and indices used in such fields; and (c) quantify their connections and patterns in order
to help inform the development of a framework to recognize how flood- and drought-
induced risks relate to creating more resilient communities. This combined approach
followed a step-wise, systematic process commencing with recognizing the study aims
and the dominant research themes in addressing flood and drought at the same time, in
addition to understanding the extent to which the literature around flooding and drought
research addresses existing and upcoming water-related risks.

2. Materials and Methods

As the initial stage, the approach method investigated the English-written scientific lit-
erature (articles, book sections and conference proceedings) that addressed both flood and
drought between 2000 and April 2021 This investigation was conducted using a combina-
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tion of “systematic review”, “content analysis”, and “science mapping” approaches [46,47].
The first two, “systematic review” and “content analysis”, were used to extract and analyze
content-wise information on keywords, research themes, applied methods and indices.
Datasets prepared by this information were then used as input for the science mapping
technique, which calculated the social network analysis metrics and produced graphs of
each of the undirected weighted networks.

All the network metrics were computed automatically by using NodeXL (Social Media
Research Foundation, 2017), and the graphical demonstrations were performed in Gephi
(Gephi Consortium, 2017). To adjust the location of the labels, the SVG files were then
exported from Gephi to Inkspace graphical editor.

The process of searching by topic (i.e., titles, abstracts, and keywords) in relation to
the flood and drought terms used the Web of Science Core Collection, including its five
additional datasets, and the Scopus database. After filtering the non-English, duplicate
and irrelevant elements, a sample of 119 articles and conference proceedings (as shown
in the list S1 in the supplementary materials) were found to match the criteria. For each
article, we extracted the following data: authors’ keywords, research domain, study area,
methods and applied indices. These data were first analyzed as a network, based on the
network theory, which links every publication to one another. In this method, publications
are considered as “nodes”, and the connections are called “edges” [45]. Extracted data from
every publication (e.g., keywords, methods or indices) were paired using an undirected
edge. If the same pair was repeated in another publication, the weight of the edge was
added by one step. Iterating the same process for all publications produced an undirected
weighted network [45].

To describe the produced network of nodes and edges, which basically attempts to
explain how much central/far away and well-connected/isolated a topic is, we applied
metrics particularly to social network interpretation. These metrics were: for “nodes”,
degree centrality and betweenness centrality; for edges, weight; and for overall network,
density, average geodesic distance, and average clustering coefficient [47]. In our analysis,
the degree of a node represents the potential communication activity of the node which
makes it a popular node, and it is more likely to hold most of the information [53]. The term
“Betweenness centrality” of a node describes the number of shortest paths going through
a node, which can be an index of the control it has over the communication dynamics
of the network [53]. As for the edge (connections), its weight can be a number of any
type representing various parameters, such as affinity, connection costs or distance [54].
However, in this study, it was used to count the number of repetitions of identical edges, as
recommended in [47].

In searching the essential scientific materials and parameters on the concept of flood
and drought, we inspected the authors’ keywords, methods and indices (Table S1 in
the supplementary materials) which were extracted in accordance with the standardized
process below

• Using singular instead of plural (e.g., river instead of rivers);
• Using all caps or small caps (e.g., Climate Reanalysis, China);
• Choosing the abbreviated form (e.g., SPI instead of Standardized Precipitation Index;

HDI instead of Human Development Index).

In line with the main aim of this paper, two networks, namely, keywords, research
materials and applied indices, were created and analyzed to find main themes and methods
of research around the concept of evaluating/analyzing flood and drought extremes. The
next phase involved using the combined method of systematic literature review and
content analysis [46] in assessing the critical themes and the derivation of rich insights
around the flood and drought topic. This combined approach draws on the benefits
and privileges of both the systematic review and content analysis methods. Systematic
review gathers enormous intelligence around the topic [55], whilst content analysis groups
accurate qualitative and quantitative interpretation of textual data [56].
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3. Results and Discussions

The results from the 119 papers in the analyzed database are presented in Figures 1–4.
These results are derived from the authors’ keywords, publication year and main research
themes using a combination of content analysis and science mapping methods.
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relating to flood and drought.

