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Abstract

:

Flash floods pose a significant threat to humans but the state of our knowledge on the occurrence and related risk of such phenomena is insufficient. At the same time, many climate change models predict that extreme rainfall events will occur more and more frequently. Identifying areas susceptible to flash floods is more complicated that in the case of floods occurring in the valley bottoms of large rivers. Flood risk maps in Poland have not been developed for small catchments. The study objective was to assess whether the threat related to flash floods is taken into account in the spatial planning system of municipalities. Studies were conducted in the Lublin Upland, E Poland (an area of about 7200 km2). A preliminary assessment of susceptibility of 369 catchments to flash floods was carried out in a GIS environment using multi criteria analysis. The susceptible catchments cover about 30% of the area. Existing planning documents, flood hazard and flood risk maps were analyzed for municipalities located in the catchments with highest susceptibility to this phenomenon. Our results show that flash flood risk is usually not recognized at the level of local governments even when it is significant. Local planning documents do not take into account the existence of this threat.
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1. Introduction


Flash floods are among natural hazards to which more and more attention is devoted due to their social and economic impact [1,2,3,4,5,6]. The term is applied to a rapid rise in water level, characterized by short duration and high intensity of maximum flows posing a threat to people [7,8]. According to Ostrowski et al. (2012) [9], a flash flood is a flood with a high water-volume lasting for a short time and occurring after a sudden, intensive rainfall (usually a rainstorm). Initially, the term applied to phenomena related to floods resulting from the breaking of reservoir dams. Flash floods pose a significant threat to humans because they are triggered by torrential rainfall that can occur almost anywhere [1,10,11]. It is estimated that 40% of flood victims in Europe between 1950 and 2006 suffered because of flash floods [12]. At the same time, some climate change models predict that such extreme rainfall events will occur more and more frequently [13], hence the risk posed by flash floods is probably going to increase. Nonetheless, the problem requires further study [14,15].



In agricultural areas, intensive surface runoff after heavy rainfall causes strong gully erosion that leads to the destruction of crops and roads [16,17]. The accumulated material silts up fields, roads and farms. The flood wave rapidly forming in the valley bottoms is a threat to human health and life and causes considerable material losses. Such floods pose a significant problem to local governments as they usually have to deal with repairing the flood damage on their own [7]. Typical flash floods in Poland affect catchments covering less than 40 km2. They result from rainfall usually lasting up to two hours and having an intensity of 20–80 mm h−1. Phenomena of this type occur most often in July and May and June [18].



Local flash floods occur in Poland and in other parts of Europe mainly in upland and mountain areas. Their spatial distribution is determined by two factors—climate and topographic conditions [1,2,19]. High slope gradients, higher density of the river network and shallower soil cover quickly lead to the development of intensive surface runoff [7,20]. The state of our knowledge on the occurrence, determinants, and course of such phenomena is insufficient [21]. Flash floods can thus occur in unexpected and totally unprepared locations (Figure 1). Identifying areas vulnerable to flash floods is more complicated that in the case of floods occurring in the valley bottoms of large rivers. Rapid runoff and flooding can occur in areas practically devoid of permanent drainage and not covered by the network of standard meteorological and hydrological measurements.



Studies on flash floods in Poland focus mainly on mountain areas. Based on the analysis of selected characteristics of the natural environment of small catchments of the Foothills (Carpathian Mountains), Bryndal (2011) [22] identified areas susceptible to the occurrence of such phenomena. Ostrowski et al. (2012) [9] prepared a catalogue of flash floods in the years 1971–2010, assessed the dynamics, cyclic nature and frequency of these phenomena, and identified regions at particular risk of flooding. Several studies describe the hydrological and geomorphological effects of these phenomena [14,23,24,25].



The identification of catchments at risk of flash floods is most frequently carried out by analyzing a number of various criteria by means of GIS (geographic information systems) [26,27,28,29,30]. These studies encompass individual cities [31] or entire countries [30,32]. In the case of studies concerning small areas, detailed data and advanced models difficult to use for larger areas are often employed. Studies encompassing entire countries are usually based on data and maps in small scales. Particular attention is devoted to this threat in urban areas, especially those with numerous underground structures, such as the metro (subway) [33,34].



The appropriate use of spatial resources is one of the ways for humanity to adapt to the expected climate changes [35,36]. Assessing the inclusion of areas exposed to such hazards in the spatial planning process was an important aspect of the conducted research [7,37]. This is particularly important in the context of the present-day changes in land cover and development of the settlement network taking place. Spatial planning is regarded as one of the main instruments for managing adaptation to climate change and managing the effects of climate change in the spatial context [35,38,39], also with regard to limiting the negative effects of floods [40,41,42]. Flood risk management is a matter of cross-sector collaboration controlled, at different levels of territorial division of countries, by various institutions and state administration bodies [43]. The full coordination between government bodies and entities competent in risk management, i.e., protection of the population, spatial planning and sectoral programs (e.g., in the field of water management) is a systemic challenge not only in Poland. For the already developed areas in the valleys of smaller rivers, risk reduction can be achieved by educating the residents, preparing warning systems and effective crisis response plans and protective measures for individual buildings [44]. Another matter is the spatial chaos and crisis of spatial planning, which constitute a major obstacle to the sustainable development of the country [45].



The study objective was to assess to what extent the threat related to the potential risk of flash floods is taken into account in the spatial planning system of municipalities. The first step was the identification of catchments susceptible to flash floods in the agricultural area of the Lublin Upland (E Poland). Results of the assessment allow one to identify areas (catchments and municipalities) exposed to a potentially greater flash flood hazard if heavy rainfall occurs (higher hazard). Then, planning documents and existing flood maps were analyzed in terms of identifying the flash flood risk. For the valleys of large and medium rivers, flood hazard maps and flood risk maps are developed in Poland in accordance with the European Flood Directive. In the case of smaller valleys, however, areas at risk of flash floods were not prepared [7,16]. The results of studies on the inclusion of phenomena such as flash floods in the spatial planning system have not been published in Poland so far. This problem has not been more widely discussed in international literature either.




