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Natural hazards have caused significant damages to natural and manmade environments during the last few decades. Hydro-meteorological hazards are among the most destructive hazards and are considered responsible for the loss of human lives, infrastructure damages and economic losses [1]. Nowadays, there is a rising global awareness for hydrological hazard’s impacts mitigation due to the increase in frequency, magnitude, and intensity of extreme events [2,3]. The occurrence of hydrological and hydro-meteorological extremes (i.e., storms, floods and hydrological droughts) has always been a threat to human society. The observed increase in weather and hydro-climatological extremes, particularly in the last decades, has brought much-needed attention to the subject [4]. For example, the annual average flood damage in Europe in the last few decades amounts to approximately € 4.0 billion per year, and in the period 1998–2004, Europe experienced more than 100 major hydrological extremes resulting in some 700 fatalities [5]. Using the International Disaster - Emergency Events Database (EM-DAT) that contains core data on the occurrence and effects of more than 24,000 natural and technological disasters from 1900 to the present day, for the last 10 years (2009–2018), 343 natural disasters per year were recorded in the EM-DAT with on average over 45,000 deaths, 185 million people affected and US$ 176 billion in economic losses across the world. For the year 2019, floods were the deadliest type of disaster, accounting for 43.5% of deaths, followed by extreme temperatures at 25% (mainly due to heatwaves in Europe) and storms at 21.5%. However, storms affected the highest number of people, accounting for 35% of the total affected, followed by floods with 33% and droughts with 31% [6].



This WATER Special Issue (S.I.) titled “Hydrological and Hydro-Meteorological Extremes and Related Risk and Uncertainty” collects and includes selected papers presented in the 3rd International Electronic Conference on Water Sciences (ECWS-3) held from 15 November 2018 to 30 November 2018. The objective of this Special Issue is to provide a forum for original articles related to the analysis and modeling of hydrological and hydro-meteorological extremes. The 10 papers of this Special Issue cover a wide range of research topics related to hydrological and hydro-meteorological extremes and related risk and uncertainty, including issues of climate change impacts and structure design.



Sordo-Ward et al. [7] evaluated various management alternatives and adaption measures to enhance potential water availability for agriculture under climate change scenarios, considering only two water uses, irrigation and urban water supply. The management goal is to maximize potential water availability using various measures. A methodology was developed using the water availability and adaptation policy analysis (WAAPA) model and applied in five (5) representative regulated international transboundary river basins of southern Europe, namely, Duero-Douro, Ebro, Po, Maritsa-Evros, and Struma-Strymon and Guadalquivir River basin. Climate change impacts on runoff were evaluated using the outcomes of 16 ensembles of 5 global climate models (GCMs) with 11 regional climate models (RCMs) for the historical period 1960–1990 and 35 ensembles of 5 GCMS and 15 RCMs for the future period 2070–2100 for SRES scenarios, A2, B2, A1B and representative concentration pathways (RCPs), 2.6, 4.5, 6.0, 8.5. The results indicate that most climate change scenarios result in the reduction of mean annual flow for the six study river basins, and the results are bound with large uncertainties in the estimation of future mean annual flow and potential water availability due to the wide range of emissions scenarios analyzed and the use of various climate models. The results also indicate that, in some river basins, such as Ebro and Struma-Strymon River basins, the adoption of management measures can significantly increase water availability and partly compensate the future water scarcity, whereas, in other river basins, such as Guadalquivir, this is not possible.



Molina et al. [8] present a methodological framework to study non-stationarity of hydrological patterns in time-series. The temporal alteration of traditional hydrological patterns is being observed worldwide, leading to higher variability and unpredictable extreme events, such as floods and droughts. This change is largely due to climate change producing a growing uncertainty in hydrological variables, especially river runoff. The proposed framework is based on causality, a stochastic approach to extract the hidden logical time-dependency structure that inherently underlies into hydrological series, and it, ultimately, includes a predictive method for the runoff temporal behavior. The proposed methodology has been applied to an unregulated stretch, the Mijares River basin (Jucar River basin, Spain), with a very high time-dependency behavior. The application results indicate that substantial economic/environmental savings may be gained in the reservoir design, and it may help to the more sustainable management of river basins through more reliable control reservoirs’ operation.



Näschen et al. [9] present an analysis of climate change impacts on the hydrology of an East African watershed, the Kilombero watershed, subbasin of Rufiji basin in Tanzania. The climate change impacts until 2060 have been assessed using a regional climate model ensemble of the Coordinated Regional Downscaling EXperiment (CORDEX) Africa project. The outputs of six ensembles of GCMs and RCMs have been downscaled and used for two RCPs scenarios (e.g., RCP4.5 and RCP8.5). The semi-distributed Soil and Water Assessment Tool (SWAT) hydrological model has been calibrated and used to analyze the climate change impacts on the hydrological processes of the study watershed. The results indicate that climate change will have significant impacts on the hydrology of the study watershed, specifically in seasonal temperature, annual precipitation, water yield and surface runoff and the frequency and magnitude of peak and low flows. Finally, the time of peak flows is likely to shift from April to May from the 2020s onwards.



