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Abstract

:

Trees growing on private property have become an essential part of urban green policies. In many places, restrictions are imposed on tree removal on private property. However, monitoring compliance of these regulations appears difficult due to a lack of reference data and public administration capacity. We assessed the impact of the temporary suspension of mandatory permits on tree removal, which was in force in 2017 in Poland, on the change in urban tree cover (UTC) in the case of the municipality of Racibórz. The bi-temporal airborne laser scanning (ALS) point clouds (2011 and 2017) and administrative records on tree removal permits were used for analyzing the changes of UTC in the period of 2011–2017. The results show increased tree removal at a time when the mandatory permit was suspended. Moreover, it appeared that most trees on private properties were removed without obtaining permission when it was obligatory. The method based on LiDAR we proposed allows for monitoring green areas, including private properties.
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1. Introduction


Urban forests give residents many benefits known as “ecosystem services” (ES) [1,2,3,4]. They have vital importance for sustainable development and inhabitants’ quality of life and include all types of services: provisioning (e.g., wood and fruits), regulation and maintenance of conditions (e.g., reducing the formation of urban heat islands and habitats), resources for services (e.g., biomass production) and cultural importance (e.g., beauty) [4,5,6,7]. However, in recent decades, urban areas have been significantly affected by tree removal, giving space to urban services such as buildings, roads and others. According to Nowak and Greenfield [8], in the United States, a country with fast population growth in cities, urban tree cover (UTC) fell from 40.4% to 39.4% in 2009–2014, while impervious cover (mainly roads and buildings) increased by 1%. In Melbourne, Australia, UTC declined in 2008–2016 by 0.7% [9], with the most significant losses being observed in public parks and private properties (coverage reduction in these areas was 2.9% and 3.5%, respectively). A similar situation is happening elsewhere in the world [10,11]. The increasing density of buildings, including single-family housing, means that tree space decreases [10,12], reducing the essential ES that trees provide, undermining life quality and contributing to social inequalities.



1.1. Regulations Concerning Tree Removal on Private Property


Effective policies regarding the protection of trees and shrubs in cities are very much needed, but the increasing urban development makes public lands insufficient in this respect. As a result, urban green space management needs to take into account private landowners. The inclusion of the private sector in environmental policies is not new. Such attempts are observed in flood risk management [13] and nature conservation [14]. For trees, private property often constitutes the majority of the city area grown by trees [12,15,16], and private land yards and gardens comprise a substantial part of the urban tree canopy. Trees on residents’ land are essential for supporting biodiversity [17,18] and the structural connectivity of urban forest networks, which is crucial for many species [19,20].



However, incorporating private owners into tree management appears problematic. In general, individuals’ contributions to the public good involve the collective action problem [21]. Individuals are inclined to free-ride, e.g., refrain from contributing to the public good while counting on contributions from others, assuming that they will be available freely anyway, regardless of one’s input [22]. The collective action problem is widely recognized in environmental management, as most environmental goods have the common good’s essential characteristics. If the collective action problem is not resolved, the underprovision of the public good can be expected. Besides the collective action problem, there are several specific difficulties. Firstly, ecosystem disservices are functions of ecosystems that are perceived as unfavorable for human well-being [23]. Speak [24] has noticed significant differences between ES and ecosystem disservices provided by trees on private and public land. It may explain why residents generally do not support the rules treating a tree in a private area as a public good and restricting their freedom of tree removal [25,26]. Secondly, a tree on a neighbor’s property can be a source of conflict due to the shadow cast on the neighbor’s property, problems with falling leaves, or safety issues. Pandit et al. [27] noticed that trees on nearby plots can significantly reduce the estate price. The urban fabric also matters in this respect. According to Saphores and Li [28]), trees are more valuable to people who live in denser areas. They would like new trees in their neighborhood, but they are still unwilling to pay for the maintenance costs of new trees on their properties. Moreover, urban trees are a natural habitat for many species, which might also cause some nuisance [29], influencing the decision to remove a tree.



This situation necessitates the protection of trees on private property. Indeed, regulations are applied, aiming at securing the public good [30,31,32]. In the field of tree protection and management, there are regulatory mechanisms established at the state and the municipality levels concerning tree removal on private property in many countries. The regulations that control or even prohibit it on this type of property are one of the possible solutions. For example, in most cities in Germany or Australia, a private owner has to submit an appropriate, detailed application to the nature protection authority for permission to cut a tree in his/her own garden. The application needs to provide arguments to remove the tree, detailed photos, a sketch of the property with the location of tree species, the tree’s parameters (height and trunk circumference), and the numbers of all trees on the property. The property owner should also deliver information on a planned replacement of trees and if it is not possible, he must pay an appropriate fee for each tree removed. The fees are spent to maintain and plant new trees in public places. Usually, though there are exceptions, the owner receives approval from the office if there are appropriate arguments. There are also large fines for illegal tree removals [33].



Nevertheless, in many cities, tree removal ordinances are not present, or regulations, even if they include tree removal permit obligations, have numerous exceptions [34]. This makes urban tree policies inefficient. Therefore, it is particularly important to monitor spatio-temporal variation in UTC on public land and in private areas to determine the scale of changes taking place and their causes. Tracking the number of removed trees is critical for the management of green areas in urban space. For a proper assessment of the changes, such factors as the current legal status or ecosystem disservices related to trees’ presence (e.g., shading or maintenance problems) need also be considered. Although regulations on tree removal play a significant role, data that assess the effectiveness of these regulations are scarce. In many cases, the scale of UTC changes is hard to estimate, as many cities have little or no information on private green space [35]. Little research has focused on tree removal on private properties [10,15,36], and most of the research focused on studying the residents’ attitudes toward their own trees and the importance of legal regulations in their protection [24,25,26]. Tools for supporting the management available in many cities also focus on public urban forests—for example, the GreenSpaces (previously known as R3 TREES, R3GIS) application used by municipal administrations in 129 places in Europe [37]. Since it is very comprehensive, it allows the management of all information about public greenery and helps schedule maintenance and care activities on all managed objects, but trees on private properties are not included in this database.