2. Materials and Methods


2.1. Study Area


The Lublin Upland is located in the south-east of Poland (Figure 2). The region, covering 7200 km2, is divided into nine physical geographical regions In terms of the administrative division, the Lublin Upland is located in Lubelskie Province. The substrate of the Lublin Upland consists of lithologically varied Cretaceous and Paleogene carbonate rocks. They are overlain by tertiary limestone and various Pleistocene deposits: till, sand, gravel and periglacial loess. The Lublin Upland reaches the highest elevation in its central and eastern parts (up to 300 m a.s.l.), from where it descends to the north-east and north-west to an elevation of about 200 m a.s.l. The plate structure of the Cretaceous and Paleogene bedrock is reflected in land relief—vast, flat top plateaus are common in the area. The general outline of the area is influenced by the properties of Upper Cretaceous rocks that form area of the hilly type. The diverse land relief is reflected in the names of the mesoregions: Małopolska Vistula Gap, Nałęczów Plateau, Bełżyce Plateau, Chodel Basin, Urzędów Elevation, Świdnik Plateau, Giełczew Elevation, Grabowiec Elevation and Zamość Depression. Diversified landscapes may be found here: monotonous plateaus, hilly areas dissected by deep and narrow river valleys, residual hills, dense gully networks, escarpments, karst depressions and sandy planes with dunes.



The annual precipitation is about 550–600 mm, the mean annual air temperatures range from 7.0 to 7.6 °C and the mean specific runoff rate is about 4.0 dm3/s·km2. Precipitation in this region occurs most often in the summer season, frequently in the form of downpours and storms. The period of intensive precipitation lasts about 210 days, i.e., longer than in other regions of Poland [46].



The rivers of the Lublin Upland are small. The river network in the southern part of the Upland is sparse while it is a bit denser in the northern part. The main river flowing across the Lublin Upland is the Wieprz; it also drains the greatest amount of water, the mean flow at its estuary being about 17 m3/s. The Bystrzyca, the biggest tributary of the Wieprz, carries about 5 m3/s while the flow of other rivers in the region does not exceed 2 m3/s. Groundwaters occur in Cretaceous, Tertiary and Quaternary formations. The main aquifer is mainly in the Upper Cretaceous deposits [46]. Outside of river valleys, groundwaters occur deep (30–50 m and more) below the ground surface.



The Lublin Upland is a region where torrential rains, heavy rains or hail storms occur relatively frequently. The amount of rainfall reaches about 20–30 mm each time, and in some cases as much as 100 mm. The duration of such rainfall events can be short: from a few to several dozen minutes. These phenomena result in intensive surface runoff that leads to rapid rises in water levels. These phenomena occur locally, often affecting areas between ten to several dozen square kilometers, with 70% of the precipitation occurring in June and July. In the 1951–2000 period, between 10 and 20 rainfall events with a daily volume of more than 100 mm were recorded. The best-known events from that period included the heavy rains in Piaski Szlacheckie in 1956, in Dzierzkowice in 1969 and in Kazimierz Dolny in 1981 [14].



The Lublin Upland is a typically agricultural region where arable land usually covers 70–80% of the area of the individual counties. The population density, ranging from 70 to 90 persons per km2, is slightly lower than the national average for Poland. A characteristic feature of the region is the occurrence of numerous family farm holdings with an average area of about 5 ha. Despite such a high fragmentation of production, the Lublin Upland is an important area of agricultural production in Poland due to the presence of fertile soils (Cambisols and Luvisols) [47]. Recent years, however, have seen a decrease in the agriculturally used areas resulting from the socioeconomic changes occurring here [48].




2.2. Local Spatial Planning in Poland in Relation to Flood Risk Management


A flood is a natural disaster (Act of 18 April 2002 on a State of Natural Disaster) [49]. Minimizing flood risk, ensuring safety during its occurrence and removing the effects of flooding requires the cooperation of state and local government administration with various institutions. It is also necessary to ensure a coherent formal and legal system concerning flood control, water management, spatial planning and crisis management. At the local level, it is the municipality’s own responsibility to ensure “public order and safety of citizens as well as fire and flood protection, including the equipment and maintenance of a municipal flood protection warehouse” (article 7 § 1 (14) of the Act of 8 March 1999 on municipal government [50]. Pursuant to the Crisis Management Act of 26 April 2007 [51], the basic crisis management instrument of a planning character is the National Crisis Management Plan along with the provincial, county and municipal plans [52,53,54].



Spatial planning is a key instrument for the appropriate and rational design of spatial development. In Poland, the legal basis for this process is provided by the Act of 27 March 2003 on Spatial Planning and Development [55] that defines (article 1 § 1) “the scope and modes of procedure in land use designation for specific purposes and establishing the rules of land development, with spatial order and sustainable development regarded as the basis for these actions”.



The local level of spatial planning that encompasses a spatial development conditions and directions study for a municipality (“study”) and a local spatial development plan (“local plan”) is the most important from the point of view of flood hazard management. A study is an act of internal management and cannot be the basis for administrative decisions. Its preparation is obligatory for the entire area of a municipality (town). A local plan, on the other hand, is an act of local law and, with certain exceptions, it is not obligatory. It can be prepared for an entire municipality and an individual plot of land. The provisions of a local plan must conform to the provisions of the study. In the absence of a local plan to determine the development requirements, a decision on development conditions and land use is issued [56,57].



The Act on Spatial Planning and Development [53] indicates the minimum scope of problems included in planning studies. A study should take into account conditions resulting from, inter alia, “the threat to the safety of people and their property” and, in relation to water “flood control requirements” (art. 10 § 1 of the Act on Spatial Planning and Spatial Development). A study should specify, among others, “areas particularly exposed to flood risk” (art. 10 § 2). A local plan must specify (art. 15 § 2) “the boundaries and ways of developing [...] areas particularly exposed to flood risk” and “detailed area development conditions and use restrictions, including the prohibition of building development”.



