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Abstract: The paper investigates using PlanetScope satellite images together with LiDAR data for
automation of land use/cover (LULC) mapping and 3D vegetation characteristics in the aspect
of mapping and monitoring of the secondary forest succession areas. The study was performed
for the tested area in the Biskupice district (South of Poland), where a forest succession occurs on
post-agricultural lands. The research area was parcels where the forest overgrowing process was
identified. It was verified whether the image processing allows for reliable LULC classification as
an identification forest succession area. The PlanetScope classification showed forested areas as
62.77 ha (44.91% of the analyzed area). The overall accuracy of the image classification was 96.40%
The airborne laser scanning (ALS) point clouds were used for deriving detailed information about
the forest succession process. The precise vegetation parameters i.e., height and canopy cover were
determined and presented as raster maps, histograms, or profiles.
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1. Introduction

Forest succession on post-agricultural lands is a very common process [1-3]. This
takes place on a large scale and changing economic and demographic conditions intensify
this phenomenon [4]. Land abandonment is influenced by many factors [5,6] such as
distance from forest complexes, demographic changes in countrified areas, and migration
of rural residents to cities. Mapping changes in land use, in particular identifying areas of
secondary forest succession, is important for proper land management and broadcasting
agricultural subsidies [7,8] but also extremely important in terms of increasing the forest
cover, determining biomass, issues of renewable energies, and carbon sequestration [9].

Monitoring of areas left for natural afforestation is also significant in terms of the
safety of people. It is valid in terms of mapping the risk of fire, directly in areas where
agricultural use is stopped, where forest vegetation is formed, and in the aspect of the
fire reaching the complexes of commercial forests or protected or urban areas. It is also
essential for environmental protection and assesses the breeding relevance of vegetation
for shaping the forest on post-agricultural lands [10] and the problems of management and
monitoring of newly forming forests, according to the function in the village, environment,
and landscape [4].

The mapping and monitoring of the use of the area, including the forest succession
process on abandoned farmland, is of wide scientific interest. The usage of remote sensing
spatial data offers the possibility of monitoring different times land use and land cover
(LULC) changes, especially the process of forest succession [11-14]. To assess forested
lands aerial and satellite imageries have been adopted since the 2000s. Satellite image
classification and LiDAR (Light Detection and Ranging) technology offer possibilities
for a fusion of 2D/3D information for mapping land use and land cover classes. The
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[ Study area

procurement of many indexes characterizing vegetation provides automation in LULC
monitoring.

The focus of this manuscript is to document the use of remote sensing data sources,
specifically digital satellite imagery and airborne LiDAR, to quantify the extent of secondary
forest succession (natural afforestation) on abandoned farmland. Existing cadastral data do
not adequately update changes in forest cover, nor include forest succession that is found
on abandoned farmland, in their estimates of forest area.

The presented study indicates the possibility of automating the process of monitoring
wooded and shrubby areas developing in post-agricultural areas by using image classifica-
tion and laser scanning point cloud processing. There were compared five estimators of
forested area on selected land parcels: (1) cadastral data; (2) classification of PlanetScope
imagery; (3) classification of Sentinel-2 imagery; (4) analysis of LIDAR point clouds; and
(5) manual photointerpretation of orthophotomaps. LiDAR data were also used to provide
metrics of forest structure.

2. Materials and Methods

The area of interest is located in the south of Poland (49°58' N, 20°08’ E; Figure 1)—
Biskupice village in Wieliczka district, Matloposka Voivodeship, the terrain between the
national road no. 94 and the voivodeship road no. 966. The analyzed area consists of
277 parcels with a total area of 139.77 ha, characterized as examples of the forest succession
process on abandoned farmlands. In the cadastral databases, most of them are figured as
arable lands (R), pastures (P), or meadows (M), but really, they are not used as agricultural
lands but abandoned and afforested.
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Figure 1. Area of the study: (a) general map of Poland; (b) terrain of the analyses—marked red

(background: PlanetScope imagery, 2019); (c) analyzed plots—forest succession on abandoned
farmlands; marked green (background: orthophotomap, 2019; coordinates system: PL-PUWG1992).
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The area was characterized by significant examples of the secondary forest succession
process [15] on abandoned farmland (Figure 2). The process of detection and monitoring
of LULC changes, and forest succession on abandoned farmland is very common. It is a
phenomenon that occurs on many hectares. Succession is taking place on a big scale, and
intensifying economic and demographic processes enhance this occurrence.

i
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Figure 2. Examples of the forest succession process in the study area.

