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Abstract

Human activities have increasingly intensified the severity, frequency, and

negative impacts of droughts in several regions across the world. This trend

has led to broader scientific conceptualizations of drought risk that account for

human actions and their interplays with natural systems. This review focuses

on physical and engineering sciences to examine the way and extent to which

these disciplines account for social processes in relation to the production and

distribution of drought risk. We conclude that this research has significantly

progressed in terms of recognizing the role of humans in reshaping drought

risk and its socioenvironmental impacts. We note an increasing engagement

with and contribution to understanding vulnerability, resilience, and adapta-

tion patterns. Moreover, by advancing (socio)hydrological models, developing

numerical indexes, and enhancing data processing, physical and engineering

scientists have determined the extent of human influences in the propagation

of drought hazard. However, these studies do not fully capture the complexi-

ties of anthropogenic transformations. Very often, they portray society as

homogeneous, and decision-making processes as apolitical, thereby concealing

the power relations underlying the production of drought and the uneven dis-

tribution of its impacts. The resistance in engaging explicitly with politics and

social power—despite their major role in producing anthropogenic drought—
can be attributed to the strong influence of positivist epistemologies in

engineering and physical sciences. We suggest that an active engagement with

critical social sciences can further theorizations of drought risk by shedding

light on the structural and historical systems of power that engender every

socioenvironmental transformation.
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“People have been living with drought for 5,000 years, but what we are seeing now is very different.”
Mami Mizutori, UN Secretary General's Special Representative for Disaster Risk Reduction

1 | INTRODUCTION: DROUGHT AS SOCIOENVIRONMENTAL
PHENOMENA

Drought is an extreme hydro-climatological phenomenon that has occurred in varying degrees of magnitude and dura-
tion over the course of history. Since early human civilizations, drought has contributed to the world's most severe fam-
ines (Meza et al., 2020; Schiermeier, 2019; UNDRR, 2021) and has been associated with some of the largest population
movements and displacements in human history (Lucero et al., 2017; McLeman et al., 2010; Sear et al., 2020). Societal
collapses, conflicts, and instabilities have often unfolded together with droughts (Kaniewski et al., 2015; Xiao
et al., 2013). Worryingly, future projections are more alarming since droughts are expected to increase in frequency,
intensity, and duration in many regions across the world (Arnell, 2015; Guerreiro et al., 2018; Leng et al., 2015; Spinoni
et al., 2019; Trenberth et al., 2014; Van Lanen et al., 2013).

These patterns have been attributed to expanding anthropogenic pressure including urbanization, deforestation,
unsustainable water consumption, and human-induced climate change (AghaKouchak et al., 2015). In turn, this evi-
dence led to broader definitions of drought (e.g., anthropogenic, human-induced drought) which include social pres-
sures and account for the feedback between human actions and natural systems (AghaKouchak et al., 2021; Van Loon
et al., 2016). Central to this emerging literature is the idea of advancing current understanding of drought by investigat-
ing the anthropogenic processes that intersect with the production and distribution of drought risks and their soci-
oenvironmental implications. Such novel ideas lay the groundwork for this systematic review, which examines the
multiple ways and extent to which physical and engineering scientists have empirically and theoretically engaged with
social processes in relation to the production and distribution of drought risk. Drought risk is usually defined as the
potential socioenvironmental impacts that result from the interactions between exposure and vulnerability to drought
hazard (UNDRR, 2021). This review identifies four interrelated processes that influence the production and redistribu-
tion of drought risk. These processes—which are respectively: (a) the propagation of drought hazard; (b) the production
of drought vulnerability and impacts; (c) the development of drought resilience and adaptation capacities and lastly;
(d) long-term dynamics between drought risk and society—represent also the main objects of study of the publications
reviewed in this paper (Figure 1).

In this paper, we first outline the methodology employed to identify relevant literature. Next, we undertake a quan-
titative examination of the 221 publications selected for this study to identify trends and major developments in the
field. This section is followed by in-depth qualitative analyses that examine how social processes are conceptualized
and incorporated in physical and engineering studies. Each analysis focuses on one of the four socioenvironmental pro-
cesses influencing the production and distribution of drought risk (Figure 1). Furthermore, throughout the review, we
also consider the latest methodological advances in numerical modeling, data processing, and remote sensing analyses

FIGURE 1 The figure exemplifies the four interrelated processes examined by engineering and physical sciences on drought risk and

society over the past two decades. The intersection and direction of the arrows reflect respectively the interrelation and the evolution of these

processes
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to understand to what extent these methods are able to explain increasing anthropogenic transformations of droughts
and their ever so critical manifestations.

We argue that physical and engineering studies on droughts and society have significantly progressed in terms of
reconceptualizing drought risk in relation to anthropogenic processes. Moreover, these disciplines have advanced their
methodologies so as to capture the intensity of anthropogenic transformations of drought hazard and their impacts.
Concurrently, we observe that physical and engineering scientists still overlook the complexity of anthropogenic drivers
of droughts' manifestations. Often, their analyses tend to portray humans as universal victims rather than heterogeneous
political subjects (Swyngedouw, 2021). Thus, society results as a homogeneous entity and decision-making processes as
apolitical.

This resistance in engaging explicitly with politics and inequalities can be attributed to the predominance of positiv-
ist epistemologies in physical and engineering sciences. In fact, a preference for observable and quantifiable knowledge
can prevent an explicit consideration of social power despite the major role it has in reshaping the propagation and
impacts of drought. We suggest that an engagement with critical social sciences theories would benefit drought and
society studies. This interdisciplinary effort would expose the power dynamics that intersect with the production of
anthropogenic droughts while at the same time, link broader patterns of inequality with the uneven distribution of
drought risk (Savelli et al., 2021).

2 | METHODOLOGY: SYSTEMATIC REVIEW

This work employs a systematic review methodology to identify scientific evidence concerning the interactions of
droughts and society. This allows minimization of bias and provides more accurate findings (Hasan et al., 2019). The
methodology follows six stages, which include (1) framing the research question; (2) identifying relevant works;
(3) selecting most significant literature; (4) assessing the appropriateness of the articles; (5) classifying final selected arti-
cles, and (6) performing quantitative and qualitative analyses (Figure 2).

The main research question that this review seeks to answer is “In which way and to what extent does current phys-
ical and engineering scientific research on drought and society consider social processes in relation to the production
and distribution of drought risk?” (Figure 2, Stage 1). With social processes we refer to any human action or sociopoliti-
cal change that directly or indirectly influences drought risk and its manifestations. Stage 2 established the inclusion–
exclusion criteria of this study based on the research question and the definition of social processes. In particular, dur-
ing this stage we set up the Web of Science search engine in order to obtain only articles that had drought and societally
relevant words1 in the title. Web of Science was selected because it has a large database and is considered among the
most trusted and accurate search engines (Mongeon & Paul-Hus, 2016). Year of publication, language, and type of doc-
uments were other basic criteria used to limit the number of articles. The research was restricted to academic publica-
tions written in English and published since 2000. The search was limited to English publications due to the linguistic
competences of the authors. This might have caused the exclusion of some relevant contributions to this field and of
some geographical areas. Similarly, the selection of the world drought inevitably excluded studies that employed terms
such as water shortage, water scarcity, or dry spell. This criterion might partially explain the greater scientific focus on
agriculture relative to urban case studies, where the most common terminology is “water shortages” and “urban water
crises.”

The criteria identified in Stage 2 resulted in the preliminary selection of 568 scientific publications on drought and
society. Stage 3 encompassed the exclusion of papers that did not pertain to the physical and engineering sciences disci-
plines. The selection was limited to hydro-climatology, engineering, environmental, and earth sciences publications.
Consequently, 230 papers that Web of Science categorizes as pertaining to social sciences, biology, biochemistry, paleo-
biology, agroforestry, or medicine were excluded from the review. Interdisciplinary studies combining physical and
engineering sciences with other disciplines have been included in the study. Stage 4 encompassed a qualitative selection
based on the abstract content to include only papers that investigated social processes and their interactions with
drought risk production and distribution. In turn, this qualitative assessment excluded 42 publications which focused
on the effects of anthropogenic climate changes as well as 75 publications that used historical time series of drought or
assessed historical drought. These papers, despite somehow related to drought and society interplay, did not include
analyses of social processes.2 Based on this, the final selection was limited to 221 papers. During Stage 5 the articles
were classified according to their abstracts into the four interrelated categories of (a) the propagation of drought hazard,
(b) the production of drought vulnerability and impacts, (c) the development of drought resilience and adaptation
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capacities, and lastly (d) long-term dynamics between drought risk and society. In particular, category (a) includes con-
tributions which discuss agricultural, hydrological, and socioeconomic droughts for they represent different phases of
the propagation of drought hazard from a meteorological event into a socioeconomic drought. Category (b) includes
studies on drought vulnerability and impacts, but also drought perception and discourses because of their influence
on the manner in which drought is experienced both at the individual- and community-level. After classification,
publications have been analyzed both quantitatively and qualitatively to disentangle anthropogenic processes along
with examining the methodologies employed (Stage 6).

3 | RESEARCH TRENDS ON DROUGHT AND SOCIETY

Since the 1970s, social scientists have argued for the recognition of sociopolitical drivers in drought risk analyses
(Garcia & Escudero, 1982; Meillassoux, 1974). However, drought research carried out by physical and engineering sci-
entists, primarily focused on meteorological aspects, such as rainfall statistics and drought indices (Dolan, 1990; Dracup
et al., 1980; Heddinghaus & Sabol, 1991; Heim, 2000; Maybank et al., 1995; Rossi et al., 1992; Sheffield & Wood, 2011;

FIGURE 2 Systematic review methodology.Source: Readapted from Hasan et al. (2019)
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Smakhtin, 2001; Tallaksen & Van Lanen, 2004). Only during the early 2000s these disciplines began to more signifi-
cantly recognize the limitations of their approach to drought risk (see for instance, Mishra & Singh, 2010; Wilhite &
Glantz, 1985). Concurrently, international organizations adopted social science perspectives in the field of disasters—
including drought—emphasizing the role of social vulnerability (Revet, 2011). Furthermore, along with Crutzen's (2006)
popularization of the term Anthropocene, physical and engineering scientists started considering humans as major
agents of change (Sanderson et al., 2002). In line with this progress, several hydrologists have explored how human
activities not only determine drought vulnerability and impacts, but also influence the propagation of drought from the
atmosphere to the ground (AghaKouchak et al., 2015, 2021; Di Baldassarre et al., 2017; Garcia et al., 2016; Van Loon
et al., 2016).

The quantitative analysis of engineering and physical sciences publications on drought and society reveals that over
the last two decades, research has mostly considered social processes in relation to the impacts and manifestation of
droughts. The assessment shows that about 64% of the reviewed literature conceptualizes society mostly as the system
impacted, vulnerable, resilient, and/or adapting to drought events (Figure 3). Only 26% of the literature seeks to mea-
sure the extent to which society influences the duration and intensity of drought hazards. Most of these studies have
retraced the different phases of drought hazard which hydrologists classify into agricultural, hydrological, and socioeco-
nomic drought depending on which water is deficient and where. Fewer scholars (10%) have been retracing the long-
term dynamics between society and drought risk. They employ longer time scales which exceed the timeframe of a
drought, to study the ways drought events reshape society as well as the manner in which societal responses can, in the
long term, alter the occurrence of future drought.

The focus of physical and engineering studies has changed over these two decades. During the last 5 years, greater
attention has been placed on social processes that influence the occurrence of hydrological and socioeconomic drought
(Figure 4). Drought impacts on society are also gaining growing consideration. Figure 4 reveals an increasing prolifera-
tion of articles focused on drought and society even when compared with the global rate of growth of scientific publica-
tions.3 In fact, the number of articles focusing on drought and society has increased by a factor of 10 over the last
10 years.

