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a Stormwater Infrastructure Resilience and Justice (SIRJ) Lab, School of Architecture Planning and Preservation, University of Maryland, College 
Park, United States 
b Water Systems and Global Change Group, Wageningen University and Research, Wageningen, the Netherlands 
c Water Engineering and Management, School of Engineering and Technology, Asian Institute of Technology, Pathum Thani, Thailand 
d Centre for Water Systems, University of Exeter, Exeter, UK 
e Faculty of Civil Engineering, University of Belgrade, 11000, Belgrade, Serbia   

A R T I C L E  I N F O   

Keywords: 
Floods 
Drought 
Literature review 
Local conditions 
Vulnerabilities 
Stakeholders participation 

A B S T R A C T   

Floods and droughts can cause severe impacts for communities. Even with different temporal and 
spatial scales, these extreme events challenge risk management specially when happening 
simultaneously, cascadingly or cumulatively over time. However, the number of articles that 
evaluates the joint occurrence (i.e., interplay) between floods and drought in the same area is still 
limited in literature. In this sense, this paper aims to evaluate what lessons we can learn from 
previous studies on both extreme events, and to identify the way forward for understanding 
floods-droughts interplay and risk reduction in the future. For this, we developed a literature 
review with articles from 2008 to 2021, aiming mainly to understand the “dual-risks” context 
internationally (n = 60). Articles are analysed with chronological, descriptive, and geographical 
factors, methodological aspects, main objectives, and risks interplay. Results show articles still 
focuses most on the single hazards approach, and when considering the risks interplay, they focus 
more on risk assessments rather than on assessing the context conditions of communities and their 
vulnerabilities. This study concludes by discussing the key elements for integrating floods and 
droughts, including the analysis of local conditions (i.e., social, political, cultural, and physical 
aspects) vulnerabilities, and the participation of stakeholders.   

1. Introduction 

The world has become increasingly vulnerable to disasters [1], not only in terms of the number of events but also the severity, and 
more importantly, yet predominantly overlooked is the diversity of risks. Even though natural hazards, and the study of their risks, 
constitute one of the most important sections within scientific and policy discourses, our understanding is yet to be sufficient, let alone 
comprehensive. Virtually regardless of countless lessons drawn from past events, human society has yet to be entirely protected 
whenever nature strikes as the hazard impacts could not be entirely prevented. This could have been due to the “singular” approach 
being adopted [2]. When confronted with a natural hazard, the ultimate aim is always to reduce as much as possible the impacts of that 
particular hazard while neglecting the underlying consequences or needs of the area [3]. 
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With the advancement of earth observation methodologies, we have been able to recognize and monitor a wider range of natural 
hazards, which has allowed us to look deeper into their correlations, geographically and chronically [4]. While natural hazards can 
happen at the same time and dovetail e.g., earthquakes vs tsunamis, there are others that are appeared to be contradictory, i.e., floods 
and droughts. When natural hazards contradict, risk management becomes more challenging because reducing the risk on one hazard 
might increase the risk on the other [5,6]. For instance, artificial groundwater recharge to reduce the risks of drought would sub
stantially saturate the soil and raise the groundwater table, which in turn may increase flood risks. This would call for a 
multi-dimensional approach to account for the synergistic and trade-off effects of management decisions. 

The singular approach to risk management of multi-hazards, especially those that are contradictory such as floods and droughts, 
could have emerged from the lack of true multidisciplinary or transdisciplinary approaches [7]. For example, flood experts may not be 
sufficiently trained to deal with droughts and vice versa. Of course, assembling a team that cuts across disciplines is a viable option, 
still, there is a dire need to systematically investigate the risks, both individually and simultaneously. Notable efforts contributing to 
this gap include studies like [3,5] that carried out literature reviews covering preparedness and pre-disaster planning, and the eval
uation of risk reduction measures for both flood (FR) and drought risks (DR). For [8] beyond strengthening existing policies and 
governance of FR-DR risks, there is also a need to raise awareness of communities as a possible way to increase acceptance of 
risk-reducing measures among the population. Other notable studies are [9,10]. These articles provide an overview of floods and 
droughts disaster impacts in China and Thailand, respectively [9]. focus on the spatiotemporal distribution of floods-droughts impacts 
on agriculture in China, whereas [10] focuses on the proposal on FR-DR solutions at the Mun River Basin in Thailand. 

However, literature shows that even with the frequent occurrence of FR-DR worldwide, there are barriers for floods-drought 
integration in management. When dealing with multiple risks governance [11], discusses institutional barriers, including multi-risk 
environments observation, social and institutional context analysis, co-design of risk reduction options between experts and stake
holders, and implementation. Similarly [5], suggest that current literature provides minimal understanding of the simultaneously 
multi-risk occurrence, called as “natural interplay between FR-DR”. In this paper, the “interplay” refers to the joint occurrence of 
hazards and also to considering that actions taken to minimise one risk can unintentionally lead to an increase in risk from the other 
extreme event [2,5]. For example, actions for flooding reduction can generate positive or negative effects for drought risk, which 
makes vital to consider their interconnections in landscapes and ecosystems that face both risks together [5]. Another recent study 

Fig. 1. - Overview of the methodological steps in this literature review.  

P.B.R. Alves et al.                                                                                                                                                                                                      



International Journal of Disaster Risk Reduction 96 (2023) 103905

3

analysed the case of floods preceded by severe drought in Kenya and Ethiopia is assessed [12]. The approach reveals interactions 
between FR and DR components with influences on the society. In general, FR-DR literature asks for more flexible and enhanced 
frameworks to capture the different aspects of analysing flood and drought issues together [7]. 

In this context, this article aims to first, systematically report the state-of-the-art knowledge of FR and DR analyses, and second, 
suggest important research directions for future studies, highlighting challenges and barriers of dual risks-oriented management. For 
this, we consider that (i) while considering the case of areas with both flood and drought risks, they can face potential domino effects 
created by the dual-risks susceptibility in the area, (ii) when regions are exposed to floods-drought interplay, their risk management 
will need the knowledge and understanding of risks interplay and their main components (i.e., hazard, vulnerability, and exposure) for 
disaster risk reduction and for planning adequate adaptation solutions, avoiding maladaptation [5,13,14]. A systematic literature 
review of FR-DR articles was conducted by analysing papers regarding chronological, descriptive and geographical factors, meth
odological aspects and main objectives, including FR-DR interplay. Those multiple factors are examined with quantitative and 
multivariate analyses, such as Multi-Correspondence-Analysis (MCA) and Hierarchical Cluster Analysis (HCA) [15–19]. Also, the 
simultaneous, cascading and cumulatively aspects of FR-DR interplay are discussed with the examination of key elements for the 
integrated management. 