In Poland, the municipal administration focuses only on urban greenery growing on the municipality property. As a result, private areas are beyond any tree or shrub monitoring database [38]. No private greenery inventories are made, which means that there is no assessment of the actual impact of the existing policies on tree protection found in these areas. At the same time, monitoring is essential when regulations exist with numerous exceptions regarding tree removal apply, and this is the case in Poland. A specific Polish enactment regulates this issue and the legal procedure of application for cutting down trees has undergone development. Since April 16th, 2004, there have been established regulations on tree removal permits that forced private owners to apply for permission to cut trees on private land. The mandatory permission does not apply to fruit trees and small trees less with trunk circumferences less than 25/35 cm (depending on the species) and twelve other exceptions, mostly for security reasons [39]. Local checks controlling the situation on private land occurred occasionally at that time, and information from neighbors appeared to be the main control of compliance. The number of applications for removal was steadily growing, which could be attributed to increasing awareness of the obligation. However, the number of applications resulted in a considerable burden for the administration. At the same time, the vast majority of applications were granted. According to research conducted in provincial cities in 2011–2014, 96.4% of applicants were granted permission to cut down their trees [39]. Eventually, a change in the Act on Nature Conservation [40] of December 2016 abolished the requirement to obtain a permit to cut down trees on private property. It went into force on 1 January 2017. It caused controversy, as there were cases of large clearings and the media reported that there was tree removal on a dramatic scale. On 1 March, the protection period started due to bird nesting. It suspended the tree removal, and in June 2017, the mandatory permits were restored.



The regulation change that took place in Poland in 2017 constitutes an interesting case from the urban green area management perspective. Assessing the impact of the regulation’s change on the actual number of trees cut is difficult, as there are no effective monitoring mechanisms in place. In Poland, the administrative process is monitored, e.g., monitoring replacement plantings or the number of permits for tree removal issued [39]. The outcome of the procedure, in terms of the number of removed trees, is not monitored directly by the regulation. Moreover, only public urban greenery is subject to inventory, and there is a growing need to have in place smart and integrated GIS systems that can provide tree management.




1.2. Remote Sensing Data in UTC Change Analysis


This paper deals with the monitoring of tree removal on private properties in the municipality of Racibórz (South of Poland) using the LiDAR (light detection and ranging) 3D point clouds approach and an administrative record to estimate the UTC loss caused by the temporary suspension of mandatory permits to tree removal on private property introduced in Poland in 2017. LiDAR is an active remote sensing technology that uses its own energy source, i.e., a laser, to map objects. The laser energy (pulses in the near infra-red range, e.g., 1064 nm) is sent from the transmitter which is the laser diode. The pulses are scattered by rotating elements, e.g., mirrors, and they reach the object at the speed of light, are reflected from it, and some of the photons return to the detector as signal echoes [41]. Since each light pulse is numbered, the system uses the time it travels to determine the path to and from the object. This way one can calculate the distance of the object from the device, taking into account the angle of impulses sent (horizontal and vertical). In the case of airborne laser scanning (ALS) technology, which was used in this research, a laser altimeter is mounted on an aircraft and the precise location of the platform (plane or helicopter) is determined thanks to an INS (inertial measurement system) which consists of a GNSS (global navigation satellite system) and an inertial measurement unit (IMU). The IMU records with high precision the platform inclination angles in three dimensions, and directions and acceleration values. System integration allows one in the case of ALS to achieve measurement accuracy of 20–30 cm horizontally (XY) and <10 cm vertically (Z) depending on the scanning density and the technology used and geodetic transformations (projections). Modern aerial scanners are able to generate several hundred thousand pulses per second and provide a scanning density of 10–40 points/m   2   (one strip, depending on the flight altitude and speed). For trees, the ALS technology allows for very precise registration of objects thanks to the penetration of the laser through vertical structure of vegetation. The individual echoes (beam parts of light) reflect off the crown, trunks, and branches and reach the bushes or the ground. Depending on the phenological period (leaves on or off), the degree of tree crown damage, and the treatments performed, the horizontal structure (range of the crown; areas of trees and shrubs 2D/3D) and the vertical structure (tree height, crown length, crown base, percentiles, penetration, cover, etc.) can be precisely described [42].



ALS point cloud analyses are a promising approach to monitor the protection of trees and shrubs in private properties. However, its potential has not been not sufficiently utilized till today. First of all, that is due to the relatively high costs of regularly repeated ALS campaigns in a short period. Existing research in terms of using remote sensed data in urban forestry is based mostly on aerial orthophotos or satellite (high resolution or very high resolution) imagery and their derivatives, e.g., the normalized difference vegetation index (NDVI) [43,44] or the Landsat-5 Thematic Mapper (TM) [45]. Another usually applied solution is to use LiDAR data of single time points [46]. Both approaches give ambiguous results. Landry and Pu [44] used IKONOS-2 scenes to verify the introduction of tree permit regulations. Sung applied LiDAR data (2012) and Landsat TM images for the same purpose (2013). The results of the studies suggest that the law can at least partly influence the UTC. Nevertheless, the regulation change is not the only possible explanation. Conway and Urbani’s analysis of satellite images (2007) revealed no significant differences between residential areas in which the regulations on tree removal were and were not implemented. Thus, the results obtained in previous studies are not conclusive in the context of the effectiveness of legal rules. Moreover, all of the above research focused on the comparison of tree cover between neighboring municipalities with and without tree removal regulations, which does not enable taking into account the temporal lag. Meanwhile, past planning decisions and behavior of citizens may significantly influence the present UTC [47].