The study of Bonzi et al. [10] investigates the connection between surface water and groundwater for rainfall–runoff modeling at the Alcantara River basin in the Sicily region of Italy. A diverse flow regime is observed at the study area where the upstream flow is intermittent, and its middle valley is characterized by perennial surface flows, enriched by spring water arising from the big aquifer of the northern sector of the Etna volcano. The aquifer-river interaction processes are modeled using a simple, spatially lumped rainfall–runoff model (IHACRES model) that is modified with a simple groundwater model to represent the groundwater interaction. The modified version of the IHACRES model is calibrated and validated for the periods 1980–1984 and 1986–1988, respectively, at one of the main cross-sections of the Alcantara river basin, namely Moio Alcantara, where daily streamflow data are available for both model calibration and simulation. A first-order analysis is also performed to assess the sensitivity of model parameters. The results show improvements in model performance with respect to the original version of the IHACRES model [11]. In particular, the modified model appears capable to better simulate not only the flood peaks but also the recession curves describing the groundwater aquifer contribution at the end of the wet seasons, and it may be generalized after extensive testing.



The study of Ponomarev et al. [12] demonstrates the dependence between forest burning rates and an abnormal decrease in Siberian river discharges under the climatic conditions of the permafrost zone in selected regions of Central Siberia and Eastern Siberia/Yakutia. The following aspects are considered and analyzed: (i) the long-term river discharge dynamics and anomalies; (ii) the correlation of long-term data on discharge minima and the relative burned area (RBA); and (iii) the intra-seasonal variations of the post-fire river discharge. Four rivers are selected to examine the dependence between forest burning rates and runoff: the Lower Tunguska and the Podkamennaya Tunguska rivers of the Yenisey River basin and the Aldan and Viluy rivers of the Lena River basin. All watersheds are forest-dominated and susceptible to fire with different groundwater mechanisms, which are limited by the continuous permafrost and soil conditions. The long-term and seasonal variations of river discharge for the period 1939–2015 (based on The Global Runoff Data Center database) together with the forest burning dynamics within the river basins for the period 1996–2015 (adopted from the Sukachev Institute of Forest database) are analyzed and compared. The analysis of available chronologies of extreme fire events and relative burned areas (RBAs) showed a high correlation with intra-seasonal data on the runoff minima. The most significant response of river discharges to the wildfire effect is shown for the late summer/autumn season after extreme wildfires during the summer period. Late summer and autumn anomalies of discharge are typical for the rivers of Central Siberia during seasons of extreme forest burning based on the correlation analysis. However, this correlation is lower for the rivers of Eastern Siberia/Yakutia. It could be assumed that the local post-fire permafrost soil conditions can explain the revealed differences in the runoff in Siberia.



Vantas et al. [13] present a methodology for studying rainfall erosivity density in Greece for soil erosion studies under climate change conditions. Since the most significant process responsible for soil loss is related to rainfall intensity, any possible increase of future rainfall intensity will directly affect soil erosion rates and intensify desertification mechanisms. Thus, the first part of this study evaluates the impact of the ratio of the missing values on the computation of the rainfall erosivity factor, R, and erosivity density, ED. The second part investigates the temporal trends and defines homogeneous regions using an unsupervised classification method with a similar monthly distribution of ED and taking into account the presence of missing values in precipitation records. Preprocessed and free from noise and errors, rainfall data from 108 stations across Greece are extracted from the Greek National Bank of Hydrological and Meteorological Information using the “hydroscoper” R-interface package [14]. Monte Carlo simulation results show that ED is more robust against the presence of missing precipitation values than the rainfall erosivity R factor. Hence, ED should be preferred for the assessment of erosivity with incomplete datasets in Greece over the direct computation of R because it does not introduce systematic errors due to the missing data. Furthermore, the stationarity of annual values of ED is found for the majority of the stations that share a time length of 30 years, in contrast to the reported precipitation and rainfall intensity trends for the same time period in Greece. Finally, cluster analysis of monthly ED values revealed three homogeneous regions in Greece with different seasonal distributions of intense and erosive rainfalls. The identified rainfall distribution patterns could also be used to estimate R values in Greece, using precipitation data with coarser resolutions.



