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Abstract. Drought research addresses one of the major natural hazards that threatens progress toward the Sustainable 15 

Development Goals. This study aims to map the evolution and interdisciplinarity of drought research over time and across 

regions, offering insights for decision-makers, researchers, and funding agencies. By analyzing more than 130,000 peer-

reviewed articles indexed in Scopus from 1901 to 2022 using Latent Dirichlet Allocation (LDA) for topic modeling, we 

identified distinct shifts in research priorities and emerging trends. The results reveal that plant genetic research for drought-

tolerant genotypes and advancements in drought forecasting are the most dominant and continuously growing areas of focus. 20 

In contrast, the relative importance of topics such as ecology, water resource management, and forest research has decreased. 

Geospatial patterns highlight a universal focus on forecasting methods, with a strong secondary emphasis on policy and societal 

issues in Africa and Oceania. Interdisciplinarity in drought research experienced a marked decline until 1983, followed by a 

steady increase from 2007 onward, suggesting a growing integration of diverse fields. Emerging topics in recent years signal 

evolving priorities for future research. This analysis provides a comprehensive overview of drought research trends across 25 

sectors and regions, offering strategic guidance for aligning research efforts with drought resilience goals. The findings are 

crucial for research funding agencies and policymakers aiming to prioritize areas with the highest potential to mitigate drought 

impacts effectively. 

 

1 Introduction 30 

Drought is one of the socio-economically most damaging natural hazards (Yin et al., 2023; Esha Zaveri et al., 2023). Contrary 

to other climate extremes, drought manifests on a vast spatiotemporal scale, extending up to thousands of kilometers, and can 

persist for periods lasting up to years (Mondal et al., 2023). Drought episodes are becoming increasingly frequent, extreme, 
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and prolonged driven by climate change (Hoylman et al., 2022; IPCC, 2021). Drought is significantly tied with other climate-

driven hazards, particularly heatwaves, which can amplify drought impacts (Lesk et al., 2022). The emergence of frequent 35 

flash droughts in over 74% of the globe during the last 64 years has been also recently revealed (Yuan et al., 2023). This pattern 

is largely linked to elevated anomalies in evapotranspiration and precipitation deficits which are confirmed consequences of 

human-induced climate change (Yuan et al., 2023). Drought as the state of water shortage is exacerbated by anthropogenic 

activities such as unsustainable water use, allocation and water extraction (van Loon et al., 2022; van Loon et al., 2016a; 

Chiang et al., 2021). This led to the reconsideration of the definition of drought as rather being a process than a system state 40 

(van Loon et al., 2016a; AghaKouchak et al., 2021; van Loon et al., 2024). Drought poses therefore a substantial risk for and 

across sectors and systems (Voosen, 2020; Walker and van Loon, 2023; Hagenlocher et al., 2023), including agriculture, water 

supply, health, the energy sector, ecosystem services, and socio-political stability.  

 

Drought impacts ecosystems by modifying ecological processes, altering of community structures and composition (Canarini 45 

et al., 2021). These changes can lead to adaptations such as improved water use efficiency in response to water storage(Poppe 

Terán et al., 2023). The total land area and population affected by severe terrestrial water storage drought could more than 

double by the end of the twenty-first century (Pokhrel et al., 2021). Over the first twenty years of the 21st century, extreme 

drought and drinking water shortages have plagued more than 80 major cities worldwide (Savelli et al., 2023). Food production 

and security have already been largely compromised by drought (Spinoni et al., 2020; Rossi L et al., 2023). For instance, the 50 

size of the dry zones across the global grain production area increased by 1.1 % per decade in the period from 1951 to 2011 

(Wang et al., 2018). Globally, the average national cereal production shrank by 10 % over the period 1964 to 2007 as a result 

of extreme drought and heat (Lesk et al., 2016). In Europe, the adverse impacts of droughts and heatwaves on crop production 

tripled in the last 50 years (Brás et al., 2021).  

 55 

Without climate action, annual drought damages for the EU and the UK could escalate from €9 billion to over €65 billion per 

year by 2100, doubling in terms of financial impact (Naumann et al., 2021). Drought also impacts human health (Vins et al., 

2015) e.g. through reducing stream flow, increasing concentration of pathogens, enabling some vector-borne diseases (Cann 

et al., 2013) and as risk factor of child undernutrition in particular in low-income conditions (Belesova et al., 2019). The 

impacts of drought are scale specific, event specific and often difficult to quantify due to their indirect and often systemic 60 

character - affacting not only human health and agriculture but also energy and social systems (van Loon et al., 2019; Blauhut 

et al., 2015).  

 

This study is motivated by the need to enhance our understanding of the evolving landscape of drought research, particularly 

in light of the escalating challenges posed by climate change and water scarcity. While previous reviews outlined the need to 65 

synthesize the immense body of literature on drought research (Stein et al., 2022), our analysis distinguishes itself through the 

use of a data-driven, unsupervised machine learning approach to examine over 130,000 peer-reviewed articles. By exploring 
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long-term research trends, we identify critical shifts in thematic focus, fundamental and emerging trends, and interdisciplinary 

collaboration opportunities that have shaped the field. This unique approach allows us to reveal previously overlooked patterns 

and gaps in the literature, offering insights into how research priorities have been set by the global research communities. Our 70 

findings contribute to the development of more effective and systemic drought resilience frameworks by quantifying the 

connections between diverse research topics, ultimately guiding more strategic alignment of efforts among scientists, funding 

bodies, and policymakers.  

 

2 Methods 75 

2.1 Data 

We based the analysis on 131,748 abstracts curated in the licensed Scopus database under the search term drought on March 

22, 2023. Data on title, keywords, language, abstract and publication year were retrieved from the Scopus database via the 

Scopus Search API and the elsapy search library. We removed duplicates, copyright information and non-English abstracts. 

Scopus provides the a curated database of scientific literature and grants access to data- and text mining to licensed users for 80 

academic purpose. The following alternative large databases for meta-information of scientific literature were considered: 

OpenAlex, Web of Science, Dimensions and Semantic Scholars. We chose Scopus because of its high quality of information 

and granted access for research purpose.  

2.2 Topic Modelling by Unsupervised Machine Learning 

To discern pertinent topics and subtopics within the dataset, we used the Latent Dirichlet Allocation (LDA) (Blei et al., 2003; 85 

Radim Rehurek and Petr Sojka, 2010) method. LDA, an iterative Bayesian method of unsupervised machine learning, identifies 

multiple topic clusters within documents based on keyword distribution, co-occurrence, and frequency. Depending on the 

chosen granularity, classification can yield either broad or highly-specific topics. Remarkably, while LDA is an established 

method (Eker et al., 2018; Ewert et al., 2023; Cebral-Loureda et al., 2023; Rahman et al., 2022; Callaghan et al., 2020), its 

application to vast scientific abstract corpora is rare. Compared to other alternatives, LDA allows for multiple topics within a 90 

single document. Also, LDA represents a compromise between computationally more expensive and more costly topic 

modelling approachs such as BERTopic (Ogunleye et al., 2023), and simpler and computationally less expensive approaches 

such as Latent Semantic Analysis (Deerwester et al., 1990). To explore the drought research areas, we identified rather general 

topics and mores specific topics. This was done by pre-defining the number of topics to the algorithm. We then calculated 

topic distributions with LDA for the documents and for given number of topics based on overall and document specific 95 

keyword distributions. We assessed coherence scores for a consecutively increasing number of topics, found that coherence 

increases until fifty topics, and decided to cap granularity at fifty topics, which would still yield 2634 documents on average 

per topic. We then selected five topics as a reasonable number for the general classification level, twelve topics for a median 



 

4 

 

level of granularity and fifty topics for the finest level granularity (see results Section Figure 2). Naming conventions for topics 

were derived from pivotal keywords within the context of drought research. To evaluate the evolving significance of research 100 

themes over time, we charted relative shares of each topic annually.  