It is important to highlight that, even though other reviews were published in the context of FR and DR previously, they were 
specific for an application related to FR and DR (i.e., more focused on the proposal of solutions in Ref. [5]; or risk assessments in 
Ref. [20]; or cases in Kenya and Ethiopia in Ref. [12], country-specific [8,21] or focusing on discussion to the risks separately [22] or 
[2]). In essence, a review of existing literature that is systematically conducted like the one presented herewith is not available in either 
Scopus or Web of Science, the two main sources of scientific references. This paper does not intend to provide an exhaustive review of 
all relevant studies on the topic, rather it aims to provide meaningful discussions about the current practices of FR-DR management in 
the international context, and its implications for the way forward in future studies. This paper is organised as follows. The meth
odology is presented in Section 2. Section 3 refers to the quantitative and multivariate analyses of articles, respectively. Section 4 
provides a discussion about the key elements for improving FR-DR management. Finally, the study draws up conclusions about the 
management of multiple hazards in Section 5. 

2. Methodology 

To explore publications of FR and DR in the international context, a systematic literature review was built with five main phases 
described in Fig. 1. 

2.1. P1: the selection of articles 

The selection of articles was divided into two main phases (Fig. 1). P1.1 and P1.2 show details about the articles search. P1.1 was 
conducted with two main databases, including the Web of Science and Scopus for they are the main sources of science publications 
worldwide. To find eligible articles in Web of Science, the search strings “Flood Risk” AND/OR “Drought Risk” AND/OR “Manage
ment” were used in titles, abstracts, and keywords. Initially, in favor of updated knowledge, we limited the search of literature to the 
last 10 years, i.e., between 2011 and 2021. However, the number of eligible publications (32) found was not sufficient to conduct the 
review in the systematic manner as we expected. Hence, we extended the search to 2008 to include more papers. Ultimately, the 
articles published from 1 January of 2008 to 31 December of 2021 were included. The first search engendered a list of 63 review 
articles (P1.1). 

Subsequently, more unruled searches were conducted in Scopus, Google Scholar and Connected Papers tools (P1.2 of Fig. 1). Research 
articles published from 2008 to 2021, and different than books, books chapters, reports and conference papers were selected, resulting 
in the addition of 40 references (n = 103). Papers that were also selected in P1.1 were automatically excluded. 

2.2. P2: content analysis 

The content of literature was analysed in Phase 2. For this, only articles written in English and with Open Access were considered 
(P2.1). We acknowledge this rule can reduce the number of screened articles in this review, especially because articles can be published 
in the native language of each country, and without open access. However, since this systematic review had the goal to deeply access 
the content in each publication, the articles were excluded either for not being able to fully access it or if were published in other 
languages, not allowing the analysis (n excluded = 26). 

For the remaining articles, titles, abstract and content were systematically analysed, and papers unrelated to the topic of this 
literature review were excluded (P2.1 and P2.2 of Fig. 1). Since this literature review aims to discuss contemporary practices of FR and 
DR management, it was considered that if the article focusses on discussing “disaster risk” but had at least one practical application of 
FR and/or DR, it could be maintained in the list. Disaster Risk (DRisk) is considered as “the potential loss of life, injury, or destroyed or 
damaged assets which could occur to a system, society or a community in a specific period of time, determined probabilistically as a function of 
hazard, exposure, vulnerability and capacity” (UNDRR, 2019). From the total, 17 papers were excluded, totalling 60 articles in this 
review. 

2.3. P3 and P4: quantitative and multivariate analyses 

Data analysis and interpretation are the third and fourth phases on this literature review (Fig. 1). Articles were organised in 
different categories following the guidance of P3.1 and P3.2 of Fig. 1. These initial analyses focused only on the general context of 
publications, such as their trends by publication year, research focus and case study areas. Chronological (i.e., year), descriptive (i.e., 
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journal of publication), and geographical factors (i.e., the area in analysis) were systematically organised for the 60 articles. 
Due to the interdisciplinary field of “disaster risk management”, each article is unique but have multiple goals and methodologies. 

These were divided into specific groups that expresses the main angles tackled by the authors in each publication. For a comprehensive 
understanding of the articles, methodological approaches were divided into: (1) Reviews/commentaries, (2) Participatory approaches, 
(3) Statistics and mathematical models, and (4) Modelling approaches (P3.3 of Fig. 1). For main objectives, it was considered (A) 
Conceptualisation, (B) Risk assessment, (C) Solutions, and (D) Management (P3.4 of Fig. 1). It is important to underline articles might 
have multiple objectives or methods applied, and because of this, some papers are included in more than one category. At this point, it 
was also investigated if articles considered the “interplay” between FR and DR (P3.5 of Fig. 1). In other words, P3.5 aimed to evaluate if 
articles considered FR-DR together (i.e., interplay) for formulating a conceptual tool, risk assessments, proposing solutions, and 
management (i.e., the main objectives). 

Phase 4 refers to the evaluation of the overall context of each publication. The relationships between factors, interplay, and ob
jectives (P4.1) and methods (P4.2) were analysed. We used two multivariate analyses to unravel the differences in terms of objectives 
and methods of the reviewed studies between countries, scales, and more importantly whether or not the authors touched upon the 
floods-droughts interplay. Specifically, we used the Multi-Correspondence-Analysis (MCA) in which the variables reflecting the 
methods and objectives of the reviewed studies are included as the primary variables, whereas all the background information, i.e., 
locations, scales, and interplay are included as supplementary variables. Since the information related to the year of publication and 
the journal names have been summarised, they were not included in this analysis. 

The results from MCA were then further analysed using Hierarchical Cluster Analysis (HCA) to explore underlying trends of the 
reviewed papers, synthesising both primary and secondary variables (P4.3 of Fig. 1). The clustering was done based on the Euclidean 
distances of each data point, i.e., reviewed paper projected on the factor map made up by the first two Principal Components (PC) of 
the MCA. All these analyses were done using R and two packages developed by Ref. [15] for multivariate analyses. The use of MCA and 
HCA have been widely applied for in-depth data analysis in environmental related studies, see for instance Refs. [16,17,19] or [18]. 

2.4. P5: the integrated management of flood and drought risks (FR-DR) 

Finally, results obtained from P1 to P4 are discussed for integrating FR-DR in studies (P5 of Fig. 1). At this phase, key elements for 
next studies are discussed in a framework focusing mainly on the trade-offs between defining the context-specific conditions, assessing 
the dual-risks contexts and implementing integrated solutions for FR-DR reduction. 

3. Results 

3.1. Chronological, descriptive and geographical coverage or scale of articles 

Articles’ timeline is shown in Fig. 2. As seen, results indicate an increase of publications in the last decade and most studies in 2021 
(n = 22). A reason for this increase may be the recurrent disasters’ occurrence worldwide, suggesting that communities are more 
exposed to FR-DR in recent years [22,23]. In the last decade, worldwide international reports, such as the 5th and 6th reports of the 
Intergovernmental Panel on Climate Change (IPCC) in 2012, 2014, 2021 and 2022, the Global Assessment Report of the UNDRR in 
2019 and the Sendai Framework for Disaster Risk Reduction (UN) in 2015, bring attention to the responsibility for individuals, 
communities, and governments to minimise the effects of climate change and floods-drought risks, which is reflected in the growing 
number of publications on the topic [24–26]. 

