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Abstract
There is little doubt about the effects of drought events on human health in the present climate. Projections of climate change indicate an increase in the occurrence and severity of droughts in the 21st century in a number of regions, thus it is likely that these types of hydrological extremes could have more of an impact if appropriate adaptation measures are not taken. The majority of studies on the effects of drought are focused on meteorological, agricultural, or hydrological contexts, but there are rather fewer assessments of the impacts of droughts on health. In particular, there have been hardly any attempts to compare different drought indices in order to identify and quantify the impacts of drought on health systems. In addition, rather better knowledge is needed on the mechanisms of vulnerability involved. In this paper, we attempt to describe the complexity of drought phenomena and the difficulty involved in quantifying the health risks linked to their occurrence. From an international perspective, we provide a brief review of the harmful effects of droughts on health in the context of climate change, as well as the vulnerability factors related to droughts. We make an assessment of aspects that have not yet been investigated, or which require further attention to be devoted to this topic. The principal aim of this paper is therefore to draw attention to the need to consider closely the relationship between drought indices and human health, in order to achieve a more fundamental understanding, and to propose specific courses or lines of action for future years, which could eventually be of use to healthcare providers and services.
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Section snippets
Difficulty in defining and characterizing “drought”
Unlike other extreme phenomena, droughts are highly complex events that are difficult to define clearly and quantify (Vicente-Serrano et al., 2012, Quiring, 2015, Vicente-Serrano, 2016, Spinoni et al., 2019) because it is difficult to establish a beginning and an end of each event and many of the definitions depend on the different disciplinary perspectives or systems in which it is analysed (Wilhite, 2000, Valiente, 2001, Vicente-Serrano et al., 2012). Thus, different types of droughts can be
Climate change-drought-health nexus: a global overview
Climate change is one of the most substantial environmental challenges worldwide and is in large part caused by anthropogenic activities, which increase greenhouse gas emissions that actively contribute to global warming (Franchini and Mannucci, 2015). It has been widely described that a consequence of climate change would be an increased frequency in extreme climatic events such as heatwaves, droughts, floods, cyclones, and forest fires that would have a higher intensity, leading to
Direct and indirect effects of droughts
Droughts have far-reaching effects that are both short and long term across diverse sectors (environmental, economic and social). However, the classification of the effects in short or long term impacts is usually very complex (Wilhite, 2000, Hayes, 2002, Keyantash and Dracup, 2002, Wilhite et al., 2007, Alpino et al., 2016, Bachmair et al., 2016). In terms of health, several compressive reviews on health risks associated with droughts indicated that drought effects occur primarily through an
Uncertainty
The study and characterization of droughts are very complex, and there are several uncertainties about the details of the relationship between the occurrence of these hydrological extremes and their effects on health, so more studies are necessary to understand the different mechanisms, in order to promote awareness of the risks and social and environmental vulnerabilities worldwide. The majority of studies have focused on the association between droughts and the effects on health through
Conclusions
Droughts are complex socio-environmental hazards produced by mixtures of climatic, hydrological, environmental, socioeconomic, and cultural factors, and its study should be holistic by using different fields and institutions. Droughts are widely considered to be the costliest, most complex, most destructive, and the least understood phenomenon affecting more people than any other hazard. The definition and quantification of droughts are difficult and often uncertain. Droughts directly impact
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	The effect of heterogeneous severe drought on all-cause and cardiovascular mortality in the Northern Rockies and Plains of the United States
2024, Science of the Total Environment

Show abstract
Drought is a distinct and complicated climate hazard that regularly leads to severe economic impacts. Changes in the frequency and occurrence of drought due to anthropogenic climate change can lead to new and unanticipated outcomes. To better prepare for health outcomes, more research is needed to develop methodologies to understand potential consequences. This study suggests a new methodology for assessing the impact of monthly severe drought exposure on mortality in the Northern Rockies and Plains of the United States from 2000 to 2018. A two-stage model with the power prior approach was applied to integrate heterogeneous severe drought pattern and estimate overall risk ratios of all-cause and cardiovascular mortality related to multiple drought indices (the US Drought Monitor, 6- and 12-month Standardized Precipitation-Evapotranspiration Index, 6- and 12 month Evaporative Demand Drought Index). Under severe drought, the risk ratios of all-cause mortality are 1.050 (95 % Cr: 1.031 to 1.071, USDM), 1.041 (95 % Cr: 1.022 to 1.060, 6-SPEI), 1.009 (95 % Cr: 0.989 to 1.031, 12SPEI), 1.045 (95 % Cr: 1.022 to 1.067, 6-EDDI), and 1.035 (95 % Cr: 1.009 to 1.062, 12-EDDI); cardiovascular mortality are 1.057 (95 % Cr: 1.023 to 1.091, USDM), 1.028 (95 % Cr: 0.998 to 1.059, 6-SPEI), 1.005 (95 % Cr: 0.973 to 1.040, 12-SPEI), 1.042 (95 % Cr: 1.005 to 1.080, 6-EDDI), and 1.004 (95 % Cr: 0.959 to 1.049, 12-EDDI). Our results showed that (i) a model with properly accounted for heterogeneous exposure pattern had greater risk ratios if statistically significant; (ii) a mid-term (6-month) severe drought had higher risk ratios compared to longer-term (12-month) drought; and (iii) different severe droughts affect populations in a different way. These results expand the existing knowledge of drought relationship to increasing mortality in the United States. The findings from this study highlight the need for communities and policymakers to establish effective drought-prevention initiatives in this region.