In 2011 the provisions of the European Flood Directive were implemented (Directive 2007/60/EC of the European Parliament and of the Council) [58] in Polish law whereby spatial planning has been very strongly integrated into the process of reducing the negative effects of floods. The identification of the flood hazard is now formally regulated by the Water Law Act of 20 July 2017 [59], which makes Wody Polskie (State Water Management Company) and state and local government administration bodies responsible for flood control (protection) [60,61,62]. This protection is provided “while taking into account flood hazard maps, flood risk maps and flood risk management plans”. Flood risk management includes, “in particular, prevention, protection, preparedness and responding when flood occurs, dealing with the effects of floods, restoration and drawing conclusions in order to reduce the potential adverse effects of floods on human health, the environment, cultural heritage and economic activity.” (art. 163).



According to the European Flood Directive flood hazard maps (FHMs) and flood risk maps (FRMs) are drawn up for areas identified in the preliminary flood risk assessment. The purpose of preparing this preliminary flood risk assessment is to identify areas at risk of flooding, those with a significant flood risk or with a high probability of a high flood risk. The first assessment was carried out in the period 2010–2015 as part of an EU-funded project—the IT System for the Protection of the Country against Extreme Hazards (ISOK), which provides access to, among others, flood hazard maps and flood risk maps [63]. The final versions of flood hazard maps and flood risk maps were submitted to local government units in April 2015. Eventually, after protests of local governments (especially of cities), which often questioned the flood water extent presented on the maps and did not want to bear the high costs of changes in planning documents, optionality was introduced (art. 88f § 5, 6 of the Water Law Act of 2001, [64]). In 2016, a review and updating of the preliminary flood risk assessment was begun.




2.3. Methods


The assessment of the susceptibility of catchments to flash floods was divided into five steps: (a) identifying the characteristics of the catchment environment influencing this phenomenon; (b) collecting the necessary spatial data; (c) spatial analysis of the parameters; (d) quantifying the individual characteristics and (e) carrying out a synthetic assessment of susceptibility (Figure 3).



The fundamental part of the study consisted of the analysis of the existing planning documents for local government units located within the catchments with high susceptibility to flash floods. It was assessed whether this threat is recognized in these documents and reflected in spatial planning. It was also examined whether they are covered by the flood risk maps and flood hazard maps prepared as part of the implementation of the EU Flood Directive. Twelve studies (spatial development conditions and directions study for a municipality) and over 60 local plans (spatial development plans) or their changes were analyzed (Figure 3).



Based on the analysis of the available literature on the determinants of the catchments’ susceptibility to flash floods, it was found that, in the case of a study area of more than 7200 km2 (369 catchments), it would be advisable to use the following catchment characteristics: (A) catchment area; (B) circularity index; (C) mean catchment gradient; (D) density of the river network; (E) mean length of first-order watercourses; (F) forest cover; (G) built-up areas and (H) road density. A study prepared by Bryndal (2011) [20] for Carpathian catchments proved to be particularly valuable. In the study, he carried out a detailed analysis of catchment parameters influencing their susceptibility to rapid rises in water levels.



The catchment area is a significant parameter because flash floods usually occur in small catchments, covering from a dozen or so to 40 km2 [9,20]. Therefore, the following rule was adopted: the smaller the area of a catchment, the greater its susceptibility to the occurrence of flash floods. The shape of a catchment (expressed by the circularity index) is important from the perspective of the speed of water supply to the watercourses. The higher the value of the index—and the shape of a catchment closer to a circle—the smaller the risk. With a more circular shape, the supply of water to the primary valley is more spread over time. The higher the slope gradients, the faster the formation of runoff occurs [17]. The formation of a flood wave is also more likely when the density of a permanent drainage network is greater and the length of first-order watercourses is smaller. The agricultural use of an area results in a quick formation of surface runoff. Thus, the susceptibility of a catchment to flash floods decreases with increased forest cover. On the other hand, a greater proportion of built-up areas (smaller infiltration) and roads (accelerated runoff) increases the flash flood hazard [65].



Land relief analysis was based on a digital terrain model with a spatial resolution of 30 m (SRTM). Data were sourced from the USGS Earth Explorer website [66]. Fourteen scenes connected with each other were used to obtain coverage of the entire area of the Lublin Upland. Watercourses in the form of the vector layer were obtained from the website of the Head Office of Geodesy and Cartography (GUGiK) [67]. The study used a layer containing the boundaries of catchments with permanent drainage. It was obtained from the resources of the Faculty of Earth Sciences and Spatial Management, UMCS. The study also used land cover vector data prepared as part of the CORINE Land Cover 2018 project. They were obtained from the resources of the Copernicus Land Monitoring Service [68]. The study used data related to built-up areas and forests. The road network (all roads) in the vector Esri shapefile format was generated from the OpenStreetMap [69] using the QuickOSM plugin in QGIS 3.4.4 software. All the analyses were carried out in ArcMap version 10.2.1. They were primarily based on the creation of maps presenting the spatial variation of the individual parameters and the susceptibility assessment results.



Digital maps were prepared showing the diversity of parameters within the catchments under study. Then the susceptibility of catchments was quantified according to the selected assessment criteria. For each catchment, eight parameters were rated separately on a 6-point scale. Varied weights of criteria, proposed by authors, were used depending of their role in formation of flash floods (Table 1). Setting the weights we used the information available in the literature on the impact of individual factors on the intensity of flash floods [2,4,6,11]. For each parameter, separate maps were created showing the spatial variation of its values in the catchments according to the adopted assessment criteria (divided into five classes of partial susceptibility). The synthetic susceptibility of catchments was calculated based on the following formula:


  FF =   ∑  i = 1  n    (   w i   x i   )     











FF: susceptibility to flash flood formation;



wi: weight of parameter;



xi: parameter;



n: number of parameters.