The geographical analysis of the case studies reveals that China and United States alone cover about 40% of the
studies (Figure 5). With a total of 87 articles, the two countries have been significantly more studied relative to any
other geographical area. China and United States are followed by Australia, Brazil, and Spain which count respectively
13, 11, and 10 cases studies. These geographical patterns might partially be explained by the fact that those regions have
been and continue to be exposed to severe drought conditions (Carr~ao et al., 2018; Meza et al., 2020). In particular,

FIGURE 3 Thematic distribution of publications on drought and society. The x axis refers to the number of publications, while the

y axis displays the category of the publications. The yellow bars refer to publications concerning hazard propagation including agricultural,

hydrological, and socioeconomic drought (26%); the blue bars refer to drought vulnerability, impacts, perception and discourses (38%); the

light green bar refers to drought resilience and adaptation publications (26%), and the magenta bar refers to publications about long-term

risk dynamics of drought and society (10%)
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research on China has largely focused on the occurrence of socioeconomic and hydrological droughts. In contrast, pub-
lications based on case studies in the United States, Spain, Australia, and Brazil mostly aim at understanding drought
related impacts along with processes of resilience and adaptation. Only 10 of the selected papers perform a global analy-
sis, but the interest in this less explored research area has also grown over the last 5 years.

Overall, the latest publications along with the increased attention to drought impacts seem to reflect the growing
concern that drought represents for society as a result of expanding anthropogenic pressures and human-induced cli-
mate change (AghaKouchak et al., 2015, 2021; Van Loon et al., 2016). More importantly, the latest publications recog-
nize society as an active force rather than just a passive subject during the occurrence of drought events.

In the next sections, we perform an in-depth analysis of the literature as a way to understand how social processes
are studied across drought-related physical and engineering sciences literature and unravel the reasons behind such an
increasing interest in anthropogenic activities. In particular, the review closely examines the social processes that can
influence the propagation from agricultural, hydrological, and socioeconomic drought. From there, the analysis
unravels the processes that influence the production of vulnerabilities and the ultimate unfolding of drought impacts.

FIGURE 4 Progress in research on drought and society. The x axis refers to year of publication, while the y axis displays the

publications' category. Yellow areas refer to publications concerning hazard propagation including agricultural, hydrological, and

socioeconomic drought; blue area refers to drought vulnerability, impacts, perception, and discourses; the light green area refers to drought

resilience and adaptation publications and, finally, the magenta area refers to publications about long-term risk dynamics of drought and

society

FIGURE 5 Geographical concentration of case studies. Both color and size of the circles correspond to the number of publications

focused on a given geographical area
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Subsequently, the focus shifts to the resilience and adaptation mechanisms that society develops during and/or after
the occurrence of drought. Lastly, the review zooms out to understand the manner in which drought risk interact with
society over a long-time scale.

4 | FROM DRY WEATHER TO WATER SHORTAGES: SOCIAL PRODUCTION
AND PROPAGATION OF DROUGHT HAZARD

Over the last two decades physical and engineering scientists have increasingly focused their attention toward the influ-
ence that society exerts on the production of drought hazard and its propagation over time and across space (from mete-
orological, to agricultural, hydrological, and lastly socioeconomic drought). Initially, drought hazard was interpreted as
a component of risk that society could not control, but only measure or predict (Salvador et al., 2021). Thus, drought
propagation was considered a unidirectional process mostly influenced by catchment physical properties (e.g., geology
and vegetation cover). Human processes remained confined at the downstream end of such propagation and were
responsible of reshaping exposure, vulnerabilities, and impacts of the system affected by drought hazard. More recently,
literature has shown that society influences also the propagation of the hazard itself (de Freitas, 2020; Jaeger
et al., 2019; Lange et al., 2017; Omer et al., 2020; Taylor et al., 2009; Van Dijk et al., 2013; Van Loon et al., 2016).

The recognition of the role that humans play in the production and transformation of drought hazard represents a
crucial scientific advance of recent studies on drought and society. Physical and engineering scientists' fundamental
contribution has been to identify the major social processes that interfere with drought hazard alongside retracing the
ways and extent to which social and hydro-climatological processes intertwine, transform themselves, and produce
nonlinear propagations of drought. Explicitly or not, these studies conceptualize drought hazard as socioenvironmental
rather than just hydroclimatic in that its propagation becomes as much a result of anthropogenic activities, as it is of cli-
matic or geophysical processes (Taylor et al., 2009; Van Dijk et al., 2013).

Most of the recent contributions have focused on exposing the social processes that intersect with the transforma-
tion of a drought from a meteorological event, into soil moisture drought (Cook et al., 2009; Deo et al., 2009; Kandakji
et al., 2021; Satgé et al., 2017; Taufik et al., 2020; Yang et al., 2017; Yu et al., 2018), hydrological drought (Al-Faraj &
Tigkas, 2016; Jehanzaib, Shah, Kwon, & Kim, 2020; Jehanzaib, Shah, Yoo, & Kim, 2020; Liu et al., 2016; Somorowska &
Łaszewski, 2017; Wada et al., 2013; Wan et al., 2017; Wanders & Wada, 2015; Wang, Duan, et al., 2020; Wang, Jiang,
et al., 2020; Yang et al., 2020; Yuan et al., 2017), and ultimately, socioeconomic drought (Edalat & Stephen, 2019; Guo,
Huang, Huang, Wang, Fang, et al., 2019; Guo, Huang, Huang, Wang, Wang, & Fang, 2019; Heidari et al., 2020; Huang
et al., 2016; Liu, Shi, & Sivakumar, 2020; Liu, Zhang, et al., 2020; Mehran et al., 2015; Shi et al., 2018; Zhao et al., 2019).
Across these studies, the social processes that engender or exacerbate drought propagation are usually proxied by the
expansion of agriculture activities, population growth, urbanization, and industrialization, with agriculture seen as the
most significant social driver across the various phases of drought propagation. Literature on soil moisture drought, for
instance, argues that crops cultivation together with the grazing of pastures, constitute the prevailing reasons behind
the reduction, conversion, as well as degradation of native soil and vegetation. In the long run, these agricultural trans-
formations increase the amount of energy available on the surface of the land, alter local hydro-climatological processes
and in turn, induce temperature anomalies alongside changes in evapotranspiration and precipitation rates even
beyond the region of disturbance (Cook et al., 2009; Deo et al., 2009; Kandakji et al., 2021; Satgé et al., 2017; Taufik
et al., 2020; Yang et al., 2017; Yu et al., 2018).

Hydrological drought studies argue that most of the artificial diversion, abstraction, and/or regulation of water
resources that produce streamflow deficits are caused by irrigation for agriculture and to a lesser extent, by industrial
and domestic water uses (Al-Faraj & Tigkas, 2016; Jehanzaib, Shah, Kwon, & Kim, 2020; Jehanzaib, Shah, Yoo, &
Kim, 2020; Liu et al., 2016; Somorowska & Łaszewski, 2017; Wada et al., 2013; Wan et al., 2017; Wanders &
Wada, 2015; Wang, Duan, et al., 2020; Wang, Jiang, et al., 2020; Yang et al., 2020; Yuan et al., 2017). Besides modifying
the spatiotemporal distribution of hydrological processes, these anthropogenic activities also alter the quality of water
and its biochemical characteristics with significant impacts on the entire process of drought propagation
(Somorowska & Łaszewski, 2017).

More recently, socioeconomic drought scholars have closely investigated the condition in which the demand for
water exceeds the available water supply (Edalat & Stephen, 2019; Eklund & Seaquist, 2015; Guo, Huang, Huang,
Wang, Fang, et al., 2019; Guo, Huang, Huang, Wang, Wang, & Fang, 2019; Heidari et al., 2020; Huang et al., 2016; Liu,
Shi, & Sivakumar, 2020; Liu, Zhang, et al., 2020; Mehran et al., 2015; Shi et al., 2018; Tu et al., 2018; Zhao et al., 2019).
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Their works focus mostly on the ways artificial reservoirs change the spatial and temporal distribution of water
resources and in turn, exacerbate or less frequently absorb, water shortages (Guo, Huang, Huang, Wang, Fang,
et al., 2019; Guo, Huang, Huang, Wang, Wang, & Fang, 2019; Huang et al., 2016; Liu, Shi, & Sivakumar, 2020; Liu,
Zhang, et al., 2020; Mehran et al., 2015; Shi et al., 2018; Tu et al., 2018; Zhao et al., 2019).

Concurrently, physical and engineering scientists have successfully quantified anthropogenic alterations of soil
moisture, hydrological, or socioeconomic drought. One of the most significant assessments is Wada et al.'s (2013) global
analysis which estimates that anthropogenic activities have intensified the magnitude of hydrological drought up to
500% worldwide (Wada et al., 2013). Other assessments of hydrological drought at smaller scales (i.e., regions or catch-
ment areas) estimate that humans can induce a 200% more intense hydrological or socioeconomic drought (Al-Faraj &
Tigkas, 2016; Jehanzaib, Shah, Kwon, & Kim, 2020; Jehanzaib, Shah, Yoo, & Kim, 2020; Liu et al., 2016; Somorowska &
Łaszewski, 2017; Wan et al., 2017; Wanders & Wada, 2015; Wang, Duan, et al., 2020; Wang, Jiang, et al., 2020; Yang
et al., 2020; Yuan et al., 2017). Analyses of soil moisture drought found that land cover changes can lead to twice as
severe and/or three-times more frequent drought hazards than under pristine conditions (Taufik et al., 2020).

To quantify the influence that agriculture and other human activities have on the frequency, distribution, and/or
propagation of drought hazard, physical and engineering scientists have mostly employed numerical indexes (Al-Faraj &
Tigkas, 2016; Deo et al., 2009; Edalat & Stephen, 2019; Ghale et al., 2019; Guo, Huang, Huang, Wang, Fang, et al., 2019;
Guo, Huang, Huang, Wang, Wang, & Fang, 2019; Huang et al., 2016; Jehanzaib, Shah, Kwon, & Kim, 2020; Li
et al., 2019; Liu, Shi, & Sivakumar, 2020; Liu, Zhang, et al., 2020; Margariti et al., 2019; Mehran et al., 2015; Muhammad
et al., 2020; Satgé et al., 2017; Shi et al., 2018; Tijdeman et al., 2018; Wan et al., 2017; Wang, Duan, et al., 2020;
Wu et al., 2019; Xu et al., 2019; Yang et al., 2017; Zhao et al., 2019; Zou et al., 2018), statistical or geospatial analyses
(Deo et al., 2009; Ghale et al., 2019; Jehanzaib, Shah, Kwon, & Kim, 2020; Kandakji et al., 2021; Liu et al., 2016; Liu,
Zhang, et al., 2020; Mehran et al., 2015; Panda et al., 2007; Satgé et al., 2017; Wang, Duan, et al., 2020; Wang, Jiang,
et al., 2020; Yang et al., 2017; Zou et al., 2018), and hydro-meteorological models (Cook et al., 2009; Firoz et al., 2018;
Ghale et al., 2019; He et al., 2017; Jehanzaib, Shah, Yoo, & Kim, 2020; Jiang et al., 2019; Kakaei et al., 2019; Kingston
et al., 2021; Margariti et al., 2019; Mehran et al., 2015; Muhammad et al., 2020; Taufik et al., 2020; Tu et al., 2018; Wada
et al., 2013; Wan et al., 2017; Wanders & Wada, 2015; Wang, Duan, et al., 2020; Wang, Jiang, et al., 2020; Wu
et al., 2019; Yang et al., 2017, 2020; Yu et al., 2018; Zhu et al., 2019). Common practice for capturing the human influ-
ence on drought propagation is to assess the changes of water contents, and other drought characteristics by comparing
human modified with pristine or naturalized environments. While observation-based methods use empirical data
(Rangecroft et al., 2019; Van Loon et al., 2019), model-based approaches artificially reproduce hydro-meteorological sys-
tems both under pristine or human-modified conditions and simulate the socioenvironmental processes of land use
change, water management, regulation, and abstraction.