The second difficulty related to applied remote sensing methods is the spatial scale of data. Very often, the availability of UTC data only allows comparison of changes across the city that do not take into account district or parcel-level processes, such as tree removal on private property [43,44,45,46]. More detailed spatial analyses relate to comparisons between types of land cover or administrative units [48]. However, these may be misleading, as the spatial variability in such cases is closely related to the size of the analyzed areas [12]. Therefore, an impact evaluation of policies should be based on both a detailed analysis carried out at the parcel level and data from at least two-time points. Such a study was performed in Christchurch (New Zealand) in terms of redevelopment’s influence on UTC [36]. However, it concerned only selected plots of land, not the entire city, as only the manual method of marking removed trees was used.



Moreover, analyzing the effectiveness of tree management policies on private property should not be limited to comparing UTC changes between private and public property. If UTC is the only variable analyzed in the study, many non-legal factors may affect it, such as population density, social stratification, luxury effect, and ecology of prestige [47]. Therefore, explicit efficiency of the implemented solutions requires analysis of UTC changes and comparison with actual permits for tree removal. Such a comparison would allow not only determining the changes in UTC but also checking the extent to which the legal provisions are respected and whether they really influence changes regarding trees. Effective regulations in this respect should assume a high consistency in the number of trees removed on the basis of administrative data and resulting from the actual change in UTC. Only then can it be concluded that the solutions introduced allow local authorities to have real control over the number of trees cut down. That, in turn, requires the development of an appropriate methodology to convert the surface of canopy cover into individual trees. Such an analysis could provide more reliable information on the effectiveness of existing regulations in tree protection in private areas.



This study responded to that challenge. It had two main goals: (1) to propose a new method of analyzing changes in UTC using various data sources, and to apply it for (2) evaluation of the regulations’ effectiveness concerning tree protection on private properties. We tested a specific approach in which two ALS point cloud data sets (2011 and 2017) and administrative decisions were compared to assess the effectiveness of legal regulations concerning tree removal. The analysis was performed for the Polish municipality of Racibórz. The study used bi-temporal ALS point clouds for assessment of the effectiveness of the tree preservation legislation in force in Poland between 2011 and 2016. The work describes how these data can be supplemented by administrative decision records that authorize the trees’ removal to produce a more precise analysis of a policy output. The results include the analysis of the impact of the regulation change, i.e., the suspension of mandatory tree removal permits for private purposes that was introduced in Poland at the beginning of 2017.





2. Materials and Methods


2.1. The City of Racibórz Case Study


The paper investigated the case study of Racibórz, a medium-sized city with approximately 55,000 inhabitants, located in Silesian Province in southern Poland, near the border with the Czech Republic (Figure 1). The choice was constrained by the availability of ALS data from the beginning of 2017, allowing for the analysis of the regulation change’s impact. The data were available for the city of Racibórz, which did not differ from a typical Polish town of this size regarding the types of green areas and their share in covering the city. It is an administrative center, being the seat of Racibórz County. Its area is about 75 km   2  . Agricultural land accounts for over 68.9% of the total area; forests and forest land 3.7%; built-up land 22.9% [49]. The spatial structure of Racibórz is characteristic of other medium-sized Polish cities. A significant portion is constituted by open areas located mainly on the outskirts of the town on the left side of the Odra River. This is mostly arable land and meadows. Urbanized areas with the highest density is concentrated in the central part of the city, along the river. The vision of the city of “Racibórz 2020” takes the strategy of openness to cooperation, for a vibrant, clean and green city [49].




2.2. Input Data


Two types of data were taken for the analysis: remote sensing data and information from the administrative record. They are presented below.



2.2.1. Remote Sensing Data


Two types of remotely sensed data were used in the study. The primary data set includes two acquisitions of ALS point clouds collected on 2011 (6 June 2011) and 2017 (5 March 2017). The ALS data set from 2011 was acquired within the framework of the country-wide ISOK project dedicated to the country’s protection against extraordinary threats [50]. The second acquisition in 2017 was performed as part of the CAPAP project [51]. ALS data were obtained by two standards: (a) standard I—applied mainly for forest and rural areas outside cities, where point cloud density was at least 4 points per square meter (ppsqm); (b) standard II—applied in 94 cities in Poland [50], with a density at least 12 ppsqm. The ALS point clouds were previously classified by data providers according to the specifications of the American Society for Photogrammetry and Remote Sensing (ASPRS) for LiDAR Exchange Format (LAS 1.2). The second type of remotely sensed data were digital aerial orthophotomaps available in natural color composites (RGB) through the Google Earth application (Table 1). The orthophotomaps were used as an additional data source to make the UTC layer up-to-date at the beginning of the period of no tree removal permit regulations for private purposes (Figure 2).



It should be emphasized that 5 March 2017 (when the ALS data set was available for Racibórz) was the perfect time to analyze the impact of the change in legislation on tree felling. The period from 1 March to 16 September is considered in Poland as the “bird breeding period,” which introduces additional restrictions related to tree removal due to protection of nesting birds. Thus, for many areas, the appropriate period during which the removal of trees on private properties was beyond control was January–February 2017.