The research was done using:

PlanetScope satellite imageries (bands: B—Blue, G—Green, R—Red, NIR, pixel size:
3.0 m, 05.07.2019); license: Planet’s Program for Education and Research (E&R) [16].
The Planet Scope satellite constellation consists of multiple launches of groups of
individual CubeSats (DOVEs; 10 x 10 x 30 cm) and can image nearly all of Earth’s
land every day [17].

Sentinel-2 satellite imagery (B, G, R, NIR, pixel size: 10.0 m, 25.05.2019, European
Space Agency; ESA). The Sentinel-2 satellite imageries [18] (Sentinel-2A and Sentinel-
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2B) are equipped with high-resolution in 13 spectral channels and a 5-day revisit time
(for two satellites).

e LiDAR data—Airborne Laser Scanning (ALS) point clouds (2019), parameters: 4 re-
flections as a minimum, 6 points/ m?, the altitude accuracy < 0.15 m, situational
accuracy < 0.50 m.; source: IT Project—System for the Protection of Poland; Main
Oftice of Geodesy and Cartography [19]).

Orthophotomaps (2019, GSD: 0.25 m, coordinates system: PL-PUWG1992).
Cadastral data (portals: WebEwid and Geoportal).

The supervised classification for PlanetScope imageries was based on the photointer-
pretation key (prepared in the field—GNSS measurements). Training plots were located
using Training Samples Manager (ArcGIS) for RGB and CIR (color infrared) compositions.
There were collected representative training samples, for each land cover class in the image:
Forested areas (168 points), Arable lands (164 points), Meadows or Pastures (179 points),
and Others (buildings, roads, etc.; 86 points). The image classification was carried out
using the Maximum likelihood method (ArcGIS Pro) and the result was generalized (Ma-
jority Filter, Boundary Clean; ArcGIS Pro). The classification assessment was done (based
on validation points) by determining: PA—Producer’s Accuracy, UA—User’s Accuracy,
OA—Overall Accuracy, and the Kappa coefficient. The validation points were chosen using
Create Accuracy Assessment Points function (ArcGIS Pro). The total number of validation
points was 500 (randomly distributed) created in each class, in which each class has several
points proportional to its relative area.

Sentinel-2 image classification, photo interpretation, and manual vectorization of the
orthophotomaps and ALS point clouds processing were used to identify the difference
in LULC mapping according to the PlanetScope image classification results. Sentinel-2
images were downloaded [20] with the specification of parameters such as acquisition date,
and maximum cloud cover. Image pre-processing was done in SNAP software (ESA). The
research area was selected (cropped at the image), the channels: R, G, B, and NIR were
recorded, exported to the dim format, and finally, tiff was performed. The supervised
classification was carried out in the same procedure as for PlanetScope imageries.

The procedure of LiDAR data (ALS point clouds) processing started by creating
models: DTM—Digital Terrain Model (automated approximation of the ground points);
DSM—Digital Surface Model (the other classes) and nDSM—normalized DSM (difference
between the DSM and DTM). It was done using the functions GridSurfaceCreate and
CanopyModel in FUSION [21].

Analysis of precise coverage of the forested areas in analyzed parcels was carried out
based on reclassified nDSM. The process of nDSM reclassification (Reclassify, ArcGIS Esri)
was done using a limit value > 1 meter, representing the height of vegetation. Previous
studies [7,8] found that classifying nDSM using the threshold of the height of vegetation
>1.0 m produced good results similar to geographic object-based image analysis (GEOBIA).