From our preliminary analyses, it can be observed that more attention has been given to FR than to DR management not only in 
academic research, but also in risk management in practice. The frequent and impactful cases challenge institutions to take an action 
immediately to avoid failure in the future [27]. In general, articles selected for this review show concerns about dealing with the FR-DR 

Fig. 2. – The number of articles published from 2008 to 2021.  
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management in multiple geographical scales. Geographical scales are shown in cities, basins, regions, federal and global scales, in 
which most case studies are applied for “regions” (Fig. 3). “Region” is defined as any geographical area that extrapolates the perimeter 
of cities and basins but is still smaller than the “national” scale. 15 of the case studies deal with regions, 10 with national scale, 7 with 
basins, and only 2 with the global scale (Fig. 3). These geographical areas correspond to urban, rural and mixed urban-rural case studies. 
Since part of the published papers are “reviews”, in which no case study is analysed, 23 of the case studies are categorised as 
“theoretical analysis” in Fig. 3. 

In addition, considering multiple time scales is also a key component for FR-DR management. This is because DR is usually defined 
as a recurring climate phenomenon characterised by water deficit over a period ranging from months to years, contrasting to FR which 
occurs in a smaller timescale [28]. Each disaster therefore will have different temporal and spatial scales [29]. For example, flooding 
can occur within few hours (temporal scale), and lead to impacts for households, streets, basins, and sometimes whole cities (spatial 
scale). On the other hand, drought can be specific to areas of various size, and can last for months or even years [28,29]. 

Despite the spatial and temporal divergence of floods and drought, several studies have found that the frequency, magnitude and 
spatial-temporal distribution of both have significantly increased in many regions of the world [30]. Impacts increase slowly and often 
accumulate after a considerable period and may linger for years after termination of the disaster period. For DR, impacts are often 
non-structural and spread over large geographical areas [28], while for FR the impacts are both structural and non-structural and can 
be over small but also large areas [31]. 

FR-DR events are also considered as an “interdisciplinary” topic in the articles. From the 60 articles of this review, 32 journals were 
selected for publication, which can be an indication of the growing awareness on FR-DR management in the fields of science. In 
general, journals are focused on either natural hazards, water security, flood risk management, climate risk, water, sustainability, 
environmental management or disaster risk. Details of each journal can be seen in Appendix A. 

As FR and DR are “disaster risks” related to the same water cycle, the journals with more publications are “Natural Hazards and 
Earth Systems Sciences”, “International Journal of Disaster Risk Reduction” and “Science of the Total Environment” with 10% of publications 
in each (n = 6). Some of these articles focus on how governance of pre-disaster planning and preparedness for floods and droughts 
remain largely reactive to existing conditions [3], and how a comprehensive “risk management” approach must include views and 
perceptions of end users in both the development and implementation of action plans, especially for floods and droughts [32]. Public 
participation is highlighted in many studies but only a minority of articles in fact applies strategies for public engagement. Some 
examples are [32–35]. Additionally, engineering journals focused on water resources are also seen with examples of Water (7%, n = 4) 
and Journal of Hydrology (5%, n = 2). 

Lastly, journals also focus on sustainability, vulnerability and society (10%, n = 6). Articles highlight that even though further 
research is required to enhance the environmental and social sustainability of FR-DR reduction [36], there is also a need to incorporate 
deeper levels of context-specific insights [37] and the analysis of vulnerability in approaches [38]. 

3.2. Main objectives and methods applied 

Articles have different objectives and methods (Table 1). Even though every study reviewed was unique, we observed that there are 
generally four types of objectives, i.e. (A) Conceptualisation, (B) Risk Assessment, (C) Solutions, and (D) Management. The first group 
refers to studies that focus solely on commentaries or theories of risks while the second conducted analyses of some sort to evaluate the 
risks. The third group includes those studies that sought to propose technical solutions, via explicit interventions to reduce the risks 
while the last group focused on how to comprehensively manage the risks, via both structural and non-structural methods, including 
policy and governance. 

43% of articles (n = 26) were categorised with objective A (Table 1). In general, articles provide meaningful suggestions for risk 
management and mitigation either in general, or specific contexts. For example [39], affirms that disaster risk literature is fragmented 
and divided into distinct disciplines, focusing mainly on single hazard analysis. However, authors highlighted how compound and 
cascading events, like floods and droughts, often generate the most severe impacts, due to a unique combination of drivers and/or 
hazards, which makes their integrated analysis even more vital for management [39]. Similarly [2], highlights how current projects 
are still focused on isolated analysis of FR or DR, with no consideration about the possible benefits of addressing trade-offs between FR 
and DR management. For [40] another challenge is that most studies still focus largely on hazard modelling, while the underlying 
factors, vulnerability and exposure, are still not well addressed when dealing with risk reduction, emphasizing the need to incorporate 

Fig. 3. – The geographical scale of analysis in the reviewed papers. The approaches focused on either on smaller scales such as basin, city, region, or larger scales, such 
as national, and global analysis. Theoretical analyses are from the review papers. 
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the multiple components of risk accordingly [40]. Other authors developed approaches for compound risk analysis, such as [13,36]. 
When looking to specific contexts, Africa was the continent with more study cases [21,22,41]. United Kingdom [42] and Caribbean 
Small Islands [38] are also cited. The main methods applied in articles with the objective A are reviews or commentaries, corre
sponding to 60% of the articles analysed (Table 1). 

Results indicates that 35% of publications (n = 21) focus on objective B, referring to the development of risk assessment frame
works (Table 1). Studies are developed with a mix of methodologies, mainly integrating spatial and quantitative methods, such as 
statistics and mathematical models, and hydraulic and GIS modelling approaches (i.e., seen in Fig. 5c and d). In general, articles with 
objective B support the (i) understanding of compounding impacts to risk reduction with the quantification of cascading paths of DR 
[43] and FR [44], (ii) proposal of alternative approaches to consistently analyse changes in both floods and droughts [30], (iii) 
mathematical models that mimic the interplay between water management and hydrological extremes [4], and (iv) statistical analysis 
and GIS-models for evaluating FR and DR, including the evaluation of urban rainwater management [45] and groundwater irrigation 
and recharge [46]. Risk assessment frameworks are applied from global to catchment scales. Two models are built for global scales [47, 
48] whereas the majority considers national [9,43,45,49–51], regional [52–54], and catchment scales [30,46,55,56]. Only one article 
deals with city scale [44]. 