Recently, there has been an increasing use of satellite observations and remote sensing analysis that allows the col-
lection of information over large geographical areas and to characterize data in terms of their hydro-climatological or
geological features over long time scales. Societal processes are often implicitly incorporated as land cover changes,
water resources abstraction, water storage, and regulation. Other social trends like population dynamics or
GDP/economic growth usually serve to introduce or explain the genesis of socioenvironmental transformations. How-
ever, neither hydrological models nor statistical analyses explicitly account for or demonstrate the existence of a direct
link between population or economic growth and increased human pressure on local—hydro-climatological—condi-
tions. The acceptance of such dynamics without a thorough exploration of the mechanisms that drive soci-
oenvironmental propagation of drought, simplify and depoliticize social processes.

Although such processes remain largely unexplored, the context and description of the case studies provide relevant
information to better understand societal characteristics and dynamics. Several cases point to rapid economic develop-
ment as the major process at the root of unsustainable uses and alteration of water sources. Many of those instances
suggest that agriculture becomes unsustainable as a result of the global economy that requires productive and competi-
tive farming at a global scale (Yu et al., 2018). The Dust Bowl that affected North American Great Plains during 1930s
is a common example of an extreme drought event that resulted from unsustainable agricultural practices driven by the
overexpansion of the economy (Cook et al., 2009; Kandakji et al., 2021). Satgé et al. (2017) explore a more recent trans-
formation of the agricultural sector in Bolivia. Their study shows that for about 10 years (2005–2015), the replacement
of native vegetation with intensive quinoa production has accelerated the desertification process across many regions
and completely dried up one of Bolivia's largest lakes (Satgé et al., 2017). Like with the production of cotton in the Dust
Bowl, in this case, the production of quinoa became unsustainable as a result of increased (international) demand and
market prices. Dai et al.'s (2010) work quantifying human interference on the Yangtze River in China, reaches similar
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conclusions. Their work suggests that humans have rapidly and extensively changed local ecosystems to boost
economic development and meet the demand of international and national markets.

Overall, these case studies link the needs for expansion of the global economy with the increasing occurrence of
socioenvironmental droughts. Yet, across their analyses, society is reduced to an “undifferentiated whole”
(Moore, 2017, p. 595), a homogeneous entity that, by growing economically and demographically, will inevitably con-
sume more water. This conceptualization conceals a heterogeneous reality where society's economy grows unequally
and water is consumed at different rates by diverse social groups (Savelli et al., 2021). This means that only some social
groups are responsible for the pressure exerted on hydro-climatological process and, in turn, for aggravating drought
hazard and its propagation from a meteorological into a socioeconomic drought. Furthermore, the development and
use of water infrastructure are always intertwined with complex political and economic interests which make the infra-
structure's benefits and costs unevenly distributed across different social groups (Kaika, 2006; Molle, 2006; Rusca
et al., 2019; Savelli et al., 2021; Tiwale et al., 2018). These dynamics are not fully considered in these studies, which gen-
erally focus on the correlation between modified inflow, outflow, and water storage with the occurrence of soci-
oenvironmental drought. The alterations of water flows, however, are not the causes but rather the symptoms of
anthropogenic changes.

5 | FROM HAZARD TO RISK: THE SOCIAL PROCESSES THAT RESHAPE
DROUGHT VULNERABILITY AND IMPACT

Drought hazard becomes risk when, throughout its propagation, it affects socioenvironmental systems that are vulnera-
ble to such hazard. Only then, droughts can impact society. Thus, literature that focuses on drought vulnerabilities and
its impacts is that which more closely examines the relationship between drought hazard and society.

In the earliest physical and engineering studies, vulnerability was mostly considered as a function of biophysical
and technological factors (Gibb, 2018). This conception often assumed that scientific expertise and technological solu-
tions were the most suitable options to reduce vulnerabilities and therefore risk. Consecutively, in response to the inef-
fectiveness of technical interventions, social scientists have advanced novel conceptualizations of vulnerability that
diverged from the dominant physical science discourse and considered more socially aware interpretations of risk.
These critical works rejected one-dimensional and static understandings of vulnerability explaining it as a function of
both biophysical and socially constructed conditions (Bankoff, 2001; Blaikie et al., 2004; Brookfield, 1999;
Hewitt, 1983). Gradually, both the influence and increased collaborations with social scientists have contributed to
enrich physical and engineering studies on drought vulnerability. Most of the works examined in this review try either
to assess the level of vulnerability of an affected system or to retrace its underlying causes. In doing so, these interdisci-
plinary efforts have contributed to unearthing the major social processes at play in the production of vulnerability. At
the same time, these studies recognize the heterogeneity of society and the implications thereof (Acosta-Michlik
et al., 2008; De Silva & Kawasaki, 2018; Dumitraşcu et al., 2018; Taenzler et al., 2008; Tubi, 2020; Yaduvanshi
et al., 2015).

Few researchers have conducted in-depth examinations on the social production of drought vulnerabilities and their
close relation to the global political-economic system (Acosta-Michlik et al., 2008; Eriksen & Silva, 2009; Tubi, 2020).
Their studies show that while on the one hand, increasing levels of international trade and commercialization have
boosted economic growth worldwide. On the other hand, such political-economic transformations have brought about
commodity price fluctuation, concentrated capital availability among fewer hands, reduced formal employment oppor-
tunities, alongside triggering unfair competition over access to land and natural resources. Thus, even though in the
immediate occurrence of a drought, poor farmers or households might be facilitated by the market, in the long-term,
the increased competition and fluctuation of prices will most likely undermine their livelihoods. These dynamics imply
that the global economic system can exacerbate people's vulnerabilities to drought, by locking them into unsustainable
survival strategies with adverse consequences for their long-term livelihood and economic security (Eriksen &
Silva, 2009).

The (in)ability of the market to provide socioeconomic security during droughts is often associated with perfor-
mances of national or local governance. Some articles use the term state capacity to describe the ability of governance
processes to provide key public goods and services to all segments of society under severe drought conditions (Acosta-
Michlik et al., 2008; Eriksen & Silva, 2009; Taenzler et al., 2008; Tubi, 2020). Thus, the interweaving of market processes
and state capacities is at the genesis of drought vulnerabilities (De Silva & Kawasaki, 2018; Dumitraşcu et al., 2018;
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Liu & Chen, 2021). In particular, these analyses highlight the uneven distribution of vulnerabilities alongside predicting
that future droughts will be much more alarming for the least advantaged and already vulnerable populations.

Disciplinary works have placed most of their efforts into measuring vulnerabilities to drought across different soci-
oenvironmental systems. These assessments represent useful references for policymakers for they visualize and capture
different degrees of vulnerability. Among those studies, vulnerability is expressed through data-driven indicators or
indexes that represent the socioeconomic conditions of the system affected by drought (Antwi-Agyei et al., 2012;
Boultif & Benmessaoud, 2017; Gil et al., 2011; Liu & Chen, 2021; McNeeley, 2014; Naumann et al., 2019; Taenzler
et al., 2008; Wang, Qiao, et al., 2020; Yaduvanshi et al., 2015). Datasets include population density, demographics, eco-
nomic growth, agricultural or industrial development, GDP per capita, percentage of population accessing to welfare
policies, level of education, infrastructure availability, and so on. When the system affected by drought is a rural area
and/or heavily relies on agriculture, researchers employ specific indicators to measure cropping patterns, livestock,
harvesting yields, and irrigation (Antwi-Agyei et al., 2012; Gil et al., 2011). More recently, satellite observations have
become common tools to show the expansion of cropland, livestock or human settlements, and their relative socioeco-
nomic vulnerabilities (Bhavani et al., 2017; Naumann et al., 2019; Yaduvanshi et al., 2015).

While essential to visualize and quantify vulnerability, these indicators or indexes have a number of disadvantages.
First, they are contingent upon the availability of data, which means that the proxies selected might not always be the
most appropriate to represent the vulnerabilities of certain contexts. Second, indicators indiscriminately merge distinc-
tive social processes into a unique variable. In doing so, they hinder more nuanced understandings of the social rela-
tionships and processes that engender drought vulnerabilities. For instance, most indicators represent average values of
socioeconomic characteristics, thus they overlook heterogeneity and its implications. Last, indexes can remain superfi-
cial if they fail to capture nonquantifiable social conditions. To overcome these limitations, researchers usually employ
statistical tools to better correlate local vulnerabilities with socioeconomic indicators (Antwi-Agyei et al., 2012).
McNeeley (2014) has combined vulnerability indicators with on-the-ground assessments of drought experiences.

Literature on drought impacts faces similar limitations in that scientists often define impacts as observable socioeco-
nomic losses or changes that expand themselves over time and across space (Bachmair et al., 2016; Bahinipati, 2020;
Freire-Gonz�alez et al., 2017; Gil et al., 2013; Jenkins, 2013). Observable changes are thus mostly quantitative assess-
ments which are unable to express experiences of drought in their full complexity.

Most literature on drought impacts engages exclusively with the effects that drought causes on agricultural systems
(Bahinipati, 2020; Bosongo et al., 2014; Ding & McCarl, 2020; Forni et al., 2016; Gil et al., 2013; Jenkins, 2013; Lin
et al., 2013; Lopez-Nicolas et al., 2017; Musolino et al., 2017, 2018; Redondo-Orts & L�opez-Ortiz, 2020; Salite &
Poskitt, 2019; Salmoral et al., 2019; Ward et al., 2006; Yokomatsu et al., 2020). Generally, these papers assess the eco-
nomic impacts which result from reduced crop production and agricultural growth alongside the disruption of the
annual harvesting cycle. Their analyses investigate the relationship between different hydro-climatological alterations
brought about by drought events, the amount of water available for agricultural production, and the resulting micro- or
macro-economic implications. The secondary or long-term impacts related to changes in agricultural production are
measured as changes in the agri-food industrial gross value added and in agricultural employment.

Agricultural impacts are often assessed through mathematical models that simulate economic changes or losses
using linear and nonlinear equations combining socioeconomic aspects with different measurements of drought
(Daneshmand et al., 2014; Ding et al., 2011; Forni et al., 2016; Freire-Gonz�alez et al., 2017; Gil et al., 2013;
Jenkins, 2013; Lin et al., 2013; Lopez-Nicolas et al., 2017; Maia et al., 2015; Wang et al., 2015; Yokomatsu et al., 2020).
The models most commonly used are computable general equilibrium models or input–output models (Ding
et al., 2011; Freire-Gonz�alez et al., 2017; Gil et al., 2013; Jenkins, 2013; Lin et al., 2013; Wang et al., 2015). They both try
to capture the casual chains that transform water shortages (precipitation, soil moisture, surface, or groundwater) into
direct and ultimately indirect impacts within a specific region and/or sector—that is, the agri-food and its related indus-
tries. The main objective of these models is to maximize economic benefit, production value, or the utility of water
within a sector or geographical area (Daneshmand et al., 2014; Ding & McCarl, 2020; Forni et al., 2016; Lin et al., 2013;
Ward et al., 2006). Similar assessments can be problematic for two main reasons. First, they are unable to capture the
differences among farmers cultivating in the same geographical area, thereby equating impacts of smallholders with
those of large-scale industrial farmers. Second, these economic evaluations confine scientific understandings of drought
impact to economic variables which only partially reflect the complexity of drought related impacts. When used in iso-
lation, technocratic and efficiency-oriented approaches to study the impacts of drought may perpetuate or even exacer-
bate unsustainable socioenvironmental dynamics—such as intensive agricultural production—because these
approaches fail to engage with the root causes of drought impacts.

10 of 25 SAVELLI ET AL.