For deriving accurate information (2D and 3D structure) of vegetation was used
FUSION procedure. The height of vegetation was generated using GridMetrics and Cloud-
Metrics functions based on the 95th percentile (P95)—the height below which there exists
95% of points (the relative altitude of the point clouds) [22,23]. The parameter standard
deviation of the height was also calculated (Stddev, FUSION).

The canopy cover was generated using the Cover procedure (FUSION, [24]) with
values of 0%-100%. The vertical structure of vegetation was visualized as histograms using
the Densitymetrics method (the number of points reflected from the vegetation in 1-meter
vertical intervals for the raster pixel [21].

3. Results

The part of the PlanetScope imagery with marked parcels concerning the analyzed
area was shown in Figure 3. For the study area, there were identified LULC classes: Forests,
Arable lands, Meadows, Pastures, and Others (Table 1). There were no analyzed parcels
with LULC class as totally as Forests but parcels with a part as Forests and another part as
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a Meadows, Pastures, or Arable lands. Very often these parcels were identified as forest
succession areas, so in this study were called Forested areas (Forests and forest succession).

580000 580500 581000 581500 582000 582500 583000 583500 584000 584500 N
236000-
236000
235500
235500
235000
-235000
234500
234500
580000 580500 581000 581500 582000 582500 583000 583500 584000 584500
Figure 3. The study area—PlanetScope imagery, CIR (color infrared) composition. Analyzed parcels—
forest succession on the abandoned land; marked yellow.
Table 1. The total area of LULC classes (Area: [ha] and Percentage [%]).
LULC Classes Cadastral Data PlanetScope Sentinel-2 Ortho ALS
Forested areas 10.76 ha 7.70% 62.77 ha 44.91% 65.08 ha 46.56% 56.32 ha 41.73% 60.64 ha 43.39%
Meadows, Pastures 101.38 ha 72.53% 57.69 ha 41.27% 56.75 ha 40.60%
Arable lands 26.39 ha 18.88% 18.37 ha 13.14% 16.52 ha 11.82%
Others 1.24 ha 0.89% 0.94 ha 0.67% 1.42 ha 1.02%
Total 139.77 ha (100.00%)
The LULC classes as a result of PlanetScope classification [25] are shown in Figure 4.
There are presented for the part of the Planet-Scope image and as cropped to the analyzed
area. The accuracy assessment parameters for LULC classes are presented in Table 2. The
total parameter—Overall Accuracy was 96.40% and the Kappa coefficient was 94.52% (for
Sentinel-2 image classification the accuracy parameters were on a similar level). The results
of PlanetScope classification as the identified Forested areas are shown in Figure 5.
Table 2. The PlanetScope image classification assessment parameters.
Land Cover Forested Areas Meadows Arable Lands Others Total User Accuracy
Classes (LULC) Pastures [%]
Forested areas 76 1 0 0 77 98.70
Meadows, Pastures 3 150 2 0 155 96.77
Arable lands 0 6 226 3 235 96.17
Others 0 2 1 30 33 90.91
Total 79 159 229 33 500 95.64
Producer Accuracy 96.20 94.34 98.69 90.91 95.04 OA =96.40

[%] Kappa = 94.52
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Figure 4. The result of PlanetScope classification: (a) the part of the image; (b) the result cropped to
the analyzed parcels (background: orthophotomap, 2019).

The result of image classification showed Forested areas in total values (Table 1):
62.77 ha using PlanetScope and 65.08 ha as a result of Sentinel-2 image classification, which
takes 44.91% of the analyzed terrain for PlanetScope and 46.56% for Sentinel-2 (differences
were: 3.31 ha, 1.65% in the percentage area). The intense forest succession process in terms
of the occupied abandoned farmland area has been confirmed. Mainly it is a result of the
abandonment of terrain classes: Meadows and Pastures.
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Figure 5. The forested areas for the analyzed area: (a) whole area; and zoom to (b) left, and (c) right
side.
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Forested lands take values around six-time areas more (almost a 40% difference in
percentage) than figured in the cadastral database (10.76 ha; 7.70%; Table 1). According to
Polish law [26,27], a class Forest is designated as ground with forest vegetation (an area
greater than 0.1 ha), and space related to forestry (forest’s roads, etc.). There are no included
forest succession areas.