In addition, it is also seen that 15% of the articles (n = 9) are focused on proposing risk reduction solutions (i.e., objective C of 
Table 1). It is important to mention that even though proposing FR-DR reduction solutions is considered in objective C, it may be also 
cited in other “objectives”. For example, when “conceptualising” about FR-DR management (i.e., objective A) or assessing risk (i.e., 
objective B), solutions can also be considered. In this sense, to avoid repetitiveness, in this section we only discuss articles that consider 
more directly the proposal of solutions in the context of FR-DR management. In the reviewed articles, “solutions” are acknowledged 
differently with examples of Ecosystem-based solutions [57], Nature-Based Solutions (NBS) [20,31,58], adaptive strategies [59,60], 
and mitigation measures [5,10]. 

Key barriers for the implementation of FR-DR reduction strategies are also discussed. For [57]; most studies do not consider 
combined mitigation practices and techniques that may in synergy reduce both of FR-DR risks. For [5]; to better design risk reduction 
measures and strategies, it is important to consider interactions between these closely linked phenomena, including their impacts to 
the risk components (i.e., hazard, vulnerability and exposure). In their study, FR or DR reduction strategies should be classified 
considering that: (a) measures can have (unintended) positive or negative impacts on risk of the opposite hazard; and (b) measures can 
be negatively impacted by the opposite hazard [5]. For [59]; building and strengthening adaptive capacity at the basin scale should be 
a central goal when it comes to dealing with FR-DR. Adaptation strategies should be developed with participatory and collaborative 
approaches, allowing site-specific expert knowledge to be incorporated into the planning process and ensure that the response stra
tegies consider local social and political drivers [59]. The methods applied are mainly a combination of spatial and quantitative 
methods, statistics and mathematical models, hydraulic and GIS modelling approaches. 

Lastly, FR-DR management is targeted by 18% of articles (n = 11) (i.e., objective D of Table 1). Management-focused articles 
incorporate concerns mainly related to social and political aspects for floods-drought reduction. For [3]; there is a need to develop a 
more integrated risk management approach that includes (i) the formal adoption of an integrated system of DR Reduction, human 
development and legislative and policy frameworks; (ii) expanding planning and preparedness to DR in the disaster literature; and (iii) 
developing approaches for transforming floods-drought management to “risk”-oriented [11]. adds to this context by exploring the 
concept of “multi-risk governance” and discussing key institutional barriers related to its implementation. For [3,11,13]; the imple
mentation of multi-risk frameworks must incorporate a clear identification of responsibilities in the different stages of management, 
especially because most frameworks for risk reduction remain primarily single risk centred. 

Insights for the social context can also be seen. [4] tackles social aspects with the analysis of public perceptions for multiple hazards 
in Italy and Sweden with national surveys. Recently, a study from Ref. [12] also highlights the social and physical aspects of 
drought-to-flood events, with case studies in Kenya and Ethiopia. Another example is seen in Ref. [34]; in which hydrogeological risk 
awareness posed by FR hydrogeological phenomena are analysed with surveys in Italy [34]. [61] provides further insight via in
terviews and focus group meetings with local stakeholders and government officials for the assessment of community vulnerability and 
local governance. Studies such as [8,35] discusses experiences of integrating FR-DR with stakeholders’ processes in Austria and Asia 
respectively [8]. share experiences with interviews and workshops for FR-DR management and governance in the European context, 
whereas [35] evaluates how local knowledge of the spatial and temporal patterns of floods and other key hydrometeorological events 
can be integrated with scientific information on flooding and rainfall characteristics along a section of the lower Mekong River. 
Authors conclude with proposals for the regions, including the recommendations for developing risk management approaches linking 

Table 1 
– Analysis from the 60 articles of this review. Articles are categorised according to their main objectives and methods applied.   

Categories Number of articles (%) 

Objectives A) Conceptualisation 21 (43%) 
B) Risk Assessment 21 (35%) 
C) Solutions 9 (15%) 
D) Management 11 (18%) 

Methods 1) Reviews and Commentary 36 (60%) 
2) Participatory Approaches 11 (17%) 
3) Statistics and Mathematical Models 15 (25%) 
4) Hydraulic and GIS Modelling 12 (20%)  
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local knowledge and spatial analysis, to provide interface between risk management practice and political decision-making [8,35]. 
In summary, “management studies” show how “planned” adaptation (i.e., political aspects) and “people-centred approaches” (i.e., 

social aspects) to climate change and disaster risk management require the collaboration not only among residents and communities’ 
associations, but also with industry, non-government organizations, and local and regional government agencies [11,61]. Detailed 
description of articles’ main objectives and methods are fully described in Appendix A. 

3.3. The “interplay” between floods-drought risks 

The final analysis examined considers the integration of FR-DR in studies. The “interplay” refers not only the occurrence of FR or DR 
in the same area (spatial scale) but also considers that both risks can occur simultaneously and/or consecutively (temporal scale). The 
scheme of Fig. 4 illustrates the difference between the concepts of multi-risks integration with and without the “interplay”. The main 
premise for building this concept is that multiple risks can occur at the same spatial scale for at least a period [2]. For example, 
considering that DR usually occur in a larger scale [28], some areas exposed only to DR (Fig. 4b), but others can be also facing FR at 
some point during the drought period (Fig. 4c). Even though DR and FR represent two opposite water-related disasters with too much 
water (flood) or too little water (drought), they may “overlap” for a moment, and their impacts will “interact” with each other, creating 
the “interplay” between risks (Fig. 4b). 

From the 60 articles analysed, only 23 articles consider the interplay (Fig. 4a). Most studies have focused on isolated analysis of 
risks of floods or drought, without considering the possible benefits of addressing tradeoffs between FR and DR management, and 
practices that may in synergy reduce both risks. This result corroborates with previous studies such as [3,5,7]; and Zalantari et al. 
(2018). 

3.4. Multivariate analyses (MCA) 

3.4.1. Overall objectives of the reviewed literature 
We first ran the MCA solely for the variables reflecting the objectives of the studies reviewed. In general, the multivariate analysis 

was able to capture 56.8% of the total variance via the first two principal components, i.e. 33.2% for the first principal component and 
23.6% for the second. These variables were Boolean type, i.e. Yes or No signifying whether a study of interest targeted that specific 
objective (i.e., conceptualisation, risk assessment, solutions, and management). Shown in Fig. 5 (A-D) are the projections of the 
reviewed literature focusing on their objectives. Each reviewed article is represented by a small dot whereas the larger dots represent 
the centroids of each segregated group, hence representing the common attributes of the group. In this study, the reviewed articles are 
segregated by (A): whether they consider interplay between FR and DR; (B) Study area - here we classify by continents (C) Types of 
catchments, either Rural or Urban; and (D) Geographical scales (city, region, national or global). The coordinates of each centroid are 
the averaged coordinates of all the small dots in the respective group. For instance, for Fig. 5A, the large red dot (Yes) is the centroid of 
all the smaller red dots and represents the overall characteristics (in terms of objectives) of the articles that consider the FR-DR 

Fig. 4. – Analysing FR-DR “interplay”: A) The number of articles that considered the “interplay”, B) Illustration of studies which do not consider the “interplay” 
between risks, hence the discrete blocks. C) the difference of considering the “interplay” in a spatial and temporal perspectives, hence the gradual transition in colours 
in between. The “interplay” refers to the occurrence of not only FR or DR in the same area (spatial scale) but also considers that both risks can occur simultaneously 
and/or consecutively (temporal scale). Fig. 4B and C are only figurative and non-quantitative. For both drought risk (oranges) and flood risk (blues), the darker the 
colours, the higher the risks, represented by the “+” and “-” signs. 
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interplay whereas the large blue dot (No) is the centroid of the smaller blue dots that represent of the other articles, which do not 
consider the interplay. 