While most of the disciplinary literature performs quantitative assessments of agricultural production, interdisci-
plinary works have recently expanded the analysis to incorporate also intangible impacts of drought (Quandt, 2019;
Towler et al., 2019; Wu et al., 2018; Yun et al., 2012). These analyses focus on perceptions of drought which, despite
their immaterial nature, can change the manner in which society experiences a drought. A distinct section of those
studies examines collective perceptions of drought exploring the manner in which they play out at different scale even-
tually reshaping future phenomena (Bryant & Garnham, 2013; Müller, 2020; Nash et al., 2019; Paneque Salgado & Var-
gas Molina, 2015; Ruiz Sinoga & Le�on Gross, 2013; Sarmiento et al., 2019; Smith et al., 2020; Sullivan & White, 2020;
Tang et al., 2015). In some instances, powerful actors can impose their ideas, steer public discourses, and reshape public
perception of drought (Paneque Salgado & Vargas Molina, 2015). More recently, this powerful role is frequently played
by social media (Ruiz Sinoga & Le�on Gross, 2013; Smith et al., 2020; Tang et al., 2015).

Collectively, literature on drought impact has shown the implications of the slow onset and long-term propagation
of drought hazards. Yokomatsu et al. (2020) state that drought affected areas experience drought impacts only when the
drought has already occurred or the consequences of water shortage have already spread to other regions. Such a del-
ayed and prolonged manifestation causes additional and protracted interactions between the propagation of drought
and socioenvironmental systems affected. This explains also why impacts are not directly proportional to drought haz-
ard but mostly conditioned by the socioenvironmental processes that characterize the systems affected (Haigh
et al., 2019; Salmoral et al., 2019).

6 | FROM IMPACTS TO RECOVERY? SOCIAL RESILIENCE AND
ADAPTATION TO DROUGHT

Socioenvironmental systems have different inherent, acquired, or granted capacities to cope with or recover from the
adverse implications of drought events. Resilience is the term that most commonly describes the ability of a soci-
oenvironmental system to absorb, adapt to, or recover from drought impacts yet at the same time, retaining its original
structure and way of functioning (Wreford & Adger, 2010). While resilience is a rather conservative feature of a soci-
oenvironmental system, adaptation instead is the capacity that the system has to transform itself and influence its
future resilience to drought (Pelling, 2010).

Drought resilience and adaptation literature have identified the adaptation strategies that are usually adopted across
different agricultural or rural settings (Booker et al., 2005; Chen et al., 2014; Hurlbert & Gupta, 2019; Laforge &
McLeman, 2013; Makaya et al., 2020; Medeiros & Sivapalan, 2020; Mwangi, 2019; O'Farrell et al., 2009; Sapountzaki &
Daskalakis, 2018; van Duinen et al., 2016; Wenger et al., 2017; Yila & Resurreccion, 2014; Zipper et al., 2017). One of
the oldest strategies is the transhumance or seasonal migration toward new climatic regions. Farmers can also change
their livestock, diversify their crops using drought-resistant species, and eventually rotate their cultivations to follow
drought-resilient patterns. Another common drought response is the adoption of water conservation measures that can
either increase the amount of water available for farming or improve the efficiency of the farmers' irrigation practices.
When these solutions are not possible or sufficient, farmers rely on financial solutions to diversify their sources of
income, buy drought-insurances, or develop new infrastructure (Carrico et al., 2019; Chen et al., 2014; Downard &
Endter-Wada, 2013; Laforge & McLeman, 2013; Lindoso et al., 2018; Moore et al., 2018; Mwangi, 2019; Ranjan, 2014;
Wreford & Adger, 2010).

With yet a prevalent interest on agricultural practices, other resilience and adaptation studies have advanced under-
standing over the major social factors that enhance resilience and adaptation potentials (Carrico et al., 2019; Chen
et al., 2014; Downard & Endter-Wada, 2013; Echeverría, 2020; Kruse & Seidl, 2013; Laforge & McLeman, 2013; Li
et al., 2012; Moore et al., 2018; Pendley et al., 2020; Ranjan, 2014; Sapountzaki & Daskalakis, 2018; Su et al., 2017;
Wenger et al., 2017; Wiener et al., 2016; Wreford & Adger, 2010; Yila & Resurreccion, 2014). Socioeconomic status, pre-
vious experiences of drought, access to social capital, and gender are the most investigated aspects both at individual
and household level. Interdisciplinary work recognizes that at this scale, there is no such thing as uniform adaptation
potential because more powerful groups and/or individuals disproportionately accumulate high resilience and adapta-
tion capital while at the same time reducing the opportunities of the powerless to adapt (Sapountzaki &
Daskalakis, 2018).

Most of the literature uses quantitative surveys, statistical analyses, and mathematical models to measure resilience
levels and estimate the correlation between prevailing adaptation strategies and socioenvironmental characteristics of
the area (Carrico et al., 2019; Chen et al., 2014; Du et al., 2018; Gonzales & Ajami, 2017; Hund et al., 2018; Lindsay
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et al., 2017; Moore et al., 2018; Pendley et al., 2020; Quiroga et al., 2011; Sapountzaki & Daskalakis, 2018; Su
et al., 2017; van Duinen et al., 2016; Yates et al., 2013; Yila & Resurreccion, 2014). Sociohydrological studies apply
numerical models to simulate adaptive behaviors of different stakeholders and their long-term socioenvironmental
dynamics (Hund et al., 2018; van Duinen et al., 2016; Wens et al., 2019). Interdisciplinary examinations often employ
qualitative methods to elaborate deeper investigations about local contexts and historical trajectories (Downard &
Endter-Wada, 2013; Du et al., 2018; Hurlbert & Gupta, 2019; King-Okumu et al., 2018; Laforge & McLeman, 2013;
Lindsay et al., 2017; Makaya et al., 2020; Mwangi, 2019; Sousa Júnior et al., 2016; Wiener et al., 2016).

What distinguishes resilience and adaptation studies from the other literature on drought are the bodies of work
they belong to. Besides sociohydrologic and water resources management studies, most of the works engage with socio-
ecological system theory, or disaster risk reduction and climate adaptation. Such analyses differ from other literature
for they offer techno-managerial solutions and policy advice rather than just retracing the socioenvironmental processes
that produce resilience or influence adaptation strategies. Some studies use their analyses to define a set of tools aimed
at building more resilient governance systems and institutions or developing innovative adaptation strategies for future
drought events (Du et al., 2018; Hurlbert & Gupta, 2019; King-Okumu et al., 2018; Lordkipanidze et al., 2015; Nguyen
et al., 2021; Sousa Júnior et al., 2016; Sullivan et al., 2019; Vignola et al., 2018). Other studies devote their effort to
design novel analytical frameworks that support policy making alongside natural resources or risk managements prac-
tices (Bettini et al., 2013; Habiba et al., 2011; Harou et al., 2010; Hund et al., 2018; Loch et al., 2020; Yates et al., 2013).

The instrumental and at the same time, prescriptive character of such works tends to favor apolitical and pragmatic
explanations of drought resilience and adaptation strategies. Apolitical analyses usually provide observable and proxi-
mate causes of issues or phenomena —that is, the behavior of local farmers in grazing or cultivating (Mollinga, 2008).
Thus, instrumental literature tends to ignore the power relations that trigger and play out in particular policies or inter-
ventions. Despite being appealing for policy makers and other professionals, similar apolitical explanations and their
relative techno-managerial solutions place the onus on individuals and communities to be resilient and adapt to the
logics of the global political-economic system of production (MacKinnon & Derickson, 2013). In doing so, drought resil-
ience and adaptation literature end up privileging the current political-economic order, which is shaped by and contin-
uously reproduce unequal and unsustainable socioenvironmental patterns. More politicized investigations of drought
adaptation and resilience could further understandings and unravel the underlying causes of more or less resilient soci-
oenvironmental systems (Pelling, 2010).

7 | FROM INTERACTIONS TO CO-EVOLUTION: THE LONG-TERM
DYNAMICS OF DROUGHT RISK AND SOCIETY

The social components of drought risk tend to be mostly examined within the timescale of a particular drought event.
Only some of the literature zooms out to retrace long-term dynamics of drought and society interplay thereby providing
useful insights on the manner in which society and drought risk co-evolve over longer time-scales (Breyer et al., 2018;
de Carvalho Alves et al., 2020; Di Baldassarre et al., 2017; D'Odorico et al., 2010; Guevara-Murua et al., 2018; Kaniewski
et al., 2015; Kuil et al., 2016; Lucero et al., 2017; McLeman et al., 2010; Sear et al., 2020; Xiao et al., 2013). The relevance
of these analyses stems from the unexpected dynamics that they are able to investigate. These works reveal how the
same sociotechnical interventions that are meant to absorb drought risk can, in the long term, make society (or at least
part of it) much more sensitive to droughts and other risks (Breyer et al., 2018; Di Baldassarre et al., 2017; Kuil
et al., 2016). Reservoirs, for example, are built to increase water availability and reduce risk of future shortages. Never-
theless, long-term dynamics reveal that social groups that are reliant on reservoirs for water provision, in the long run,
become more vulnerable to drought than their counterparts (Di Baldassarre et al., 2017; Kuil et al., 2016). Even water
restriction measures that should reduce human pressure on water resources can have negative impacts. Breyer
et al. (2018) argue that reduced water use can contract the amount of water flowing downstream and in turn, compro-
mise the ability of both vegetation and streamflow to recover from drought conditions.

Another unexpected development that this line of inquiry has shed light on relates to the long-term effects of global-
ization and economic liberalization. Few studies warn that despite short-term economic benefits, over time the global
political-economic system might produce riskier than usual drought (Breyer et al., 2018; D'Odorico et al., 2010). Gener-
ally, the long-term risk dynamic literature has diagnosed the current modes of production, trade, and globalization as
key factors that shape drought propagation over time. Significant in this respect is the study of D'Odorico et al. (2010),
which focuses on the relationships between drought and food industry, the most water intense sector. Like other
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sectors, the food industry has also been transformed by processes of globalization and market liberalization which have
caused a disconnection between consumers and the availability of water resources. As a result, if any country has con-
straints in producing food, they can import their products from any other area that have means and resources to pro-
duce in exceedance. International trade of food brings about also virtual trade of water resources. In the short term, this
trade can compensate for local water deficit and avoid the occurrence of food shortages and famine. However, in the
long run, the global interconnectedness between food markets and water resources becomes unsustainable and engen-
ders a disproportionate growth in water-poor regions (D'Odorico et al., 2010).

Last, an interdisciplinary study on long-term risk dynamics examines the manner in which social power can
reshape drought events (Breyer et al., 2018). The research posits that society's political-economic system, by concentrat-
ing disproportionate wealth within one restricted group, gave them the ability to use resources unsustainably and even-
tually trigger more severe drought conditions. According to Breyer et al. (2018), it is exactly the uneven affluence that
drives water stress especially amid drought event. The most affluent neighborhoods in Austin, USA consumed
unsustainable amounts of water prior to the drought, reduced water use the most during the drought and in turn, saw
the least relative recovery in vegetation. Conversely, in less affluent areas the vegetation drought recovery was more
pronounced in that these areas tend to use less water outdoors (Breyer et al., 2018). These results indicate that in the
long term the main driver of water withdrawals was not population growth or the general growth of Austin economy,
but rather the economic growth of a restricted social group.

8 | DISCUSSION AND CONCLUSIONS: TOWARD CRITICAL
EXPLORATIONS OF DROUGHT AND SOCIETY INTERPLAY

The interplay between drought and society has occurred since the beginning of human civilization, yet these interac-
tions have become more intense and the consequences increasingly extensive. To reveal how today's society plays a
more dominant role in the production and distribution of drought risk, this review has examined 221 scientific papers
on drought and society that have been published over the last two decades. Table 1 summarizes the major findings.

