

  water-14-03295




water-14-03295







Water 2022, 14(20), 3295; doi:10.3390/w14203295




Article



The Impact of Land Cover on Selected Water Quality Parameters in Polish Lowland Streams during the Non-Vegetative Period



Maksym Łaszewski 1,*[image: Orcid], Michał Fedorczyk 2 and Krzysztof Stępniewski 2[image: Orcid]





1



Department of Hydrology, Faculty of Geography and Regional Studies, University of Warsaw, Krakowskie Przedmieście 30, 00-927 Warsaw, Poland






2



Faculty of Geography and Regional Studies, University of Warsaw, Krakowskie Przedmieście 30, 00-927 Warsaw, Poland









*



Correspondence: m.laszewski@uw.edu.pl; Tel.: +48-22-5520635







Academic Editors: Wojciech Czekała and Jakub Pulka



Received: 18 September 2022 / Accepted: 16 October 2022 / Published: 19 October 2022



Abstract

:

The search for the best landscape predictors explaining the spatial variability of stream water chemistry is one of the most important and recent research issues. Thus, in the current study, relationships between land cover indices and selected water quality parameters were evaluated regarding the example of 54 lowland temperate streams located in central Poland. From November 2021 to March 2022, water samples were collected in the monthly timescale, and the concentrations of NH4+, NO3−, and NO2−, as well as electrical conductivity, were correlated with the percentage of land cover types calculated for total catchment area, buffer zones, cut buffer zones, and radius. For such computing, Corine Land Cover 2018 and Sentinel 2 Global Land Cover datasets were used. In the case of both datasets, results indicate significant dependence of NO3−, and NO2− concentrations, as well as EC values on cover metrics. Overall, agricultural lands favored higher concentrations of NO3− and NO2−, whereas mainly coniferous forests reduced nitrogen pollution. Significant correlations were not documented in the case of NH4+ ions, the concentrations of which could be linked to point sources from municipal activity. Correlation performance was slightly better in the case of the S2GLC dataset, while the best spatial scales were generally seen for wider buffer zones (250 and 500 m) and total catchment area. The study provided spatially extensive insight into the impact of land cover predictors at different scales on nitrogen compounds in a lowland landscape.
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1. Introduction


The deterioration of water quality is still a significant challenge both in developing and developed countries [1,2]. Human activities alter all water systems [3], but major attention has been paid to rivers, which are considered a chief source of renewable water supply for humans and freshwater ecosystems [3]. In the United States, one-third of rivers have been classified as polluted, in China—over 45% [4]. In Europe, approximately 60% of flowing waters have an unsatisfactory ecological status [5]. Furthermore, water quality and quantity issues are poised to be more aggravated due to environmental alterations, such as climate changes and the intensification of the hydrological cycle [6,7]. Both hydrochemistry and water quantity are significantly affected by land use and land cover (LULC) changes [8,9]. Landscape composition and configuration control hydrological processes [10] and nutrient sources, as well as their mobilization and migration across the catchments [4]. Agricultural activities which require extensive areas are especially charged with responsibility for N and P loads runoff, causing water contamination [11,12]. According to [13], 38% of water bodies in the European Union are under pressure from agricultural pollution. The eutrophication of freshwaters, driven mainly by agriculture [14], results not only in the lack of potable water for humans [15], but also jeopardizes biodiversity [3]. These problems may be intensified during certain seasons; for example, in the cold season, the critical aggravation of water quality can be related to the intensification of erosion processes due to small cover or a lack of vegetation, as well as the impeded infiltration of snowmelt and rainwater when the ground is frozen [16]. Simultaneously, such deterioration is caused by organic matter decomposition, including by macrophytes [17]. Rivers are peculiar water bodies, since the effects of overenrichment of flowing waters in nutrients are explicit in lake ecosystems [18], as well as marine ecosystems that experience anoxia and hypoxia, especially in coastal zones [19,20]. Such areas, called dead zones, occur across the globe, and one of them is located in the Baltic Sea [21].



To counteract the further destabilization of lotic ecosystems, appropriate management should be implemented. Management needs to be based on copious research on variable factors and take advantage of those that fit particular environmental conditions. So far, many studies covering LULC-water quality relationships have emerged [4,22]. Ref. [23] highlighted three stages of research on the effects of land use and land cover changes on water quality; the last stage is characterized by the use of remote sensing, GIS, and multivariate analysis. Recent reports in this research trend have covered almost all continents; thus, different environmental contexts have been taken into account. For instance, study areas differ in terms of hydroclimatological conditions–from arid [24,25] and semi-arid [26,27], through temperate [28,29], to tropical [30]. The most common technique used to analyze water quality problems was statistical modeling, since it is a simpler, more understandable, and more efficient method than physically based modeling [22]. Scientists adopted different methods to identify appropriate explanatory variables: non-spatial land use metrics, such as PLAND (percentage of the landscape belonging to a given class) [31,32], the inverse distance weighted method, where landscape metrics closer to the water body are more important [33,34], landscape configuration metrics [35,36], and the riparian zone approach [37,38]. Different land use and land cover data were also used from low-resolution datasets, from Corine Land Cover [39,40], to high-resolution maps derived from the classification of satellite images [41,42].



Despite the abundance of studies on water-quality-related topics, there are still some gaps to fill in with new study areas, materials, and approaches. One of the challenges set before contemporary water quality research using GIS is the availability and characteristics of land use/land cover datasets and their effectiveness in explaining variations in water quality. There is a need to evaluate the performance of widely available and cost-free datasets, with an aim for results to be comparable on a Europe-wide scale. Such comparisons are especially welcome in lowland catchments, which seem to be less frequently represented, as land–water interactions were mainly investigated in uplands [43]. First order streams (in Strahler’s system) are important components of nutrient spiraling. They play a major role in the recycling of nutrients, according to [44,45], or are as important as with higher order rivers, according to [46]. Due to the fact that small watercourses are rarely subject to government monitoring, it is necessary to conduct field research. Usually, such investigations are limited to a dozen or so sampling points [35,36,47,48].



Therefore, this paper provides a spatially extensive investigation of relationships between selected nutrient compounds and land cover across small lowland catchments during the cold, non-vegetative season. The specific objectives of the study were to (a) assess the spatial patterns of nitrates, nitrites, and ammonium concentrations in lowland streams; (b) evaluate the performance of land cover characteristics that affect these nitrogen compounds’ variability; (c) determine the best spatial scale of land cover metrics explaining the concentrations of nitrogen compounds; and (d) evaluate the performance of landscape metrics computed with two different, but widely available and cost-free datasets.