3.1. Analysis of the Authors’ Keywords

Among the 119 papers, a total of 389 author’s keywords were analyzed. The net-
work formed by these keywords was characterized by a relatively low density (0.086), a
high average geodesic distance (1.97), and a high average clustering coefficient per node
(0.821). The low density and high average geodesic distance here describe a relatively
dispersed network that has fewer links between outer nodes (authors’ keywords) than
to the central node (“Flood&Drought”). This could be true because there is no mean-
ingful linkage amongst various research fields, except for flood and drought. The most
important keywords in the network, in terms of both high degree and high betweenness,
were “Flood & Drought”, “River Basin” and “Climate Change” (Table 1). Only 3% of
the authors’ keywords showed both degree and betweenness centrality simultaneously
above the average of the network, meaning that there were just a few topics that hold the
most focus on the investigated scientific maps within the research network attempting to
encompass both flood and drought in the systems. Therefore, based on the results from
Figure 1 and Table 1, it can be interpreted that the general body of research around the
flood and drought combined analysis in the last two decades has concentrated on the
river basin scale with a focus on climate change and a willingness to spatially estimate
the level of exposure to such risks towards creating more resilient communities. It can be
observed that the other central nodes with the following high degrees were “Exposure”,
Gravity Recovery and Climate Experiment (“GRACE”) and “Resilience”. Critical nodes
in the network, with high betweenness, were also “GDP”, “ENSO” and “tempo-spatial
evolution”. The strongest relations were, respectively, between “Flood & Drought” and
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“River Basin” (six articles); “Climate Change” (four articles); “GRACE”, “Resilience” and
“Exposure” (each with two articles).
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Table 1. List of the top ten most important keywords in the network, with high degree (left) and high
betweenness (right).

Rank Keyword Degree Keyword Betweenness
Centerality

1 Flood & Drought 54 Flood & Drought 1413.917
2 River Basin 19 River Basin 126.833
3 Climate Change 10 GDP 34.250
4 Exposure 10 ENSO 18.083
5 GRACE 9 tempo-spatial evolution 18.083
6 Resilience 8 HDI 17.750
7 Soil Moisture 7 States 17.750
8 ASCAT 7 Climate Change 14.667
9 Cyclone 7 ML 12.750
10 hazard events 7 PWM 12.750

Betweenness centrality is the number of shortest paths passing through each node.
The nodes mentioned in Table 1, especially those with larger betweenness values, such as
Flood & Drought, River Basin and GDP, control the communication among other nodes
and influence the flow around the system of the authors’ main domains of research. These
nodes could also be considered as hubs through which information can travel to different
subsections or themes, as shown in Figure 1.

The first outcome that Figure 1 depicts is the diversity of topics around the flood
and drought events when it is intended to analyze them together. These topics have been
of interest to the authors of publications, ranging from hydrology, economy and climate
change to remote sensing applications and policymaking. The nodes in this illustration
are sorted based on their degree of centrality, and the higher the degree, the higher the
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number of nearest neighbors or direct contacts [48]. The fact that the node representing
“flood& drought” is larger than others by a great order means that it has been the central
research focus of the selected publications, which could be seen as a further confirmation
of the validity of the publication selection process. The size of the circles is proportional to
their degree of centrality, and for graphical purposes, it ranges between 10 and 80. This
means that the circle (node) with the greatest degree of centrality is showed by the scale
of 80, whereas the circles with the lowest degree have a scale factor of 10. After filtering
out some of the original authors’ keywords based on the above-mentioned criteria, a total
number of 64 keywords was selected for presentation purposes.