Overall, physical and engineering scientists have recognized and, more importantly, quantified the prominent role
that humans play in the propagation of drought hazard. Furthermore, by acknowledging the slow onset and long-term
impacts of drought hazard, these studies have notably recognized that the unfolding of drought impacts is not directly
proportional to the hazard but mostly conditioned by the socioenvironmental processes and characteristics of the sys-
tems affected by drought. Another significant contribution is the recognition of long-term interactions and co-evolution
between drought risk and society. Explorations of drought risk and society interactions over long-time scales are crucial
for they reveal unexpected or counterintuitive dynamics that are often detrimental for the socioenvironmental systems
involved. Thus, even though each scientific publication holds different and, at times, conflicting perspectives, all
together their analyses characterize droughts as socioenvironmental rather than just hydro-climatological events.

The large majority of the studies associate human activities with agricultural production in that crops cultivation or
grazing of pasture require unsustainable amount of water and very often, lead to the degradation of soil and vegetation.
What also emerges from most of the analyses is that the unsustainability of agricultural activities often originates from
current modes of production, trade, and commercialization. However, physical and engineering scientists attribute the
increasing human pressure on hydro-climatological processes to population and economic growth rather than the
political-economic regimes that reshape agriculture alongside most social processes. In doing so, they tend to depoliti-
cize social processes while also promoting a Malthusian portrayal of drought and society interplay—one that considers
the exponential growth of population as the major factor to cause the Earth's inability to provide food and resources for
humanity. Yet, in the neoliberal world we live in, it is not population growth to cause poverty or starvation but rather
the unequal distribution of the wealth and its accumulation by a restricted social group (Breyer et al., 2018).

Across the publications reviewed, the sociotechnical and political-economic mechanisms that drive human activities
and their interactions with hydrometeorological processes are mostly ignored or rather displaced into the terrain of
their symptoms that need to be managed—that is, water shortages, soil degradation, and reduced agricultural produc-
tions. These reductionist interpretations locate solutions into technical, techno-managerial, and institutional practices
that seek to escape the consequences of the current political-economic system, while at the same time preserving it
(Swyngedouw, 2019).

Here we argue that one reason behind this resistance in engaging with social power stems from the formative expe-
rience of most physical and engineering scientists, which is based on positivist theories and beliefs. Positivism (in its
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broader sense) asserts that the only valid knowledge is the one that can be observed, measured, or experimented. Yet,
as we have shown throughout our analysis, not all social processes can be quantified or experimented. In fact, even
though numerical models or data-driven indexes have been able to capture the intensity of drought hazard and impacts,
they have also overlooked the complexity of their drivers and lack the potential to capture the power relations underly-
ing those drivers. Often, quantitative methods inconsiderably merge distinctive social processes into a unique variable,
and in turn, hinder the understanding of such complexities.

This observation leads to the last point of this discussion, which examines the manner in which physical and engi-
neering scientists portray society. Literature on drought and society describes people (and the environment) as potential
victims of drought impacts alongside acknowledging the disproportionate effects of droughts on less privileged and dis-
advantaged social groups. The same literature also invokes humanity as the main agent responsible of soci-
oenvironmental transformations and ultimately, drought manifestations. However, society is not homogeneous nor
every individual or social group has the same ability to interact with and reshape hydro-meteorological processes
(Savelli et al., 2021). Thus, terms like human or anthropogenic pressure to describe current or future manifestations of
drought, cut across ideological and social differences, but also obscure the disproportionate agency of privileged subjects
relative to the most vulnerable ones (Acha, 2020; Swyngedouw, 2019).

Ultimately, this review argues that it is not possible to draw a complete picture of drought current and future crises
without considering the structural and historical systems of power that form a heterogenous society and engender most
socioenvironmental processes (Acha, 2020). Without this understanding, drought and society studies are unlikely to
capture where and why unsustainable patterns or cumulative dis/advantages are reproduced and exacerbated (Rusca &
Di Baldassarre, 2019). Throughout this review, we have shown that interdisciplinary engagements with critical social
sciences have proved helpful in explaining the manners in which drought risk is socially constructed and distributed.
In fact, critical social science theories are able to relate distinctive power dynamics with the uneven distribution of
drought risk alongside retracing the prominent roles that most powerful actors and ideas play in reshaping develop-
ment trajectories and as a result, anthropogenic drought (Lövbrand et al., 2015; Rusca et al., 2021; Zwarteveen
et al., 2017). In addition to this, critical social sciences offer multiple ways of knowing and represent a valid alternative
to positivist traditions of knowledge (Haraway, 1988). Thus, we call for more interdisciplinary conversations between
physical or engineering scientists and critical social scholars to foster politically aware explorations of drought and soci-
ety. This will eventually offer more sophisticated ways to deal with the role of politics in shaping human–environment
relations (Walker, 2007).
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Dumitraşcu, M., Mocanu, I., Mitric�a, B., Dragot�a, C., Grigorescu, I., & Dumitric�a, C. (2018). The assessment of socio-economic vulnerability

to drought in Southern Romania (Oltenia Plain). International Journal of Disaster Risk Reduction, 27, 142–154.
Echeverría, J. M. A. (2020). Cross-country evidence for social dimensions of urban water consumption during droughts. Journal of Cleaner

Production, 260, 120895.
Edalat, M. M., & Stephen, H. (2019). Socio-economic drought assessment in Lake Mead, USA, based on a multivariate standardized water-

scarcity index. Hydrological Sciences Journal, 64(5), 555–569.
Eklund, L., & Seaquist, J. (2015). Meteorological, agricultural and socioeconomic drought in the Duhok Governorate, Iraqi Kurdistan. Natu-

ral Hazards, 76(1), 421–441.
Eriksen, S., & Silva, J. A. (2009). The vulnerability context of a savanna area in Mozambique: Household drought coping strategies and

responses to economic change. Environmental Science & Policy, 12(1), 33–52.
Firoz, A. B. M., Nauditt, A., Fink, M., & Ribbe, L. (2018). Quantifying human impacts on hydrological drought using a combined modelling

approach in a tropical river basin in central Vietnam. Hydrology and Earth System Sciences, 22(1), 547–565.
Forni, L. G., Medellín-Azuara, J., Tansey, M., Young, C., Purkey, D., & Howitt, R. (2016). Integrating complex economic and hydrologic plan-

ning models: An application for drought under climate change analysis. Water Resources and Economics, 16, 15–27.
Freire-Gonz�alez, J., Decker, C., & Hall, J. W. (2017). The economic impacts of droughts: A framework for analysis. Ecological Economics,

132, 196–204.
Garcia, M., Portney, K., & Islam, S. (2016). A question driven socio-hydrological modeling process. Hydrology and Earth System Sciences,

20(1), 73–92.
Garcia, R. V., & Escudero, J. C. (1982). Drought and man: The 1972 case history. In, The constant catastrophe: Malnutrition, famines and

drought (Vol. 2). Elsevier.
Ghale, Y. A. G., Baykara, M., & Unal, A. (2019). Investigating the interaction between agricultural lands and Urmia Lake ecosystem using

remote sensing techniques and hydro-climatic data analysis. Agricultural Water Management, 221, 566–579.
Gibb, C. (2018). A critical analysis of vulnerability. International Journal of Disaster Risk Reduction, 28, 327–334.
Gil, M., Garrido, A., & G�omez-Ramos, A. (2011). Economic analysis of drought risk: An application for irrigated agriculture in Spain. Agricul-

tural Water Management, 98(5), 823–833.
Gil, M., Garrido, A., & Hern�andez-Mora, N. (2013). Direct and indirect economic impacts of drought in the agri-food sector in the Ebro River

basin (Spain). Natural Hazards and Earth System Sciences, 13(10), 2679–2694.
Gonzales, P., & Ajami, N. (2017). Social and structural patterns of drought-related water conservation and rebound. Water Resources

Research, 53(12), 10619–10634.
Guerreiro, S. B., Dawson, R. J., Kilsby, C., Lewis, E., & Ford, A. (2018). Future heat-waves, droughts and floods in 571 European cities. Envi-

ronmental Research Letters, 13(3), 034009.
Guevara-Murua, A., Williams, C. A., Hendy, E. J., & Imbach, P. (2018). 300 years of hydrological records and societal responses to droughts

and floods on the Pacific coast of Central America. Climate of the Past, 14(2), 175–191.
Guo, Y., Huang, S., Huang, Q., Wang, H., Fang, W., Yang, Y., & Wang, L. (2019). Assessing socioeconomic drought based on an improved

multivariate standardized reliability and resilience index. Journal of Hydrology, 568, 904–918.
Guo, Y., Huang, S., Huang, Q., Wang, H., Wang, L., & Fang, W. (2019). Copulas-based bivariate socioeconomic drought dynamic risk assess-

ment in a changing environment. Journal of Hydrology, 575, 1052–1064.
Habiba, U., Shaw, R., & Takeuchi, Y. (2011). Drought risk reduction through a socio-economic, institutional and physical approach in the

northwestern region of Bangladesh. Environmental Hazards, 10(2), 121–138.
Haigh, T. R., Schacht, W., Knutson, C. L., Smart, A. J., Volesky, J., Allen, C., Hayes, M., & Burbach, M. (2019). Socioecological determi-

nants of drought impacts and coping strategies for ranching operations in the Great Plains. Rangeland Ecology & Management, 72(3),
561–571.

Haraway, D. (1988). Situated knowledges: The science question in feminism and the privilege of partial perspectives. Feminist Studies, 14(3),
575–599.

Harou, J. J., Medellín-Azuara, J., Zhu, T., Tanaka, S. K., Lund, J. R., Stine, S., Olivares, M. A., & Jenkins, M. W. (2010). Economic conse-
quences of optimized water management for a prolonged, severe drought in California. Water Resources Research, 46(5), W05522.
https://doi.org/10.1029/2008WR007681

Hasan, H. H., Mohd Razali, S. F., Muhammad, N. S., & Ahmad, A. (2019). Research trends of hydrological drought: A systematic review.
Water, 11(11), 2252.

He, X., Wada, Y., Wanders, N., & Sheffield, J. (2017). Intensification of hydrological drought in California by human water management.
Geophysical Research Letters, 44(4), 1777–1785.

Heddinghaus, T. R. & Sabol, P. (1991). A review of the Palmer Drought Severity Index and where do we go from here. In Proc. 7th Conf. on
Applied Climatology (pp. 242–246). Boston, MA: American Meteorological Society.

SAVELLI ET AL. 19 of 25

https://doi.org/10.1029/2008WR007681


Heidari, H., Arabi, M., Ghanbari, M., & Warziniack, T. (2020). A probabilistic approach for characterization of sub-annual socioeconomic
drought intensity-duration-frequency (IDF) relationships in a changing environment. Water, 12(6), 1522.