2. Study Area


The research was conducted across small lowland streams belonging to the Bug, Narew, Pilica, and Bzura rivers, being major tributaries of the Vistula River in central Poland (Figure 1). The investigated catchments are distributed across the Central Masovia Lowland, the Southern Podlasie Lowland, and the Southern Masovia Hills [49], and built mainly from glacial clays and fluvioglacial sands, which arose during the Warthanian glaciation. In some areas, especially in the Southern Masovia Hills, post-glacial hills such as eskers, terminal moraines, and kames are present [50]. According to [51] and their modified Köppen–Geiger climate classification, the studied area belongs to warm-summer humid continental rate climate (Cfb), with dry periods during winter months (December, January, February) and warm, wet periods from June to August. Similar to the majority of monitored Polish lowland rivers, studied streams are characterized by a nival regime, with the highest streamflow rates observed in spring as the result of snowmelt, and the lowest usually occurring during summer and autumn [52]. The studied area is used mainly for agriculture; crops are dominated by potatoes, rye, corn, oat, and triticale [53,54], while in seven catchments in the Southern Masovia Hills, located in the largest orchard region in Poland, the intensive production of apples, cherries, sweet cherries, and pears is observed [55]. Forested areas, growing mainly on fluvioglacial plains, dunes, and plains of eolian cover sands, are composed mainly of scots pines (Pinus sylvestris L.), silver birch (Betula pendula R.), and common oak (Quercus robur L.). In some river valleys, riparian forests are also present, with a dominance of white willows (Salix alba L.), common aspens (Populus tremula L.), and black alders (Alnus glutinosa (L.) Gaertn.). The surveyed area is generally poorly urbanized, as most of the artificial surfaces are villages and rural settlements, with the only small town (Łochów) located in the P8 catchment.




3. Materials and Methods


3.1. Field and Laboratory Investigations


Field investigations were carried out in 54 independent catchments, with the area ranging from 1.49 to 61.02 km2 (Appendix A, Table A1). The sampling sites were selected in order to maximize differences between land cover properties in the whole catchment area, as well as in the proximity of the streams. Additionally, sampling site selection precluded their localization below dam reservoirs, which significantly modify water quality parameters [56,57], as well as below wastewater inflows, which increase nitrate and ammonia ion concentrations [58,59,60]. Sampling was conducted on a monthly time scale, from November 2021 to March 2022, which covered the period with the lack of the instream vegetation, having a direct impact on nutrient uptake and release [61], as well as sediment trapping, where ion accumulation occurs [62]. In the field, electrical conductivity was measured with the use of portable meters Hi991300 and Hi 9811-5 (Hanna Instruments, Inc., Woonsocket, Rhode Island, USA), both regularly calibrated. Simultaneously, water samples were collected into polyethylene bottles, always from the main current of the streams. After transportation to the laboratory and membrane filtration, NH4+, NO3−, and NO2− ion concentrations were measured photometrically with a LF300 spectrophotometer (Slandi Ltd., Michałowice, Poland). Both measurements and water samples were collected a minimum of three days after rainfall events and simultaneously in stable streamflow conditions.




3.2. Land Cover Metrics


To evaluate the impact of landscape on inorganic nitrogen compounds in stream water, the contribution of individual types of land cover (in %) was calculated on the basis of the Corine Land Cover 2018 (CLC 2018) vector land cover map with 100-m resolution and the 10-m high resolution Sentinel 2 Land Cover Map of Europe (S2GLC). An overall data accuracy obtained for S2GLC (86.1% for the whole dataset and 92.9% for Poland) [63] is similar to accuracies estimated for CLC 2018 (92.43 and 92.67% for a two-stage process) [64]. From both datasets, several classes were distinguished using raster and vector processing tools in ArcMap 10.5 (Table 1). They were chosen because of their occurrence in most of the catchments, as well as their unambiguous interpretation in the context of affecting water quality. Marshes, peatbogs, and water bodies were omitted from the analysis due to their sporadic occurrence and, in consequence, their possible disruption of the statistical analysis due to many zeros appearing in the dataset. Each dataset provides a different share of selected land cover classes, which is the most pronounced in the case of meadows: according to CLC 2018, the study area is occupied by meadows in 6.31%, whereas in S2GLC, the contribution of meadows equals 21.37%. Forests (CLC 2018: 30.17%, S2GLC: 33.2%) and arable land (CLC 2018: 45.62%, S2GLC: 37.87%) in both datasets were similarly represented, while orchards cover only 6.6% of the total study area.



The contribution of land cover classes was calculated for different spatial scales, which is a generally common procedure allowing for the search for best landscape predictors [65,66]. Therefore, land cover was computed for the whole catchment area, for 50-, 250-, and 500-m-wide buffer zones extending from the sampling site upstream to the springs, as well as analogous buffer zones extending 1 km upstream (cut buffer zones). Additionally, a 1 km buffer zone created with the geographical center in sampling sites was adopted (reach scale), similar to [48,67].




3.3. Statistical Analysis


The spatial variability and electrical conductivity of inorganic nitrogen compounds—NH4+, NO3−, and NO2−—were presented graphically on the maps. Average values of concentrations for the study period from November to March were visualized for this purpose with the use of the sequential color scale. To determine the similarity of nitrogen compounds between investigated catchments, hierarchical cluster analysis (CA) was used; for this purpose, the Ward agglomeration method with Euclidean distance as a measure of similarity was applied. Cluster analysis was performed for all parameters simultaneously after data standardization, while the optimal number of clusters was designated with the use of the formula given previously by [68].



To evaluate the performance of land cover characteristics in explaining nitrogen compounds variability, as well as to determine the best spatial scale of metrics with respect to different datasets, the correlation analysis was conducted. Initially, water quality data and land cover properties for all spatial scales were checked if they met the assumption of normal distribution. For this purpose, the Shapiro–Wilk goodness of fit test was used, the results of which indicated that most of the land cover metrics do not meet the assumption of normal distribution (p < 0.05). After normalization with the logarithmic function, the distribution was still abnormal, so the Spearman rank correlation coefficient was used, considered as a non-parametric version of the Pearson coefficient, which was applied to link all of the land cover metrics, calculated for the total catchment area, buffer zones, and reach scale representing sampling sites, with mean concentrations of NH4+, NO3−, and NO2− and EC for the study period. A statistically significant threshold of the correlation was assumed at p = 0.05, while the analysis was performed in the Statistica 13.5 software (TIBCO Software Inc., Palo Alto, CA, USA) and presented in tabular form.



The meteorological background during the sampling period was provided using mean monthly air temperature and monthly precipitation sums from meteorological station Warsaw–Okęcie, operated by the Institute of Meteorology and Water Management, National Research Institute, and located centrally between investigated catchments. Such values were compared to the respective mean values from the period of 1993–2022.





4. Results


4.1. Meteorological Background


The sampling period, as indicated by the measurement data from the Warsaw–Okęcie meteorological station, can be classified as relatively warm in comparison to the reference period 1993–2022, when the average air temperature was 1.4 °C higher and reached 2.5 °C. All months were warmer on average except December, which was 1.0 °C colder in relation to the 30-year reference period. The precipitation sum during the sampling period was slightly lower than in the reference period; total precipitation reached 134 mm, which accounted for 86% of the average sum of precipitation calculated for the 1993–2022 reference period (156 mm). The distribution of precipitation was quite unusual–from November to February, the precipitation sum was near or slightly above the long-term average, while March was extremely dry, with a total precipitation sum of only 1.7 mm.