2.3 Data Post-Processing  

For topic congruence, we calculated the cosine similarity between topic pairs within each individual document. A high 

similarity score indicates that two topics appear more frequently together in the same document. A low similarity score 

indicates lesser joint appearance. Cosine similarity normalizes the similarity score by the overall share of the two topics. This 105 

allows for a better direct comparison for topics with high shares and those with low shares. Topical overall similarity index is 

calculated as mean cosine similarity of a topic for the other n-1 topics. Heat maps of cosine similarity are ranked by overall 

similarity score of a topic starting with the highest to lowest. We visualized the topic trajectory using a Sankey diagram to 

highlight how general topics with coarse granularity narrow down to more specific topics. Consistent with Sankey diagrams, 

the width of the connecting lines is proportional to the document counts they represent. The geographic reference of drought 110 

research to individual continents was identified by keyword search. Abstracts were associated to a region i.e. continent if a 

specific continent, or country (for the US also the states) was mentioned in the title, keyword or abstract. One document could 

be associated with several regions in case several mentions. Topical shares by region were then calculated based on the 

documents found. 

 115 

3 Results 

3.1 Major and specific topics in drought research 

The number of drought-related peer-reviewed publications has increased exponentially adding 12,338 articles in 2022 alone 

(Figure 1). The proportion of articles focussing on drought increases year by year compared to the general scientific literature. 

This is expressed by the ratio of drought related research compared to the available scientific publications in Scopus (Figure 120 

1). We let the LDA identify five major topics across the document pool (tier 1), twelve more focused yet still rather general 

topics (tier 2) and fifty even more specific topics (tier 3, Figure 2). While keyword frequency and co-occurrence generate topic 

clusters, they also allow domain experts to name the topics according to their context. A list of publications with the highest 

share of each topic (i.e. topical relevance > 98%) confirms the topic naming.  
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Figure 1: Publications by year in drought research. Research abstracts listed in Scopus and analyzed over the past century with 

regard to interdisciplinarity. Drought research exhibits an exponential trend (R2 = 0.98). This trend is highlighted by the increasing 

ratio of drought research to overall research publications. Interdisciplinarity is calculated as cosine similarity index which is the 

normalized cross-topic intersection within a document. Focus on specific topics increased until 1980s which is marked by a decline 

in interdisciplinarity. 1980 onwards plant genetics took a rise, leading to ups and downs in interdisciplinarity. From 2007 onwards 130 
inter-disciplinary rose again consistently.  
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Figure 2: Hierarchical Depth of Research Topics in Drought Research. The breadth of drought research encompasses a diverse 

array of subjects. Each column represents the entire research corpus, encompassing 131,748 articles. This figure displays the share 135 
of each topic against the whole corpus. Three levels of specificity are distinguished: five broad topics (left), twelve intermediate topics 

(center), and fifty highly specialized topics (right). Visual emphasis is placed on the flows of plant genetics and forecasting, given 

their upward trends and dominance in the research field. Line width and width of bars is proportional to the share per topic. Topics 

are categorized into methods and processes (M), events and historical analysis (E), and impacts on socio-ecosystem compartments 

(I).  140 

 

The five general topics were categorized as plant genetics and physiology, agricultural production systems, ecosystems, risk 

management and policy, and precipitation and drought types. At the medium granularity with twelve topic classification, we 

identified forecasting methods including drought types and events on the one end and plant genetics at the other end as most 

dominant research topics. For the twelve topic classification, a network graph visualizes the connections of topics and 145 

keywords (Figure 3). Here, the dataset’s structure is visualized with limited number of most important keywords in two 

dimensional space. As a result of the LDA, and topical distribution, forecasting is mainly associated to risk management and 

policy and precipitation and drought types from tier 1, with lesser association to the other three topics of tier 1 (Figure 2). This 

reflects how forecasting focuses on answering questions on risk using quantitative methods. In contrast, water use efficiency 

is strongly associated with three topics of tier 1, reflecting a higher transdisciplinarity and positioning it at the intersection of 150 
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natural ecosystems, agriculture and plant physiology. Farming, as tier 2 topic, is particularly interesting as it bridges the gap 

through its strong association to risk and agricultural production systems (Figure 2). Other topics at level two are 

geomorphology, forests and fire, climate records and seasonality, water resource management, and policy and society (Figure 

3).  

 155 

 

 

 

 

Figure 3: Network graph of drought research. Visualizes the network of the twelve drought research topics. Colors denote topics 160 
with strongest association, bubble size identifies abundance of keywords, keywords are located below the bubbles, links between 

keywords identify strongest co-occurrences, and keywords are located in order to minimize connection lengths.  

 

Topic identification and naming at the finest granularity reveal 50 specialized, potentially emerging topics, with an average of 

2634 papers per topic. For these fifty topics, shares by topic ranged between 134 documents and 5901 documents with a median 165 

of 2337 documents. In the Sankey diagram (Figure 2), the association of Tier 3 topics with Tier 2 topics is indicated by a) their 

vertical alignment and b) the strength of the links. The topics gene expression and stress tolerance are at the top, with a strong 

link to plant genetics. At the bottom of Figure 2, the topics monsoon and hydrologic modelling have a strong link to forecasting. 

These results quantify the extent, importance and the role of research topics with respect to drought research. The results 

demonstrate the importance to render and limit the topical scopes of reviews.  170 
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Other categorizations and classifications are possible. For example, research can be grouped into publications focussing on the 

analysis of methods and processes, of events and historical analysis, and impacts on socio-ecosystem compartments. Method 

related research focuses on processes, tools, and methods for adaptation and mitigation of drought. Event studies focus on 

specific event types and historical analysis to guide development of methods. Topics focussing on impact mostly focus on 175 

specific socio-ecosystem compartments. Following this categorization, tier 3 topics with a strong link to forecasting can be 

grouped for example into methods related topics (e.g. remote sensing, hydrologic modelling, meteorological drought) and 

events related topics (e.g. historic drought records and chronology, monsoon (Figure 2)). The density of method-related topics 

is much higher in the areas of plant genetics, physiology, and agricultural management than in forecasting-related topics. 

Impact-related topics for tier 3 are mostly found in the center, while topics related to events are predominantly situated in the 180 

lower section. This categorization was assessed for tier 1 and tier 2 topics (Figure 2). The results highlight a significant 

interconnection between research on events, impacts, and methods. This interplay, however, sometimes leads to challenges in 

distinctly categorizing topics, as evidenced by occasional overlaps and blurred boundaries among these categories.  