Using original keywords with consideration of the paper’s main aim, showing the
primary points around the combined analysis of flood and drought, revealed that many
individual studies have used the same methodology and indices to address floods and
droughts, as well as any issues relevant to these events. This could mean that looking into
these events separately or independently has seen a shift towards a simultaneous analysis.

Nodes within the second-class size are “river basin”, “climate change”, “exposure”,
“resilience”, and “GRACE”, which form the most connected research domains around the
combined flood and drought topics (“Flood & Drought” node). The width of connections
(hereafter called edge) is a numeric label associated with each edge representing many
features of the given system, such as costs or affinity [49]. In this study, the edge width
is equal to the number of identical edge repetitions. This feature is also identified by the
color scale for visual purposes, meaning edges with a darker color represent a higher
number of repetitions. As Figure 1 demonstrates, the highest number of connections
are between “flood & drought” and “river basin”, “climate change” “exposure” and
“GRACE”, respectively. Accumulating the keywords and selecting those more related to
research after filtering out basins, rivers, countries, and very technical terms [47] helped
identify the extent of studies on the combined analysis of flood and drought. As Figure 1
demonstrates, researchers have tried to address various issues around this subject, ranging
from methods, indices and concepts to policies and consequences. Therefore, keywords are
not homogenous or concentrated in one specific field.

3.1.1. Spatial Scale of Studies

Most of the organizations involved in tackling issues with floods and droughts deal
with the problems locally. For example, city councils or local water companies under
the guidance of regional or national governments try to solve hydro-hazards within their
jurisdiction. However, it imposes risks on broader scales, as many problems in this field are
not limited to the spatial coverage of these organizations’ responsibilities. Reviewing the
literature on studies encompassing both flood and drought analysis suggests that “river
basin” instead of current local or regional scales could be the best spatial scale for decision
making, adopting strategies and managing water resources.

3.1.2. Managing Risk

During the second decade of this century, water resource management has seen a
shift from controlling flood and drought hazards towards managing risk [10] using coping
mechanisms, urban adaptation, mitigating exposure and socioeconomic strategies. For
instance, rapid drought–flood alternations in Missouri, 2002–2007, and California, 2011–
2017, have placed a large amount of stress on water resource management plans [17].

These strategies, which are trade-offs between short-term flood control and long-term
water storage [13], could restrict their capacity to cope with extreme events and adaptation
gaps if considering floods and droughts independently.

3.2. Analysis of the Research Themes

Figure 2 identifies the themes that have been contributing to the flood and drought
topics in the last two decades. In this figure, the horizontal bottom axis is devoted to the
publication year, while the vertical axis on the left represents the percentage by which any
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theme has contributed to studying the flood and drought events. The number of papers
published in each year is demonstrated by the red trend on the right vertical axis. Dates
of some of the major legislative and contributing services in the water industry are also
presented in the graph to highlight possible influences on the trends.

Throughout the selected papers, 13 main themes were identified using content analysis.
Results show that the number of publications on flood and drought co-analysis in the first
ten years is around 10% of the total. The increase in publications could be due to the passing
of many legislations and directives and making data sharing platforms more available and
open source. The other significant finding is that during the first half of this period, there
were a small number of themes contributing to the simultaneous analysis of flood and
drought research, with “Hydrology” being the central presented research theme throughout
all years. However, in recent years, interest in diversifying the investigation fields is evident
through the application of a range of social science themes, such as economy, insurance,
sociology, and urban planning, as contributors to flood and drought topics.

Flood and drought extremes could be perceived as two ends of one spectrum; never-
theless, building resilience against such hazards is a long-term process [38]. The following
discussion considers some of the legislations and platforms related to water hazards identi-
fied in the literature and presented in Figure 2.