Photointerpretation and manual vectorization of the orthophotomaps has identified
Forested areas as 56.32 ha (41.73% of the analyzed area). Uing the reclassification nDSM
method [7,8] as a height > 1.0 m (Table 1—ALS) takes the result in value: 60.64 ha as
Forested areas (43.39%). The difference between PlanetScope image classification according
to the nDSM method are respectively: 2.13 ha; 1.52% (for Sentinel-2 image classification:
4.44 ha; 3.18%).

LiDAR (ALS) data usage was indicated to give comprehensive characteristics of
vegetation specially to show the growth of forest-type plants. There were calculated
parameters [15]: vegetation height (95th percentile), the standard deviation of height, and
cover density. Figure 6 presented calculated parameters for the left and middle part of the
study area, where the forest succession process increased. The greater values of height
and canopy cover are on the left side of the analyzed area, where we can observe a more
advanced forest succession process. The progress of forest succession in the occupied area
and the growth of shrubs and trees were shown in the study area. Figure 7 presented an
example of a profile and histogram generated to assess the spacious flora characteristics.
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Figure 6. The results of the ALS (2019) processing—vegetation height (95th percentile) and canopy
cover [%] zoom in to (a,c) left side; (b,d) middle side of the analyzed area.
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Figure 7. The chosen part of the area—(a) orthophotomap; (b) ALS point clouds profile; (c) histogram
(number of points).

4. Discussion

In Poland, 78.4% of forests are administrated by The State Forests National Forest
Holding, 17.4% are private forests and the rest of the forested areas there are national parks
and other communal or public forested grounds. Forest cover in Poland, concerning the
Increasing Forest Cover National Program [28], is to constitute 30% of the Poland area,
and in the year 2050, it will be pronounced to 33%. It should be added that the actual
area of forested grounds is higher than shown in the database of the Central Statistical
Office [29,30]. Forecasts of the forest cover growth and plans for afforestation in Poland do
not consider the terrain of forest succession—the process is beyond the reach of any control.
Commonly, secondary forest succession areas are not specified in cadastral databases
as forested grounds because an inventory of the land use is not done often. The forest
succession terrains are frequently and constantly figured in cadastral data as agricultural
lands. This problem is usually related to grounds located adjacent to the forest lands.

Using satellite images provides new solutions in environmental studies, connected to
forest succession mapping [31-33], because of the revisit time combine with a good spatial
and spectral resolution of the images. Image classification gives accurate data about the
LULC changes and speeds up the evaluation of this phenomenon. Satellite imageries carry
the data to develop geospatial insights about LULC changes and allow monitoring of areas
of interest, discover trends and speed of vegetation changes, or validate information on the
ground. We can cite as example research, where the Sentinel-2 satellite multispectral image
was used to estimate stand density [34]. The relative accuracy of the estimation (verified by
using World View-3 satellite high-spatial-resolution images) of the total number of plants
in coniferous forests reached 81.57%, so this approach was a feasible way to estimate the
absolute stand density on the hectare scale. Given that forest stand, height and density are
relevant indicators for studies of carbon cycles and basic parameters for forest management,
it requires precise mapping to better assess how it impacts the environment. Most often the
calculation of stand range, height, and density has relied on the identification of individual
trees which is difficult to balance cost and accuracy on large scale. The present work
proposes a fast method to estimate stands parameters gained from remote sensing.