In the first regard, those studies that consider Interplay are more likely to focus on Risk Assessment and Solutions whereas the studies 
without focus on Conceptualisation and Management (Fig. 5a). Secondly, as for the Study area, there are clear associations between 
Africa and Europe and Asia and Mixed. Whereas Australia, America, and Non-specified are substantially more distinguished. The simi
larities between Africa and Europe could have been due to situations where researchers from less developed African countries published 
their work with their European university affiliations. Mixed studies often include Asia to cover different contexts, geographically and 
politically. Finally, those non-specified are distinguished by their sole focus on theoretical contributions (Fig. 5b). 

With respect to the types of basins, mixed and urban are indifferent whereas rural and non-specified are substantially distinguished 
(Fig. 5c). Studies focusing on rural catchment, most of which also consider the interplay between different risks, are more likely to 
focus on Risk Assessment and Proposal of Solutions compared to the others. Similar trends can be observed via the classification of 
geographical scales (Fig. 5d). Global scale studies focus more on Risk Assessment and Proposal of Solutions than finer scaled studies. 
However, studies looking at global scale are usually less focused on decision-making, due to their inevitable assumptions of 
homogeneity. 

3.4.2. Methods employed in the reviewed literature 
In the second MCA, we focus on the variable reflecting the methods employed by the reviewed studies, including literature review, 

participatory (such as surveys, focus groups, grassroots or interviews), statistics, and GIS and modelling. In line with section 3.4.1, the 
method representing variables were also converted into Boolean type with Yes and No, i.e., whether a given method had been used or 
not by the reviewed study. In general, the multivariate analysis was able to capture 79.7% of the total variance via the first two 
principal components, i.e., 53.1% via the first and 26.6% via the second. Shown in Fig. 6 (A-D) are the projections of the reviewed 
literature based on the employed methods, classified by the background information. 

Similar to Fig. 5, we also see clear separations amongst the studies with respect to (i) whether or not they consider interplay 
between FR and DR; (ii) Study area - here we classify by continents; (iii) Types of catchments, either Rural or Urban; and (iv) 
Geographical scales (city, region, national or international). Fig. 7 illustrates the associations between the methods employed in the 
studies with their background information, included as supplementary variables. 

Fig. 6A shows that those studies that consider Interplay are more likely to employ quantitative methods, including Statistics and GIS 
& Modelling whereas the other studies rely on qualitative methods, including Literature Review. Participatory methods are used by 
different types of studies, regardless of whether they consider the interplay. As for the Study area, there are clear associations between 

Fig. 5. – Multi Correspondence Analysis focusing on the objectives of the papers grouped by (A) Whether or not they consider Interplay between FR and DR; (B) Study 
area classified by continents; (C) Rural or Urban; and (D) Geographical scales of the study site. In B, C, D the non-specified category refers to those papers that are 
purely discursive or theoretical without case studies. In general, each reviewed article is represented by a small dot whereas the large dots represent the centroids of 
each segregated group, hence representing the common attributes of the group. 
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Africa and Mixed and between Australia and Asia (Fig. 6B). Whereas America, Europe and Non-specified are substantially more 
distinguished. 

With respect to the types of basins, results shows that mixed and urban study cases are indifferent in regard to methods, whereas 
rural and non-specified are substantially distinguished (Fig. 6C). Focusing on rural catchments, most of which also consider the 
interplay between different risks, are more likely to focus on literature reviews compared to the others. Similar trends can be observed 

Fig. 6. – Multi Correspondence Analysis focusing on the methods with the papers grouped by (A) Whether or not they consider Interplay between FR and DR; (B) 
Study area classified by continents; (C) Rural or Urban; and (D) Geographical scales of the study site. In B, C, D the non-specified category refers to those papers that 
are purely discursive or theoretical without case studies. 

Fig. 7. – Hierarchical Cluster Analysis. The representative studies for each cluster are highlighted with larger filled circles, i.e., the centroids of the individual clouds.  
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via the classification of geographical scales (Fig. 6D). Global scaled studies are more focused on statistical analysis than finer scaled 
studies. 

3.4.3. Hierarchical cluster analysis 
Prior to the cluster analysis, we combined all primary variables, i.e., objectives and methods to understand if articles can be 

grouped in different categories. In general, the multivariate analysis was able to capture 53.6% of the total variance via the first two 
principal components. Fig. 7 depicts how the reviewed literature can be projected and classified. In general, five distinctive groups or 
clusters can be produced with statistically significant differences. For each cluster, the closest ones to the cloud centroid were selected 
to represent the most representative attributes. 

The first cluster, represented by the work by Ref. [4] is a Management oriented study that considers the FR-DR interplay via engaging 
stakeholders with a participatory process, followed by a statistical analysis. The second and third clusters are the Literature Review 
studies. However, while the latter, represented, by Refs. [5,7]; and [58] includes FR-DR interplay in their research design, the former 
lacks this aspect, for example, [22]. The fourth cluster includes the work of [9]; which is a Europe-based study with a focus on the 
FR-DR interplay. This group is also a Management oriented study. The final cluster, represented by the work by Refs. [9,31,47,53] and 
[10] that focuses mainly on Risk Assessment and Solutions with a multidisciplinary approach, combining both statistics, GIS and 
modelling. 

In essence, cluster 2 is the most representative for studies without FR-DR interplay (Fig. 7). As for the objectives, these studies often 
focus on Conceptualisation while rarely address Risk Assessment. As for the methods, the most popular method employed by these 
studies is Literature Review. On the contrary, cluster 5 represents those studies with focus on the interplay (Fig. 7). These studies focus 
on risk assessment via quantitative methods including GIS, modelling, and statistics. The geographical scales of these studies are 
mostly global and national. 

4. The way forward: key elements for integrating flood and drought risks 

Based on the previous discussions, in this section, we selected key elements for integrating floods-droughts interplay in future 
studies. They were systematically organised into four phases as shown in Fig. 8. This section is discussed regarding Phases A to D 
aiming to provide an overview of the key objectives that should be considered for integrating floods and drought risks. 