2.2.2. Administrative Data


Local authorities provided two types of spatial information to conduct the study: cadastral data about land ownership and permits for tree removal. The first type of data, obtained from the County Office in Racibórz, contained information on the type of the real estate ownership assigned to registered plots according to 44 different sub-groups. These data covered the studied area, and the accuracy of the border points of the land plot does not exceed 0.3 m. For the purpose of this study, the plots were divided into four categories based on the dominant sub-group registration codes of the registration entities [52]. The first two (accounting for 54% of the city area) are related to private owners located in (a) residential areas and (b) farms (in the outskirts of the city). These two categories were related to the changes in the law that entered into force at the beginning of 2017. The remaining areas are mainly various types of non-private land, which constitute the third distinguished category and 45% of the city’s area. The housing cooperatives (not covered by the regulation change from the beginning of 2017) and the individual plots for which the type of registration group was not specified, were classified in the fourth group—others—and will not be discussed in detail in the results.



The data concerning the locations of trees with administrative permission for tree removal were obtained from the Racibórz City Council for decisions issued between 2011 and 2017 (by the City Council and the County Office). The information contained 1763 records, each including the permit date, address, plot number, number of trees and species name. The plot number was the basis for combining the removal data with the cadastral data. Unfortunately, the system of collecting this data leaves much to be desired, and therefore the correct allocation of individual decisions was not always possible. Therefore, we assessed the policy effects on the city level. We assumed that the proportional shares of particular types of land ownership regarding tree removal, calculated for decisions whose relevant locations were provided, represent the whole city’s situation.





2.3. Creating the Urban Tree Cover Loss Layers


In this section, the consecutive steps of the analysis are presented.



2.3.1. Generating Normalized Digital Surface Models and Canopy Height Models


In the first step of analyzing the remote sensing data, a Digital Terrain Model (DTM) and a normalized Digital Surface Model (nDSM) were generated based on the ALS LiDAR point clouds. The models were created with a spatial resolution of 1.0 m using the FUSION software [53]. The nDSMs were generated in two variants—in the first variant (nDSM_build) using points classified (according to ASPRS) into classes (2) ground and (6) buildings, and in the second variant (nDSM) using points classified into classes (2) ground, (3) low vegetation, (4) medium vegetation, (5) high vegetation and (6) buildings. Height models were generated separately for data obtained in 2011 and 2017. In the first step of analyzing the ALS data, Digital Terrain Models (DTM) with 1.0 m spatial resolution were created separately for both ALS datasets using the “GridSurfaceCreate” algorithm from the FUSION software [53]. ALS point clouds were then normalized by subtracting the DTM elevation from the corresponding ALS points. The normalized point clouds were then used for creating normalized Digital Surface Models describing the elevation of buldings (nDSM_buildings). For that purpose, only the points classified (according to ASPRS) as classes (2) ground and (6) buildings were used during genearation of nDSM. In the next step, the Canopy Height Models (011–201s) were generated using points classified as classes (2) ground, (3) low vegetation, (4) medium vegetation and (5) high vegetation. The nDSMs and CHMs were genrated using the “CanopyModel” algorithm from the FUSION software [53]. Height models were generated separately for point clouds acquired in 2011 and 2017 airborne campaigns. Results of generating a DTM, an nDSM_buildings and a CHM for the selected subset of the study area are presented in Figure 3.




2.3.2. Initial Classification of Areas Covered by Trees


The nDSMs and CHMs were imported into the eCognition Developer 9.3 software for the preliminary classification of areas covered by high vegetation. It was performed using the object-based classification method with the use of the rule-based approach. The object-based classification method known under the acronym GEOBIA (Geographic Object-Based Image Analysis) is an image analysis method that enables the integration of multi-source data [54]. This method has many advantages over pixel classification, especially in the context of analyzing data with a high spatial resolution [55,56]. A similar approach was used by Guo et al. [36] for creating an initial tree land cover class for further tree crown delineation. In the first step, the buildings were classified using a nDSM_buildings layer. Objects were considered to be buildings with an area of at least 4.0 m   2   and a height of at least 1.0 m. In the next step, based on CHMs generated from classes of points 2–5, vegetation areas were classified, which could constitute potential tree crowns. It was assumed that the crown of a single tree should have an area of at least 3.0 m   2  , and the minimum top height should be at least 3.0 m. The assumption about the minimum size of the tree crown was adopted to eliminate minor errors in the classification of ALS point clouds. These errors mainly consisted of an incorrect classification of power lines into the high vegetation class. The adoption of the minimum height of the tree top at 3.0 m was also aimed at eliminating from the analysis areas covered with shrubs, for which it is difficult to precisely segment individual shrubs based on the nDSM derived from ALS. Finally, the areas classified as potential trees were used in the subsequent analysis for individual tree segmentation. The described analyses were performed separately for ALS from the years 2011 and 2017.




2.3.3. Segmentation of Individual Trees Based on Canopy Height Models


Using the previously created CHMs, single tree segmentation was performed. For this purpose, the algorithm of inverse watershed implemented in eCognition Developer software was used. It is an image segmentation algorithm using the local minima of the indicated raster layer (in this case inverted from a CHM), which are treated as the so-called seeds (treetops) from which segments expand into adjacent pixels with higher values [57]. The expansion of a given segment (tree crown) occurs until it comes into contact with the border of the next segment growing from the adjacent seed (in this case, the top of the tree). This algorithm works well in conditions of managed forest stands where the trees growing next to each other have comparable sizes. In the case of urban green areas, small and big trees often grow next to each other. Thus, it is difficult to properly parameterize the segmentation algorithm to correctly separate all trees [58]. Increasing the minimum area of segments representing tree crowns causes incorrect merging of neighboring crowns of small trees. On the other hand, the use of too small a minimum size for segments results in generating several segments within the crown of a single tree. In order to mitigate the described issues, the segmentation algorithm was parameterized using data collected on 41 reference plots established in June 2019 in Racibórz city. In June 2019, fieldwork was carried out within 41 reference areas of an average area of 0.004 km   2  . The plots were established in places where tree removal had not been carried out in recent years so that the number of trees measured in the field corresponded to the number of trees identified on the CHM from 2017.