4.2. Spatial Variability of Water Quality Parameters


Across the investigated lowland streams, considerable spatial variability of the water quality parameters was documented (Figure 2). Mean nitrates NO3− concentration during the study period reached 5.6 mg·dm−3; in some sampling sites, such as P1, P38, and P53, it did not exceed 1 mg·dm−3, whereas in others belonging to the Bug catchment, the average concentration of NO3− was over 20 mg·dm−3 (P24 and P28) (Figure 2a). The maximum concentration of NO3− during the study period was as high as 48.7 mg·dm−3 in the Korycianka (P28). In the case of the nitrites NO2−, less variability was noted. Their concentrations were more aligned across sampling sites, and simultaneously, their spatial distribution was closely related to NO3− (Figure 2b). In most sites, the concentration of NO2− ions did not exceed 0.01 mg·dm−3, while the average value for all of those investigated was 0.024 mg·dm−3. The maximum concentration, analogous to nitrates, was noted in site P28 and reached 0.185 mg·dm−3. The spatial pattern of the ammonia ion NH4+ concentration was obviously different and did not follow the nitrates and nitrites (Figure 2c). In the majority of the sampling sites, NH4+ concentration was in the range of 0.2–0.5 mg·dm−3, with a mean value of 0.273 mg·dm−3. The site most loaded with NH4+ ions was P26, where in December, the concentration reached even 1.33 mg·dm−3. Electrical conductivity was also clearly varied (Figure 2d), as in some sites, it did not exceed 200 µS·cm−1, while in others, it reached on average over 650 µS·cm−1 (P34, P44, and P45). It must be noted that sampling sites, representing catchments located close to each other, were characterized by similar water quality parameters, which was especially visible in the case of NO3−, NO2−, and EC (Figure 2).



Cluster analysis based on all of the investigated water quality parameters indicated the existence of three main groups (Figure 3). The first cluster linked sites are located mainly in the Southern Masovia Hills (in the Pilica and the Rawka River catchments), characterized by the highest EC value (often above 500 µS·cm−1) and medium-high nitrate and nitrite concentrations. The second cluster indicated nitrate pollution with the highest values of NO3- concentration, as well as above average EC values. The last, third cluster was comprised of sampling sites with small nitrate concentration (usually below 2 mg·dm−3), as well as low values of EC (below 400 µS·cm−1).




4.3. Land Cover Effect on Water Quality


Relationships between land cover metrics and water quality parameters were documented both in the case of CLC 2018 and S2GLC datasets (Table 2 and Table 3). As indicated by correlation analysis, for CLC 2018 data, statistically significant relationships for NO3− and NO2− were captured both for agricultural and forested areas and exhibited a relatively similar pattern. Positive correlations were detected between NO3− and NO2− mean concentrations with arable lands, while negative correlations were observed in the case of meadows and forested areas (Table 2). In the case of forests, only the total forest area metric and coniferous forests were significantly linked with NO3− and NO2− concentrations. In the case of both water quality parameters, there was no relationship with urban areas. A slightly different pattern was found in the case of the EC, which was positively correlated with orchards and urban areas, and negatively with total forest area and coniferous forests. Overall, the best spatial scale for CLC 2018 data was total catchment area and a 500 m wide buffer zone from source to measurement point, which exhibited the best explanatory power. The values of Spearman rank correlation coefficients for narrower buffer zones, radius, and buffer-cropped zones were definitely lower. For ammonia ions NH4+, there was no significant correlation between their concentrations and land cover metrics calculated for all spatial scales (Table 2).



Generally, the S2GLC dataset provided a slightly better correlation performance compared to the respective CLC 2018 dataset (Table 3). In the case of NO3−, NO2−, and EC, it exhibited a similar pattern to CLC 2018; positive correlations were documented in the case of the arable lands, while there were negative correlations with forests, coniferous forests, and meadows. It is important to mention that according to S2GLC, urban areas not only favored increasing EC values, but additionally, their presence resulted in the increase of mean concentrations of NO3− and NO2−. Furthermore, similar to CLC 2018 data, the weakest correlated parameter was ammonia ion NH4+, the mean concentrations of which were positively linked only with deciduous forests and total forests (Table 3). Total catchment area metrics provided the best explanatory power; however, in comparison to CLC 2018, narrower buffer zones (50 m and 250 m wide) played a significant role, with a 500-m cut buffer zone serving as the best spatial scale for meadows.





5. Discussion


5.1. Spatial Variability of the Water Quality Parameters


The study provides unique and extensive insight into the spatial variability of inorganic nitrogen compounds and their landscape dependence in small lowland temperate streams. It must be emphasized that the sampling period was characterized by specific conditions, which potentially may have affected the obtained results. Measurements were conducted from November to March, in a period outside of the growing season, which in Poland lasts on average from 26 March to 7 November [69]. This has a crucial consequence in the context of the nutrient uptake by well-developed macrophytes, algal growth, and terrestrial vegetation [61,70], as well as denitrification [71], which was documented in the spring and summer periods. Thus, in the current investigation, the lack of nutrient uptake resulted in significant variability across the studied sampling sites, especially in the case of the nitrates. However, in comparison to previous studies, the obtained concentrations could be considered as relatively moderate; less contamination from nitrogen compounds was reported in the Pomerania region [72], Warta River [73], and in the Świder River catchment [74], while some catchments had higher concentrations of NO3− and NH4+ [28,75], representing typical agricultural regions. The reason for such moderate NO3− and NH4+ concentrations could be found in hydrometeorological conditions. A lower precipitation sum measured during the sampling period could be responsible for lower concentrations of nitrogen compounds in streams, as it was documented previously by [76,77]. The wetness of the catchment has a strong influence on mobilization and migration, especially involving nitrate ions [4].




5.2. The Effect of Land Cover Characteristics on Selected Nitrogen Compounds Variability


Correlation analysis made it possible to assess the strength and direction of land cover impact on selected water quality parameters. The negative effect of arable lands on nitrogen compound concentrations indicated in this study was also documented in numerous investigations involving this research field conducted in other geographical regions [78,79,80,81], which resulted mainly from the application of organic and mineral fertilizers to areas of cultivation [82]. At the same time, crops usually use less than half of the nitrogen contained in fertilizers; in the case of key crops such as wheat, rice, and maize, the accumulation of the nitrogen contained in fertilizer is less than 40% [83]. During the sampling, conducted outside the vegetation period, the potential for nutrient uptake from fertilizer residues on arable lands was even more limited. In turns, meadows behaved distinctly differently; due to the permanence of plant cover and soil rich in organic matter, meadows are usually a biogeochemical barrier [84,85], which was also reported in this study. It is worth mentioning that the management of such areas is crucial, since meadows may be fertilized, mowed, and grazed, which has an impact on water quality [86].