Based on the partial assessments, the total susceptibility index expressed with a numerical value with a theoretical variation of 0–48 was obtained. Four classes of susceptibility to the occurrence of flash floods were distinguished:




	
Class I (from 25 to 30 points): insusceptible catchments;



	
Class II (from 31 to 36 points): catchments with low susceptibility;



	
Class III (from 37 to 42 points): susceptible catchments;



	
Class IV (from 43 to 48 points): highly susceptible catchments.








To assess the impact of particular features (parameters) of the catchment on the final assessment results Pearson’s correlation coefficients between the synthetic, point assessment result and the catchment parameters was calculated.



The occurrence of the most vulnerable catchments within administrative units was analyzed. Existing planning documents were analyzed for municipalities located within the catchments with high susceptibility to flash floods (more than 50% of the area occupied by the catchments belonging to class III and IV). It was assessed whether this threat is recognized in them and reflected in spatial planning. Twelve studies (spatial development conditions and directions study for a municipality) and over 60 local plans (spatial development plans) or their changes were analyzed. We also analyzed flood hazard and flood risk maps prepared in accordance with the Flood Directive available at the ISOK website [63]. It was assessed whether they include catchments and municipalities located within them, for which high susceptibility to flash floods was found.





3. Results


Most of the 369 catchments in this study were rather small (Table 2). The area of more than 60% was less than 20 km2. The biggest proportion of the catchments (30%) covered an area of 10 to 20 km2. Most of the large catchments were located in the western and central part of the Lublin Upland, while the smallest catchments were located in the east and north of the region (Figure 4).



Most of the catchments (about 50%) had moderate gradients, from 2 to 3 degrees. Catchments with the highest slope gradients were primarily located in the eastern part of the Upland (Figure 4). Three concentrations of catchments with the lowest mean gradients were situated in the southernmost part of the region and in its central-northern part. Most of the catchments (44%) had a forest cover within the 10–20% and 20–40%, range. The most extensive forest cover occurred in areas in the western and eastern part of the Upland. The central part had the smallest forest cover (Figure 4). Most of the catchments (over 50% of all catchments under study) had a river network density of 0.2–0.5 km·km−2. The lowest value of this index occurred in catchments in the south-western and central part of the Upland. The highest density occurred in the north-western, south-eastern and central-northern part of the region. The circularity index of most of the catchments (60%) ranged from 0.4 to 0.6. There were no patterns in the spatial distribution of catchments with various values of this index; they were equally distributed across the entire region. The mean length of first-order watercourses in most of the catchments (30%) ranged from 2.5 to 5 km (Figure 4). Additionally, in this case, there are no distinct patterns in their spatial distribution; catchments with different values of this index form a mosaic-like pattern across the entire area of the Lublin Upland (Figure 4). Built-up areas accounted for 2–5% in 34% of the catchments and 5–20% in 29% of the catchments. Catchments where the road network ranges from 0.5 to 1.5 km·km−2 were predominant. The highest road density occurred in the central part of the Upland while the lowest density in the eastern part (Figure 4).



The mean score for all catchments in the Lublin Upland was 36, which was the upper limit of susceptibility class II (Table 3). About 30% of the area belonged to class III and IV. The most susceptible catchments were scattered across the entire area of the Upland. Their biggest concentrations were located near Lublin and in the east of the Upland. The least susceptible catchments predominated in the west and south-west part. Low susceptibility also occurred in the northern part (Figure 5).



Catchments belonging to Class I show a low level of susceptibility to the formation of flash floods. Most of the catchments in this class covered a large area (mean area of 28 km2) and had a large forest cover (24.7%). The lower mean gradient of the catchment area, 2.1, was a characteristic feature of these catchments. They also had a poorly developed river network, with a density of 0.2 km·km−2, while the length of first-order watercourses was 4.5 km. The mean road density was 1.47 km·km−2, while built-up areas accounted for 2.6% (mean) of the area of these catchments.



Catchments assigned to class II show a low susceptibility to rapid rises in water levels and runoffs. It is the most numerous class, comprising nearly half of the catchments. Catchments in this class typically covered a rather large area (mean area of 22.1 km2) and had a rather small forest cover (17.4%). The density of their river network as rather low, 0.26 km·km−2, while the mean length of first-order watercourses was 4 km. The road network density was 1.99 km·km−2 while built-up areas accounted for 3.9% of these catchments.



Catchments belonging to class III were susceptible to the formation of flash floods. Their area was considerably smaller than those in the previous classes: 15.2 km2 on average. The slope gradients (2.6° on average) were slightly higher than in class I and class II catchments. The proportion of forests in the land cover of these catchments was small (9.2%). The mean length of first-order watercourses, 2.4 km, was clearly shorter, while the proportion of built-up areas was greater, 7.1%. The density of the road network was similar to the value for class II catchments.



Class IV comprised catchments highly susceptible to flash floods and runoffs. Their area was small, 7.5 km2 on average. The mean slope gradient, ranging from 1.5 to 0.71, was the highest among all the classes. The proportion of forested areas was very small, 1.8% on average, but that of built-up areas was high, 23%. The density of the river network in these catchments was the highest, 0.6 km·km−2, while the mean length of first-order watercourses was the shortest, 1.9 km.



Table 4 contains correlation coefficients between the synthetic susceptibility (expressed in points) and the characteristics (parameters) of the studied catchments. Table 5 provides information on the basic features and existing planning documents for municipalities with a high degree of susceptibility to flash floods. Table 6 presents the results of the analyses of existing flood hazard and flood risk maps within the surveyed municipalities. It also presents information on the scope of flood hazard and flood risk identified in the planning documents.