Heim, R. R. (2000). Drought indices: A review. Drought: A global assessment (pp. 159–167). Routledge.
Hewitt, K. (1983). The idea of calamity in a technocratic age. In K. In Hewitt (Ed.), Interpretations of calamity (pp. 3–32). Routledge.
Huang, S., Huang, Q., Leng, G., & Liu, S. (2016). A nonparametric multivariate standardized drought index for characterizing socioeconomic

drought: A case study in the Heihe River Basin. Journal of Hydrology, 542, 875–883.
Hund, S. V., Allen, D. M., Morillas, L., & Johnson, M. S. (2018). Groundwater recharge indicator as tool for decision makers to increase

socio-hydrological resilience to seasonal drought. Journal of Hydrology, 563, 1119–1134.
Hurlbert, M. A., & Gupta, J. (2019). An institutional analysis method for identifying policy instruments facilitating the adaptive governance

of drought. Environmental Science & Policy, 93, 221–231.
Jaeger, W. K., Amos, A., Conklin, D. R., Langpap, C., Moore, K., & Plantinga, A. J. (2019). Scope and limitations of drought management

within complex human–natural systems. Nature Sustainability, 2(8), 710–717.
Jehanzaib, M., Shah, S. A., Kwon, H. H., & Kim, T. W. (2020). Investigating the influence of natural events and anthropogenic activities on

hydrological drought in South Korea. Terrestrial, Atmospheric & Oceanic Sciences, 31(1), 85–96.
Jehanzaib, M., Shah, S. A., Yoo, J., & Kim, T. W. (2020). Investigating the impacts of climate change and human activities on hydrological

drought using non-stationary approaches. Journal of Hydrology, 588, 125052.
Jenkins, K. (2013). Indirect economic losses of drought under future projections of climate change: A case study for Spain. Natural Hazards,

69(3), 1967–1986.
Jiang, S., Wang, M., Ren, L., Xu, C. Y., Yuan, F., Liu, Y., Lu, Y., & Shen, H. (2019). A framework for quantifying the impacts of climate

change and human activities on hydrological drought in a semiarid basin of Northern China. Hydrological Processes, 33(7),
1075–1088.

Kaika, M. (2006). The political ecology of water scarcity: The 1989–1991 Athenian drought. In In the nature of cities: Urban political ecology
and the politics of urban metabolism (pp. 172–187). Routledge.

Kakaei, E., Moradi, H. R., Moghaddam Nia, A., & Van Lanen, H. A. (2019). Quantifying positive and negative human-modified droughts in
the anthropocene: Illustration with two Iranian catchments. Water, 11(5), 884.

Kandakji, T., Gill, T. E., & Lee, J. A. (2021). Drought and land use/land cover impact on dust sources in Southern Great Plains and
Chihuahuan Desert of the US: Inferring anthropogenic effect. Science of the Total Environment, 755, 142461.

Kaniewski, D., Guiot, J., & Van Campo, E. (2015). Drought and societal collapse 3200 years ago in the Eastern Mediterranean: A review.
Wiley Interdisciplinary Reviews: Climate Change, 6(4), 369–382.

King-Okumu, C., Jillo, B., Kinyanjui, J., & Jarso, I. (2018). Devolving water governance in the Kenyan arid lands: From top-down drought
and flood emergency response to locally driven water resource development planning. International Journal of Water Resources Develop-
ment, 34(4), 675–697.

Kingston, D. G., Mager, S. M., Loft, J., & Underwood, G. (2021). An upstream–downstream/observation–model approach to quantify the
human influence on drought. Hydrological Sciences Journal, 66(2), 226–238.

Kruse, S., & Seidl, I. (2013). Social capacities for drought risk management in Switzerland. Natural Hazards and Earth System Sciences,
13(12), 3429–3441.

Kuil, L., Carr, G., Viglione, A., Prskawetz, A., & Blöschl, G. (2016). Conceptualizing socio-hydrological drought processes: The case of the
Maya collapse. Water Resources Research, 52(8), 6222–6242.

Laforge, J. M., & McLeman, R. (2013). Social capital and drought-migrant integration in 1930s Saskatchewan. The Canadian Geographer/Le
Géographe canadien, 57(4), 488–505.

Lange, B., Holman, I., & Bloomfield, J. P. (2017). A framework for a joint hydrometeorological-social analysis of drought. Science of the Total
Environment, 578, 297–306.

Leng, G., Tang, Q., & Rayburg, S. (2015). Climate change impacts on meteorological, agricultural and hydrological droughts in China. Global
and Planetary Change, 126, 23–34.

Li, H., Gupta, J., & Van Dijk, M. P. (2012). China's governance structure on drought disaster in rural areas. Disaster Advances, 5(4), 733–737.
Li, M., Zhang, T., Li, J., & Feng, P. (2019). Hydrological drought forecasting incorporating climatic and human-induced indices. Weather and

Forecasting, 34(5), 1365–1376.
Lin, Y., Deng, X., & Jin, Q. (2013). Economic effects of drought on agriculture in North China. International Journal of Disaster Risk Science,

4(2), 59–67.
Lindoso, D. P., Eir�o, F., Bursztyn, M., Rodrigues-Filho, S., & Nasuti, S. (2018). Harvesting water for living with drought: Insights from the

Brazilian human coexistence with semi-aridity approach towards achieving the sustainable development goals. Sustainability,
10(3), 622.

Lindsay, J., Dean, A. J., & Supski, S. (2017). Responding to the Millennium drought: Comparing domestic water cultures in three Australian
cities. Regional Environmental Change, 17(2), 565–577.

Liu, S., Shi, H., & Sivakumar, B. (2020). Socioeconomic drought under growing population and changing climate: A new index considering
the resilience of a regional water resources system. Journal of Geophysical Research: Atmospheres, 125(15), e2020JD033005.

Liu, S., Zhang, J., Wang, N., & Wei, N. (2020). Large-scale linkages of socioeconomic drought with climate variability and its evolution char-
acteristics in Northwest China. Advances in Meteorology, 2020, 1–13.

20 of 25 SAVELLI ET AL.



Liu, Y., & Chen, J. (2021). Future global socioeconomic risk to droughts based on estimates of hazard, exposure, and vulnerability in a chang-
ing climate. Science of the Total Environment, 751, 142159.

Liu, Y., Ren, L., Zhu, Y., Yang, X., Yuan, F., Jiang, S., & Ma, M. (2016). Evolution of hydrological drought in human disturbed areas: A case
study in the Laohahe catchment, northern China. Advances in Meteorology, 2016, 1–12.

Loch, A., Santato, S., Pérez-Blanco, C. D., & Mysiak, J. (2020). Measuring the transaction costs of historical shifts to informal drought man-
agement institutions in Italy. Water, 12(7), 1866.

Lopez-Nicolas, A., Pulido-Velazquez, M., & Macian-Sorribes, H. (2017). Economic risk assessment of drought impacts on irrigated agricul-
ture. Journal of Hydrology, 550, 580–589.

Lordkipanidze, M., de Boer, C., & Bressers, H. (2015). Assessing governance context to increase drought resilience: The case of the Drents-
Friese Wold National Park. Interantional Journal of Water Governnce, 4, 69–92.

Lövbrand, E., Beck, S., Chilvers, J., Forsyth, T., Hedrén, J., Hulme, M., Lidskog, R., & Vasileiadou, E. (2015). Who speaks for the future of
Earth? How critical social science can extend the conversation on the anthropocene. Global Environmental Change, 32, 211–218.

Lucero, L. J., Harrison, J., Larmon, J., Nissen, Z., & Benson, E. (2017). Prolonged droughts, short-term responses, and diaspora: The power of
water and pilgrimage at the sacred cenotes of Cara Blanca, Belize. WIREs Water, 4(4), e1148.

MacKinnon, D., & Derickson, K. D. (2013). From resilience to resourcefulness: A critique of resilience policy and activism. Progress in
Human Geography, 37(2), 253–270.

Maia, R., Vivas, E., Serralheiro, R., & de Carvalho, M. (2015). Socioeconomic evaluation of drought effects. Main principles and application
to Guadiana and Algarve case studies. Water Resources Management, 29(2), 575–588.

Makaya, E., Rohse, M., Day, R., Vogel, C., Mehta, L., McEwen, L., Rangecroft, S., & Van Loon, A. F. (2020). Water governance challenges in
rural South Africa: Exploring institutional coordination in drought management. Water Policy, 22(4), 519–540.

Margariti, J., Rangecroft, S., Parry, S., Wendt, D. E., Van Loon, A. F., & Chadwick, O. (2019). Anthropogenic activities alter drought termina-
tion. Elementa: Science of the Anthropocene, 7, 7.

Maybank, J., Bonsai, B., Jones, K., Lawford, R., O'brien, E. G., Ripley, E. A., & Wheaton, E. (1995). Drought as a natural disaster. Atmo-
sphere-Ocean, 33(2), 195–222.

McLeman, R., Herold, S., Reljic, Z., Sawada, M., & McKenney, D. (2010). GIS-based modeling of drought and historical population change
on the Canadian Prairies. Journal of Historical Geography, 36(1), 43–56.

McNeeley, S. M. (2014). A “toad's eye” view of drought: Regional socio-natural vulnerability and responses in 2002 in Northwest Colorado.
Regional Environmental Change, 14(4), 1451–1461.

Medeiros, P., & Sivapalan, M. (2020). From hard-path to soft-path solutions: Slow–fast dynamics of human adaptation to droughts in a water
scarce environment. Hydrological Sciences Journal, 65(11), 1803–1814.

Mehran, A., Mazdiyasni, O., & AghaKouchak, A. (2015). A hybrid framework for assessing socioeconomic drought: Linking climate variabil-
ity, local resilience, and demand. Journal of Geophysical Research: Atmospheres, 120(15), 7520–7533.

Meillassoux, C. (1974). Development or exploitation: Is the Sahel famine good business? Review of African Political Economy, 1(1), 27–33.
Meza, I., Siebert, S., Döll, P., Kusche, J., Herbert, C., Eyshi Rezaei, E., Nouri, H., Gerdener, H., Popat, E., Frischen, J., & Naumann, G.

(2020). Global-scale drought risk assessment for agricultural systems. Natural Hazards & Earth System Sciences, 20(2), 695–712.
Mishra, A. K., & Singh, V. P. (2010). A review of drought concepts. Journal of Hydrology, 391(1–2), 202–216.
Molle, F. (2006). Why enough is never enough: The societal determinants of river basin closure. International Journal of Water Resources

Development, 24(2), 217–226.
Mollinga, P. P. (2008). Water, politics and development: Framing a political sociology of water resources management. Water Alternatives,

1(1), 7–23.
Mongeon, P., & Paul-Hus, A. (2016). The journal coverage of Web of Science and Scopus: A comparative analysis. Scientometrics, 106(1),

213–228.
Moore, H. E., Rutherfurd, I. D., & Peel, M. C. (2018). Excluding stock from riverbanks for environmental restoration: The influence of social

norms, drought, and off-farm income on landholder behaviour. Journal of Rural Studies, 62, 116–124.
Moore, J. W. (2017). Metabolic rift or metabolic shift? Dialectics, nature, and the world-historical method. Theory and Society, 46(4),

285–318.
Muhammad, W., Muhammad, S., Khan, N. M., & Si, C. (2020). Hydrological drought indexing approach in response to climate and anthropo-

genic activities. Theoretical and Applied Climatology, 141, 1401–1413.
Müller, W. (2020). Drought victims demand justice: Politicization of drought by farmers in southern Germany over time. Water, 12(3), 871.
Musolino, D., de Carli, A., & Massarutto, A. (2017). Evaluation of socio-economic impact of drought events: The case of Po river basin.

European Countryside, 9(1), 163–176.
Musolino, D. A., Massarutto, A., & de Carli, A. (2018). Does drought always cause economic losses in agriculture? An empirical investigation

on the distributive effects of drought events in some areas of southern Europe. Science of the Total Environment, 633, 1560–1570.
Mwangi, M. (2019). In pursuit of livelihood sustainability and drought resilience: The human dimension of drought-adaptation in the Maasai

pastoralists coupled socio-ecological systems across Kajiado County, Kenya. Environmental & Socio-economic Studies, 7(1), 1–11.
Nash, D. J., Klein, J., Endfield, G. H., Pribyl, K., Adamson, G. C. D., & Grab, S. W. (2019). Narratives of nineteenth century drought in south-

ern Africa in different historical source types. Climatic Change, 152(3–4), 467–485. https://doi.org/10.1007/s10584-018-2352-6
Naumann, G., Vargas, W. M., Barbosa, P., Blauhut, V., Spinoni, J., & Vogt, J. V. (2019). Dynamics of socioeconomic exposure, vulnerability

and impacts of recent droughts in Argentina. Geosciences, 9(1), 39.

