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Abstract

:

Rising levels of impervious surfaces in densely populated cities and climate change-related weather extremes such as heavy rain events or long dry weather periods provide us with new challenges for sustainable stormwater management in urban areas. The Special Issue consists of nine articles and a review and focuses on a range of relevant issues: different aspects and findings of stormwater runoff quantity and quality, including strategies and techniques to mitigate the negative effects of such climate change impacts hydraulically, as well as lab-scale and long-term experience with pollutants from urban runoff and the efficiency of stormwater quality improvement devices (SQIDs) in removing them. Testing procedures and protocols for SQIDs are also considered. One paper analyses the clogging of porous media in the use of stormwater for managed aquifer recharge. The Special Issue demonstrates the importance and timeliness of the topic of sustainable rainwater management, especially with regard to growing cities and the challenges posed by climate change.
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1. Introduction


Urbanization has led to the disruption or replacement of natural hydrological processes due to the sealing and degrading of natural soils. Typically, stormwater runoff from sealed urban surfaces is carried away by local sewer systems and discharged to surface waters. However, this results in reduced evapotranspiration in urban areas, less cooling and blocked infiltration, and thus reduced groundwater recharge [1,2]. Strategies and techniques to mitigate these negative effects are necessary and very important for urban planning, above all because weather extremes such as heavy rain events or extensive dry weather periods provide us with new challenges for sustainable stormwater management in cities.



Additionally, the impact of stormwater runoff quality on the environment is under consideration. Sealed surfaces cause the transport and accumulation of pollutants originating from traffic areas, building materials and other impervious surfaces. A range of pollutants can be found, such as sediments (including particle-bound pollutants), bacteria, oil and grease, heavy metals, nutrients and trace organic chemicals [2,3,4,5,6,7].



Best management practices are widely applied to improve the quality of urban stormwater runoff. A variety of stormwater quality improvement devices (SQIDs) have been developed in recent years and are now being used in practice on a technical scale. Currently, there is a research focus on the performance and operation of SQIDs, but also on the development and evaluation of testing procedures and protocols [8]. However, in order to understand the processes that take place within the SQIDs, considerable research is still required to design them effectively.



This Special Issue of Water will focus on the sustainability and the environmental effects of stormwater management in urban areas. The aim was to gather papers emphasizing different aspects and findings of the monitoring of stormwater runoff quantity and quality, including new parameters. There are mitigation strategies, including models for stormwater runoff reduction, stormwater storage and evapotranspiration in urban catchments, lab-scale and long-term technical-scale experience, testing procedures and protocols for SQIDs, and opportunities that are available to avoid, or minimize the risks of groundwater and surface water contamination.




2. Overview of This Special Issue


Nine original research papers and one review article are published in this Special Issue. Three articles focus on tools to mitigate the negative effects of climate change in urban areas, namely urban flooding mitigation and modeling of evapotranspiration. Two papers have the topic of monitoring pollutant concentrations, three papers deal with the removal of pollutants from urban stormwater runoff, one paper develops a new testing approach for SQIDs and the final paper deals with the clogging of porous media in managed aquifer recharge using stormwater runoff.



There are many different urban flooding mitigation techniques available. In the review paper, Quin [9] discusses stormwater runoff reduction facilities installed above ground, underground and at the ground surface. Mainstream techniques like green roofs, permeable pavements, infiltration trenches, trees, rainwater harvesting systems, swales and others are considered. Quin [9] states that most of these techniques require sizable land areas for their construction, which are normally not available in densely populated cities. For this requirement there is a need for new developments in order to reduce peak flow.



One urban flooding mitigation technique mentioned by Quin [9] is the use of green roofs. Liu et al. [10] analyzed the influence of green roofs on the hydraulic performance of combined sewer systems and stormwater systems with respect to urban flooding reduction using a model. It was shown that green roofs not only have an enormous potential to reduce urban flooding, but also to improve evapotranspiration, which in turn can have a positive effect on urban climate.



Evapotranspiration was the main focus of Hörnschemeyer et al. [11]. A model divided into two sub-models for a precise long-term determination of evapotranspiration in cities, including shading and vegetation-specific dynamics, was developed and evaluated. The authors showed that the most sensitive model inputs were the shading factor and the crop factor. They also pointed out that there is still the research issue of improving the developed model by investigations on process dynamics, validation and parametrization.



Beside the quantitative impacts of urbanization on stormwater management, the qualitative aspects are under consideration in the Special Issue. Urban stormwater runoff is a major source of pollutants in receiving waters. Liu et al. [12] assessed the impact of stormwater runoff on an urban river in China. They analyzed various parameters, including nutrients from the runoff of different land use sites. The collection and reuse of stormwater in the initial rainfall period was shown to be effective for reducing the load of dissolved pollutants in the runoff on the receiving waters. Christian et al. [13] demonstrated that in-stream processes in urban stormwater runoff influenced pollutant load and transport when the system was viewed at a large scale. The authors compared traditional first-flush analyses to newer methods.



Different studies showed that pollutants in stormwater runoff were mainly bound to particles [3,4,5,14]. Consequently, particle-bound pollutants and their removal in SQIDs are the topic of three articles in this Special Issue. Baum et al. [15] demonstrated with a monitoring campaign and a subsequent analysis of different particle fractions that the highest event mean content of heavy metals were found in the smallest fraction. Currently, a particle concentration between 63 and 0.45 µm (TSS63) is considered as relevant for heavy metal adsorption. Nevertheless, the authors showed that total metal loads correlated well with total suspended solids (TSS), and even better with TSS63. The TSS and TSS63 removal efficiency in SQIDs was assessed by Lieske et al. [16] using a long-term in-situ monitoring of two different devices at road sites. They showed that the mean ratio of TSS63 to TSS increased during transit through the facilities because larger particles settle better than finer ones, concluding that the finer particles are removed less effectively in SQIDs. The authors stated that a sedimentation stage was not sufficient for particle removal in SQIDs. An additional technique such as filtering to remove fine particles was recommended. These findings were also confirmed by Rommel et al. [17]. The authors analyzed the influence of particle density, particle shape, temperature and de-icing salt concentration on the settling behavior of road-deposited particles. Particle density and particle size distribution are the main influencing factors on the settling of particles. While de-icing salt concentration has no significant influence on the settling behavior, the temperature is decisive. In winter, therefore, particles do not settle sufficiently in the sedimentation stages of SQIDs.



To compare the hydraulic performance and pollutant removal efficiency of SQIDs, comparable test parameters and conditions must be considered, which are not available under real runoff conditions in field studies. Currently there is a testing procedure available in Germany [8] which was improved and optimized by Neupert et al. [18]. Not only the testing procedure, but also the sampling strategy was improved. A full-flow sampling was preferred compared to a discrete sampling to evaluate the efficiency of the facilities.



The article by Zhang et al. [19] is somewhat different from the previously described topics, but just as important for rainwater management in urban areas. The use of stormwater for managed aquifer recharge (MAR) becomes very important for areas with water shortage, which could also be a result of climate change. A common and significant problem is the clogging of porous filter media by iron (III). In their paper, the authors analyzed the mechanisms of clogging and retention.




3. Conclusions


This Special Issue collection deals with important issues related to reducing the negative impact of urbanization on the aquatic environment, especially by the sealing of urban areas and thus the change in the local water balance. Important contributions were made on the topic of mitigation of climatic stress conditions caused by heavy rain events, but also tools for the modeling of evapotranspiration in urban sites were given. From various articles on pollutants in stormwater runoff and their reduction through technical possibilities, it can be seen that there is still a great demand for research on the topic, which will certainly be the subject of further Special Issues.
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