 

3.2 General and emerging trends 185 

Interest in research topics fluctuates over time. Shifts in research priorities are influenced by societal interest and advancements 

in technological capabilities. We explored the development over time for drought-related research topics and their relative 

contributions over the past four decades (Figure 4) and more recently, referring to the years 2012-2022. We chose the last four 

decades because the data showed a rather high variation in relative contributions for the year before 1982. Plant genetics and 

forecasting as well as crop breeding are getting an increasing relative share of the research over the last four decades (Figure 190 

4 and Appendix Figure B). Ecology and water use efficiency have received comparatively less attention with declining shares. 

Surprisingly, water use efficiency is not the specific aim of plant genetics and crop breeding efforts but rather stands next to 

these in tier 2. Crop scientists have long targeted drought-tolerant crops to tackle food production challenges in dry regions. 

The introduction of new genomic technologies has greatly enhanced this effort (Anders et al., 2021), a trend reflected in our 

analysis. Amongst plant genetic and plant breeding, specific research on cellular and molecular functions exhibit positive 195 

trends for recent years such as the epigenetic and circadian regulation in plant development or the role of antioxidants that 

may reduce oxidative damage during drought stress (Bailey-Serres et al., 2019). Plant physiological processes such as plant 

phenology and stomata conductance and photosynthesis recently became less relevant although strongly related to plant 

genetics and plant breeding.  
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 200 

Figure 4: Temporal Dynamics of Research Topics. The evolution of research topics and their proportionate dominance 

from 1982 onwards, highlighting the ascendance of plant genetics and forecasting as dominant trending topics.  

 

Other tier 2 topics, such as water resource management, geomorphology, policy and society, have also demonstrated a 

generally declining relative contribution to drought research over the last 40 years (Figure 4 and Appendix Figure B). It is vital 205 

to clarify that the decrease in relative share for e.g. ecology or water resource management topics does not imply a decrease 

in the absolute number of research studies on these subjects. Instead, the number of documents on these topics continues to 

grow, but the rate of growth was comparatively slower (Appendix Figure A). In tier 2, forecasting methods and events 

represented the largest contribution among all topics across the study period (Figure 3).  

 210 

Looking at Tier 3 topics, we identified the top 10 emerging topics. Meteorological drought, remote sensing, climate change, 

natural disasters and palmer drought index are the five emerging topics with strong association to forecasting. Antioxidants, 

Epigenetic and circadian regulation in plant development, and gene expression are the three emerging topics with strong link 

to plant genetics. Agricultural policy and rhizosphere are also amongst the ten emerging topics. Here, agricultural policy is 

strongly associated to policy and society. Interestingly, rhizosphere is the only topic of these with rather evenly strong links to 215 

many of the Tier 2 topics.  

 

3.3 Interdisciplinarity of drought research 

Each document consists of a variety of topics expressed as percentage i.e. share with the total sum of one for each document. 

While the algorithm for topic identification aims to discern individual topics within the corpus, the major share of a specific 220 

topic may dominate a specific document. In another case the topical shares may be dispersed across many topics. We measure 

interdisciplinarity by cosine similarity, a measure for similarity between two topics and a measure that scales well with the 

size of the two topics. We find for tier 2 topics (Figure 5) several robust thematic overlaps. For example, Plant stress response 
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and water use efficiency showed the highest thematic overlap. Also, climate records and seasonality are strongly manifested 

in sedimentary records and tree ring records, causing a high similarity with forests and fire. Pronounced similarity is also found 225 

between policy and society with the topics farming and water resource management (Figure 5). Here, water resource 

management which is crucial for fresh water supply and energy systems (Jasechko et al., 2024) as well as for irrigation and 

food security has strong impact and link to policy and society (Figure 5).  

 

In contrast, forecasting is rather focusing on short-term responses with less pronounced similarities. Surprisingly, 230 

geomorphology and water use efficiency possess highest overall interdisciplinarity, indicating that these are generally 

important topics with impact across most drought research topics (Figure 5 and Figure 2). For example, research where 

geomorphology and water use efficiency well overlap focuss on soil processes, soil formation and impacts on plant water 

uptake as well as irrigation. In contrast, plant genetics and crop breeding, jointly with plant stress response are less 

interdisciplinary with some similarities amongst each other. In this context, forecasting is only marginally linked to these three 235 

topics (Figure 5 and Figure 2).  

 

Figure 5: Thematic overlap of twelve research topics. Cosine similarity shows strength of overlaps between topics. It is 

the topic-wise similarity score that is the numerical value for cross-topic intersection. Stronger thematic overlaps (e.g., 

plant genetics and plant stress response) are identified by higher similarity, while minimal similarity score also stands 240 

for minimal intersections between two topics (e.g., plant genetics and forests and fire). Topics are sorted from highest 

overall similarity score (geomorphology) to lowest overall similarity score (plant genetics). 
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More specific topics of tier 3 reveal a different picture regarding inter-disciplinarity (Figure 6). These topics are more specific 

than the tier 2 topics. Here, climate change, knowledge review, remote sensing and soil processes lead the field in terms of 245 

overall interdisciplinarity (Figure 6). We note that these topics are highly inter-disciplinary based on the topical analysis results. 

Knowledge reviews seems to not only review a specific topic but make inter-connections beyond single topics. Climate change 

does relate to several topics e.g. through cause and impact. Soil processes affect a large number of fields apart from the mere 

research topic of its own. The same for remote sensing albeit here, with emphasis on two specific topics: Meteorological and 

Palmer drought index which themselves also possess a high similarity index (Figure 6). In contrast to interdisciplinary topics, 250 

flash droughts, oil palm, and plant species and regional studies are rather narrow in scope with low overall interdisciplinarity 

within drought research (Figure 6). Cosine similarity highlights further topics with strong similarity while for other topics we 

identify major difference and little overlap in terms of content. Here, interdisciplinarity appears to be more challenging rather 

than an opportunity to form larger content clusters.  

 255 

 
Figure 6: Thematic overlap of the fifty highly specialized research topics. Overlap of the 50-topic clustering results is 

based on the cosine similarity between topics as metric for similarity and inter-disciplinarity (high to low). The vertical 
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axis is sorted for highest to lowest overall similarity score. Highest overall similarity score was calculated for climate 

change and knowledge review. Some topics such as gene expression exhibit very low overall similarity score marked by 260 

mostly dark red although there can be at times a strong relation to individual topics (dark blue) for instance gene 

expression and epigenetic and circadian regulation in plant development. 

 

The multi-system impact of drought as natural hazard challenges the often topic specific approach of research projects by 

requiring a multi-system response. The trend-shift in 2007 towards drought research becoming more systemic again may 265 

acknowledge this multi-system property of drought hazard, exposure and vulnerability. Until 2007, drought research evolved 

to become more disciplinary as explained by the annual similarity index (Figure 1). Notable trend shifts occurred in the 1980s 

when genetics was introduced into drought research and started to become a major topic in the 30 years following. This led to 

a first trend shift from becoming more disciplinary by 1983 to again becoming more interdisciplinary with high volatility 

throughout. The second trend shift happened in the years around 2007, when similarity was lowest and succeeded again from 270 

a stable upward trend. Noting the systemic impact of drought, we welcome the trend of drought research to become more 

interdisciplinary because only systemic approaches can properly enhance drought impact resilience across systems. 