4. Discussion


The studies conducted so far indicate that the Lublin Upland is an area where flash floods occur [9,14,16]. However, the frequency of these phenomena is not as high as in mountain areas. On the other hand, the degree of spatial development in the Upland was greater. The analysis of maps showing the susceptibility of catchments to flash floods and the locations where heavy rains occur indicates the existence of a real threat [14]. In the second half of the 20th century, heavy rains with a volume of more than 30–40 mm within 1–2 h were estimated to have a frequency of 1 event per 20–30 years in the Lublin Upland [14]. However, flash floods can occur in the same locations with a greater frequency, as it is the case in the catchment of the Sanna river or in the area of Lublin (Figure 6). The question of the spatial distribution of these phenomena requires further investigation because systematic research in this respect has not been conducted so far. Although the applied method of identifying catchments susceptible to flash floods is of a preliminary and de facto qualitative character, it can be useful in the spatial planning process. It allows one to identify the areas where the susceptibility is the highest. Major flash floods of the last 50 years occurred in the catchments of the IV class (Figure 5). The parameters analyzed had a varying impact on the susceptibility of catchments to flash floods. The high proportion of built-up areas, small share of forests and small catchment area had the greatest synthetic susceptibility of catchments to flash floods (Table 4).



In accordance with Polish law, a preliminary flood risk assessment was carried out for the Lublin Upland. Flood risk maps and flood hazard maps were drawn up for the areas at risk. They are available on the ISOK map portal [63]. The sheets of this map encompassed all the major rivers of the region and some of the smaller rivers. The analysis of flood hazard maps and catchments at risk of flash floods showed that these areas were not always reflected in the flood risk maps and flood hazard maps (Table 6). Particularly small catchments, located in the upper reaches of small watercourses, were not taken into account on flood hazard maps even if floods occurred there historically (Figure 5).



Flash floods are a separate problem, particularly in small catchments because their scale and intensity are difficult to predict. The prepared susceptibility assessment revealed catchments at risk of flash floods based on the adopted parameters. A high flash flood hazard in the Lublin Upland results from the specific land relief, high degree of deforestation and considerable share of arable land. Due to these characteristics, along with the prevailing land use pattern (fields perpendicular to the valley axis), water after heavy rainfall is quickly drained from the plateau top and slopes (also via gully systems with hard roads) to flat-bottomed valleys. Buildings, historically located usually along the edge of the valley bottom, are threatened with flooding. The situation within territorial units with a high share of built-up and urbanized areas is particularly difficult. In June 2019, a flood occurred successively in Pasieka, Wierzchowiska Drugie and Wierzchowiska Pierwsze—localities lying in the valley of the small Sanna river in Modliborzyce municipality. Houses and roads were flooded, part of the technical infrastructure was damaged. The valley was outside the scope of the prepared sheets of the flood hazard maps. However, the river had already flooded there before (Figure 6). A similar situation took place in Siedliska Drugie in Fajsławice municipality where, in 2016, a flash flood occurred in the part of the valley not included in the flood hazard maps.



Not all rural municipalities and towns of the Lublin Upland make full use of planning instruments to appropriately manage space, also in the context of flood hazards (Table 5). In the case of 13 units of territorial division with a high level of flash flood hazard (third- and fourth-degree hazard in over 50% of the area), a high percentage of the area is covered by local plans in only six of them. What is more, some of these plans were drawn up a long time ago and do not guarantee a comprehensive approach to flood hazard. In several municipalities, only a few percent of their area are included in the local plans. It is also quite alarming that local plans exist for only half of the territory of the region’s capital city Lublin. Detailed analysis of local plans shows to what extent the risk has been identified and how it has been taken into account in planning documents (Table 6).



The inclusion of 100-year water ranges (Q1%) in planning documents does not fully address the flash flood hazard because with rapid rises in water levels, the flows can even exceed the range of a 500-year water (Q0.2%). The criteria for the preliminary flood risk assessment are not fully effective with regard to small catchments with big elevation differences and agricultural land use. Only a few studied planning documents take into account the phenomenon of flash floods. Its spatial range is indicated only in the case of overlapping with the risk of “classic floods”. In the recently developed planning documents, the flood risk is determined on the basis of the FHM and FRM, which do not fully take into account the flash flood hazard. Planners do not know the criteria for separating flood extents, therefore FHM and FRM require a more complete flash flood risk. Even if they have information about the phenomenon (identify the areas of occurrence in the study), the basis for the findings in planning documents, in accordance with the law, are FHM and FRM. No flood hazard maps and flood risk maps have been prepared for many of such areas [7,33]. Such a situation also occurs in the Lublin Upland. Even if such maps exist, spatial development plans do not fully cover areas at risk of flash floods (Table 6). The decisions on development conditions and land management do not always address the hazard adequately.



In Lublin Upland the flood hazard ranges have been specified in the case of areas located in the catchments of larger rivers. However, areas located in the catchments of smaller watercourses are usually regarded as safer while in fact they are particularly exposed to the flood hazard in the case of heavy rains [7,33]. Flood hazard maps and flood risk maps are very important not only for planners, including urban planners, but also for the crisis management cycle: from the prevention phase, through the preparation and response phase, to the reconstruction phase. There is also an issue of connecting the identification of hazards based on natural criteria with the possibility for action at the level of administrative divisions. Spatial planning is the domain of the authorities of territorial units established by way of administrative decisions. The authorities responsible for water management operate within units having natural boundaries. This system needs to be integrated, and this remains a challenge not only in Poland. Flood risk reduction can be achieved through a proper spatial planning process, which is based on reliable information on flood hazards. This enables the designation of areas to be excluded from building development or the identification of technical restrictions and requirements for the location of buildings to be introduced.



A full coordination between spatial development policy and entities responsible for flood risk management is a challenge not only in Poland. The connection between the spatial planning system and flood risk management system needs to be strengthened. As a preliminary step, spatial planning should be aimed at reducing the risk and consequences of natural disasters [40,70]. Gralepois (2020) [38] points out that spatial planning has not been fully used in the prevention of floods and its importance was appreciated to a greater extent only with the implementation of the Flood Directive. However, as the examples of England and France show, the choice of planning instruments is not always satisfactory, particularly in the context of conflicts between the local tier in spatial planning and national legislation and risk management. In the Netherlands, on the other hand, flood prevention is better integrated into spatial planning, which is a result of greater awareness and better integration of flood management. However, Neuvel and Van Den Brink (2009) [71] indicated that in many cases, even if flood risk information exists, it is not always adequately used.