	Integrated innovative technique to assess and priorities risks associated with drought: Impacts, measures/strategies, and actions, global study
2023, International Journal of Disaster Risk Reduction

Show abstract
In the summer of 2022, climate change significantly affected several parts of the world, causing drought in many countries. Drought is a natural hazard considered a significant future challenge for society and agriculture. Due to climate change, drought is predicted to become more frequent, last longer, and be more intense. This study aims to assess the drought risk priorities and evaluate the efficient solutions/strategies worldwide to achieve drought resilience. To achieve this, a comprehensive literature screening was performed to identify the drought impacts on the agriculture sector and the most commonly used adaptation techniques. A well-designed survey that targeted drought experts across the world was designed where they ranked both the identified drought impacts and the associated potential solutions. Finally, a participatory integrated innovative approach utilizing the failure Modes and Effects Analysis and ‘Analytic Hierarchy Process (FMEA-AHP) was performed to assess the impact of drought risk factors and identify the best strategy accordingly. Results were presented to depict the drought effect on each agriculture sector in each county and even more in each geographical region worldwide. The research output provided a comprehensive vision of the drought risk priorities in each country with a direct link to reduction or adaptation strategies, which provide an efficient tool for the decision-maker and planner toward drought-resilient societies.




	Does the meteorological origin of heat waves influence their impact on health? A 6-year morbidity and mortality study in Madrid (Spain)
2023, Science of the Total Environment

Show abstract
In Spain, two synoptic-scale conditions influence heat wave formation. The first involves advection of warm and dry air masses carrying dust of Saharan origin (North African Dust (NAF) = 1). The second entails anticyclonic stagnation with high insolation and stability (NAF) = 0). Some studies show that the meteorological origin of these heat waves may affect their impact on morbidity and mortality.
To determine whether the impact of heat waves on health outcomes in Madrid (Spain) during 2013–2018 varied by synoptic-scale condition.
Outcome data consist of daily mortality and daily hospital emergency admissions (morbidity) for natural, circulatory, and respiratory causes. Predictors include daily maximum and minimum temperatures and daily mean concentrations of NO2, PM10, PM2.5, NO2, and O3. Analyses adjust for insolation, relative humidity, and wind speed. Generalized linear models were performed with Poisson link between the variables controlling for trend, seasonality, and auto-regression in the series. Relative Risks (RR) and Attributable Risks (AR) were determined. The RRs for mortality attributable to high temperatures were similar regardless of NAF status. For hospital admissions, however, the RRs for hot days with NAF = 0 are higher than for days with NAF = 1. We also found that atmospheric pollutants worsen morbidity and mortality, especially PM10 concentrations when NAF = 1 and O3 concentrations when NAF = 0.
The effect of heat waves on morbidity and mortality depends on the synoptic situation. The impact is greater under anticyclonic stagnation conditions than under Saharan dust advection. Further, the health impact of pollutants such as PM10 and O3 varies according to the synoptic situation.
Based on these findings, we strongly recommend prevention plans to include data on the meteorological situation originating the heat wave, on a synoptic-scale, as well as comprehensive preventive measures against the compounding effect of high temperatures and pollution.




	Drought and all-cause mortality in Nebraska from 1980 to 2014: Time-series analyses by age, sex, race, urbanicity and drought severity
2022, Science of the Total Environment