 

3.4 Geographic patterns and priorities 

Research priorities vary with regard to geographic context. We analyzed continent specific topical signatures in drought 275 

research (Figure 7). The largest number of studies refers to Asian (18.0%) and African countries (11.2%) although research 

budgets in Europe and North America are generally higher than in Africa. This indicates that drought is well recognized as 

challenge to many African countries, even more so in Asia. As major pattern, forecasting dominates drought research in 

geospatial context in all regions. In Africa and Oceania, forecasting is closely followed by research on policy and society. This 

pattern is less pronounced for Europe, Asia and South America (Figure 7). In Africa, farming is the third largest topic with 280 

still 12.5 percent and the other topics are less relevant. North American drought research prioritizes water resource 

management, ecology and forests and fire, just after forecasting with less weight on policy and society as compared to the 

other regions. In Oceania and Antarctica, ecology is the third major topic. Although there are distinct regional differences 

amongst the geographic regions, the Southern and Northern hemisphere do not show distinct topical patterns (Figure 7). 

Forecasting, and policy and society are the two major topics with geospatial context. Plant genetics is the major topic for 285 

research with no geospatial context, just before plant stress response and water use efficiency, due to the focus on biological, 

physiological, genetic and molecular scales.  
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 290 

Figure 7: Geospatial distribution of drought research foci for all years. Distribution of the twelve research topics differs depending 

on region of the world. Distributions were calculated based on mentioning the name of continents or states. Oceania and Africa 

exhibit a remarkably high share of policy and society related research. Forecasting is everywhere the topic with strongest weight, in 

particular in Europe and Asia. In North America forests and fire, ecology and geomorphology are almost at level of forecasting. 

Plant genetics dominates research of no geospatial reference. 295 

 

4 Discussion 

This study analyzed over 130,000 peer-reviewed articles on drought research published between 1901 and 2022, identifying 

key trends, emerging topics, and interdisciplinary shifts within the field. The analysis revealed that drought research has 

undergone significant transformations, with increasing attention to plant genetics and forecasting methods, while traditional 300 

areas like ecology, water resource management, and forestry have seen a relative decline. Regional analysis showed that 

forecasting methods are a dominant focus globally, whereas policy and societal dimensions play a particularly important role 

in Africa and Oceania. Furthermore, interdisciplinarity in drought research decreased until 1983, followed by a rise from 2007 

onwards, signaling a growing trend toward more integrative approaches. These findings provide a foundation for evaluating 

the evolving priorities in drought research and their implications for addressing drought risk in diverse contexts. 305 

 

4.1 Definition and use of drought in literature 

An important aspect of analyzing the results is understanding the definition, mention, and meaning of the word drought. The 

definition of drought has been widely discussed in literature. The discussions cover quantitative aspects, such as different 

drought indicators (Satoh et al., 2021), specific drought events such as flash droughts (Schwartz et al., 2023), and a more 310 
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generalized concept of drought as driven by and as threat to societal systems (Mishra and Singh, 2010; van Loon et al., 2016b). 

In line with these discussions, our results identify flash droughts, the Meteorological Drought Index, and the Palmer Drought 

Index as distinct, highly specialized topics within the broader drought research literature (see e.g. highly specialized topics in 

Figure 2). At a more general level, drought is perceived as systemic, encompassing ecosystem, societal, and economic 

dimensions. At this level, case studies are particularly useful for quantifying connection strengths and impacts within specific 315 

environments (van Loon et al., 2019; van Loon et al., 2024). In genetic and plant physiological research, drought is defined as 

a system state that hampers plant growth (Gaudin et al., 2013; Moran et al., 2017). In plant genetics, highly specialized topics 

focus on methods to foster drought tolerance and drought resistance of plants through e.g. enhancing water use efficiency.  

 

In agreement with literature, this analysis’ results and the topological maps of drought research indicate, that there is not a 320 

unique understanding of drought. Rather, the different understandings, scale and concepts are interconnected at both general 

and specific levels. The results build on the strength of LDA as a method, to calculate connection strengths based on co-

occurrence and frequency of multiple keywords and topics rather than focussing on specific terms and meanings. Hence, this 

method results in maps of connection strengths between different systems, foci and perspectives (Figure 5 and Figure 6).  

 325 

4.2 Forecasting Methods 

Forecasting has emerged as a major and increasingly relevant topic in drought research. This growing importance is driven by 

several factors, including the substantial data requirements, the need for data integration platforms, environmental monitoring 

systems, and the application of artificial intelligence to generate indices. The identified emerging trends in the highly 

specialized Tier 3 topics and these factors contribute significantly to the rising prominence of drought forecasting (Wardlow 330 

et al., 2017; Pasteris et al., 2005). Additionally, recent occurences of rapidly developing and large-scale drought events, such 

as in the La Plata Basin in South America and West Africa (Geirinhas et al., 2023), highlight the need for enhanced mechanistic 

understanding and forecasting capabilities. Improved forecasting will improve the readiness to manage more frequent drought 

conditions and support food security for a growing global population (Krishnamurthy R et al., 2022).  

 335 

Despite the increasing application of machine learning approaches in drought forecasting (Al Mamun et al., 2024; Prodhan et 

al., 2022), our analysis did not identify machine learning and artificial intelligence as distinct topics. Similarly, early warning 

systems (Funk et al., 2019) and compound events (Ridder et al., 2022; Yin et al., 2023; Lesk et al., 2022) were not identified 

as distinct topics although urgency for progress in these topics is perceived (FAO-WFP, 2020). There are two possible 

explanations for this. First, these topics may not have emerged as distinct areas within the drought research domain and could 340 

be distributed across broader research themes. Second, the volume of research on these topics may be insufficient to form 

distinct clusters. To make a meaningful impact on drought research, these emerging topics need to gain further momentum 

through increased publication numbers, research focus and funding mechanisms.  
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4.3 Bridging the Gap in Drought Research  345 

Given the challenges in food and water security, it is now the time to bridge the gap between forecasting drought impacts e.g. 

under climate change and the consideration of genetic advances in drought tolerance for agricultural production. However, it 

is particularly challenging to bridge this gap given the so far limited interactions between the topics of plant genetics and 

forecasting (Figure 2). Some projects already address this challenge by aiming to  include genetic variability of plants in crop 

models or use crop growth models for identification of climate adapted varieties (Parent and Tardieu, 2014; Chenu et al., 350 

2017). Hence, crop yield forecasts under climate change scenarios must give stronger consideration to genetic advances and 

plant molecular processes than currently is explored (Stella et al., 2023). Nevertheless, increasing drought crop’s drought 

resilience and forecasting will not suffice as sole mechanisms. Other mitigation strategies at political and ecosystem level can 

provide equally important and case specific solutions. Knowledge reviews are one tool and required to bridge 

interdisciplinarity which they already do as illustrated by reviews leading the overall interdisciplinarity score (Figure 6).  355 

 

4.4 Implications for research, policy and institutions 

These findings have significant implications for scientific community, policymakers and institutions addressing drought issues. 

The current topical research emphasis lies on drought forecasting methods and plant genetics (Figure 4). Both topics guard 

food security and imply food security as human priority for funding and research interest. Plant genetics provides methods to 360 

identify genes and produce variants with higher drought tolerance by altering a variety of physiologic processes (Figure 2). 