An important factor in mitigating the risk of flooding is to reduce the vulnerability to flooding, which means the degree to which people, their property and facilities are prepared for flooding, and the ability to repair damage and rebuild after flooding has occurred. Measures related to the reduction of vulnerability include preparing residents for the hazards, i.e., measures related to the protection of buildings at risk of flooding, implementation of flood warning systems and flood education, in the broad sense of the term, among the decision-makers and residents [72]. The episodic nature of flash floods means that residents are not aware of the risks and are not properly prepared for the occurrence of flash floods: they do not know how to properly secure their property or how evacuation is conducted [73]. Fortunately, flood warning systems are used to a greater degree, using devices to signal the danger of flooding when the water level in a watercourse or the amount of precipitation exceed a set limit [7,74,75]. Mobile telephony can also be used to quickly and directly inform people in vulnerable areas.




5. Conclusions


The amount of available data on the occurrence of flash floods in the Lublin Upland is not extensive. The catchments with high susceptibility covered about 30% of the studied area. Most severe flash floods in the second half of 20th century occurred in the catchments of the IV class. It seems, therefore, that the method can be used by local government units.



In Poland currently, areas at risk of flash floods are not fully taken into account in the spatial planning process. Few planning documents take into account the phenomenon of flash floods, and its spatial range is indicated only in the case of overlapping with the risk of “classic floods”. It is advisable to include in the legal system the requirement for preliminary and, in justified cases, detailed analyses of this hazard. Planners need spatial information and, therefore, there is a need to expand the areas for which flood hazard maps and flood risk maps are drawn up.



A serious problem in units of territorial division is the lack of local plans in which it would be possible to include appropriate guidelines for development and building in areas at particular risk of flooding because the procedure for preparing them ensures a better level of protection than it is the case with decisions on the site-location of public-purpose investment projects and decisions on development conditions. Additionally, the flood risk management system is undergoing constant legal and structural change, which does not allow its efficiency to be properly assessed.



A very important issue is the question of educating society about this type of phenomena. In addition to the existing recommendations in the legal system, it is necessary to make the inhabitants of areas at risk of flash floods aware of the possibility of such phenomena, even if they are not located in the valleys of large rivers.
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Figure 1. Effects of a flash flood in Fajsławice municipality (June 2016) (source http://www.krasnostawska.pl/siedliska-znowu-pod-woda/; accessed on 20 December 2020). 
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Figure 2. Location and topography of the Lublin Upland; 1—the main rivers, 2—boundary of the Lublin Upland. 
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Figure 3. Scheme of research procedure. 
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Figure 4. Assessment of susceptibility of catchments to the occurrence of flash floods. (A)—catchment area (km2), 1: <5, 2: 5–9, 3: 10–19, 4: 20–29, 5: 30–59, 6: >60; (B)—circularity index, 1: 0.3, 2: 0.3–0.39, 3: 0.4–0.49, 4: 0.5– 0.59, 5: 0.6–0.7, 6: >0.7; (C)—mean gradient in catchment (°), 1: <1.75, 2: 1.75 –1.9, 3: 2–2.4, 4: 2.5–2.9, 5: 3–3.5, 6: >3.5; (D)—density of river network (km·km−2), 1: <0.15, 2: 0.15–0.19, 3: 0.2–0.29, 4: 0.3–0.49, 5: 0.5–0.59, 6: >0.6; (E)—mean length of first-order watercourses (km), 1: >10, 2: 7.5–9.9, 3: 5.0–7.4, 4: 2.5–4.9, 5: 1–2.4, 6< 1; (F)—forest cover (%), 1: 0, 2: 0.1–5, 3: 5–9, 4: 10–19, 5: 20–39, 6: >40; (G)—built-up area (%),1: 0, 2: 0.1–1.9, 3: 2–4.9, 4: 5–19.9, 5: 20–40, 6: > 40 and (H)—road density (km·km−2), 1: <0.5 2: 0.5–1.4, 3: 1.5–2.9, 4: 3–4.9, 5: 5–10, 6>10; 7—main towns, 8—main rivers. 
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Figure 5. Synthetic assessment of susceptibility of catchments in the Lublin Upland to the occurrence of flash floods. 1—Susceptibility class I, 2—Susceptibility class II, 3—Susceptibility class III, 4—Susceptibility class IV, 5—main towns, 6—main rivers, 7—major flash floods (1960–2020). 
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Figure 6. Effects of a flash flood in the valley of the Sanna River in Modliborzyce municipality (June 2019) (source: https://modliborzyce.pl/2312-miesiąc-po-powodzi-cz-1.html, accessed on 20 December 2020). 
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Table 1. Criteria of susceptibility assessment of catchments to flash floods.






Table 1. Criteria of susceptibility assessment of catchments to flash floods.





	Score
	Catchment Area (km2)
	Circularity Index
	Mean Catchment Gradient
	Density of River Network (km·km−2)
	Mean Length of First-Order Watercourses (km)
	Forest Cover

(%)
	Built-Up Area (%)
	Density of Road Network (km·km−2)





	1
	>60
	>0.7
	<1.75°
	<0.15
	>10
	>40
	<0.1
	<0.5



	2
	30–59
	0.6–0.7
	1.75–1.9°
	0.15–0.19
	7.5–9.9
	20–39
	0.2–1.9
	0.5–1.4



	3
	20–29
	0.5–0.59
	2–2.4°
	0.2–0.29
	5.0–7.4
	10–19
	2–4.9
	1.5–2.9



	4
	10–19
	0.4–0.49
	2.5–2.9°
	0.3–0.49
	2.5–4.9
	5–9
	5–19.9
	3–4.9



	5
	5–9
	0.3–0.39
	3–3.5°
	0.5–0.59
	1–2.4
	0.2–5
	20–40
	5–10



	6
	<5
	<0.3
	>3.5°
	>0.6
	< 1
	<0.2
	>40
	>10



	Weight
	1.5
	0.8
	2
	0.8
	1
	2
	0.8
	1.5
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Table 2. The parameters of the studied catchments (369 in total).
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	Parameter
	Mean
	Standard Deviation
	Minimum
	Maximum