4.1. Phase A: the need for understanding context-specific conditions 

The first element refers to the impacts generated by floods and droughts risks in a community. The impacted area will be influenced 
by several conditions, besides the hazard itself (i.e., the extreme or lack of rainfall). Here, we suggest these conditions as “a combi
nation of governance, legislation, and management, including the social, cultural, and political contexts, and physical conditions, such 
as urbanisation and climate change”(phase A of Fig. 8). 

Considering the community do not only mean to specify about its population number. The context will be a sum of the place’s 
previous conditions, including social and physical conditions, as seen in other studies [12,14,62,63]. Communities’ profiles may in
crease or decrease disaster risk and impacts and can also interfere in how community responds and cope with disasters. For example, 
elevation, water bodies and the distribution of the built environment will have direct influence for flooding impacts and can trigger 
other hazards, like landslides. At the same time, social aspects of communities, such as income, gender, and age (and many other 
factors) will also affect how they will face and cope with the disaster. However, if the same area is also facing drought, other phe
nomena such as heatwaves can also occur together, creating compound, or co-occurring, hazards and triggering secondary events such 
as wildfires (i.e., see more in Refs. [6,28,62]). 

In this sense, “context-specific conditions” are called to be a combination of physical conditions of the built environment, such as 
elevation, water bodies, urbanisation, imperviousness, and climate change (Fig. 8A), but also governance and political elements such 

Fig. 8. Key elements for integrating Floods and Drought Risks. “Purple”, “pink”, “green” and “orange” colours refer to the “pre-existing conditions” (Phases A), 
“floods-drought assessment” (Phase B), “proposal of solutions” (Phase C) and “re(assessing) conditions (Phase D), respectively. Stakeholders engagement is suggested 
throughout the approach. 
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as existing policies, institutional bodies, and management. Countries are facing an increasing political pressure to address the climate 
change crisis, resulting in a growing need for multiple disciplines to create new knowledge for alleviating the disaster impacts [62]. In 
this sense, disaster risk reduction must be considered as an interdisciplinary challenge and should be targeted with a collaboration 
from multiple disciplines. 

For some authors, risk interdisciplinarity should be merged into the disaster risk reduction approaches in order to avoid obtaining 
inadequate and deceptive analysis which largely lacks in context for decision making [64]. For others, understanding the current 
governance structures in specific countries is crucial to develop the effectiveness and efficiency of managing climate-related risks [8]. 
In any sense, we consider that creating appropriate extreme events policies and legislations are critical for strengthening resilience and 
well-being of communities facing risks (i.e., see more discussions on [22]). However, due to a lack of legislative and policy frameworks, 
the formal implementation of an integrated system of disaster risk reduction and human development faces numerous challenges [3], 
which is even more serious on looking to the international context. This represents the importance of considering current legislation, 
politics, and management aspects prior to assessing and quantifying the risk itself. 

Finally, we also consider the importance of properly understanding the “social, economic and cultural” contexts of the area, 
including minoritized or gentrified communities in the region. As seen in the results of this review, social aspects are considered in only 
a minority of articles and constitute a relevant research gap for next studies (i.e., see section 3.2). Therefore, comprehending social 
aspects such as risk perception, FR-DR previous experiences, coping and adaptive capacities, inequalities, and vulnerabilities of 
communities facing the dual-risks is also suggested (Fig. 8A). An important social aspect is how floods and drought events can 
differently impact population. For example, one of the underlying conditions of some regions may be how GI is installed for floods 
alleviation [65], leading to the “undergreening” of some specific populations, especially low-income or communities of colour [66]. 
Understanding context-specific aspects is an important step to be taken before any measure is applied. 

4.2. Phase B: assessing floods and drought risks 

We also bring attention to the assessment of floods and drought by considering the dynamic nature of risks in the region affected by 
the events (phase B of Fig. 8). Several countries have experienced consecutive droughts and floods in recent decades, with the effects 
overlapping both spatially and temporally, whereas recovery is still ongoing [2]. In this sense, assessing risk components and their 
interactions (i.e., hazard, vulnerability, and exposure) is extremely important not only to defining disasters-prone areas, but also to the 
design and implementation of strategies for risk reduction, including land use change (phases B and C of Fig. 8). 

Most of the literature in this review have focused on the modelling of hazards ignoring the underlying factors faced by commu
nities, such as vulnerability and exposure. While this seems to be a trend in hazards-focused studies, similarly, other previous studies 
also showed that a reduced number of studies have considered the intersection between hazard, exposure, and vulnerability when 
developing risk assessments (i.e., see Refs. [48,61,62,67]). The limited understanding of vulnerability dimensions or the compound 
character of events constitute serious limitations of risk estimations used in previous studies. 

However, there are important aspects of previous studies that should be highlighted. Approaches for assessing FR-DR, with direct 
guidance for modelling extreme events [30,45], the application of remote sensing, GIS and MCDA tools [68,69], as well as the 
assessment of FR-DR reduction strategies to build resilience [5,42] can be seen. Studies from Refs. [11,13] together suggests multi-risks 
frameworks that can lead to a better understanding of how physical systems and governance create impacts when dealing with 
compound disasters. For [48]; risk should be considered as the intersection between hazard, vulnerability and exposure in their 
integrative global risk analysis framework, while also considering social, cultural, economic and physical aspects of places. Other 
multi-risk assessment frameworks are shown in more recent studies [6,7,31,67,70,71]. [7,31] provide overviews of methods and tools 
used to identify, analyse, and evaluate risks associated with floods and drought. These studies are a valuable preliminary step when 
looking to methods and applications of risk assessment approaches in different regions. Together, these studies enable to think how the 
interactions between multiple risks can support the design of risk reduction strategies in an effective manner. However, a challenge in 
those approaches is the complexity of modelling risks , especially when considering floods and drought as an interdisciplinary topic. 

This context is even more challenging since studies also do not consider “interplay” between the risks (Fig. 8B). Although there are 
numerous studies on drought and flood events over the last few years, the dynamics resulting from their interplay, i.e., both impacts 
and reactions, are still poorly understood. As a result, while risk reduction efforts based on current quantitative methodologies may 
succeed in the near term, they are more likely to have unanticipated long-term implications [2,55]. 

4.3. Phases C and D: implementing solutions for risk reduction, and evaluating changes in the context conditions 

Finally, FR-DR integrated management should also consider the implementation of solutions with multiple and integrated ob
jectives. Specifically, we highlight that solutions should target (i) the reduction of vulnerability and exposure, and (ii) the provision of 
multiple benefits in the dual-risks context (phase C of Figure 8). 