Forecasting explores methods to forecast drought with regard to risk monitoring often related to agricultural impacts and 

drought indicators and for specific events (Figure 2). In contrast, topics that address drought impact on socio-ecosystem 

compartments such as ecology and water resource management held greater importance in the past compared to their current 

relevance. Policy and funding agencies must decide based on their priorities whether this is a desirable trend or not, and align 365 

funding strategies accordingly.  

 

4.5 Limitation of Latent Dirichlet Allocation 

The data for this research was limited to abstracts, titles, and keywords. While this approach allowed for a large volume of 

articles to be analyzed over an extended temporal period, it comes with certain limitations. The primary advantage is that 370 

abstracts, titles, and keywords are well standardized and harmonized. A key disadvantage is the uncertainty regarding how 

accurately these abstracts and keywords reflect the full content and findings of the articles (see e.g. Westergaard et al., 2018). 

The results are heavily dependent on the effectiveness of the peer-review process, underscoring the critical role of abstracts in 

research communication. 
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A more in-depth study, potentially utilizing more advanced models or normalization procedures, would require additional 

computational resources (e.g. compare (Callaghan et al., 2020; Ogunleye et al., 2023). For instance, normalizing word 

frequency could help account for differences in document length. It's important to note that a full-text analysis might reveal 

that specialized research is more interdisciplinary than it appears from abstract-only analysis. Additionally, the use of semantic 

analysis could extract further insights, such as uncovering interdisciplinary connections, analyzing the connotation and 380 

perception of terms, and distinguishing more granular sub-topics due to the larger information base (Geeganage et al., 2024; 

Niu et al., 2022). 

 

5  Conclusions and Future Directions 

This study offers a comprehensive data-driven topology of drought research, providing valuable insights for decision-makers, 385 

researchers, and institutions. By mapping the current topical priorities, geographical distribution, emerging trends, and 

interconnections between research areas, we contribute to the development of systemic drought resilience frameworks. These 

frameworks ideally embrace the increasing interdisciplinarity observed since 2007, ensuring a holistic approach to drought 

resilience (Hagenlocher et al., 2023). Key topics to consider in this context include climate change impacts, reviews, and 

remote sensing which exhibited highest overall interdisciplinarity – and are potentially critical to the effectiveness of systemic 390 

drought resilience frameworks (Hagenlocher et al., 2019). Additionally, central components of drought research, such as water 

resource management – essential for societal applications like drinking water supply, cooling, and irrigation—must be integral 

to these frameworks (Jasechko et al., 2024). 

 

While this analysis highlights current trends, it also identifies areas that are potentially overlooked in drought research. Future 395 

research directions should also focus on underrepresented areas, such as the integration of drought impacts on less-studied 

ecosystems, which are critical to the Earth’s life support system (IPCC, 2021). Furthermore, the socio-political implications 

of water scarcity and the development of more localized and culturally sensitive drought resilience strategies deserve greater 

attention. Notably, the study did not identify machine learning approaches, studies of compound events, and early warning 

systems as distinct topics, despite their recognized importance in the field. Addressing these gaps will ensure that future 400 

drought research not only follows trends but also explores crucial areas that are currently underrepresented, leading to more 

comprehensive and effective strategies for mitigating drought impacts. 

 

The trends, geographic patterns, and connection strengths between topics revealed in this study serve as a tool to guide the 

development of future drought resilience frameworks. While much of the drought research falls into highly specialized areas, 405 

our results highlight where topical connections are stronger and where they are weaker.  
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Although this study is grounded in natural language processing of a large scientific corpus, it does not replace a qualitative 

assessments of scale and event-specific impacts. Instead, it offers a broad overview that complements more specialized 

research by revealing the overarching connections and trends within drought research. Decision makers, policy institutes and 410 

researchers working on response strategies to address drought issues potentially do well by considering the full breadth of 

outlined topics. 

 

Code availability 

Supporting information and code availability is available upon reasonable request from the corresponding author. 415 

Data availability 

The abstracts' copyright remains with Elsevier B. V. (Elsevier). Permission for research usage was granted exclusively to the 

Leibniz Centre for Agricultural Landscape Research (ZALF) e.V., prohibiting any redistribution of the underlying text data. 

Sharing is limited to text and data mining results upon reasonable request, adhering to the © Some rights reserved stipulation. 

Usage is approved solely for academic research, distribution, and reproduction given the original author and source are duly 420 

acknowledged.  

 

Author contribution 

Conceptualization, formal analysis and writing – original draft preparation::RB, EER. Writing – review and editing: RB, GG, 

MH, CN, AT, and EER. All authors have read and agreed to the submitted version of the paper. 425 

 

Competing interests 

The authors declare that they have no conflict of interest. 

 

Acknowledgements 430 

RB acknowledges the Clim4Cast project CE0100059 support by Interreg Central Europe Programme co-funded by the 

European Union. 



 

18 

 

References 

References 
AghaKouchak, A., Mirchi, A., Madani, K., Di Baldassarre, G., Nazemi, A., Alborzi, A., Anjileli, H., 435 

Azarderakhsh, M., Chiang, F., Hassanzadeh, E., Huning, L. S., Mallakpour, I., Martinez, A., Mazdiyasni, O., 

Moftakhari, H., Norouzi, H., Sadegh, M., Sadeqi, D., van Loon, A. F., and Wanders, N.: Anthropogenic 

Drought: Definition, Challenges, and Opportunities, Reviews of Geophysics, 59, 

https://doi.org/10.1029/2019RG000683, 2021. 

Al Mamun, M. A., Sarker, M. R., Sarkar, M. A. R., Roy, S. K., Nihad, S. A. I., McKenzie, A. M., Hossain, M. I., 440 

and Kabir, M. S.: Identification of influential weather parameters and seasonal drought prediction in 

Bangladesh using machine learning algorithm, Scientific reports, 14, 566, https://doi.org/10.1038/s41598-

023-51111-2, 2024. 

Anders, S., Cowling, W., Pareek, A., Gupta, K. J., Singla-Pareek, S. L., and Foyer, C. H.: Gaining Acceptance of 

Novel Plant Breeding Technologies, Trends in plant science, 26, 575–587, 445 

https://doi.org/10.1016/j.tplants.2021.03.004, 2021. 

Bailey-Serres, J., Parker, J. E., Ainsworth, E. A., Oldroyd, G. E. D., and Schroeder, J. I.: Genetic strategies for 

improving crop yields, Nature, 575, 109–118, https://doi.org/10.1038/s41586-019-1679-0, 2019. 

Belesova, K., Agabiirwe, C. N., Zou, M., Phalkey, R., and Wilkinson, P.: Drought exposure as a risk factor for 

child undernutrition in low- and middle-income countries: A systematic review and assessment of empirical 450 

evidence, Environment international, 131, 104973, https://doi.org/10.1016/j.envint.2019.104973, 2019. 

Blauhut, V., Gudmundsson, L., and Stahl, K.: Towards pan-European drought risk maps: quantifying the link 

between drought indices and reported drought impacts, Environ. Res. Lett., 10, 14008, 

https://doi.org/10.1088/1748-9326/10/1/014008, 2015. 