	Catchment area (km2)
	19.2
	16.7
	0.1
	98.3



	Mean catchment gradient (o)
	2.53
	0.74
	1.27
	5.88



	Forest cover (%)
	14.1
	14.2
	0.0
	81.2



	Circularity index
	0.506
	0.10
	0.209
	0.803



	Density of river network (km·km−2)
	0.28
	0.16
	0.1
	0.89



	Mean length of first-order watercourses (km)
	3.13
	2.33
	0.8
	17.4



	Built-up area (%)
	6.54
	11.6
	0
	99.8



	Density of road network (km·km−2)
	1.86
	6.11
	0.1
	16.5
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Table 3. Quantitative differences of catchments with different degrees of susceptibility.






Table 3. Quantitative differences of catchments with different degrees of susceptibility.





	Class
	Number of Catchments
	Area (km2)
	Proportion of Area (%)





	I
	44
	1250.82
	17.3



	II
	165
	3654.68
	50.7



	III
	129
	1972.14
	27.3



	IV
	31
	231.79
	3.2
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Table 4. Correlation coefficients between catchment susceptibility and catchment parameters.
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	Parameter
	Correlation Coefficient





	Catchment area
	−0.382



	Mean catchment gradient
	0.218



	Forest cover
	−0.459



	Built-up areas
	0.405



	Circularity index
	−0.020



	Density of river network
	0.232



	Density of road network
	0.063



	Mean length of first-order watercourses
	0.276
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Table 5. Selected characteristics of municipalities with high flash flood risk (>50% of the area in class III and IV).
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Municipalities




	
Selected Features

	
Lublin

	
Zamość

	
Fajsławice

	
Głusk

	
Grabowiec

	
Jastków

	
Konopnica

	
Rudnik

	
Skierbieszów

	
Strzyżewice

	
Trzeszczany

	
Uchanie

	
Żółkiewka




	
City

	
Rural Municipality






	
Area of the unit (km2)

	
147

	
30

	
71

	
64

	
128

	
113

	
93

	
89

	
139

	
109

	
90

	
121

	
130




	
Population density (persons/km2)

	
2303

	
2103

	
65

	
174

	
31

	
124

	
149

	
34

	
37

	
74

	
46

	
38

	
42




	
Forest cover (%)

	
11.4

	
1.6

	
4.0

	
7.7

	
10.3

	
4.9

	
5.9

	
9.2

	
19.9

	
15.9

	
13.5

	
15.5

	
8.7




	
Agricultural land (%) *

	
36.8

	
47.1

	
92.3

	
85.9

	
86.8

	
88.5

	
88.8

	
88.1

	
76.1

	
81.2

	
83.1

	
81.4

	
88.7




	
Arable land (%) *

	
31.1

	
29.7

	
84.8

	
79.8

	
72.3

	
75.0

	
73.4

	
76.9

	
61.5

	
71.0

	
68.6

	
67.2

	
80.7




	
Built-up and urbanized land (%) **

	
45.9

	
49.3

	
2.8

	
5.1

	
2.5

	
4.5

	
4.7

	
1.9

	
3.4

	
2.7

	
8.1

	
2.4

	
2.1




	
Spatial Planning Documents




	
Existing Spatial Development Plans

	

	




	
Local plans (in total) (number)

	
94

	
1

	
1

	
16

	
5

	
25

	
7

	
2

	
4

	
1

	
6

	
2

	
1




	
Area covered by local plans (%)

	
53.7

	
100

	
100

	
7.6

	
100

	
94.9

	
24.2

	
99.9

	
6.3

	
100

	
99.9

	
2.8

	
12.5




	
Decisions on building conditions and land development issued in 2009–2018

	

	




	
On determining the location of a public purpose investment

	
1759

	
0

	
0

	
-

	
0

	
60

	
0

	
0

	
38

	
0

	
0

	
33

	
15




	
Concerning building conditions (in total)

	
7588

	
0

	
0

	
-

	
0

	
53

	
3292

	
1

	
123

	
0

	
0

	
212

	
66




	
Concerning multi-family housing

	
651

	
0

	
0

	
-

	
0

	
0

	
2

	
0

	
0

	
0

	
0

	
13

	
0




	
Concerning single-family housing

	
3241

	
0

	
0

	
-

	
0

	
44

	
2085

	
1

	
70

	
0

	
0

	
97

	
22




	
Concerning service buildings

	
1584

	
0

	
0

	
-

	
0

	
2

	
107

	
0

	
1

	
0

	
0

	
14

	
1




	
Concerning other buildings

	
2112

	
0

	
0

	
-

	
0

	
7

	
1098

	
0

	
52

	
0

	
0

	
88

	
43








Source: own study based on the Local Data Bank of the Central Statistical Office of Poland (2019), * according to the 2010 Agricultural Census, ** data from 2014, “-” no data.
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Table 6. Provisions of planning documents vs. flood hazard in municipalities (>50% of the area in class III and IV).
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Municipality

	
Area Occupied by the III and IV Susceptibility Class (%)

	
Flash Floods (FF) Risk (Results of the Study)

Flood Hazard

Flood Hazard Maps (FHM), Flood Risk Maps (FRM)

	
Planning Documents






	
Lublin

	
85.9

	
Within the city limits there is a large share of FF risk areas, the highest degree of susceptibility (class IV) covers the catchments of river valleys.