The first step of segmentation of tree crowns was performed based on CHMs from 2017 using the same segmentation parameters for all trees. Then, the differences between the number of trees obtained via the segmentation and the actual number of trees determined on 41 reference plots were analyzed. Based on the analysis of errors, in the next step, the segmentation was performed in two stages—using different parameters for trees lower and higher than 16 m. The segmentation parameters were tuned in both groups to minimize the systematic percentage error (percentage bias) calculated based on reference data. Comparison of number of trees detected through segmentation of CHMs with the data from 41 reference plots showed relatively high agreement (R2 = 0.86; mean absolute percentage error = 21.1%; mean percentage error (percentage bias) = 0.3%). The segmentation parameters tuned based on the field data and CHM from 2017 were also used to perform the CHM segmentation from 2011. The results of tree segmentation based on CHMs were saved as two vector layers in ESRI Shapefile format: UTC 2011 and UTC 2017.




2.3.4. Generating UTC Loss Layers


Based on the two vector layers, e.g., UTC 2011 and UTC 2017, the UTC loss vector layer was generated (UTCL 2011–2017). The GIS analysis was performed to compare the UTC 2011 and UTC 2017 layers by calculating the overlapping areas between the layers. The tree loss was identified for tree crowns segmented in 2011 if the tree crown area decreased by 75% or more. In the subsequent analysis, the number of trees identified in the UTCL 2011–2017 layer was compared with the number of trees removed according to administrative decisions within the same period.



The separate UTC loss layer was created for the period from 1 January 2017 to 28 February 2017 when the permit for tree removal in Poland was not required (UTCL 2017). The first step of the analysis was to identify the tree crowns segmented in 2011 for which the crown area decreased by 40% or more between two ALS acquisitions (2011–2017). The threshold of 40% was used in this case to make the analysis more robust and to minimize the potential error of missing the trees removed within the mentioned period. Such detected trees were then subject to visual verification when the operator analyzed each tree on the computer monitor and decided whether this tree could be removed in the period 1 January 2017–28 February 2017. The visual verification was based on the aerial orthophotomap from 1 September 2016 available in the Google Earth application. If the tree crown did not exist on the orthophotomap (2016), it was removed, since it means that it disappeared before the period of interest. To obtain the most accurate estimation of the number of trees removed within the targeted period (1 January 2017–28 February 2017), the information from administrative decisions authorizing tree removal was also analyzed. Based on the information about the number of trees removed with permission within the period 1 September 2016–31 December 2016 for an individual cadastral parcel, the corresponding number of trees were removed from the UTCL 2017 layer within borders of that parcel.





2.4. Comparing Administrative Decisions Regarding the Number of Removed Trees with ALS-Derived UTC Loss Layers


To compare the data from administrative decisions with ALS-derived UTCL layers, the polygons representing removed tree crowns (UTCL layers) were converted to points by finding the centroid of each polygon. In the next step, the obtained points were spatially assigned to the appropriate cadastral parcel. For each parcel, the decision date and the number of trees removed according to administrative decisions were available. The comparison of two data sets consisted of calculating the sum of removed trees according to ALS-derived UTCL layers and the sum of trees from the removal permits for a single registered parcel, taking into account the same period. That allowed for the estimation of the percentage of trees that were removed without permission:


    t r e e r e m o v a  l  L i D A R   − t r e e r e m o v a  l  d e c i s i o n s     t r e e r e m o v a  l  L i D A R     · 100 %  



(1)







The flowchart summarizing the steps of performed analysis is presented in Figure 4.





3. Results


An analysis of UTC changes in Racibórz based on LiDAR data alone shows that in the period of 2011–2017 a total of 113.5 ha of tree crowns disappeared, representing 1.5% of the city area, and 10.8% of the area of all trees growing in 2011. It means the loss of almost 48,000 trees, according to estimates based on the used segmentation method. More than half of them were removed from non-private areas. In the case of private properties 34% disappeared from farms, and 13% from residential areas. Results of tree crown segmentation for the selected reference plot is presented in Figure 5.



3.1. Number of Trees Removed from 2011 to 2016


In order to estimate for what proportion of removed trees the permissions were issued we analyze the period of 2011–2016 when the permissions were mandatory. In accordance with the adopted segmentation method, a total of 42,839 trees were cut in 2011–2016 while permits issued at that time concerned 8473 trees. It means that 80% of trees disappeared at that time without obtaining formal consent. According to the administrative records, for the whole city 7.2% of trees for which permits for removing were issued were in private residential areas, 35.4% in farms, and 55.6% in non-private land (Figure 6). Thus it can be estimated that in 2011–2016 a permit was issued for the removal of 593 trees grown in private residential areas and 2966 growing on private farms.



In order to estimate for what proportion of removed trees the permissions were issued we analyze the period of 2011–2016 when the permissions were mandatory. In accordance with the adopted segmentation method, a total of 42,839 trees were cut in 2011–2016 while permits issued at that time concerned 8473 trees only. It means that 80% of trees disappeared at that time without obtaining formal consent. According to the administrative records, for the whole city 7.2% of trees for which permits for removing were issued were in private residential areas, 35.4% in farms, and 55.6% in non-private land (Figure 6). Thus it can be estimated that in 2011–2016 a permit was issued for the removal of 593 trees grown in private residential areas and 2966 growing on private farms.