One of the primary attempts in this regard was the Water Framework Directive (WFD)
in early 2000, in which a set of guidelines were defined to help preserve the natural and
artificial water bodies. In 2002, global authorities agreed upon implementing a directorial
framework on the foundation of economic efficiency, environmental sustainability and
social equity known as Integrated Water Resource Management (IWRM) [57]. Subsequently,
the Hyogo framework for action, 2005–2015, was introduced within the International Strat-
egy for Disaster Reduction [58] to reduce the risks from natural hazards. The conference of
the parties to the UN Convention to Combat Desertification [59], which took place in 2007,
pursued a plan to mitigate the impact of droughts and promote environmental sustainabil-
ity. In the 3rd world climate conference in 2009, the world meteorological organization
(WMO) adopted a global framework for climate services to provide relevant information
on climate change. One of the most recent attempts to set the guidelines for post-2015
developments and disaster risk reduction through to 2030 was made in 2015 during the
3rd conference on Disaster Risk Reduction.

3.3. Methods and Indices Applied in Flood and Drought Research

As explained in previous sections, researchers have investigated water-related hazards
from various perspectives, including the application of many different methods and indices
with some being fundamentally different. Modelling flood and drought events requires
comprehensive data and integrated approaches [10], which need to be unbiased and robust.
The first step towards achieving an unbiased integration of flood and drought modelling
frameworks or methodologies requires a systematic review of the existing literature. This
type of review starts by identifying relevant publications based on search terms in all of
the available databases, which systematically removes any scientific bias of the authors
towards any particular subfield or methodology.

In the next phase, the approaches and indices that have been used in the literature to
describe flood and drought phenomena were extracted from the reviewed papers using
the content analysis method. This dataset was used as input for producing a weighted and
undirected network (Figure 3).

Similar to Figure 1, the size of the nodes represents their potential communication
activity, meaning that the larger nodes have been at the core of the science map of the
analyzed literature. As illustrated in Figure 3, (“Statistical Analysis”), remote sensing (“RS”)
and Mann-Kendall (“M-Kendall”) are the most widely applied approaches to investigate
both flood and drought subjects. The central mutual index used with both methods and
hence controls the flow of information in at least some of the studies is “SPI”. The weighted
edges show the repetition of connections between nodes (methods and indices). Remote
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sensing has strong links with terrestrial indices, such as Land Cover Land Use (“LCLU”),
Normalized Difference Vegetation Index (“NDVI”), and Transformed Difference Vegetation
Index (“TDVI”). The strong connection that exists between “hydrologic modelling” and
Water Storage Capacity (“WSC”) suggests that these two are very commonly used together
in the investigations.

For visual purposes, the size of circles in Figures 3 and 4, which represent the degree
of centrality of the nodes, are scaled from 10 to 80. The size of the edges is represented in
color and thickness scales based on their repetition count. Table 2 concludes the overall
metrics for the methods and indices network.

Table 2. Overall metrics for the methods and indices network.

Average Geodesic Distance Average Clustering Coefficient Graph Density Average Degree

2.66 0.935 0.06 7.19

Key nodes in the methods and indices network in terms of degree and betweenness
centrality were “Statistical Analysis”, “M-Kendall”, “RS” and “SPI” (Table 3). These
methods and indices are the most repeatedly used and acted as hubs through which
various links could be stablished between different clusters or domains.

Table 3. List of the top ten most frequently used methods and indices in the network, with high
degree (left) and high betweenness (right).

Rank Method/Index Degree Method/Index Betweenness
Centrality

1 Statistical Analysis 30 Statistical Analysis 1874
2 M-Kendall 27 M-Kendall 1421.5
3 RS 23 RS 1081
4 SPI 17 SPI 901.5
5 Hydrological Retrospective 15 Survey 386
6 MGB-IPH 15 SST 158
7 ERA-Interim 15 GEV 24
8 ERA20CM 15 HDI 8

9 CFSR 15 Hydrological
Retrospective 0

10 JAR-55 15 MGB-IPH 0

Another significant finding of this review is that many different subsets of indices
are applied with specific methods and a selection of other indices. Figure 4 depicts a
different layout of the methods and indices network, which clearly illustrates the formed
clusters and sets out the critical nodes that distinguish them. Researchers have mainly
applied meteorological and climatological subsets of indices and methods in combination
with statistical analysis and the Mann–Kendall test more often to describe flood and
drought events together. The top and bottom right sections of the layout in Figure 4 outline
this finding.