Most of the city within the FHM and FRM sheets, small areas are within the water range of Q1% and Q0.2%

	
The study (2019) delineates the main areas of flood occurrence in river valleys; recommendations for risk areas, the exclusion of buildings in local plans; indicates that flooding may occur locally as a result of torrential rain or thaw (in river valleys and dry valleys).

	
Local plans (2002, 2005) regulate the problems of flood risk to a small extent. Local plans (2014, 2016, 2018, 2019) indicate areas at risk of flooding with a water range of 1% and 0.2% and at risk of flooding in the event of a dam or flood embankment breakage.




	
Zamość

	
58.2

	
More than half of the city is located in an area of significant FF threat

The area entirely within the FHM and FRM sheets, which include river valleys, individual buildings are within Q1% and Q0.2% of water range.

	
The study (2019) indicates the development of flood protection infrastructure in river valleys, increasing retention and excluding buildings; does not designate areas of particular flood risk.

	
The local plan (2006) for the entire city does not define the boundaries and ways of management and development of flood-prone areas.




	
Fajsławice

	
85.1

	
Most of the catchment area in the commune is susceptible (class III) to FF.

A small fragment of the area is within the FHM and FRM, but apart from the flood risk of 1% and 0.2%

	
The study (2015) allows for the construction of hydrotechnical structures for water retention or flood protection.

	
Changes to the local plan (2006, 2014, 2018) do not define the range of flood-prone areas due to the lack of occurrence.




	
Głusk

	
78.3

	
Most of the catchment area in the municipality is susceptible (class III) to FF.

River valleys partly within FHM and FRM.

	
The study (2018) indicates the risk of rainfall and snowmelt floods; defines the boundaries of flood risk areas; excludes from development areas at risk of flooding with water reach of 10%, 1% and 0.2%.

	
The local plan (1999) for the entire municipality does not indicate the risk of flooding. Changes to the plans (2005, 2006), covering fragments of river valleys, do not indicate a flood risk.




	
Grabowiec

	
52.1

	
More than half of the area is catchment areas susceptible to FF (mainly class III)

Fragments of river valleys within the FHM and FRM sheets.

	
The study (2013) shows that there are no flood risk areas in the municipality.

	
The local plan (2002) and its changes (2009, 2015) do not define the issues related to flood risk.




	
Jastków

	
91.5

	
Most of the catchments are susceptible (class III) to FF, very susceptible (class IV) are in the S-E part.

Partly river valleys within the FHM and FRM sheets, but outside the flood risk of 1% and 0.2%.

	
The study (2015) prohibits the location of new buildings in river valleys in flood risk areas; sets out the rules of development within plots bordering on riverbanks.

	
The local plan (2002) does not specify the flood risk. Changes to the local plan apply to small areas and do not include flood risk areas.




	
Konopnica

	
67.4

	
There is a large area of catchments susceptible (class III) and very susceptible (class IV) to FF.

Small parts of the area within the FHM and FRM sheets, but outside the flood risk of 1% and 0.2%.

	
The study (2010) sets the water range of 1% (coincides with the boundaries of the river valley bottoms) and the general principles of management.

	
The local plan (2002) does not specify the flood risk.




	
Rudnik

	
81.5

	
Most of the catchments in the municipality are susceptible (III) to FF.

Only N part located within FHM and FRM, but outside the flood hazard area 1% and 0.2%.

	
The study (2019) identifies the areas of flood risk and inundation related to ground and water conditions as well as snowmelt and torrential rainfall;

	
Local plan (2004) unavailable, its content has not been analyzed. The change of the plan (2010) indicates that there is no flood risk in the area covered by the plan.




	
Skierbieszów

	
61.8

	
A large proportion of catchments susceptible to FF (mainly class III).

Area within the FHM and FRM sheets, buildings beyond the range of Q1% water, while at Q0.2% individual properties at risk of flooding.

	
Study (2002)—no information on flood risk; indicates the areas for the location of retention reservoirs.

	
The local plan (2006), in the area of direct flood risk, prohibits the location of buildings and construction of buildings.




	
Strzyżewice

	
59.6

	
There is a large share of FF susceptible catchments (only class III).

Most of the area within the FHM and FRM sheets, individual properties within Q1% water and a few farms at Q0.2%.

	
The study (2010) indicates areas exposed to flooding—mainly river valleys, including areas within 1% of water reach; determines the location of buildings outside the flood hazard areas.

	
The local plan (2003) indicates the river valley bottoms as potential flood areas. The change of the plan (2011) designates the areas at risk of flooding with a water range of 1%.




	
Trzeszczany

	
66.1

	
The western part of the area—catchments in susceptibility class III and IV.

	
Study (1999)—document unavailable, not analyzed.

	
The local plan (2003) does not specify the risks associated with flooding. Amendments to the plan (2009, 2013, 2015) establish that there are no flood-prone areas.




	
Only the middle-eastern part within the boundaries of the FHM and FRM sheets, but outside the flood risk of 1% and 0.2%.




	
Uchanie

	
53.9

	
Main river valley catchment areas endangered by FF (class III and IV).

	
The study (2017) shows that municipality is only exposed to spring snowmelt or rain flooding.

	
The local plan (2007) concerns the areas to be afforested, and the second (2017) the location of the pipeline, in both there is no reference to flood risk.




	
The western part within the FHM and FRM sheets, but outside the flood risk of 1% and 0.2%.




	
Żółkiewka

	
50.0

	
Half of the area is covered by catchments susceptible to FF (class III).

Most of the area within the FHM and FRM sheets, but outside the flood risk of 1% and 0.2%.

	
The study (2012) indicates a high water range area with a probability of 1% and 0.5%; determines the location of buildings outside the flood hazard areas.

	
The local plan (2006), in the area of direct flood risk, prohibits the location of buildings and construction of buildings.








Source: own study based data available at https://wody.isok.gov.pl/imap_kzgw/?gpmap=gpFHM (accessed on 20 December 2020) and planning documents available on the websites of municipal offices (documents were analyzed with areas potentially at risk of flooding).
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