Show abstract
Climate change will increase drought duration and severity in many regions around the world, including the Central Plains of North America. However, studies on drought-related health impacts are still sparse. This study aims to explore the potential associations between drought and all-cause mortality in Nebraska from 1980 to 2014.
The Evaporative Demand Drought Index (EDDI) were used to define short-, medium- and long-term drought exposures, respectively. We used a Bayesian zero-inflated censored negative binomial (ZICNB) regression model to estimate the overall association between drought and annual mortality first in the total population and second in stratified sub-populations based on age, race, sex, and the urbanicity class of the counties.
The main findings indicate that there is a slightly negative association between all-cause mortality and all types of droughts in the total population, though the effect is statistically null. The joint-stratified analysis renders significant results for a few sub-groups. White population aged 25–34 and 45–64 in metro counties and 45–54 in non-metro counties were the population more at risk in Nebraska. No positive associations were observed in any race besides white. Black males aged 20–24 and white females older than 85 showed protective effect against drought mainly in metro counties.
We also found that more sub-populations had higher rates of mortality with longer-term droughts compared to shorter-term droughts (12-month vs 1- or 6-month timescales), in both metro and non-metro counties, collectively.
Our results suggest that mortality in middle aged white population in Nebraska shows a greater association with drought. Moreover, women aged 45–54 were more affected than men in non-metro counties. With a projected increase in the frequency and severity of drought due to climate change, understanding these relationships between drought and human health will better inform drought mitigation planning to reduce potential impacts.




	Impacts of drought on health: A qualitative case study from Iran
2022, International Journal of Disaster Risk Reduction

Show abstract
Drought is a worldwide problem that is increasing in occurrence and severity. It results from climate change and anthropogenic factors and results in social, economic, environmental and health adverse effects. This study explained the health impacts of drought in a province of Iran, a country in the Middle East with widespread drought and water crisis.
This case study was conducted using content analysis methodology. Data were collected through in-depth individual interviews and observations. Totally, 57 interviews were conducted in different cities. Data were analyzed using quantitative content analysis by MAXQDA.
The direct effects of drought include effects on the quality and quantity of water, soil, environment and ecosystem, which indirectly lead to extensive effects on health dimensions, and endanger physical, mental, and social health. The consequences will be a reduction in the quality and satisfaction of life.
The consequences of drought in Iran, due to mismanagement of water resources and other socio-economic problems, are more severe and destructive, and obviously, a more serious threat to community health. Therefore, to reduce the effects, fundamental changes in water resources management seem necessary. Further research on the effects of drought on each of the health dimensions, methods to reduce the effects of drought, and increase resiliency and suitable coping strategies are recommended.




	Synthesis of hydrous CeO<inf>2</inf> polypyrrole nanocomposite as a rapid and efficient adsorbent for defluoridation of drinking water
2021, Environmental Nanotechnology, Monitoring and Management
Citation Excerpt :
The global thirst for fresh drinking water has escalated recently due to increase in world population and drought effects exacerbated by climatic change (Salvador et al., 2020).



Show abstract
Contamination of water by fluoride ions is one of the major threats to human life and thus must be removed from drinking water. A novel CeO2 polypyrrole nanocomposite (HCeO2@PPy) was fabricated by co-precipitation of CeO2 nanoparticles followed by in situ chemical oxidative polymerization. The as-synthesised adsorbent was characterized using a variety of physico-chemical techniques which included Fourier Transform Infrared Spectroscopy (FTIR), X-Ray diffraction (XRD), Braunauer-Emmett-Teller (BET), Field Emission Scanning Electron Microscopy/Energy Dispersive (FE-SEM/EDS), High Resolution-Transmission Electron Microscopy (HR-TEM), X-ray Photoelectron Spectroscopy (XPS) and point-of-zero charge (pzc) determination. The HCeO2@PPy nanocomposite adsorbent was applied for the removal of F− ions from aqueous solution. Application of the adsorption modelling, revealed that the Langmuir adsorption isotherm model best described the process with a maximum adsorption capacity of 70.92 mg g−1, at an optimum pH of 6.0 ± 0.2, 0.03 g adsorbent dose and 25 °C. Rapid kinetic studies revealed that the pseudo-second-order model gives a better description of the adsorption process. Thermodynamic data showed that the adsorption process was physical, spontaneous and feasible. The behaviour of the amino functional groups within HCeO2@PPy moiety and the nanometal oxide surface hydroxides at different pHs along with the pHpzc, FTIR and XPS spectra analyses were used to explain the mechanism of adsorption. The mechanism was conceived to be anionic exchange of hydroxyl group with the F− ions and electrostatic attractions of protonated hydroxyl on the surface of the adsorbent as well as the nitrogen atoms of amino groups from the polypyrrole (PPy) moiety with F− ions. The determined thermodynamic parameters, enthalpy change (ΔH° = −26.33 kJmol−1) and Gibbs free energy change (ΔG° = −19.074 to −10.028 kJ mol−1) indicated the exothermic and spontaneous nature of the sorption process. Further evaluation on the as-prepared adsorbent exposed a moderately selective material which exhibited excellent removal ability of F− ions from ground water at its natural pH to below WHO stipulated levels with an adsorption-desorption efficiency of up to three cycles. Therefore, hydrous CeO2 polypyrrole nanocomposite has revealed great potential for water defluoridation.
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