According to the analysis of ALS data, 44% of trees were cut on private properties. The estimated number of trees that disappeared from the two categories of private areas was 4622 and 14,224 trees, respectively. Thus comparing the number of trees removed in the period 2011–2016 according to ALS data and administration decisions, 87.2% of trees that disappeared from private residential land were cut down without obtaining permission. The same situation applies to 79.1% of trees owned by farmers.



The number of applications for permission to remove trees increased annually. We cannot determine whether this increase was related to residents’ growing awareness regarding applicable legal provisions or the increasing demand for tree removal. Assuming the constant number of trees cut down annually by the inhabitants, the number of tree removal applications in 2016 was lower than the actual number of trees removed by 7.6% (Figure 7).




3.2. Number of Trees Removed in the Period of January–February 2017


Concerning the removal of trees at the beginning of 2017, when the regulations were changed, it can be estimated that 5075 trees were cut at that time, 78% of which were in both types of private areas: 34% in residential areas and 44% on private farms. It is a substantial increase in the share of trees removed on these land ownership compared to the previous period (Figure 8). In the period of 2011–2016, average 70 trees were removed monthly on private residential areas and 216 on private farms. During the first two months of 2017, when the mandatory permits for tree removal were lifted, the estimated numbers of removed monthly trees in these areas were 874 and 1125, respectively while the rest concerned non-private lands. Noteworthy, a significant contribution to this number was made by large-area tree removal taking place on 14 large parcels located on the outskirts of the city. Almost 2000 trees, which covered 22% to 35.8% of the plot’s area, disappeared from those parcels. In other locations, mostly a few trees were cut down (average two per property).





4. Discussion


4.1. Influence of Tree Removal Policy on the UTC Change on Private Properties


This research shows that the Racibórz case follows the general trend observed around the world in relation to decreasing UTC in cities [8,9,10,12], the area covered by trees shrank by 10% during the studied period of 2011–2017. It resulted in the loss of 48,000 trees, among which almost 47% disappeared on private properties. Thus, the regulations aiming at the protection of trees in these area, appeared unsatisfactory.



The change of the regulation in 2017 that allowed tree removal without permits increased tree removal. It is in line of the previous observations [44,45,46]. However, it cannot be determined whether this change would be long-lasting or temporary, as Conway and Urbani have already pointed out [43]. In this context, it is essential to analyze not only the UTC change but also the reasons and aggregated dynamics of the removal of trees. The increased removal in the time of releasing the restrictions could stem from a need to get rid of individual trees that were problematic for the owners. After a while, the situation would stabilize. Just as opportunity makes the thief, a change in the law could have only accelerated the decision, which would happen in the long run anyway.



There are many reasons why people choose to fell trees [59]. In the case of Racibórz it appeared that in the period when the permits were lifted, it regarded mainly large-scale tree removal in a few plots. Considering the whole period 2011–2017 (Figure 9A), the most significant UTC loss is related to the regulation of the banks of the Odra River and related floodplains. The decision to remove trees in such areas belonged to the relevant water management bodies and did not require obtaining a felling permit. The large share of tree removal also concerns the city center, while when considering only the trees removed in early 2017 (Figure 9B), it is barely noticeable. Instead, the share of housing estates located on the outskirts of the city becomes clear. Removal in 14 plots (one of them is shown on the Figure 9D) constituted 65% of trees cut at the beginning of 2017. That allows us to suppose that the main reasons inhabitants cut down trees were not security or lack of knowledge but rather redevelopment activities. A similar situation took place in Christchurch, New Zealand [11]. However, it is difficult to interpret to what extent the cutting resulted from private landowners’ needs and to what extent, in the long run, it was aimed at commercial, developmental purposes. In the latter case, it would mean abuse of the introduced legal changes. A more straightforward assessment of this situation would require further observation in subsequent years, as the amendment to the 2016 Act [40] prohibits the sale of a plot in the next five years after trees were removed. In any case, if reconstruction or development activities were the reason for large-scale tree removal, it would be a clear signal to national and local law-making institutions that this issue requires attention. The regulations present in Poland till the end of 2016 were criticized as imposing the unnecessary burden for both landowners and the administration as the same procedure applied for a single tree and a large number of trees removal. However, liquidating the regulation involved additional tree removal. Thus, there is a need for urban tree protection policies sensitive to the types of land in terms of number of trees.



The study underlines the importance of regulations compliance. As the changes to the law introduced at the beginning of 2017 were short-lived, assessing the effectiveness of previously binding legal regulations is critical. Meanwhile, the results from 2011–2016 indicate that a relatively large number of trees were cut down without permission in 2011–2016. Two explanations can be posed in this context. First, the tree preservation regulations on private properties were ineffective due to a lack of proper monitoring systems. The second explanation is that the majority of trees in private areas did not require permission for their removal (e.g., being fruit trees or small trees in diameter). Thus, the exceptions in existing regulation might have influenced UTC significantly. The letter explanation suggests that tree protection in private areas need to be even more restricted to protect against decreasing UTC. That supports empirically the results of Lavy and Hegelman’s [34] analysis on law in Texas. Both reasons confirm the importance of regular monitoring of tree protection policies’ effects, and remote sensed data has a vital role in this subject.