Lazoglou et al. [15] present a methodology for bias correction of the regional climate model of the Max Plank Institute (MPI model) using copulas for hydrological studies (rainfall–runoff modeling with limited data) due to climate change scenarios. Furthermore, the lack of hydro-meteorological data in various areas greatly hinders the successful application of rainfall–runoff models in climate change studies. Hence, data from general circulation models (GCMs) and/or regional climate models (RCMs) could be used as an alternative in the rainfall–runoff process. However, these data often present biases compared to the observed data and consequently, several methods have been developed for correcting statistical biases and to use them efficiently in climate change studies. The present study tests 15 copula families (Gaussian, Student’s t, Clayton Gumbel, Frank, Joe, BB1, BB6, BB7, BB8 and their rotated versions) and used for modeling the dependence between the daily mean and total monthly precipitation using E-OBS data [16] in the transboundary Mesta/Nestos river basin in order to use this relationship for the bias correction of the MPI climate model monthly precipitation for the period 1981–2000. Apart from the copula family selection, the marginal distributions of the E-OBS monthly totals are also estimated using the normal, lognormal, gamma, GEV and Pareto distributions. Finally, the three different datasets (i.e., E-OBS, MPI and bias-corrected MPI precipitations) are used as inputs to the spatially distributed MODelisation du SURface (MODSUR) [17] hydrological model for discharge modeling at the study area. The parameterization of the MODSUR model was based on a previous application of the model at the same study area and is based on a grid formulation modeling scheme with 9212 grid cells [18]. The results show that the MPI model significantly overestimates the E-OBS data while the differences are reduced sufficiently after the bias correction method. The Student-t family was selected to model the dependence between daily mean and total monthly precipitation since it was ranked 1st among the 15 study copulas for more than half grids (60%) of the Nestos region. The Weibull distribution was selected to model the marginal distribution in the majority of grid points (87%), while in the rest grid points, the gamma distribution was used. A comparison of the bias-corrected precipitation (with the final selected copula method) with the bias-corrected precipitation derived from three widely used methods (delta, scaling and empirical quantile mapping) was conducted and showed that the bias-corrected precipitations with the copula method are closer to the E-OBS data compared with the other three methods. Finally, the application of the hydrological model with the three different datasets verified the results of the precipitation analysis and show that simulated discharges in the case of copula bias-corrected data present an increased correlation with the observed flows, which are comparable with the E-OBS dataset.



Lee et al. [19] describe a technique to build a rainfall ensemble by adding a perturbation field to radar rainfall data. The perturbation is based on the observation errors between ground and radar data and is conditioned to reflect the spatial and temporal structure of rainfall. The rainfall ensemble is processed through three well-known rainfall–runoff models: the Tank model, the SSARR model and the storage function model. The results from the three models were integrated using three blending techniques: the multimodel super ensemble, the simple model average and the mean squared error. In their analysis of results for the case study of the Jungrang Basin in South Korea, the authors verified that the integrated runoff curve produced by the multimodel super ensemble showed the best result. This contribution illustrates how rainfall uncertainty can be described through an ensemble and how blending techniques can be applied to reduce runoff uncertainty.



The last two papers deal with the assessment of the performance of hydraulic structures exposed to hydro-meteorological extremes. Gabriel-Martin et al. [20] discuss the influence of the initial reservoir level on the evaluation of hydrological dam safety. During the design stage, it is customarily assumed that the reservoir is full when the design flood arrives. This assumption is reasonable because dam operation during its life span may change from the originally intended conditions. However, the authors argue that the initial reservoir level is, in fact, a random variable and should be accounted for while performing risk assessment while the dam is in the operation stage. They propose and implement a methodology to assess the influence of the initial reservoir level in hydrological risk analysis. Their method is based on the generation of an ensemble of forcing hydrographs through Monte Carlo simulation and the simulation of dam operation starting from different reservoir levels. They compare three scenarios, with the initial reservoir level equal to the maximum normal level, equal to the maximum conservation level and sampled from the probability distribution derived from historical records and apply a global economic risk index, based on the probability distributions of maximum water level in the reservoir and maximum spilled discharge. Their approach was successfully tested in a gated-spillway dam located in Spain. Their results show that the probability distribution of initial reservoir level may indeed change the outcome of dam risk assessment and should therefore be included in the analysis.



The paper by Rebollo et al. [21] deals with the design of energy dissipation structures, which are important components of flood risk management schemes. It is focused on the analysis of the role played by aeration in energy dissipation structures. They address this problem through an experimental setup, where they characterize the effect of aeration on boundary friction in supercritical and fully turbulent flows. They produced aerated flows with different air concentrations and accelerated them through a spillway chute to analyze the velocity profile and air concentration of the flow at the entrance of the stilling basin. They estimated Manning’s roughness coefficient for different aeration rates. Their experimental results showed that aeration reduced the rigid-boundary friction, and this effect generates flow acceleration. They developed an original formulation to predict the change in Manning’s roughness coefficient as a function of air concentration, which may be useful to design more efficient energy dissipation structures.



In conclusion, this Special Issue contains 10 studies with important results, covering several aspects of hydrological extremes and related risk and uncertainty. Advanced models and methodologies were developed for the analysis, simulation, forecasting, and hazard prevention of weather-induced extreme hydrological events and the assessment of disaster risk. Assessing the risk and uncertainty of hydrological and hydro-meteorological extremes is a crucial step towards decision-making.
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