SAVELLI ET AL. 21 of 25

https://doi.org/10.1007/s10584-018-2352-6


Nguyen, M. N., Nguyen, P. T., Van, T. P., Phan, V. H., Nguyen, B. T., Pham, V. T., & Nguyen, T. H. (2021). An understanding of water gover-
nance systems in responding to extreme droughts in the Vietnamese Mekong Delta. International Journal of Water Resources Develop-
ment, 37(2), 256–277.

O'Farrell, P. J., Anderson, P. M. L., Milton, S. J., & Dean, W. R. J. (2009). Human response and adaptation to drought in the arid zone: Les-
sons from southern Africa. South African Journal of Science, 105(1–2), 34–39.

Omer, A., Zhuguo, M., Zheng, Z., & Saleem, F. (2020). Natural and anthropogenic influences on the recent droughts in Yellow River Basin,
China. Science of the Total Environment, 704, 135428.

Panda, D. K., Mishra, A., Jena, S. K., James, B. K., & Kumar, A. (2007). The influence of drought and anthropogenic effects on groundwater
levels in Orissa, India. Journal of Hydrology, 343(3–4), 140–153.

Paneque Salgado, P., & Vargas Molina, J. (2015). Drought, social agents and the construction of discourse in Andalusia. Environmental Haz-
ards, 14(3), 224–235. https://doi.org/10.1080/17477891.2015.1058739

Pelling, M. (2010). Adaptation to climate change: From resilience to transformation. Routledge.
Pendley, S. C., Mock, N. B., & Theall, K. P. (2020). How you measure matters; defining social capital in drought-prone areas. International

Journal of Disaster Risk Reduction, 50, 101715.
Quandt, A. (2019). Variability in perceptions of household livelihood resilience and drought at the intersection of gender and ethnicity. Cli-

matic Change, 152(1), 1–15.
Quiroga, S., Garrote, L., Iglesias, A., Fern�andez-Haddad, Z., Schlickenrieder, J., Lama, B. D., Mosso, C., & S�anchez-Arcilla, A. (2011). The

economic value of drought information for water management under climate change: A case study in the Ebro basin. Natural Hazards
and Earth System Sciences, 11(3), 643–657.

Rangecroft, S., Van Loon, A. F., Maureira, H., Verbist, K., & Hannah, D. M. (2019). An observation-based method to quantify the human
influence on hydrological drought: Upstream–downstream comparison. Hydrological Sciences Journal, 64(3), 276–287.

Ranjan, R. (2014). Combining social capital and technology for drought resilience in agriculture. Natural Resource Modeling, 27(1),
104–127.

Redondo-Orts, J. A., & L�opez-Ortiz, M. I. (2020). The economic impact of drought on the irrigated crops in the Segura River basin. Water,
12(11), 2955.

Revet, S. (2011). Penser et affronter les désastres: un panorama des recherches en sciences sociales et des politiques internationales. Critique
internationale, 3, 157–173.

Rossi, G., Benedini, M., Tsakiris, G., & Giakoumakis, S. (1992). On regional drought estimation and analysis. Water Resources Management,
6(4), 249–277.

Ruiz Sinoga, J. D., & Le�on Gross, T. (2013). Droughts and their social perception in the mass media (southern Spain). International Journal
of Climatology, 33(3), 709–724.

Rusca, M., & Di Baldassarre, G. (2019). Interdisciplinary critical geographies of water: Capturing the mutual shaping of society and hydrolog-
ical flows. Water, 11(10), 1973.

Rusca, M., dos Santos, T., Menga, F., Mirumachi, N., Schwartz, K., & Hordijk, M. (2019). Space, state-building and the hydraulic mission:
Crafting the Mozambican state. Environment and Planning C: Politics and Space, 37(5), 868–888.

Rusca, M., Messori, G., & Di Baldassarre, G. (2021). Scenarios of human responses to unprecedented social-environmental extreme events.
Earth's Future, 9(4), e2020EF001911.

Salite, D., & Poskitt, S. (2019). Managing the impacts of drought: The role of cultural beliefs in small-scale farmers' responses to drought in
Gaza Province, southern Mozambique. International Journal of Disaster Risk Reduction, 41, 101298.

Salmoral, G., Rey, D., Rudd, A., de Margon, P., & Holman, I. (2019). A probabilistic risk assessment of the national economic impacts of reg-
ulatory drought management on irrigated agriculture. Earth's Future, 7(2), 178–196.

Salvador, C., Nieto, R., Linares, C., Díaz, J., Alves, C. A., & Gimeno, L. (2021). Drought effects on specific-cause mortality in Lisbon from
1983 to 2016: Risks assessment by gender and age groups. Science of the Total Environment, 751, 142332.

Sanderson, E. W., Jaiteh, M., Levy, M. A., Redford, K. H., Wannebo, A. V., & Woolmer, G. (2002). The human footprint and the last of the
wild: The human footprint is a global map of human influence on the land surface, which suggests that human beings are stewards of
nature, whether we like it or not. Bioscience, 52(10), 891–904.

Sapountzaki, K., & Daskalakis, I. (2018). Expansionary adaptive transformations of socio-hydrological systems (SHSs): The case of drought in
Messara Plain, Crete, Greece. Environmental Management, 61(5), 819–833.

Sarmiento, E., Landström, C., & Whatmore, S. (2019). Biopolitics, discipline, and hydro-citizenship: Drought management and water gover-
nance in England. Transactions of the Institute of British Geographers, 44(2), 361–375.

Satgé, F., Espinoza, R., Zol�a, R. P., Roig, H., Timouk, F., Molina, J., Garnier, J., Calmant, S., Seyler, F., & Bonnet, M. P. (2017). Role of cli-
mate variability and human activity on Poop�o Lake droughts between 1990 and 2015 assessed using remote sensing data. Remote Sens-
ing, 9(3), 218.

Savelli, E., Rusca, M., Cloke, H., & Di Baldassarre, G. (2021). Don't blame the rain: Social power and the 2015–2017 drought in Cape Town.
Journal of Hydrology, 594, 125953.

Schiermeier, Q. (2019). Climate change made Europe's mega heat wave five times more likely. Nature, 571(7764), 155. https://doi.org/10.
1038/d41586-019-02071-z

22 of 25 SAVELLI ET AL.

https://doi.org/10.1080/17477891.2015.1058739
https://doi.org/10.1038/d41586-019-02071-z
https://doi.org/10.1038/d41586-019-02071-z


Sear, D. A., Allen, M. S., Hassall, J. D., Maloney, A. E., Langdon, P. G., Morrison, A. E., Henderson, A. C., Mackay, H., Croudace, I. W.,
Clarke, C., & Sachs, J. P. (2020). Human settlement of East Polynesia earlier, incremental, and coincident with prolonged South Pacific
drought. Proceedings of the National Academy of Sciences of the United States of America, 117(16), 8813–8819.

Sheffield, J., & Wood, E. F. (2011). Drought: Past problems and future scenarios. Routledge.
Shi, H., Chen, J., Wang, K., & Niu, J. (2018). A new method and a new index for identifying socioeconomic drought events under climate

change: A case study of the East River basin in China. Science of the Total Environment, 616, 363–375.
Smakhtin, V. U. (2001). Low flow hydrology: A review. Journal of Hydrology, 240(3–4), 147–186.
Smith, K. H., Tyre, A. J., Tang, Z., Hayes, M. J., & Akyuz, F. A. (2020). Calibrating human attention as indicator monitoring #drought in the

Twittersphere. Bulletin of the American Meteorological Society, 101(10), E1801–E1819.
Somorowska, U., & Łaszewski, M. (2017). Human-influenced streamflow during extreme drought: Identifying driving forces, modifiers, and

impacts in an urbanized catchment in central Poland. Water and Environment Journal, 31(3), 345–352.
Sousa Júnior, W., Baldwin, C., Camkin, J., Fidelman, P., Silva, O., Neto, S., & Smith, T. F. (2016). Water: Drought, crisis and governance in

Australia and Brazil. Water, 8(11), 493.
Spinoni, J., Barbosa, P., De Jager, A., McCormick, N., Naumann, G., Vogt, J. V., Magni, D., Masante, D., & Mazzeschi, M. (2019). A new

global database of meteorological drought events from 1951 to 2016. Journal of Hydrology: Regional Studies, 22, 100593.
Su, Y., Bisht, S., Wilkes, A., Pradhan, N. S., Zou, Y., Liu, S., & Hyde, K. (2017). Gendered responses to drought in Yunnan Province, China.

Mountain Research and Development, 37(1), 24–34.
Sullivan, A., & White, D. D. (2020). Climate change as catastrophe or opportunity? Climate change framing and implications for water and

climate governance in a drought-prone region. Journal of Environmental Studies and Sciences, 10(1), 1–11.
Sullivan, A., White, D. D., & Hanemann, M. (2019). Designing collaborative governance: Insights from the drought contingency planning

process for the lower Colorado River basin. Environmental Science & Policy, 91, 39–49.
Swyngedouw, E. (2019). The perverse lure of autocratic postdemocracy. South Atlantic Quarterly, 118(2), 267–286.
Swyngedouw, E. (2021). The apocalypse is disappointing’: The depoliticized deadlock of the climate change consensus. In L. P. Luigi, E.

Leonardi, & V. Asara (Eds.), Handbook of critical environmental politics. E. Elgar (forthcoming).
Taenzler, D., Carius, A., & Maas, A. (2008). Assessing the susceptibility of societies to droughts: A political science perspective. Regional Envi-

ronmental Change, 8(4), 161–172.
Tallaksen, L. M., & Van Lanen, H. A. (Eds.). (2004). Hydrological drought: Processes and estimation methods for streamflow and groundwater.

Elsevier.
Tang, Z., Zhang, L., Xu, F., & Vo, H. (2015). Examining the role of social media in California's drought risk management in 2014. Natural

Hazards, 79(1), 171–193.
Taufik, M., Minasny, B., McBratney, A. B., Van Dam, J. C., Jones, P. D., & Van Lanen, H. A. J. (2020). Human-induced changes in

Indonesian peatlands increase drought severity. Environmental Research Letters, 15(8), 084013.
Taylor, V., Chappells, H., Medd, W., & Trentmann, F. (2009). Drought is normal: The socio-technical evolution of drought and water demand

in England and Wales, 1893–2006. Journal of Historical Geography, 35(3), 568–591.
Tijdeman, E., Barker, L. J., Svoboda, M. D., & Stahl, K. (2018). Natural and human influences on the link between meteorological and hydro-

logical drought indices for a large set of catchments in the contiguous United States. Water Resources Research, 54(9), 6005–6023.
Tiwale, S., Rusca, M., & Zwarteveen, M. (2018). The power of pipes: Mapping urban water inequities through the material properties of

networked water infrastructures – The case of Lilongwe, Malawi. Water Alternatives, 11(2), 314–335.
Towler, E., Lazrus, H., & PaiMazumder, D. (2019). Characterizing the potential for drought action from combined hydrological and societal

perspectives. Hydrology and Earth System Sciences, 23(3), 1469–1482.
Trenberth, K. E., Dai, A., Van Der Schrier, G., Jones, P. D., Barichivich, J., Briffa, K. R., & Sheffield, J. (2014). Global warming and changes

in drought. Nature Climate Change, 4(1), 17–22.
Tu, X., Wu, H., Singh, V. P., Chen, X., Lin, K., & Xie, Y. (2018). Multivariate design of socioeconomic drought and impact of water reservoirs.