The impact of woodlands on water quality is more explicit. In the studied area, forests play the role of water purifiers, again in agreement with previous findings [64,87,88,89]. The forest ecosystems are characterized by many nutrient retention mechanisms, from trees and understorey uptake [90] to storage in soil organic matter, which is the largest sink of nitrogen in forests [91,92]. In this research, the results of the correlation analysis, based on CLC 2018 and S2GLC datasets, indicate that forests in general, as well as coniferous forests in particular, have a positive impact on water quality, whereas deciduous forests experienced no impact. According to research conducted by [93] in Europe (climate zones from boreal/north through Atlantic north and sub-Atlantic to Mediterranean/south), coniferous forests are characterized by lower nitrate concentration in soil solutions, which can be affected, among others, by a higher C:N ratio compared to deciduous forests (higher C:N ratio equals lower nitrate leaching). Moreover, in coniferous forests in temperate climate zones, mineralization and nitrification run slow, while in coniferous forests they run clearly faster. The main source of mineral N for coniferous forests is nitrates [90].



The direction of artificial surface impact was clear and it contributed to water quality deterioration, despite the small participation in catchment areas. So far, the negative impact of built-up areas on water quality was confirmed both for urban [94,95] and rural landscapes [96]. In [96], it was indicated that even small settlements have an essential impact on a small waterbody and usually decrease its ecological potential to impermissible limits, mainly due to water enrichment in ammonia nitrogen and total phosphorus. In catchments selected for this study, urban areas (mainly rural settlements) did not contribute to ammonia nitrogen concentration increase, but affected NO3−, NO2−, and EC concentrations. The lack of a relationship between ammonia nitrogen and urban areas may be related to inadequate representation of rural settlements in CLC 2018 and S2GLC, specifically. Incidentally, none of the land use types affect the concentration of that nitrogen compound. In the face of these results, the dominance of rural settlements without a wastewater treatment system in the study area is significant. In some cases, households may be connected with streams and ditches [96], creating point sources of nitrogen that weaken the impact of different land use categories on water quality. This could also be a reason for such spatial variability of the ammonia ions, the average values of which were generally quite uniform in the study period, with the exception of several measurement points.



Finally, it must be emphasized that spatial variability of nitrogen compounds concentrations in streams results not only from land cover configuration and composition, but also from numerous factors not considered in the current study, which cannot be delimited in the catchment borders. It might indeed be related with distinct geographic regions and represent, for example, the degree of sewage system development, nitrogen fertilizer rates in agriculture, waste storage methods, or even socio-economic conditions.




5.3. The Performance of Land Cover Metrics in Different Spatial Scales


The impact of land use and land cover on water quality was considered at different spatial scales. Land cover metrics were previously calculated for the scale of an entire catchment [97,98], subcatchment [77,99], buffer zones of differing width (from 30 m to a few km [66,100]), buffer-cropped zones [101], reach buffers [48,65], and circular buffers [37,102]. Based on previous research on this topic, it is not possible to determine the best spatial scale, in which land use is of the greatest importance for water quality. Many authors claim that land use in the whole catchment is the key to understanding some of the water quality parameters [103,104,105]. There are also results which provide the opposite view, wherein it has been shown that the close vicinity of water bodies can significantly affect nutrient loadings to surface water and influence chemical processes in freshwater ecosystems [65,106,107]. Research conducted by [108] is a link between the two mentioned conclusions; the authors do not indicate a specific spatial scale, as the results do not allow for an unambiguous conclusion. One significant reason for the differences in results may rest in the dissimilarity of the environmental conditions of catchments. Furthermore, [109] stated that the scale and accuracy of spatial data may be one of the main factors influencing such differences. In these contexts, research carried out by [74] provides precious comparability, since it is based on the same spatial datasets with analogous methods and was conducted in similar topographic conditions. Contrary to expectations, it cannot be stated that the results of the mentioned study are corresponding, because one striking difference is the performance of the metrics calculated for forests and arable land at different spatial scales. In the current study, the increase in the spatial scale resulted in the stronger impact of forests on nitrogen compounds and the opposite results were obtained for arable lands; the best performance was found in the case of 250- and 500-m buffer zones. In [74], the most significant with respect to water quality were forests in a narrow buffer zone (100 m) along rivers and arable land in the whole catchment and in the 500-m buffer zone. The source of these inconsistencies may rest in differences in the climatological characteristics of the sampling periods; research conducted in [74] was based on annual measurements during a period of severe drought. In turn, previous studies documented that the impact of land cover on water quality was the most clearly visible in wet periods [110,111] and during floods [112], so this factor could also potentially limit the performance of the obtained correlations in the current study.



Surprisingly, similar results to the current study were obtained on the example of a mountainous region in China; according to [77], the impact of biogeochemical barriers, forests, and meadows was greater at wider spatial scales, whereas the performance of arable land, built-up areas, and bare land was better at smaller spatial scales. So far, it has been emphasized that relatively narrow strips of forests [113] or meadows [85] are able to ensure chemical stability for flowing water ecosystems. In the current study, such a relationship is not clear; moreover, correlation analysis indicates that forests in the narrowest zone may contribute to the enrichment of water with NH4+ ions. Such dependencies and the lack of compliance with the common conviction that biogeochemical barriers in buffer zones are a good tool for protecting waters against pollution may again result from the specificity of the research period. In fact, during the cold period, biogeochemical barriers may lose their functions due to low nutrient uptake and, simultaneously, the decomposition of organic matter (leaf litter) [17] may contribute to the deterioration of water quality.



Finally, it is worth noting that land use at the smallest spatial scales, e.g., in a cut buffer zone and radius, usually had the least impact on the concentration of nitrogen compounds in comparison to buffer zones delineated from springs to sampling points. The weak influence of land cover in smaller scales on water quality are caused by low topographic gradients in lowland catchments; according to [48], such topographic gradients become more pronounced across larger scales, implying that their interactions with water quality normally lie at larger scales.




5.4. Comparison of Land Use Datasets


The comparison of two widely available and cost-free land cover datasets, namely CLC 2018 and S2GLC, leads to multiperspective findings. Based only on strength of the relationships measured with Spearman rank correlation coefficients, the S2GLC dataset performed generally better than CLC 2018, giving higher correlations, particularly in the case of the urban areas and arable lands. Furthermore, the number of statistically significant correlations was definitely higher in the case of the S2GLC dataset. It was visible for EC, as well as NO3- and NO2- concentrations and could be documented especially at the smallest spatial scales, such as the 50-m-wide buffer zone, as a result of the higher spatial resolution of the S2GLC dataset [114,115]. Generally, more precise datasets perform visibly better, which was documented on the examples of other research fields, such as agriculture [116] and landscape ecology [117]. Moreover, it is worth noting that the S2GLC dataset does not single out the orchard land cover class, as classification algorithms interpret the majority of orchard areas as meadows or arable lands (Figure 4). According to CLC 2018 data, in six of the investigated catchments (P34, P35, P41, P42, P44, and P45), the contribution of orchards exceeded 70%. This may be a second reason for higher correlation values between NO3−, NO2−, and arable lands for S2GLC, as in orchard catchments, relatively significant nutrient concentrations were documented previously [118], which are more similar in terms of their effects to arable lands than forested areas.