This is based on the different guidance provided by reviewed articles aiming the proposal of solutions (i.e., objective C of Table 1). 
For example [11], suggests that solutions should be focused on the reduction of the potential domino effects of the multi-risk events, 
potential interactions among risks and hazards, the identification of consequences of extreme events, and the understanding of 
stakeholders’ perspectives (and needs) and experts’ technical knowledge. Similarly [5], discussed how DRR measures for flood and 
drought reduction can be negatively affected by the opposite hazard (i.e., either flood or drought). In other words, the article also 
classifies solutions’ impacts as “unintended”, which means the “undesired” effects that can increase the negative impacts of flooding or 
drought [5]. This concept is also illustrated with the concept of maladaptation, described as “actions or inactions that may lead to 
increased risk of adverse climate-related outcomes, increased vulnerability to climate change, or diminished welfare, now or in the 
future” [14,33,72,73]. 
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As seen in section 3.2, risk reduction solutions are acknowledged differently in the literature, with examples of NBS, GI, adaptive 
solutions, and ecosystem-based solutions. However, findings indicate that most of current research does not show how integrated 
solutions procedures and techniques could minimise both risks in a synergistic manner [5,57], especially when related to the reduction 
of vulnerability [62]. When considering that vulnerability reflect the inherent aspects of places with the potential to create a risk 
(phase A), the proposal of solutions should target the combination of physical and societal drivers, including their interactions. 

Another important point is the provision of multiple benefits with solutions. This is seen in many studies, such as [59] which 
examined how floods and droughts can be coped with by the existing practices. A study focused on agriculture at Mun River Basin, 
Thailand illustrated that, the overall storage capacity of in-situ and ongoing projects is sufficient to address both flood and drought if 
the projects are utilised effectively. Small agricultural ponds, a subterranean floodwater collection system, and lake reconnection of 
oxbow lakes are among the proposed solutions for the region [10]. 

However, although solutions are called to reduce risk (the environmental benefit), they are also entitled to bring societal and 
economical benefits for population. Benefits are time and context dependents, which asks for developing frameworks that assess their 
possible changes and uncertainties that may come over time [74]. This is also endorsed by other studies such as [20,23,31,60] and 
[72]. Benefits assessment and the (re)evaluation of their impacts to the risk’s components (i.e., H, V, E) after solutions implementation 
are suggested (i.e., in-depth discussions can be seen in Ref. [62]. In other words, solutions should be evaluated with the difference 
between (i) current conditions of hazard, vulnerability, and exposure (before solutions implementation) and, (ii) future conditions of 
risk after solutions implementation (phase C of Fig. 8). 

The last phase refers to the analysis if the previous conditions were modified after solutions implementation (i.e., phase D of Fig. 8). 
The application of solutions in the built environment can modify pre-existing characteristics, altering the next set of “context-specific 
conditions” for when the subsequent dual-risks takes place [75,76]. For example, management conditions such as governance ar
rangements and policies in charge can be altered during the process of management; hence this “change” can increase (or decrease) the 
vulnerability for FR-DR. Because of this, the FR-DR integrated framework require the (re)analysis of the conditions to determine what 
are the “new” conditions before the next risks takes place (phase D of Fig. 8). The loop between Phases D and A aims to guarantee the 
continuous analysis of context and social conditions when assessing risk and proposing solutions for the dual-risks environment. 

Multiple methods can be applied from Phases A to D (Fig. 8). Although the main objective of this paper was not to provide an 
overview of the methods applied in FR-DR studies, findings still point that a combination of quantitative and qualitative methods 
should be used, especially modelling and statistical tools with participatory approaches (i.e., see section 3.2). “Integrated” method
ologies with social and physical lenses are still very rarely applied in studies, being another relevant gap for FR-DR frameworks (i.e., 
see more discussions in Ref. [12]). Other articles such as [8,13,35,67] and [11] are important studies for evaluating the similarities and 
trade-offs between methods and strategies to be considered for floods-drought mitigation and management. 

5. Conclusions 

Floods and drought are hazards from the same hydrological cycle. They are closely linked phenomena that can simultaneously take 
place in the same area for a specific time (FR-DR interplay). Aiming to understand what lessons we can learn from previous published 
publications on FR and DR, and how to foresee the next steps of future publications, we developed a literature review with published 
articles from 2008 to 2021. Our results show an increase of FR and DR publications in the last years. We attribute this to intensification 
of hydrologic cycle leading to more and frequent extreme events worldwide, and the increasing proportion of population exposed to 
these risks in the recent years, which boost the search for developing appropriate frameworks to risk reduction. 

In general, articles are focused on the different phases of risk management (i.e., objectives A to D), with more emphasis on the 
theoretical aspects of disaster risk approaches, and on methods for risk assessment. “Theoretical” papers refer to articles that provide a 
strong background of manners to achieve risk mitigation and management with better practices, however, these are not implemented 
yet (i.e., conceptualisation). From the 60 articles, only 17% (n = 10) apply participatory approaches. Additionally, only a few authors 
considered the “interplay” between FR-DR risks (n = 23). The literature not focused on the “interplay” are mainly reviews and 
commentaries, focusing on conceptualisation, while risk interplay articles focus mainly on risk assessment and proposal of solutions. 
Our results also show how those articles can be grouped in five clusters with MCA and HCA statistical methods, emphasizing the 
behaviour and difference between groups, and how those can be targeted for next studies. 

As the complexity of dual-risk unfolds, we also contribute to the knowledge by systematically discussing the way forward and the 
key challenges and barriers for the dual risks-oriented management in next studies. FR-DR integration should consider that context- 
specific conditions can have different effects to each risk and regions. This understanding is critical for capturing and considering 
several environmental, socio-economic, political, and cultural characteristics in specific spatial areas, e.g., variables will be important 
managing FR-DR for multiple locations but not all. 

Also, we also discuss the need to consider that multiple risks will be created with the interaction of hazard, vulnerability, and 
exposure of each risk, and will generate impacts in multiple dimensions, affecting economic, social, and environmental conditions of 
the place. In this sense, it is key to assess risks not only alone (single hazards approach), but also their interplay, when facing dual-risks 
susceptibility. In other words, we consider that actions and solutions should be targeted with an integrated approach when areas are 
susceptible to both FR and DR. We also highlight the need to reframe the manner that simultaneous disaster risks are managed, to 
inform action without slipping into oversimplicity, as suggested by Refs. [2,64]. 