Blei, D. M., Ng, A. Y., and Jordan, M. I.: Latent dirichlet allocation, Journal of machine Learning research, 3, 455 

993–1022, 2003. 

Brás, T. A., Seixas, J., Carvalhais, N., and Jägermeyr, J.: Severity of drought and heatwave crop losses tripled 

over the last five decades in Europe, Environ. Res. Lett., 16, 65012, https://doi.org/10.1088/1748-

9326/abf004, 2021. 

Callaghan, M. W., Minx, J. C., and Forster, P. M.: A topography of climate change research, Nat. Clim. Chang., 460 

10, 118–123, https://doi.org/10.1038/s41558-019-0684-5, 2020. 

Canarini, A., Schmidt, H., Fuchslueger, L., Martin, V., Herbold, C. W., Zezula, D., Gündler, P., Hasibeder, R., 

Jecmenica, M., Bahn, M., and Richter, A.: Ecological memory of recurrent drought modifies soil processes 

via changes in soil microbial community, Nature communications, 12, 5308, https://doi.org/10.1038/s41467-

021-25675-4, 2021. 465 

Cann, K. F., Thomas, D. R., Salmon, R. L., Wyn-Jones, A. P., and Kay, D.: Extreme water-related weather events 

and waterborne disease, Epidemiology and infection, 141, 671–686, 

https://doi.org/10.1017/S0950268812001653, 2013. 

Cebral-Loureda, M., Hernández-Baqueiro, A., and Tamés-Muñoz, E.: A text mining analysis of human 

flourishing on Twitter, Scientific reports, 13, 3403, https://doi.org/10.1038/s41598-023-30209-7, 2023. 470 

Chenu, K., Porter, J. R., Martre, P., Basso, B., Chapman, S. C., Ewert, F., Bindi, M., and Asseng, S.: Contribution 

of Crop Models to Adaptation in Wheat, Trends in plant science, 22, 472–490, 

https://doi.org/10.1016/j.tplants.2017.02.003, 2017. 



 

19 

 

Chiang, F., Mazdiyasni, O., and AghaKouchak, A.: Evidence of anthropogenic impacts on global drought 

frequency, duration, and intensity, Nature communications, 12, 2754, https://doi.org/10.1038/s41467-021-475 

22314-w, 2021. 

Deerwester, S., Dumais, S. T., Furnas, G. W., Landauer, T. K., and Harshman, R.: Indexing by latent semantic 

analysis, J. Am. Soc. Inf. Sci., 41, 391–407, https://doi.org/10.1002/(SICI)1097-

4571(199009)41:6%3C391:AID-ASI1%3E3.0.CO;2-9, 1990. 

Eker, S., Rovenskaya, E., Obersteiner, M., and Langan, S.: Practice and perspectives in the validation of resource 480 

management models, Nature communications, 9, 5359, https://doi.org/10.1038/s41467-018-07811-9, 2018. 

Esha Zaveri, Richard Damania, and Nathan Engle: Droughts and Deficits The Global Impact of Droughts on 

Economic Growth, 2023. 

Ewert, F., Baatz, R., and Finger, R.: Agroecology for a Sustainable Agriculture and Food System: From Local 

Solutions to Large-Scale Adoption, Annu. Rev. Resour. Econ., 15, https://doi.org/10.1146/annurev-resource-485 

102422-090105, 2023. 

FAO-WFP: Early warning analysis of acute food insecurity hotspots, FAO and WFP, 2020. 

Funk, C., Shukla, S., Thiaw, W. M., Rowland, J., Hoell, A., McNally, A., Husak, G., Novella, N., Budde, M., 

Peters-Lidard, C., Adoum, A., Galu, G., Korecha, D., Magadzire, T., Rodriguez, M., Robjhon, M., Bekele, E., 

Arsenault, K., Peterson, P., Harrison, L., Fuhrman, S., Davenport, F., Landsfeld, M., Pedreros, D., Jacob, J. 490 

P., Reynolds, C., Becker-Reshef, I., and Verdin, J.: Recognizing the Famine Early Warning Systems 

Network: Over 30 Years of Drought Early Warning Science Advances and Partnerships Promoting Global 

Food Security, Bulletin of the American Meteorological Society, 100, 1011–1027, 

https://doi.org/10.1175/BAMS-D-17-0233.1, 2019. 

Gaudin, A. C. M., Henry, A., Sparks, A. H., and Slamet-Loedin, I. H.: Taking transgenic rice drought screening 495 

to the field, Journal of experimental botany, 64, 109–117, https://doi.org/10.1093/jxb/ers313, 2013. 

Geeganage, D. K., Xu, Y., and Li, Y.: A Semantics-enhanced Topic Modelling Technique: Semantic-LDA, ACM 

Trans. Knowl. Discov. Data, 18, 1–27, https://doi.org/10.1145/3639409, 2024. 

Geirinhas, J. L., Russo, A. C., Libonati, R., Miralles, D. G., Ramos, A. M., Gimeno, L., and Trigo, R. M.: 

Combined large-scale tropical and subtropical forcing on the severe 2019–2022 drought in South America, 500 

npj Clim Atmos Sci, 6, https://doi.org/10.1038/s41612-023-00510-3, 2023. 

Hagenlocher, M., Naumann, G., Meza, I., Blauhut, V., Cotti, D., Döll, P., Ehlert, K., Gaupp, F., van Loon, A. F., 

Marengo, J. A., Rossi, L., Sabino Siemons, A. S., Siebert, S., Tsehayu, A. T., Toreti, A., Tsegai, D., Vera, C., 

Vogt, J., and Wens, M.: Tackling Growing Drought Risks—The Need for a Systemic Perspective, Earth's 

Future, 11, https://doi.org/10.1029/2023EF003857, 2023. 505 

Hagenlocher, M., Meza, I., Anderson, C. C., Min, A., Renaud, F. G., Walz, Y., Siebert, S., and Sebesvari, Z.: 

Drought vulnerability and risk assessments: state of the art, persistent gaps, and research agenda, Environ. 

Res. Lett., 14, 83002, https://doi.org/10.1088/1748-9326/ab225d, 2019. 

Hoylman, Z. H., Bocinsky, R. K., and Jencso, K. G.: Drought assessment has been outpaced by climate change: 

empirical arguments for a paradigm shift, Nature communications, 13, 2715, https://doi.org/10.1038/s41467-510 

022-30316-5, 2022. 

IPCC: Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth 

Assessment Report of the Intergovernmental Panel on Climate Change, In Press, Cambridge University Press, 

Cambridge, United Kingdom and New York, NY, USA, 2021. 



 

20 

 

Jasechko, S., Seybold, H., Perrone, D., Fan, Y., Shamsudduha, M., Taylor, R. G., Fallatah, O., and Kirchner, J. 515 

W.: Rapid groundwater decline and some cases of recovery in aquifers globally, Nature, 625, 715–721, 

https://doi.org/10.1038/s41586-023-06879-8, 2024. 

Krishnamurthy R, P. K., Fisher, J. B., Choularton, R. J., and Kareiva, P. M.: Anticipating drought-related food 

security changes, Nat Sustain, 5, 956–964, https://doi.org/10.1038/s41893-022-00962-0, 2022. 