ALS point clouds allow not only to analyze the intensity of tree removal in selected time periods but also enable checking the effectiveness of restrictions in this regard, if they exist. In conjunction with a reliable spatial database on the granted permits for felling (Figure 9C), they enable one to indicate the locations for which such a decision was not issued and whether the situation was legal. Local authorities can also analyze the affected land cover types and draw conclusions for future protection strategies. It is especially important when regulations assume certain exceptions. In the case study discussed in this paper, thanks to the analysis of bi-temporal ALS point clouds, it was possible to identify specific locations that may raise doubts about whether the tree removal without permission was following the regulations that entered into force in Poland in 2017 (i.e., Figure 9D). It is also important that at this stage, future monitoring can be realized even with the use of satellite images only (Figure 9E,F). Therefore, the knowledge that we gain by using remote sensed data (ASL and aerial orthophotos) appears crucial for assessing environmental policies and the management of urban greenery on private properties.



However, residents’ support for the principles of tree protection involves acceptance of treating their properties as a public good [25,26]. It is not always the case. Residents’ behavior concerning greenery in private areas may be influenced by their neighbors [47]. It is related to the willingness to maintain nearby households’ prestige and expresses belonging to a specific lifestyle group. Exploring these issues requires both detailed spatial data, in terms of issued administrative decisions, and data on residents’ knowledge, awareness, and attitudes. This would allow for the development of a more elaborate analysis informative for effective regulations that could propose not only the penalty system but also the incentives.




4.2. Combing Information of UTC Change with Permits Issued for Tree Removal


We claim that monitoring of tree cover is crucial in green areas management. Nevertheless, ALS data from various time points are so far rarely used to analyze factors affecting the number of trees cut down in private areas. Usually, such analyzes are subject to many limitations, such as data availability at selected time points or their accuracy or spatial extent. The methodology presented in the article allows supplementing incomplete ALS data with administrative information regarding the permits issued to remove trees, thus limiting the interpretation uncertainty of results. The observation presented above would not be possible if the change in UTC based on ALS data and the administrative data were analyzed separately.



A reliable assessment requires the ability to compare administrative data with an analysis of actual changes in UTC. Our work presents a workable methodological approach in this regard. However, tree crown segmentation in the city environment is a challenging task. To avoid big over- or underestimating the real number of trees, we parameterized the segmentation algorithm based on the reference field plots. The comparison of the number of trees derived from segmentation and the actual number of trees showed relatively high agreement and low systematic error. However, it has to be kept in mind that the applied segmentation algorithm was not validated based on “unseen data” [60] because all of the 41 field plots were used for parameterization of the algorithm. The analysis of UTC loss for the beginning of the year 2017 can be treated as more accurate. In that case, the results of automatic segmentation were also checked through manual photo interpretation. We decided to apply this approach since the manual delineation of all trees, as done for example by Guo et al. [36], although it is time-consuming and not error-free. Thus, it is not feasible for large-scale cases. One of the aims of our study was to combine ALS data with administrative decisions in the context of tree removal monitoring rather than providing a ready to use tree segmentation approach for urban areas. In the case of using ALS data for UTC monitoring, it is usually more common to base on the area of tree crowns instead of the number of trees [9]. A tree crown area can be easier derived from ALS point clouds and provide a better proxy to calculate ES [61]. However, for monitoring a tree protection policy, tree segmentation was necessary. It enabled the comparison of permits’ administrative records, where information about tree crown area was not available with the independent data set to assess different law regulations’ effectiveness. Future studies should put an effort in development of robust tree segmentation methods, specifically dedicated for urban areas. Recent advancements in methods of data analysis, such as deep learning approaches dedicated for analysis of 3D point clouds [62], together with possibilities of acquiring very high density point clouds [63], might provide big contribution to research and practical applications of LiDAR technology in context of UTC monitoring.




4.3. Limitations of the Study


Our study has several limitations. The first one is the quality and availability of administrative data mentioned in the chapter concerning input data, especially those relating to removal permits. The accuracy of the estimation depends on the quality efficiency of tree location data collected by offices. Cadastral data having accurate georeferencing of every single property is also important. The database we used was often inconsistent and incomplete. There were missing or erroneous data in the records resulting in the impossibility of correct allocation of individual decision detection. This problem concerned 11% of the analyzed decisions. That is why a detailed analysis indicating land plots that had not obtained consent for tree removal was not possible. Records often lacked the exact locations of tree removal, or the addresses provided do not exist. In many cases, it was impossible to geolocate removed trees and make a more elaborated spatial analysis. The cadastral data were also incomplete, although to a much lesser extent. The lack of information about the type of ownership concerned only 1% of the plots. Thus, the methodology we propose does not allow detailed indications of plots of land where abuses occurred.



The approach we propose would also provide more opportunities if ALS data were collected more frequently, which is still a long way off, at least in Poland. It would help analyze UTC changes in the city’s specific areas in more detail and investigate their causes. Additionally, it would enable us to compare UTC changes in subsequent years with the administrative decisions issued. Without this information, we cannot determine yearly dynamics of the number of trees being cut down between 2011–2016. Nevertheless, the proposed method makes it possible to assess the effectiveness of introduced regulations in general. Of course, frequently collecting ALS data requires additional financial resources, so it is worth considering in the future also comparative analysis of accuracy and costs using alternative methods allowing for detailed monitoring of UTC. Automatic urban tree coverage mapping with LiDAR data can be also performed, e.g., using artificial intelligence models, to ensure efficiency and quality. Timilsina et al. [64] demonstrated that a combination of Convolution Neural Network (CNN) with OBIA based on very high-resolution (VHR) aerial ortophotomap and LiDAR data results in 93.2% overall accuracy (OA) of classification for mapping urban trees within cadastral parcels. Object-Based CNN (OB-CNN) was also used to mapping UTC changes using Google Earth imageries and LiDAR datasets with 96% and 98% OA [65]. Deeper CNN methods such as Region-based CNN (R-CNN) with manually generated training samples were used by Wang et al. [58] with 86% OA in identifying flowering trees. One of the most promising techniques is generating image-derived point clouds from images acquired from aircraft or Remotely Piloted Aircraft Systems (RPAS), commonly known as Unmanned Aerial Vehicles (UAVs) or just as drones (Dandois i Ellis, 2013). One should also not forget about the new possibilities of the Earth Observation (EO) satellites which can provide multispectral images (0.15 to 3 m ground sampling distance; GSD), even daily. The plans of the new constellations show that the acquisition of images will be possible even several dozen times a day (SkySat Planet Labs., MAXAR), which will give decision-makers strong geoinformatics tools to monitor the state of greenery in the city.