6. Conclusions


In the current study, the influence of land cover on selected water quality parameters was examined regarding the example of 54 catchments, representing the typical Polish lowland landscape in a temperate climate. Overall, in the investigated non-vegetative period, significant spatial variability of NH4+, NO3−, and NO2− ions, as well as electrical conductivity, was documented across sampling sites, which could be mainly related to their catchment land cover. As indicated by correlation analysis both for CLC 2018 and S2GLC datasets, agricultural lands favored higher concentrations of NO3− and NO2−, whereas coniferous forests and meadows reduced nitrogen pollution. In the case of deciduous forests, there was no significant impact on the investigated parameters. In turn, the presence of urbanized (built up) areas increased NO3− and NO2− concentrations, as well as EC values. Significant correlations with land cover metrics were not documented for NH4+ ions, which could be linked to point sources from municipal activity. The study also attempted to search for the best spatial scale of landscape predictors, explaining the spatial variability of selected water quality parameters. The best correlation performance was generally seen for total catchment area and wider buffer zones (250 and 500 m) from springs to sampling sites, while smaller spatial scales, e.g., cut buffer zones and radius, usually had the least impact on the concentration of nitrogen compounds; such a result could be linked to small topographic gradient in lowland catchments. The exceptions were meadows (S2GLC) and orchards (CLC 2018), whose impacts were the greatest in 500-m and 250-m cut buffer zones, respectively. Overall, correlation performance was slightly better in the case of the S2GLC dataset than of the CLC 2018 dataset; however, the differences between datasets in their resolution and class representation must be emphasized. In this context, special attention should be paid to using the best land cover datasets, which should be adjusted to local/regional conditions and in terms of human activities. Finally, the results provide interesting insight into how the water quality depends on factors other than land use, as it was conducted during the period with a lack of significant nutrient uptake and denitrification, followed by the high migration potential of nitrogen compounds. Such an understanding of the relationship between land cover and water quality parameters, based on variable scale metrics and different datasets, seems to be crucial in terms of practical implications related to water management and environmental protection.
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Table A1. Detailed characteristics of catchments in terms of selected land cover types contribution. Abbreviations: A—catchment area [km2], UA—urban areas [%], ARA—arable lands [%], ORCH—orchards [%], MEAD—meadows [%], DF—deciduous forests [%], CF—coniferous forests [%], TF—total forests [%], CLC 2018—Corine Land Cover 2018, S2GLC—Sentinel 2 Global Land Cover.
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Stream