Lesk, C., Anderson, W., Rigden, A., Coast, O., Jägermeyr, J., McDermid, S., Davis, K. F., and Konar, M.: 520 

Compound heat and moisture extreme impacts on global crop yields under climate change, Nat Rev Earth 

Environ, 3, 872–889, https://doi.org/10.1038/s43017-022-00368-8, 2022. 

Lesk, C., Rowhani, P., and Ramankutty, N.: Influence of extreme weather disasters on global crop production, 

Nature, 529, 84–87, https://doi.org/10.1038/nature16467, 2016. 

Mishra, A. K. and Singh, V. P.: A review of drought concepts, Journal of Hydrology, 391, 202–216, 525 

https://doi.org/10.1016/j.jhydrol.2010.07.012, 2010. 

Mondal, S., K Mishra, A., Leung, R., and Cook, B.: Global droughts connected by linkages between drought 

hubs, Nature communications, 14, 144, https://doi.org/10.1038/s41467-022-35531-8, 2023. 

Moran, E., Lauder, J., Musser, C., Stathos, A., and Shu, M.: The genetics of drought tolerance in conifers, The 

New phytologist, 216, 1034–1048, https://doi.org/10.1111/nph.14774, 2017. 530 

Naumann, G., Cammalleri, C., Mentaschi, L., and Feyen, L.: Increased economic drought impacts in Europe with 

anthropogenic warming, Nat. Clim. Chang., 11, 485–491, https://doi.org/10.1038/s41558-021-01044-3, 2021. 

Niu, W., Tan, W., and Jia, W.: CS-BTM: a semantics-based hot topic detection method for social network, Appl 

Intell, 52, 18187–18200, https://doi.org/10.1007/s10489-022-03500-9, 2022. 

Ogunleye, B., Maswera, T., Hirsch, L., Gaudoin, J., and Brunsdon, T.: Comparison of Topic Modelling 535 

Approaches in the Banking Context, Applied Sciences, 13, 797, https://doi.org/10.3390/app13020797, 2023. 

Parent, B. and Tardieu, F.: Can current crop models be used in the phenotyping era for predicting the genetic 

variability of yield of plants subjected to drought or high temperature?, Journal of experimental botany, 65, 

6179–6189, https://doi.org/10.1093/jxb/eru223, 2014. 

Pasteris, P., Svoboda, M., Redmond, K., Hayes, M., and Le Comte, D.: Drought Monitoring: New Tools for the 540 

21st Century, in: Drought and Water Crises, edited by: Wilhite, D., CRC Press, 53–69, 

https://doi.org/10.1201/9781420028386.ch3, 2005. 

Pokhrel, Y., Felfelani, F., Satoh, Y., Boulange, J., Burek, P., Gädeke, A., Gerten, D., Gosling, S. N., Grillakis, 

M., Gudmundsson, L., Hanasaki, N., Kim, H., Koutroulis, A., Liu, J., Papadimitriou, L., Schewe, J., Müller 

Schmied, H., Stacke, T., Telteu, C.-E., Thiery, W., Veldkamp, T., Zhao, F., and Wada, Y.: Global terrestrial 545 

water storage and drought severity under climate change, Nat. Clim. Chang., 11, 226–233, 

https://doi.org/10.1038/s41558-020-00972-w, 2021. 

Poppe Terán, C., Naz, B. S., Graf, A., Qu, Y., Hendricks Franssen, H.-J., Baatz, R., Ciais, P., and Vereecken, H.: 

Rising water-use efficiency in European grasslands is driven by increased primary production, Commun 

Earth Environ, 4, https://doi.org/10.1038/s43247-023-00757-x, 2023. 550 

Prodhan, F. A., Zhang, J., Hasan, S. S., Pangali Sharma, T. P., and Mohana, H. P.: A review of machine learning 

methods for drought hazard monitoring and forecasting: Current research trends, challenges, and future 

research directions, Environmental Modelling & Software, 149, 105327, 

https://doi.org/10.1016/j.envsoft.2022.105327, 2022. 

Radim Rehurek and Petr Sojka: Software Framework for Topic Modelling with Large Corpora, in: Proceedings 555 

of the LREC 2010 Workshop on New Challenges for NLP Frameworks, 45–50, 2010. 



 

21 

 

Rahman, M., Frame, J. M., Lin, J., and Nearing, G. S.: Hydrology research articles are becoming more topically 

diverse, Journal of Hydrology, 614, 128551, https://doi.org/10.1016/j.jhydrol.2022.128551, 2022. 

Ridder, N. N., Ukkola, A. M., Pitman, A. J., and Perkins-Kirkpatrick, S. E.: Increased occurrence of high impact 

compound events under climate change, npj Clim Atmos Sci, 5, https://doi.org/10.1038/s41612-021-00224-4, 560 

2022. 

Rossi L, Wens M, De Moel H, Cotti D, Sabino Siemons A, Toreti A, Maetens W, Masante D, Van Loon A, 

Hagenlocher M, Rudari R, Naumann G, Meroni M, Avanzi F, Isabellon M, and Barbosa P: European Drought 

Risk Atlas, 1831-9424, https://doi.org/10.2760/608737, 2023. 

Satoh, Y., Shiogama, H., Hanasaki, N., Pokhrel, Y., Boulange, J. E. S., Burek, P., Gosling, S. N., Grillakis, M., 565 

Koutroulis, A., Müller Schmied, H., Thiery, W., and Yokohata, T.: A quantitative evaluation of the issue of 

drought definition: a source of disagreement in future drought assessments, Environ. Res. Lett., 16, 104001, 

https://doi.org/10.1088/1748-9326/ac2348, 2021. 

Savelli, E., Mazzoleni, M., Di Baldassarre, G., Cloke, H., and Rusca, M.: Urban water crises driven by elites’ 

unsustainable consumption, Nat Sustain, 6, 929–940, https://doi.org/10.1038/s41893-023-01100-0, 2023. 570 

Schwartz, C., Haigh, T., Svoboda, M., and Goebel, M.: How is Flash Drought Understood?—Experts’ 

Definitions and Decision-Makers’ Perceptions, Weather, Climate, and Society, 15, 909–924, 

https://doi.org/10.1175/WCAS-D-22-0142.1, 2023. 

Spinoni, J., Barbosa, P., Bucchignani, E., Cassano, J., Cavazos, T., Christensen, J. H., Christensen, O. B., 

Coppola, E., Evans, J., Geyer, B., Giorgi, F., Hadjinicolaou, P., Jacob, D., Katzfey, J., Koenigk, T., Laprise, 575 

R., Lennard, C. J., Kurnaz, M. L., Li, D., Llopart, M., McCormick, N., Naumann, G., Nikulin, G., Ozturk, T., 

Panitz, H.-J., Da Porfirio Rocha, R., Rockel, B., Solman, S. A., Syktus, J., Tangang, F., Teichmann, C., 

Vautard, R., Vogt, J. V., Winger, K., Zittis, G., and Dosio, A.: Future Global Meteorological Drought Hot 

Spots: A Study Based on CORDEX Data, Journal of Climate, 33, 3635–3661, https://doi.org/10.1175/JCLI-

D-19-0084.1, 2020. 580 

Stein, L., Mukkavilli, S. K., and Wagener, T.: Lifelines for a drowning science ‐ improving findability and 

synthesis of hydrologic publications, Hydrological Processes, 36, https://doi.org/10.1002/hyp.14742, 2022. 