5. Conclusions


The study presented a new adapted method of using LiDAR point clouds for UTC change analyses. Its application may be of particular importance when the ALS datasets are insufficient. The obtained results point out a few insights essential for the effective assessment of tree protection regulations on private property.



First of all, it shows that the necessity to obtain consent for tree removal on private property does not guarantee local authorities’ full control in this regard. In the case of Racibórz, it turned out that in 2011–2016 most of the trees were cut down without obtaining permission. No matter the actual reason behind that issue, the uncontrolled loss of almost 19,000 trees in practice shows such regulations’ ineffectiveness.



Secondly, lifting the obligatory permission for tree removal on private property caused even more intense UTC loss in this type of land ownership. This indicates that restrictions concerning the owners of trees growing on private land are not without significance in this respect. Nevertheless, to ensure satisfactory policy outcomes’ results, they must be introduced together with properly planned monitoring of UTC changes in these areas.



Thirdly, the presented results highlight the role of ALS point clouds in this scope. Their wider use by the public administration is essential to create environmental policies not only based on theoretical assumptions but also real data. These, if collected regularly, can provide new insights into the behavior of residents in the field of tree removal. In a situation where there are gaps in geodata, in periods when LiDAR point clouds are not obtained due to high costs, it is necessary to use aerial photo matching techniques or unmanned aircraft systems (generating even denser point clouds but with limited penetration through vegetation). Taking them into account may help construct better legal solutions and incentives to plant and keep urban trees and shrubs in the entire city also on private properties.



Fourthly, the presented results show the very necessity to regularly monitor the functioning of implemented policies based on spatial data. The state’s role should be to facilitate setting appropriate standards in this regard than on creating specific regulations concerning removing trees on private properties on the local level. We agree with the recent claim in a study of the effective implementation of land-use planning regulations in Australia that evaluation guidelines are crucial to achieving the intended results [66]. Otherwise, top-down goals are often not included in local documents, not to mention monitoring their implementation. Similar conclusions appeared in the review of legal regulations regarding urban sustainability plans in selected US cities [35]. It showed that in many cases, UTC growth goals do not take into account the monitoring plan. At the same time, only an adequately designed valuation of existing regulation enables one to create practical solutions in this respect.
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Figure 1. Localization of study area. Left top: border of Poland; left bottom: Silesian provincial borders; right: orthophotomap of Racibórz city. 






Figure 1. Localization of study area. Left top: border of Poland; left bottom: Silesian provincial borders; right: orthophotomap of Racibórz city.



[image: Remotesensing 13 00767 g001]







[image: Remotesensing 13 00767 g002 550] 





Figure 2. The timeline shows changes in tree removal regulations (above the horizontal line) and remote sensing data (below the horizontal line). The red segment represents the time period when the mandatory tree removal permission was suspended. 
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Figure 3. Results of processing airborne laser scanning point clouds acquired in 2017 for the subset of the study area: Digital Terrain Model (DTM); (A) normalized Digital Surface Model for buildings (nDSM_buildings); (B) Canopy Height Model (CHM) (C). 
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Figure 4. Flowchart of the analysis performed. 
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Figure 5. Results of tree crown segmentation obtained for the selected reference plot: (A) Canopy Height Model (CHM) created from ALS data acquired in 2017; (B) results of tree crown segmentation based on CHM 2017. 
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Figure 6. The shares of land ownership types for the total number of trees removed according to administrative decisions from 2011 to 2016. 
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Figure 7. Comparison of the number of tree removal permits issued annually with the average number of trees removed annually estimated based on ALS data. 
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Figure 8. The shares of types of land ownership in the total tree removal in two time periods: 2011–2016 (tree permit obligation) and the beginning of 2017 (the tree permit obligation on private properties lifted). 
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Figure 9. The intensity of UTC loss visualized in the form of heat maps created for two time periods: 2011–2017 (A) and the beginning of 2017 (B), compared with the location of trees for which a felling permit was issued in 2011–2017 (C); and the zoom-in showing exemplary large-scale tree removal (D) also indicated with Google Earth images from 1 September 2016 (E) and 30 July 2017 (F), not indicated on the Racibórz map to preserve the anonymity of the landowners; Basemap: the land cover based on open source data available on [51]. 
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Table 1. Specifications of airborne laser scanning (ALS) and aerial orthophotos used.
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	Data Type
	Data Acquisition Date
	Resolution
	Flight Altitude





	ALS point clouds
	11 June 2011
	≥12 ppsqm
	∼1000 m AGL



	ALS point clouds
	5 March 2017
	≥12 ppsqm
	∼1000 m AGL



	Aerial orthophoto RGB
	1 September 2016
	0.15 m
	—



	(Google Earth)
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