Finally, we suggest that solutions should look at the reduction of risk components regarding each disaster, but also focusing on 
providing multiple benefits for people. Solutions should look beyond environmental advantages, provide social and economic benefits, 
reducing maladaptation. When implementing any action or solution for risk reduction, we also consider that it is fundamental to re- 
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evaluate the previous established conditions, and their effects into risk assessment, and proposal of solutions. 
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Appendix A   

Authors Year Journal City Country/ 
Region 

Urban/Rural Scale Main objectives_ALL 

1 [64] 2021 Climatic Change No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

2 [5] 2020 Water Security No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Proposal of solutions 

3 [34] 2020 Hydrological Sciences 
Journal 

Vermiglio, 
Romagnano 

Italy Urban City Social-political 
management 

4 [3] 2019 International Journal of 
Disaster Risk Reduction 

No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Social-political 
management 

5 [2] 2020 Earth’s Future No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

6 [40] 2019 Sustainability No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

7 [61] 2018 Environmental 
Management 

No specific 
city 

Argentina, 
Canda, 
Colombia 

Rural Region Risk assessment 

8 [43] 2021 Science of the Total 
Environment 

No specific 
city 

Germany Urban and 
rural 

National Risk assessment 

9 [57] 2018 Current Opinion in 
Environmental Science & 
Health 

No specific 
city 

East Africa Urban and 
rural 

Region Proposal of solutions 

10 [44] 2019 Journal of Flood Risk 
Management 

Cologne, 
Rhein-Erft- 
Kreis 

Germany Urban City Risk assessment 

11 Pavelic et al. 
(2012) 

2012 Journal of Hydrology No specific 
city 

Thailand Rural Basin Proposal of solutions 

12 [30] 2018 Advances in Water 
Resources 

No specific 
city 

Italy Urban Basin Risk assessment 

13 [55] 2017 Earth Syst. Dynamics Brisbane Australia Urban Basin Risk assessment 
14 [31] 2019 Science of the Total 

Environment 
No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Risk assessment 

15 [54] 2021 Science of the Total 
Environment 

No specific 
city 

Southeast Asia Rural Region Risk assessment 

16 [47] 2020 Earth Syst. Dynamics No specific 
city 

No specific 
region 

Urban and 
rural 

Global Risk assessment 

17 [11] 2015 International Journal of 
Disaster Risk Reduction 

No specific 
city 

Australia and 
Italy 

Urban Region Social-political 
management 

18 [9] 2021 International Journal of 
Disaster Risk Reduction 

No specific 
city 

China Urban and 
rural 

National Risk assessment 

(continued on next page) 
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(continued )  

Authors Year Journal City Country/ 
Region 

Urban/Rural Scale Main objectives_ALL 

19 [8] 2020 Climate Risk Management No specific 
city 

Austria Urban and 
rural 

National Social-political 
management 

20 [53] 2020 Environmental Research Multiple cities 
in China 

East China Urban and 
rural 

Region Risk assessment 

21 [39] 2021 International Journal of 
Disaster Risk Reduction 

No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

22 [28] 2010 Journal of Hydrology No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

23 [11] 2017 Geosciences Naples and 
Guadeloupe 

Naples and 
Italy 

Urban and 
rural 

Region Social-political 
management 

24 [58] 2020 International Journal of 
Disaster Risk Reduction 

No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Risk assessment 

25 Debele et al. 
(2019) 

2019 Environmental Research No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Proposal of solutions 

26 [4] 2021 Natural Hazards and Earth 
System Sciences 

No specific 
city 

Italy and 
Sweden 

Urban and 
rural 

National Social-political 
management 

27 [13] 2014 Climatic Change No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

28 [59] 2008 Ecology and Society No specific 
city 

Europe, Africa 
and Central 
Asia 

Urban and 
rural 

Basin Proposal of solutions 

29 [45] 2018 Hydrological Processes No specific 
city 

China Urban and 
rural 

National Risk assessment 

30 [46] 2016 Environmental Earth 
Sciences 

No specific 
city 

South Asia Urban and 
rural 

Basin Risk assessment 

31 [10] 2021 Water Policy (IWA) No specific 
city 

Thailand Urban and 
rural 

Basin Proposal of solutions 

32 Chmutina 
et al. (2021) 

2021 International Journal of 
Disaster Risk Science 

No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Risk assessment 

33 [52] 2021 Natural Hazards and Earth 
System Sciences 

No specific 
city 

Portugal Urban Region Risk assessment 

34 [60] 2021 Natural Hazards and Earth 
System Sciences 

Jakarta Indonesia Urban City Proposal of solutions 

35 [48] 2021 Earth’s Future No specific 
city 

No specific 
region 

Urban and 
rural 

Global Risk assessment 

36 [51] 2021 Environment and 
Development Economics 

No specific 
city 

Malawi Rural National Risk assessment 

37 [14] 2020 One Earth No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

38 [35] 2021 International Journal of 
Disaster Risk Science 

No specific 
city 

Cambodia Urban and 
rural 

Region Social-political 
management 

39 [32] 2021 International Journal of 
Disaster Risk Reduction 

No specific 
city 

Caribbean Urban and 
rural 

Region Social-political 
management 

40 [56] 2021 Natural Hazards and Earth 
System Sciences 

No specific 
city 

Greece Urban and 
rural 

Basin Risk assessment 

41 [36] 2020 Sustainability No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

42 [7] 2021 Water No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

43 [69] 2018 Water No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

44 [68] 2021 Water No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

45 [42] 2020 Water No specific 
city 

United 
Kingdom 

Urban and 
Rural 

National Conceptualisation 

46 [49] 2019 Science of the Total 
Environment 

No specific 
city 

United States Urban and 
Rural 

National Risk assessment and 
Social Political 
Management 

47 Khan et al. 2015 Water Research No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

48 Kourigialas 2020 Science of the Total 
Environment 

No specific 
city 

Greece Urban and 
Rural 

National Conceptualisation and 
Risk assessment 

49 Tariq et al. 2021 Hydrology No specific 
city 

Bhutan Urban and 
Rural 

National Conceptualisation and 
Socio political 
management 

50 [41] 2021 SN Applied Sciences No specific 
city 

Africa Urban and 
Rural 

Region Conceptualisation 

51 [21] 2019 Wiley Interdisciplinary 
Reviews-Water 

No specific 
city 

Sub-Saharan 
Africa 

Urban Region Conceptualisation 

(continued on next page) 
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(continued )  

Authors Year Journal City Country/ 
Region 

Urban/Rural Scale Main objectives_ALL 

52 Meyer et al. 2013 Natural Hazards and Earth 
System Sciences 

No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

53 [20] 2021 Science of the Total 
Environment 

No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

54 Bedla and 
Halecki 

2021 Ecological Indicators No specific 
city 

No specific 
region 

Urban Theoretical 
analysis 

Conceptualisation 

55 [37] 2019 Sustainability No specific 
city 

No Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

56 [23] 2020 Natural Hazards and Earth 
System Sciences 

No specific 
city 

No specific 
region 

Theoretical 
analysis 

Theoretical 
analysis 

Conceptualisation 

57 [22] 2018 International Journal of 
Environmental Research 
and Public Health 

No specific 
city 

Southern 
Africa 

Rural Region Conceptualisation 

58 Zupanic et al. 2021 Energy sustainability and 
society 

No specific 
city 

Western 
Balkans 

Urban and 
Rural 

Region Conceptualisation and 
Socio political 
management 

59 [38] 2012 Sustainability No specific 
city 

Caribbean Urban and 
Rural 

Region Conceptualisation 

60 Antwi-Agyeu 
et al. 

2018 Climate Risk Management No specific 
city 

Northern 
region of 
Ghana 

Rural Region Risk assessment  
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