Stella, T., Webber, H., Eyshi Rezaei, E., Asseng, S., Martre, P., Dueri, S., Rafael Guarin, J., Pequeno, D. N. L., 

Calderini, D. F., Reynolds, M., Molero, G., Miralles, D., Garcia, G., Slafer, G., Giunta, F., Kim, Y.-U., 

Wang, C., Ruane, A. C., and Ewert, F.: Wheat crop traits conferring high yield potential may also improve 585 

yield stability under climate change, in silico Plants, 5, https://doi.org/10.1093/insilicoplants/diad013, 2023. 

van Loon, A. F., Kchouk, S., Matanó, A., Tootoonchi, F., Alvarez-Garreton, C., Hassaballah, K. E. A., Wu, M., 

Wens, M. L. K., Shyrokaya, A., Ridolfi, E., Biella, R., Nagavciuc, V., Barendrecht, M. H., Bastos, A., 

Cavalcante, L., Vries, F. T. de, Garcia, M., Mård, J., Streefkerk, I. N., Teutschbein, C., Tootoonchi, R., 

Weesie, R., Aich, V., Boisier, J. P., Di Baldassarre, G., Du, Y., Galleguillos, M., Garreaud, R., Ionita, M., 590 

Khatami, S., Koehler, J. K. L., Luce, C. H., Maskey, S., Mendoza, H. D., Mwangi, M. N., Pechlivanidis, I. 

G., Ribeiro Neto, G. G., Roy, T., Stefanski, R., Trambauer, P., Koebele, E. A., Vico, G., and Werner, M.: 

Review article: Drought as a continuum: memory effects in interlinked hydrological, ecological, and social 

systems, 2024. 

van Loon, A. F., Rangecroft, S., Coxon, G., Werner, M., Wanders, N., Di Baldassarre, G., Tijdeman, E., Bosman, 595 

M., Gleeson, T., Nauditt, A., AghaKouchak, A., Breña-Naranjo, J. A., Cenobio-Cruz, O., Costa, A. C., 

Fendekova, M., Jewitt, G., Kingston, D. G., Loft, J., Mager, S. M., Mallakpour, I., Masih, I., Maureira-

Cortés, H., Toth, E., van Oel, P., van Ogtrop, F., Verbist, K., Vidal, J.-P., Wen, L., Yu, M., Yuan, X., Zhang, 



 

22 

 

M., and van Lanen, H. A. J.: Streamflow droughts aggravated by human activities despite management, 

Environ. Res. Lett., 17, 44059, https://doi.org/10.1088/1748-9326/ac5def, 2022. 600 

van Loon, A. F., Rangecroft, S., Coxon, G., Breña Naranjo, J. A., van Ogtrop, F., and van Lanen, H. A. J.: Using 

paired catchments to quantify the human influence on hydrological droughts, Hydrol. Earth Syst. Sci., 23, 

1725–1739, https://doi.org/10.5194/hess-23-1725-2019, 2019. 

van Loon, A. F., Gleeson, T., Clark, J., van Dijk, A. I. J. M., Stahl, K., Hannaford, J., Di Baldassarre, G., Teuling, 

A. J., Tallaksen, L. M., Uijlenhoet, R., Hannah, D. M., Sheffield, J., Svoboda, M., Verbeiren, B., Wagener, 605 

T., Rangecroft, S., Wanders, N., and van Lanen, H. A. J.: Drought in the Anthropocene, Nature Geosci, 9, 

89–91, https://doi.org/10.1038/ngeo2646, 2016a. 

van Loon, A. F., Stahl, K., Di Baldassarre, G., Clark, J., Rangecroft, S., Wanders, N., Gleeson, T., van Dijk, A. I. 

J. M., Tallaksen, L. M., Hannaford, J., Uijlenhoet, R., Teuling, A. J., Hannah, D. M., Sheffield, J., Svoboda, 

M., Verbeiren, B., Wagener, T., and van Lanen, H. A. J.: Drought in a human-modified world: reframing 610 

drought definitions, understanding, and analysis approaches, Hydrol. Earth Syst. Sci., 20, 3631–3650, 

https://doi.org/10.5194/hess-20-3631-2016, 2016b. 

Vins, H., Bell, J., Saha, S., and Hess, J. J.: The Mental Health Outcomes of Drought: A Systematic Review and 

Causal Process Diagram, International journal of environmental research and public health, 12, 13251–13275, 

https://doi.org/10.3390/ijerph121013251, 2015. 615 

Voosen, P.: The hunger forecast, Science (New York, N.Y.), 368, 226–229, 

https://doi.org/10.1126/science.368.6488.226, 2020. 

Walker, D. W. and van Loon, A. F.: Droughts are coming on faster, Science (New York, N.Y.), 380, 130–132, 

https://doi.org/10.1126/science.adh3097, 2023. 

Wang, Z., Li, J., Lai, C., Wang, R. Y., Chen, X., and Lian, Y.: Drying tendency dominating the global grain 620 

production area, Global Food Security, 16, 138–149, https://doi.org/10.1016/j.gfs.2018.02.001, 2018. 

Wardlow, B., Anderson, M., Hain, C., Crow, W., Otkin, J., Tadesse, T., and AghaKouchak, A.: Advancements in 

satellite remote sensing for drought monitoring, in: Drought and Water Crises, edited by: Wilhite, D. and 

Pulwarty, R., CRC Press, 225–258, 2017. 

Westergaard, D., Stærfeldt, H.-H., Tønsberg, C., Jensen, L. J., and Brunak, S.: A comprehensive and quantitative 625 

comparison of text-mining in 15 million full-text articles versus their corresponding abstracts, PLoS 

computational biology, 14, e1005962, https://doi.org/10.1371/journal.pcbi.1005962, 2018. 

Yin, J., Gentine, P., Slater, L., Gu, L., Pokhrel, Y., Hanasaki, N., Guo, S., Xiong, L., and Schlenker, W.: Future 

socio-ecosystem productivity threatened by compound drought–heatwave events, Nat Sustain, 6, 259–272, 

https://doi.org/10.1038/s41893-022-01024-1, 2023. 630 

Yuan, X., Wang, Y., Ji, P., Wu, P., Sheffield, J., and Otkin, J. A.: A global transition to flash droughts under 

climate change, Science (New York, N.Y.), 380, 187–191, https://doi.org/10.1126/science.abn6301, 2023. 

  



 

23 

 

6 Appendix 

 635 

 

 
Figure A: Data and trends of total annual publications. Data and polynomial trends of annual publications by major topics per 

document. Popularity is the number of publication on the particular topic with the polynomial fitted function to indicate the trend 

since 1980 to 2022 and the mean for this period is given. 640 
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Figure B: Annual share of topics to drought research. Annual shares of research topics ranked by mean annual share. The formula 

for linear regression provides the trend over the last four decades (black dashed line). Genetics has the highest positive trend with 645 
highest Pearson correlation coefficient. Total publication growth is exponential while annual share refers to the single year, which 

leads to forecasting and genetics as the topics with highest overall share.  

 

 