	
Site

	
A

	
CLC 2018 Dataset

	
S2GLC Dataset




	
UA

	
ARA

	
ORCH

	
MEAD

	
CF

	
DF

	
TF

	
UA

	
ARA

	
MEAD

	
CF

	
DF

	
TF






	
Myszadła Stream

	
P1

	
15.5

	
4.8

	
61.4

	
0.0

	
22.0

	
0.0

	
1.3

	
1.7

	
0.2

	
27.3

	
52.0

	
3.4

	
11.5

	
14.9




	
Józefów Stream

	
P2

	
15.9

	
8.2

	
65.3

	
0.0

	
8.0

	
1.8

	
8.1

	
15.8

	
0.3

	
39.7

	
36.1

	
8.0

	
11.3

	
19.3




	
Rozalin Stream

	
P3

	
15.1

	
1.1

	
58.8

	
0.0

	
2.3

	
0.0

	
31.7

	
32.5

	
0.1

	
23.5

	
28.8

	
26.5

	
14.7

	
41.1




	
Kobylanka

	
P4

	
17.1

	
3.3

	
52.3

	
0.0

	
1.6

	
0.0

	
30.1

	
42.6

	
0.0

	
18.9

	
25.5

	
32.4

	
12.3

	
44.7




	
Rynia

	
P5

	
23.7

	
1.3

	
30.3

	
0.0

	
6.9

	
0.0

	
37.1

	
52.1

	
0.1

	
18.2

	
17.5

	
41.8

	
11.9

	
53.6




	
Kukawki Stream

	
P6

	
16.6

	
3.6

	
10.8

	
0.0

	
15.3

	
0.0

	
41.2

	
55.2

	
0.2

	
7.6

	
23.5

	
44.5

	
14.9

	
59.5




	
Moszczona

	
P7

	
13.2

	
2.5

	
64.9

	
0.0

	
4.2

	
4.3

	
14.7

	
19.1

	
0.1

	
44.4

	
29.9

	
11.0

	
10.6

	
21.6




	
Łochów Stream

	
P8

	
11.4

	
24.1

	
21.8

	
0.0

	
6.9

	
8.5

	
13.2

	
47.2

	
7.3

	
12.3

	
17.6

	
25.2

	
25.9

	
51.1




	
Łojewski Rów

	
P9

	
12.3

	
9.5

	
62.6

	
0.0

	
0.0

	
0.0

	
0.0

	
17.9

	
0.4

	
19.4

	
37.1

	
6.7

	
26.3

	
33.1




	
Ostrówek Stream

	
P10

	
5.1

	
8.4

	
23.0

	
0.0

	
0.0

	
28.6

	
0.0

	
48.8

	
0.4

	
13.3

	
21.8

	
18.7

	
32.8

	
51.4




	
Wieliczna Stream

	
P11

	
12.6

	
6.6

	
56.1

	
0.0

	
8.8

	
3.7

	
0.0

	
18.4

	
0.2

	
18.9

	
46.3

	
4.1

	
23.1

	
27.2




	
Zgrzebichy Stream

	
P12

	
12.6

	
7.3

	
44.6

	
0.0

	
15.6

	
2.5

	
6.4

	
15.5

	
0.2

	
24.6

	
41.2

	
7.0

	
21.5

	
28.4




	
Dzięciołek

	
P13

	
21.2

	
5.3

	
23.6

	
0.0

	
15.2

	
14.6

	
15.1

	
47.2

	
0.4

	
17.8

	
28.2

	
27.0

	
22.1

	
49.1




	
Bojewka

	
P14

	
12.6

	
4.4

	
10.9

	
0.0

	
2.9

	
5.5

	
43.4

	
79.6

	
0.0

	
7.7

	
14.5

	
49.2

	
21.5

	
70.6




	
Ugoszcz

	
P15

	
9.8

	
0.0

	
34.6

	
0.0

	
21.7

	
0.0

	
31.2

	
31.2

	
0.0

	
25.7

	
29.1

	
23.8

	
16.8

	
40.6




	
Chruszczewek Stream

	
P16

	
9.4

	
0.0

	
25.5

	
0.0

	
0.0

	
4.3

	
52.6

	
74.4

	
0.0

	
17.2

	
6.1

	
42.2

	
29.0

	
71.1




	
Wrotnów Stream

	
P17

	
22.6

	
1.6

	
45.5

	
0.0

	
2.6

	
0.0

	
28.2

	
39.6

	
0.1

	
40.4

	
16.1

	
23.0

	
17.2

	
40.2




	
Kolonia Miedzna Stream

	
P18

	
12.4

	
0.0

	
61.8

	
0.0

	
0.0

	
0.0

	
18.1

	
30.9

	
0.1

	
46.4

	
18.1

	
17.3

	
16.1

	
33.4




	
Międzylesie Stream

	
P19

	
21.8

	
0.0

	
47.8

	
0.0

	
9.1

	
0.0

	
15.0

	
32.6

	
0.1

	
43.5

	
19.0

	
17.7

	
17.0

	
34.7




	
Miedzanka

	
P20

	
30.8

	
4.7

	
59.1

	
0.0

	
9.4

	
9.3

	
4.2

	
24.4

	
0.3

	
53.7

	
17.3

	
5.9

	
19.5

	
25.4




	
Wola Orzeszowska Stream

	
P21

	
12.8

	
3.6

	
70.4

	
0.0

	
5.4

	
0.0

	
10.0

	
10.0

	
0.2

	
66.2

	
14.4

	
6.1

	
10.5

	
16.7




	
Jartypor Stream

	
P22

	
20.0

	
2.9

	
57.9

	
0.0

	
2.2

	
6.3

	
25.3

	
31.6

	
0.1

	
55.6

	
7.9

	
18.0

	
15.2

	
33.3




	
Chmielów Stream

	
P23

	
11.9

	
2.3

	
66.6

	
0.0

	
0.0

	
8.9

	
6.4

	
17.1

	
0.4

	
65.1

	
5.6

	
6.1

	
18.9

	
25.0




	
Zawady Stream

	
P24

	
10.7

	
5.0

	
80.5

	
0.0

	
9.0

	
0.6

	
2.5

	
3.1

	
0.3

	
69.6

	
22.0

	
1.7

	
4.7

	
6.4




	
Zalesie Stream

	
P25

	
11.2

	
8.9

	
90.5

	
0.0

	
0.0

	
0.6

	
0.0

	
0.6

	
0.4

	
71.5

	
22.0

	
0.0

	
4.4

	
4.4




	
Majdan Stream

	
P26

	
11.1

	
12.4

	
20.9

	
0.0

	
10.6

	
23.5

	
7.1

	
55.2

	
0.1

	
19.5

	
20.5

	
22.1

	
33.9

	
56.0




	
Lubicza

	
P27

	
14.2

	
1.8

	
31.9

	
0.0

	
10.6

	
13.1

	
1.9

	
51.8

	
0.0

	
26.7

	
19.7

	
25.1

	
24.0

	
49.1




	
Korycianka

	
P28

	
14.8

	
7.8

	
86.3

	
0.0

	
4.6

	
1.2

	
0.2

	
1.3

	
0.6

	
79.2

	
13.4

	
0.3

	
4.5

	
4.8




	
Komory Stream

	
P29

	
7.2

	
1.0

	
84.5

	
0.0

	
4.4

	
3.2

	
0.0

	
3.2

	
0.5

	
58.6

	
31.0

	
0.9

	
6.5

	
7.4




	
Borucza

	
P30

	
32.0

	
8.1

	
34.9

	
0.0

	
9.2

	
0.0

	
25.5

	
37.7

	
0.8

	
19.2

	
22.5

	
25.5

	
17.6

	
43.2




	
Cienka

	
P31

	
25.0

	
2.7

	
42.4

	
0.0

	
6.8

	
0.0

	
36.0

	
40.4

	
0.0

	
17.2

	
22.5

	
33.8

	
13.8

	
47.6




	
Pniewniczanka

	
P32

	
32.6

	
4.2

	
59.6

	
0.0

	
7.0

	
2.8

	
16.9

	
25.1

	
0.2

	
39.9

	
22.5

	
16.5

	
13.9

	
30.4




	
Białka

	
P33

	
34.9

	
0.5

	
35.3

	
38.5

	
0.0

	
3.5

	
2.6

	
13.6

	
0.4

	
30.6

	
39.2

	
2.2

	
18.2

	
20.4




	
Stanisławów Stream

	
P34

	
12.1

	
0.0

	
2.2

	
83.9

	
0.0

	
2.3

	
0.0

	
2.3

	
0.9

	
24.1

	
53.3

	
0.2

	
9.3

	
9.5




	
Chodnów Stream

	
P35

	
20.2

	
0.0

	
2.9

	
77.5

	
7.0

	
0.0

	
3.9

	
3.9

	
0.8

	
28.6

	
40.3

	
2.8

	
14.3

	
17.1




	
Rylka

	
P36

	
57.2

	
1.3

	
49.0

	
19.7

	
9.9

	
4.2

	
1.7

	
9.5

	
0.3

	
46.4

	
30.7

	
4.0

	
9.2

	
13.2




	
Regnów Stream

	
P37

	
47.7

	
1.2

	
59.0

	
7.9

	
5.0

	
2.6

	
9.6

	
14.1

	
0.5

	
51.8

	
25.9

	
7.4

	
7.9

	
15.3




	