PlanetScope’s imageries give a dataset with a good connection of coverage, frequency,
and resolution. In the previous research [35] we investigated the quality of land cover
assessment, especially vegetation mapping, using PlanetScope imageries. We obtained
precise, objective, and validated information (the Overall Accuracy = 92.8%) about the
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location, and range of the bushed and forested areas, formed or developed in the post-
industrial analyzed area. Cyclic image processing combined with LiDAR data provides
give great capabilities, to carry out large-area studies. LiDAR is a useful, and objective
method for deriving information about the appearance of vegetation [36—45]. Falkowski
et al. [39] evaluated the usage of LIDAR data for characterizing forest successional stages.
Authors proved LiDAR useful for measuring or estimating forest attributes, such as canopy
height, basal area, and Leaf Area Index (LAI), and to classify stages of three-dimensional
forest development. Kolecka et al. [41] used vegetation information derived from LiDAR
for mapping forest succession patterns. The results showed that around 31.0% (Overall
Accuracy = 95.0%) of the agricultural land in the analyzed terrain (Szczawnica commune,
Poland), is an area of secondary forest succession. The results of this study indicated that
the methodology can be applied to large-scale mapping of secondary forest succession
patterns on abandoned land. Kolecka [42] illustrated also that height of vegetation can
be used to estimate when agricultural land was abandoned. During the initial stages of
the succession process, the height of vegetation increases slowly and is uniform. Then
creates a composition of various plant heights, sizes, and distributions. The usage of
LiDAR especially airborne scanning or point clouds derived based on UAV images [46-52]
gives an objective and exact assessment of many biometric features. The indicators are
determined for planning and mapping and inventory of plant associations. Airborne laser
scanner (ALS) point cloud processing gives precise data to perform spatial characteristics
of vegetation.

In this paper, we indicate the automated PlanetScope image processing and LiDAR
point cloud metrics determination to obtain objective, validated, and precise informa-
tion about the range, location, and spatial structures of trees and shrubs formed in post-
agricultural areas. Using PlanetScope imageries and LIDAR data, we get characteristics of
the transitional woodland shrub and broad-leaved or coniferous forest. Further, regular
LiDAR campaigns (airborne or from the UAV level) can provide biomass characteristics
and the PlanetScope satellite constellation utilization is expected to expand in the future, so
this research will be useful for readers who are considering the use of remotely sensed data
in the future. Results demonstrate the potential advantage of using remote sensing data for
monitoring changes in forest cover when cadastral data is not updated on regular basis.

Summing up, the most conclusive attribute of a forest ecosystem is site productiv-
ity. It is a fundamental parameter for planning and sustainability forest management
and forest growth. The remotely sensed technologies allow for rating forest ecosystem
attributes [53,54]. Therefore, landscape information and vegetation mapping can be used to
evaluate long-time habitat development and the sustainable management of areas. Because
of the causal effects of land abandonment in many regions of the world, it is necessary
to provide monitoring the woody biomass and global carbon storage [55,56]. The spatial
policy is valid for balanced ecosystem planning and gives also effective afforestation pos-
sibilities to the post-agricultural areas. We should focus on the protection of increasing
habitats, and discuss the negative and positive effects of land abandonment. Geoinforma-
tion methods can help with this issue. Automated remote sensed procedures are useful
and a combination of satellite or aerial images and LiDAR data provides good results.

5. Conclusions

The application of the PlanetScope image classification showed the intense process
of secondary forest succession on abandoned farmland in the analyzed area. We got the
correct information about the LULC classes compared to the information derived based on
Sentinel-2 classification and airborne laser scanning point cloud processing. LiDAR data
allowed additionally for an accurate assessment of the spatial structure of successional
vegetation and showed a significant differentiation of the new ecosystem. This variety is
visible in the 2D surface size and the vertical profile (3D) of vegetation, which indicate the
natural forest succession process.
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The presented study provides solutions in the context of monitoring forested areas
according to the problem of carbon sequestration, and the need for reporting the forested
area by individual countries to the European Union organization. We thus conclude that
this approach is a feasible way to estimate the absolute stands range on the hectare scale
and to derive precise parameters such as height and cover density of vegetation in forest
succession areas.
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