By studying Figure 4, “SPI” in this network acts as the hub of information amongst
many of the indices used in many different studies. SPI is found to link remote sensing
(RS) and M-Kendall methods, which are involved with many meteorological, hydrological,
terrestrial economic and sociological indices demonstrated in the lower right hand corner
of Figure 4. This scientograph (Figure 4) demonstrates the various approaches used by
researchers so far and provides some insights as to how new combinations of methods and
indices can potentially progress modelling and address simultaneous flood and drought
analysis. This could help to identify any particular combination of methods and indices
to build a conceptual framework. Figure 4 shows that the basic version of the framework,
which congregates sufficient analysis, could be a combination of remotely sensed terrestrial
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information with some economic analysis using “GSDP” and “HDI”, which are linked to
hydrological parameters through “SPI”.

4. Conclusions

This paper presented a systematic and unbiased analysis of the existing literature
that has considered both floods and droughts, to produce networks of information and
to show the connections between various relevant research domains. An analysis of the
authors’ keywords has shown that the most widely used flood and drought study scale is
“river basin”. This could have further implications that help unify many of the involved
entities in management strategies (e.g., dam release and water allocation), data platform
collaborations and policies (insurance, urban development and transboundary geo-policy)
to investigate and work on a standard and similar geographical scale whilst addressing
water-related extremes. By having a similar scale in mind, different decision-making bodies
could have much greater success in solving water-related problems. The other keywords at
the center of focus were climate change, resilience and exposure. This reveals that the focus
of research and impact libraries of the frameworks are fundamentally focused on the level
of exposure of communities to climate change-induced water hazards and how well they
can tolerate their consequences. However, to obtain a more robust modelling framework,
with regard to addressing issues on analyzing floods and droughts together, there are many
more aspects that must be addressed, such as sociology, economy, geo-policy and ecology.

The thematic distribution of research on the combined analysis of flood and drought
issues over the last two decades demonstrated a continuous presence of “Hydrology”
as the central theme. However, in the last five years, a multi-disciplinary approach has
emerged that focuses on climate change, economy, sociology, urban planning and insurance.
This shows that as the communities grow and become more complex, exposure to water-
related hazards increases and expands to various categories. Therefore, more flexible
and enhanced frameworks are needed to capture these different aspects of analyzing
flood and drought issues together. Additionally, the number of publications in this time
frame has increased significantly, showing the development of research interest towards
addressing integrated flood and drought risks. Many clusters of methods and indices
have been identified that try to address various aspects of issues existing around both
flood and drought events. Our systematic analysis of utilized methods and indices by
researchers showed that “remote sensing”, “statistical analysis” and “Mann-Kendall” were
three of the most widely used methods, while “SPI” and “ERA-Interim” are the highlighted
indices. It is worth mentioning that the term “Statistical Analysis” used here encompass
a range of statistical concepts that were used in the relevant literature, such as moving
averages and quartiles. Some of the research themes are more widely clustered together
to investigate and model the topic in question, and there are some paths to link between
these clusters. It would be beneficial to combine some of these methods and indices from
various research fields to more comprehensively and reliably realize the combined analysis
of flood and drought events. This realization could potentially be implemented within
the existing water-hazard frameworks to enhance their abilities in assessing risks when
considering both possible flood and drought events during the lifetime of water resources
systems. Nonetheless, investigating different combinations of the aforementioned clusters
helps develop a framework to assess the resilience of any adaptation strategy against the
increasing exposure of communities and infrastructure to the climate change-induced flood
and drought hazards at a river basin scale.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/w13192788/s1, Table S1: represents a list of the abbreviations for the methods and indices
used in the literature. These terms are used by the original authors and extracted by the content
analysis approach.
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