Journal of Hydrology, 566, 192–204.
Tubi, A. (2020). Recurring droughts or social shifts? Exploring drivers of large-scale transformations in a transformed country. Global Envi-

ronmental Change, 65, 102157.
UNDRR. (2021) Global assessment report on disaster risk reduction: Special report on drought 2021. United Nations Office for Disaster Risk

Reduction Official Report. ISBN: 9789212320274. Retrieved July 22, 2021, from https://www.undrr.org/publication/gar-special-report-
drought-2021

Van Dijk, A. I., Beck, H. E., Crosbie, R. S., de Jeu, R. A., Liu, Y. Y., Podger, G. M., Timbal, B., & Viney, N. R. (2013). The Millennium Drought
in southeast Australia (2001–2009): Natural and human causes and implications for water resources, ecosystems, economy, and society.
Water Resources Research, 49(2), 1040–1057.

van Duinen, R., Filatova, T., Jager, W., & van der Veen, A. (2016). Going beyond perfect rationality: Drought risk, economic choices and the
influence of social networks. The Annals of Regional Science, 57(2), 335–369.

Van Lanen, H. A., Wanders, N., Tallaksen, L. M., & Van Loon, A. F. (2013). Hydrological drought across the world: Impact of climate and
physical catchment structure. Hydrology and Earth System Sciences, 17, 1715–1732.

Van Loon, A. F., Rangecroft, S., Coxon, G., Breña Naranjo, J. A., Ogtrop, F. V., & Van Lanen, H. A. (2019). Using paired catchments to quan-
tify the human influence on hydrological droughts. Hydrology and Earth System Sciences, 23(3), 1725–1739.

SAVELLI ET AL. 23 of 25

https://www.undrr.org/publication/gar-special-report-drought-2021
https://www.undrr.org/publication/gar-special-report-drought-2021


Van Loon, A. F., Stahl, K., Di Baldassarre, G., Clark, J., Rangecroft, S., Wanders, N., Gleeson, T., Van Dijk, A. I., Tallaksen, L. M.,
Hannaford, J., & Uijlenhoet, R. (2016). Drought in a human-modified world: Reframing drought definitions, understanding, and analysis
approaches. Hydrology and Earth System Sciences, 20(9), 3631–3650.

Vignola, R., Kuzdas, C., Bolaños, I., & Poveda, K. (2018). Hybrid governance for drought risk management: The case of the 2014/2015 El
Niño in Costa Rica. International Journal of Disaster Risk Reduction, 28, 363–374.

Wada, Y., Van Beek, L. P., Wanders, N., & Bierkens, M. F. (2013). Human water consumption intensifies hydrological drought worldwide.
Environmental Research Letters, 8(3), 034036.

Walker, P. A. (2007). Political ecology: Where is the politics? Progress in Human Geography, 31(3), 363–369.
Wan, W., Zhao, J., Li, H. Y., Mishra, A., Ruby Leung, L., Hejazi, M., Wang, W., Lu, H., Deng, Z., Demissisie, Y., & Wang, H. (2017). Hydro-

logical drought in the anthropocene: Impacts of local water extraction and reservoir regulation in the US. Journal of Geophysical
Research: Atmospheres, 122(21), 11–313.

Wanders, N., & Wada, Y. (2015). Human and climate impacts on the 21st century hydrological drought. Journal of Hydrology, 526, 208–220.
Wang, M., Jiang, S., Ren, L., Xu, C. Y., Yuan, F., Liu, Y., & Yang, X. (2020). An approach for identification and quantification of hydrological

drought termination characteristics of natural and human-influenced series. Journal of Hydrology, 590, 125384.
Wang, P., Qiao, W., Wang, Y., Cao, S., & Zhang, Y. (2020). Urban drought vulnerability assessment – A framework to integrate socio-eco-

nomic, physical, and policy index in a vulnerability contribution analysis. Sustainable Cities and Society, 54, 102004.
Wang, Y., Duan, L., Liu, T., Li, J., & Feng, P. (2020). A non-stationary standardized Streamflow index for hydrological drought using climate

and human-induced indices as covariates. Science of the Total Environment, 699, 134278.
Wang, Y., Lin, L., & Chen, H. (2015). Assessing the economic impacts of drought from the perspective of profit loss rate: A case study of the

sugar industry in China. Natural Hazards and Earth System Sciences, 15(7), 1603–1616.
Ward, F. A., Hurd, B. H., Rahmani, T., & Gollehon, N. (2006). Economic impacts of federal policy responses to drought in the Rio Grande

Basin. Water Resources Research, 42(3), W03420. https://doi.org/10.1029/2005WR004427
Wenger, K., Vadjunec, J. M., & Fagin, T. (2017). Groundwater governance and the growth of center pivot irrigation in Cimarron County, OK

and Union County, NM: Implications for community vulnerability to drought. Water, 9(1), 39.
Wens, M., Johnson, J. M., Zagaria, C., & Veldkamp, T. I. (2019). Integrating human behavior dynamics into drought risk assessment—A

sociohydrologic, agent-based approach. WIREs Water, 6(4), e1345.
Wiener, J. D., Pulwarty, R. S., & Ware, D. (2016). Bite without bark: How the socioeconomic context of the 1950s US drought minimized

responses to a multiyear extreme climate event. Weather and Climate Extremes, 11, 80–94.
Wilhite, D. A., & Glantz, M. H. (1985). Understanding: The drought phenomenon: The role of definitions.Water International, 10(3), 111–120.
Wreford, A., & Adger, W. N. (2010). Adaptation in agriculture: Historic effects of heat waves and droughts on UKagriculture. International

Journal of Agricultural Sustainability, 8(4), 278–289.
Wu, J., Chen, X., Yu, Z., Yao, H., Li, W., & Zhang, D. (2019). Assessing the impact of human regulations on hydrological drought develop-

ment and recovery based on a ‘simulated-observed' comparison of the SWAT model. Journal of Hydrology, 577, 123990.
Wu, Y., Guo, H., & Wang, J. A. (2018). Quantifying the similarity in perceptions of multiple stakeholders in Dingcheng, China, on agricul-

tural drought risk governance. Sustainability, 10(9), 3219.
Xiao, L. B., Fang, X. Q., & Ye, Y. (2013). Reclamation and revolt: Social responses in eastern Inner Mongolia to flood/drought-induced refu-

gees from the north China plain 1644–1911. Journal of Arid Environments, 88, 9–16.
Xu, Y., Zhang, X., Wang, X., Hao, Z., Singh, V. P., & Hao, F. (2019). Propagation from meteorological drought to hydrological drought under

the impact of human activities: A case study in northern China. Journal of Hydrology, 579, 124147.
Yaduvanshi, A., Srivastava, P. K., & Pandey, A. C. (2015). Integrating TRMM and MODIS satellite with socio-economic vulnerability for

monitoring drought risk over a tropical region of India. Physics and Chemistry of the Earth, Parts A/B/C, 83, 14–27.
Yang, M., Xiao, W., Zhao, Y., Li, X., Lu, F., Lu, C., & Chen, Y. (2017). Assessing agricultural drought in the anthropocene: A modified Palmer

drought severity index. Water, 9(10), 725.
Yang, X., Zhang, M., He, X., Ren, L., Pan, M., Yu, X., Wei, Z., & Sheffield, J. (2020). Contrasting influences of human activities on hydrologi-

cal drought regimes over China based on high-resolution simulations. Water Resources Research, 56(6), e2019WR025843.
Yates, D. N., Lavin, F. V., Purkey, D. P., Guerrero, S., Hanemann, M., & Sieber, J. (2013). Using economic and other performance measures

to evaluate a municipal drought plan. Water Policy, 15(4), 648–668.
Yila, J. O., & Resurreccion, B. P. (2014). Gender perspectives on agricultural adaptation to climate change in drought-prone Nguru Local

Government Area in the semiarid zone of northeastern Nigeria. International Journal of Climate Change Strategies and Management,
6(3), 250–271.

Yokomatsu, M., Ishiwata, H., Sawada, Y., Suzuki, Y., Koike, T., Naseer, A., & Cheema, M. J. M. (2020). A multi-sector multi-region economic
growth model of drought and the value of water: A case study in Pakistan. International Journal of Disaster Risk Reduction, 43, 101368.

Yu, C., Huang, X., Chen, H., Huang, G., Ni, S., Wright, J. S., Hall, J., Ciais, P., Zhang, J., Xiao, Y., & Sun, Z. (2018). Assessing the impacts of
extreme agricultural droughts in China under climate and socioeconomic changes. Earth's Future, 6(5), 689–703.

Yuan, X., Zhang, M., Wang, L., & Zhou, T. (2017). Understanding and seasonal forecasting of hydrological drought in the anthropocene.
Hydrology and Earth System Sciences, 21(11), 5477–5492.

Yun, S., Jun, Y., & Hong, S. (2012). Social perception and response to the drought process: A case study of the drought during 2009–2010 in
the Qianxi'nan Prefecture of Guizhou Province. Natural Hazards, 64(1), 839–851.

24 of 25 SAVELLI ET AL.

https://doi.org/10.1029/2005WR004427


Zhao, M., Huang, S., Huang, Q., Wang, H., Leng, G., & Xie, Y. (2019). Assessing socio-economic drought evolution characteristics and their
possible meteorological driving force. Geomatics, Natural Hazards and Risk, 10, 1084–1101.

Zhu, S., Xu, Z., Luo, X., Wang, C., & Zhang, H. (2019). Quantifying the contributions of climate change and human activities to drought
extremes, using an improved evaluation framework. Water Resources Management, 33(15), 5051–5065.

Zipper, S. C., Smith, K. H., Breyer, B., Qiu, J., Kung, A., & Herrmann, D. (2017). Socio-environmental drought response in a mixed urban-
agricultural setting. Ecology and Society, 22(4), 1–25. https://doi.org/10.5751/ES-09549-220439

Zou, L., Xia, J., & She, D. (2018). Analysis of impacts of climate change and human activities on hydrological drought: A case study in the
Wei River Basin, China. Water Resources Management, 32(4), 1421–1438.

Zwarteveen, M., Kemerink-Seyoum, J. S., Kooy, M., Evers, J., Guerrero, T. A., Batubara, B., Biza, A., Boakye-Ansah, A., Faber, S., Cabrera
Flamini, A., & Cuadrado-Quesada, G. (2017). Engaging with the politics of water governance. WIREs Water, 4(6), e1245.

How to cite this article: Savelli, E., Rusca, M., Cloke, H., & Di Baldassarre, G. (2022). Drought and society:
Scientific progress, blind spots, and future prospects. Wiley Interdisciplinary Reviews: Climate Change, e761.
https://doi.org/10.1002/wcc.761

SAVELLI ET AL. 25 of 25

https://doi.org/10.5751/ES-09549-220439
https://doi.org/10.1002/wcc.761

	Drought and society: Scientific progress, blind spots, and future prospects
	1  INTRODUCTION: DROUGHT AS SOCIOENVIRONMENTAL PHENOMENA
	2  METHODOLOGY: SYSTEMATIC REVIEW
	3  RESEARCH TRENDS ON DROUGHT AND SOCIETY
	4  FROM DRY WEATHER TO WATER SHORTAGES: SOCIAL PRODUCTION AND PROPAGATION OF DROUGHT HAZARD
	5  FROM HAZARD TO RISK: THE SOCIAL PROCESSES THAT RESHAPE DROUGHT VULNERABILITY AND IMPACT
	6  FROM IMPACTS TO RECOVERY? SOCIAL RESILIENCE AND ADAPTATION TO DROUGHT
	7  FROM INTERACTIONS TO CO-EVOLUTION: THE LONG-TERM DYNAMICS OF DROUGHT RISK AND SOCIETY
	8  DISCUSSION AND CONCLUSIONS: TOWARD CRITICAL EXPLORATIONS OF DROUGHT AND SOCIETY INTERPLAY
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	Endnotes

	FURTHER READING
	FURTHER READING
	FURTHER READING
	Drought Hazard Propagation: Socioeconomic Drought
	Drought Vulnerabilities and Exposure
	Drought Perceptions and Discourses
	Drought Impacts
	Drought Resilience and Adaptation
	REFERENCES