Strzałki Stream

	
P38

	
30.5

	
5.3

	
71.2

	
0.9

	
12.9

	
0.0

	
0.1

	
1.1

	
0.2

	
76.1

	
14.4

	
0.8

	
3.2

	
4.0




	
Krzemionka

	
P39

	
45.0

	
1.9

	
65.7

	
0.9

	
2.8

	
4.3

	
11.2

	
17.3

	
0.1

	
67.5

	
7.8

	
13.1

	
6.1

	
19.2




	
Dańków Stream

	
P40

	
1.5

	
0.0

	
77.3

	
3.8

	
0.0

	
11.2

	
0.0

	
11.2

	
0.2

	
81.6

	
5.8

	
0.0

	
8.9

	
8.9




	
Huta Błędowska Stream

	
P41

	
16.4

	
5.5

	
2.0

	
84.6

	
0.0

	
0.0

	
0.0

	
0.0

	
1.4

	
24.4

	
43.1

	
0.5

	
16.6

	
17.1




	
Machnatka

	
P42

	
61.0

	
1.3

	
3.8

	
76.7

	
1.6

	
0.0

	
2.7

	
8.2

	
0.9

	
24.4

	
40.4

	
2.3

	
22.9

	
25.2




	
Mogielanka

	
P43

	
44.5

	
0.6

	
10.9

	
67.5

	
0.6

	
4.5

	
2.6

	
9.3

	
1.1

	
25.5

	
39.5

	
2.2

	
21.5

	
23.7




	
Trębaczew Stream

	
P44

	
17.4

	
2.9

	
0.0

	
78.1

	
1.9

	
1.9

	
0.0

	
6.2

	
0.6

	
27.8

	
42.6

	
0.5

	
14.2

	
14.7




	
Gostomka

	
P45

	
33.5

	
1.4

	
2.9

	
73.7

	
0.0

	
1.9

	
5.6

	
14.6

	
0.7

	
24.3

	
34.6

	
2.0

	
22.1

	
24.1




	
Rosocha Stream

	
P46

	
23.4

	
13.9

	
50.5

	
19.0

	
2.6

	
0.0

	
0.6

	
5.3

	
0.7

	
34.8

	
38.4

	
1.7

	
10.0

	
11.7




	
Gać

	
P47

	
36.7

	
1.3

	
38.2

	
0.0

	
0.7

	
7.4

	
34.0

	
55.2

	
0.1

	
41.0

	
3.0

	
39.5

	
12.2

	
51.6




	
Luboczanka

	
P48

	
36.5

	
0.2

	
37.7

	
0.2

	
1.2

	
8.2

	
31.4

	
55.5

	
0.2

	
39.0

	
5.3

	
42.3

	
9.4

	
51.7




	
Kanice Stream

	
P49

	
6.8

	
0.4

	
72.7

	
0.0

	
0.0

	
0.0

	
18.6

	
20.7

	
0.0

	
73.1

	
5.2

	
14.9

	
4.2

	
19.0




	
Rzeczyca

	
P50

	
16.7

	
2.4

	
54.1

	
0.0

	
5.9

	
0.0

	
12.8

	
21.3

	
0.5

	
62.0

	
11.5

	
16.5

	
4.3

	
20.8




	
Olszówka

	
P51

	
13.5

	
0.0

	
8.2

	
0.0

	
0.0

	
8.5

	
59.7

	
88.5

	
0.0

	
7.0

	
4.4

	
72.8

	
10.5

	
83.3




	
Liciążna Stream

	
P52

	
7.3

	
0.0

	
2.0

	
0.0

	
0.0

	
0.0

	
83.1

	
94.9

	
0.0

	
2.5

	
3.9

	
81.9

	
6.5

	
88.4




	
Cetenka

	
P53

	
19.8

	
0.0

	
3.4

	
0.0

	
1.4

	
5.7

	
70.1

	
95.2

	
0.0

	
3.5

	
2.6

	
77.8

	
9.7

	
87.4




	
Kiełcznica

	
P54

	
30.2

	
0.7

	
26.3

	
0.0

	
24.2

	
5.5

	
32.1

	
42.9

	
0.0

	
23.4

	
28.8

	
32.5

	
9.2

	
41.7
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Figure 1. The localization of investigated catchments on the background of the Corine Land Cover data and drainage system based on a digital hydrographic map of Poland. 
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Figure 2. The spatial variability of NO3− (a), NO2− (b) and NH4+ (c) concentrations, as well as EC values (d) in the investigated lowland streams. 
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Figure 3. Clustering results via the Ward method for all parameters after standardization. The horizontal green dashed line indicates optimal number of clusters. 
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Figure 4. A spatial comparison of CLC 2018 (a) and S2GLC (b) datasets regarding the P34 catchment. 
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Table 1. CLC 2018 and S2GLC classes used for land cover metric calculations.
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	Land Cover Type
	CLC 2018 Classes
	S2GLC Classes





	Urban areas
	All types belonged to class 1. (artificial surfaces)
	1.1.1. Artificial surfaces and constructions



	Arable lands
	2.1.1. Non-irrigated arable land
	2.1.1. Cultivated areas



	Orchards
	2.2.2. Fruit trees and berry plantations
	-



	Meadows
	2.3.1. Pastures, meadows, and other permanent grasslands under agricultural use
	2.3.1. Herbaceous vegetation



	Deciduous forests
	3.1.1. Broad-leaved forest
	3.1.1. Broadleaf tree cover



	Coniferous forests
	3.1.2. Coniferous forest
	3.1.2. Coniferous tree cover



	Total forests
	Sum of 3.1.1. and 3.1.2. classes
	Sum of 3.1.1. and 3.1.2. classes
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Table 2. Spearman rank correlation coefficients linking selected land cover metrics from Corine Land Cover 2018 and mean NO3−, NO2−, NH4+, EC across investigated lowland streams during the study period. Abbreviations: TCA—total catchment area; BZ: 50 m, 250 m, 500 m—buffer zone width; BCZ: 50 m−1 km, 250 m−1 km, 500 m−1 km—buffer-cropped zone width-length; UA—urban areas, ARA—arable lands, ORCH—orchards, MEAD—meadows, DF—deciduous forests, CF—coniferous forests, and TF—total forests. The bold type indicates a statistically significant correlation at p = 0.05.






Table 2. Spearman rank correlation coefficients linking selected land cover metrics from Corine Land Cover 2018 and mean NO3−, NO2−, NH4+, EC across investigated lowland streams during the study period. Abbreviations: TCA—total catchment area; BZ: 50 m, 250 m, 500 m—buffer zone width; BCZ: 50 m−1 km, 250 m−1 km, 500 m−1 km—buffer-cropped zone width-length; UA—urban areas, ARA—arable lands, ORCH—orchards, MEAD—meadows, DF—deciduous forests, CF—coniferous forests, and TF—total forests. The bold type indicates a statistically significant correlation at p = 0.05.





	
Parameter

	
Land Cover Type

	
TCA

	
BZ 50 m

	
BZ 250 m

	
BZ 500 m

	
BCZ 50 m−1 km

	
BCZ 250 m−1 km

	
BCZ 500 m−1 km

	
Radius 1000 m






	
NO3−

	
UA

	
−0.027

	
0.191

	
0.179

	
0.063

	
−0.103

	
−0.037

	
−0.054

	
−0.121




	
ARA

	
0.256

	
0.188

	
0.308

	
0.347

	
0.044

	
0.130

	
0.148

	
0.161




	
ORCH

	
0.140

	
0.162

	
0.140

	
0.164

	
0.232

	
0.249

	
0.246

	
0.246




	
MEAD

	
−0.365

	
−0.185

	
−0.303

	
−0.354

	
−0.229

	
−0.268

	
−0.315

	
−0.300




	
DF

	
−0.055

	
−0.186

	
−0.158

	
−0.137

	
−0.081

	
−0.132

	
−0.175

	
−0.165




	
CF

	
−0.355

	
−0.099

	
−0.200

	
−0.222

	
−0.011

	
−0.062

	
−0.047

	
−0.131




	
TF

	
−0.407

	
−0.153

	
−0.212

	
−0.282

	
−0.004

	
−0.054

	
−0.109

	
−0.152




	
NO2−

	
UA

	
0.104

	
0.242

	
0.256

	
0.188

	
−0.060

	
−0.005

	
0.018

	
−0.035




	
ARA

	
0.264

	
0.135

	
0.294

	
0.343

	
0.089

	
0.176

	
0.196

	
0.206




	
ORCH

	
0.147

	
0.142

	
0.156

	
0.174

	
0.275

	
0.282

	
0.281

	
0.280




	
MEAD

	
−0.305

	
−0.150

	
−0.268

	
−0.314

	
−0.182

	
−0.227

	
−0.268

	
−0.250




	
DF

	
−0.057

	
−0.173

	
−0.141

	
−0.121

	
−0.092

	
−0.139

	
−0.184

	
−0.174




	
CF

	
−0.489

	
−0.257

	
−0.353

	
−0.371

	
−0.105

	
−0.216

	
−0.206

	
−0.286




	
TF

	
−0.479

	
−0.237

	
−0.293

	
−0.367

	
−0.096

	
−0.196

	
−0.255

	
−0.304




	
NH4+

	
UA

	
0.142

	
0.199

	
0.177

	
0.184

	
0.047

	
0.108

	
0.095

	
0.021




	
ARA

	
−0.256

	
−0.226

	
−0.194

	
−0.195

	
−0.120

	
−0.138

	
−0.157

	
−0.152




	
ORCH

	
0.036

	
0.061

	
0.075

	
0.035

	
0.185

	
0.217

	
0.223

	
0.224




	
MEAD

	
−0.214

	
−0.196

	
−0.218

	
−0.234

	
−0.067

	
−0.109

	
−0.140

	
−0.121




	
DF

	
0.004

	
0.123

	
0.087

	
0.038

	
−0.034

	
−0.032

	
−0.055

	
−0.057




	
CF

	
0.108

	
0.015

	
0.031

	
0.019

	
0.029

	
−0.031

	
−0.065

	
−0.054




	
TF

	
0.139

	
0.088

	
0.070

	
0.055

	
−0.052

	
−0.063

	
−0.056

	
−0.054




	
EC

	
UA

	
0.159

	
0.244

	
0.309

	
0.277

	
−0.006

	
−0.032

	
−0.038

	
0.054




	
ARA

	
0.057

	
−0.108

	
0.003

	
0.087

	
−0.252

	
−0.197

	
−0.182

	
−0.174




	
ORCH

	
0.583

	
0.511

	
0.594

	
0.620

	
0.497

	
0.570

	
0.568

	
0.570




	
MEAD

	
−0.198

	
−0.015

	
−0.104

	
−0.130

	
−0.015

	
−0.077

	
−0.102

	
−0.101




	
DF

	
−0.012

	
0.017

	
0.007

	
−0.007

	
0.206

	
0.158

	
0.149

	
0.157




	
CF

	
−0.732

	
−0.654

	
−0.691

	
−0.721

	
−0.335

	
−0.449

	
−0.452

	
−0.456




	
TF

	
−0.733

	
−0.361

	
−0.555

	
−0.696

	
−0.082

	
−0.185

	
−0.282

	
−0.310
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Table 3. Spearman rank correlation coefficients linking selected land cover metrics from the Sentinel−2 Global Land Cover and mean NO3−, NO2−, NH4+, EC across investigated lowland streams during the study period. Abbreviations are the same in comparison with Table 2. The bold type indicates a statistically significant correlation at p = 0.05.
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Parameter

	
Land Cover Type

	
TCA

	
BZ 50 m

	
BZ 250 m

	
BZ 500 m

	
BCZ 50 m−1 km

	
BCZ 250 m−1 km

	
BCZ 500 m−1 km

	
Radius 1000 m






	
NO3-

	
UA

	
0.312

	
0.319

	
0.391

	
0.371

	
0.198

	
0.209

	
0.325

	
0.214




	
ARA

	
0.461

	
0.652

	
0.610

	
0.556

	
0.262

	
0.129

	
0.467

	
0.435




	
MEAD

	
−0.069

	
−0.182

	
−0.318

	
−0.253

	
−0.271

	
−0.045

	
−0.414

	
−0.360




	
DF

	
−0.019

	
−0.101

	
−0.103

	
−0.145

	
0.080

	
−0.121

	
−0.092

	
−0.098




	
CF

	
−0.469

	
−0.129

	
−0.231

	
−0.270

	
0.171

	
0.003

	
−0.141

	
−0.158




	
TF

	
−0.411

	
−0.093

	
−0.201

	
−0.297

	
0.095

	
−0.115

	
−0.201

	
−0.212




	
NO2-

	
UA

	
0.452

	
0.429

	
0.511

	
0.479

	
0.216

	
0.211

	
0.341

	
0.222




	
ARA

	
0.489

	
0.628

	
0.636

	
0.598

	
0.393

	
0.165

	
0.530

	
0.489




	
MEAD

	
−0.001

	
−0.127

	
−0.253

	
−0.186

	
−0.229

	
0.062

	
−0.354

	
−0.290




	
DF

	
−0.024

	
−0.094

	
−0.084

	
−0.121

	
−0.004

	
−0.157

	
−0.148

	
−0.175




	
CF

	
−0.566

	
−0.225

	
−0.301

	
−0.385

	
0.141

	
−0.078

	
−0.283

	
−0.307




	
TF

	
−0.472

	
−0.129

	
−0.250

	
−0.364

	
0.018

	
−0.201

	
−0.279

	
−0.309




	
NH4+

	
UA

	
0.172

	
0.222

	
0.135

	
0.162

	
0.143

	
−0.142

	
0.122

	
−0.012




	
ARA

	
−0.188

	
−0.164

	
−0.143

	
−0.132

	
−0.061

	
−0.146

	
−0.080

	
−0.096




	
MEAD

	
−0.054

	
−0.257

	
−0.090

	
−0.042

	
−0.182

	
0.000

	
−0.087

	
−0.043




	
DF

	
0.205

	
0.329

	
0.343

	
0.266

	
0.164

	
−0.069

	
0.250

	
0.210




	
CF

	
0.087

	
0.040

	
0.136

	
0.084

	
0.249

	
0.038

	
0.089

	
0.036




	
TF

	
0.188

	
0.290

	
0.234

	
0.168

	
0.176

	
0.032

	
0.149

	
0.082




	
EC

	
UA

	
0.692

	
0.646

	
0.698

	
0.733

	
0.307

	
0.171

	
0.437

	
0.453




	
ARA

	
0.419

	
0.510

	
0.535

	
0.499

	
0.142

	
0.112

	
0.370

	
0.340




	
MEAD

	
0.307

	
−0.075

	
0.087

	
0.194

	
−0.266

	
0.050

	
−0.153

	
−0.118




	
DF

	
−0.118

	
−0.218

	
−0.321

	
−0.322

	
0.122

	
−0.039

	
0.021

	
−0.034




	
CF

	
−0.813

	
−0.495

	
−0.708

	
−0.754

	
0.062

	
0.044

	
−0.478

	
−0.428




	
TF

	
−0.699

	
−0.273

	
−0.573

	
−0.673

	
0.065

	
−0.101

	
−0.270

	
−0.310
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