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Does S2GLC 2017 map detect forests five years after regeneration?
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Abstract: Land cover and use maps are great sources of generalised information. Focusing on forestry, they could be employed to
assess forested areas and their changes in time. Together with advances in technology we are able to capture images with a high
spatial resolution, reaching 10 m for images from satellites of the Sentinel2 mission. Our goal was to evaluate the applicability of
maps resulting from the S2GLC project (Seninel2 Global Land Cover) in assessing forest cover of areas five years after regeneration.
Sample plots (n=33) were surveyed in a conventional manner by the Forest Service to assess forest cover. Then land cover maps were
referred to data from the Polish Forest Data Bank and forest cover was assessed using two different programs: ImageJ (manually) and
QGIS plugin RasterStats (automatically). Assessment conducted on site indicated 94% total forest cover on all plots taken together.
Both programs based on the data from the maps showed a lower forest cover amounting to 71 and 73%, respectively. In turn,
RastrStats classified many more pixels than had been expected and a potential source of error was here discussed. Forest juvenile
phases may be partially misinterpreted and classified on land cover maps also as marshes, peatbogs, herbaceous vegetation or
cultivated areas. Hence, when areas after reforestation are defined as forest, land cover map used here may to some extent
underestimate the actual area covered by forests.
Keywords: forest regeneration, ImageJ, land cover, land use, optical satellites, RasterStats

Data Bank, https://www.bdl.lasy.gov.pl/), which cover
nearly 30% of the country area (Statistics Poland, 2020).
The abovementioned numerical map also plays the role as
the basis for the synthesis of geographical information
from external sources. Nevertheless, none of the maps
with land cover/use classification have been implemented
into this system.
Land cover and land use differ in meaning and
according to Gregorio and Lansen (2000) the former
represents “the observed (bio)physical cover on the earth's
surface” and the latter “the arrangements, activities and
inputs people undertake in a certain land cover type to
produce, change or maintain it”. Their classification
comprises simplified representations of related cover or
use types within specific categories. The type, scope and
number of categories depend mostly on further map
applications. The foundation is provided by a global land
cover map with coarse spatial resolution presented in a
study by Defries and Townshend (1994), which was based
on data derived from an Advanced Very High Resolution
Radiometer instrument mounted on satellites of the

INTRODUCTION
Forests provide services for all aspects of our lives and
they are key land ecosystems, with carbon sequestration
release being only one of the numerous climate regulation
functions. Tracking shifts in forest cover is a challenge,
hence systems employing geographic information are of
particular importance. Polish foresters are particularly
interested in remote sensing and the REMBIOFOR
project, realised in Poland, is one example of efforts
undertaken to quantify carbon and wood stocks in Polish
forests (Socha et al. 2017; Jagodziński et al. 2018). In
1998 the State Forests the National Forest Holding
(referred to as the State Forests) initialised the creation of
a numerical forest map (Directive no. 23 of May 18, 1998
of the States Forests Director General) and after twelve
years all of the Inspectorates have been equipped with it.
The high standard of this product allows professionals to
considerably simplify and accelerate processes directly
involved in forestry management. Moreover, since
December 2014 the public has been given access to basic,
reliable and current information concerning forests (Forest
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leaving the problem of younger stands unsolved. In a
further study Sader et al. (2008) indicated a problem
connected, among other things, with the misclassification
of forest age classes. Similar problems with the detection
of regenerated forest areas was raised in a study by Walker
et al. (2010), where regenerated areas were classified as
the deforested or forested class depending on the land
cover map used. The issue was then solved by overlapping
three different maps. A recent study focused on tracking
the dynamics in forest cover of entire Canada (based on
data from the Landsat program) indicated that it is possible
to determine whether a forest following a disturbance
event (fire, harvesting, deforestation for construction
purposes) has regenerated (Wulder et al. 2020). That was
done using data from several years, and by defining a
specific attribute of a pixel, which in the year of
assessment was not classified as forest, is expected to be
forest in the future. All performed management activities
by the Polish State Forest Service are referred to area units
accurate to 100 m2 (0.01 ha). Hence, if one is interested in
employing the abovementioned approaches, those based
on the Landsat data, for which spatial resolution is 30 m,
may be insufficient. That does not change the fact that all
the steps in a study of Wulder et al. (2020) could be
adjusted to data with a higher spatial resolution,
comparable to that originating from the Sentinel2
mission.
In accordance with the principles of silviculture, each
year the State Forests Service conducts obligatory
inventories for all reforested areas five years after their
establishment. The assessment includes two features to be
evaluated: cover and quality. Based on these measures,
further recommendations are made (Silviculture Principles
2012). Apart from the importance of sapling quality,
vegetation cover plays a crucial role in further stand
dynamics and may to some extent be supplemented when
the area after regeneration is insufficiently covered. Before
the S2GLC project only the High Resolution Layers (HRL
2021) for 2018 could be classified in terms of forest
density with a spatial resolution of 10 m (i.e. 0.01 ha per
pixel) and it was limited to the area of Europe. In
accordance with the information on the S2GLC webpage
(http://s2glc.cbk.waw.pl/), the project aimed to develop a
methodology to construct high resolution maps, which
could be used in the future to produce maps for the entire
globe and as such it was selected to be evaluated in our
study.
In this preliminary study a question was raised whether
a relatively high resolution land cover map may be
employed for a fast and accurate evaluation of forest cover
in its juvenile growing phase. Firstly, two methods of

National Oceanic and Atmospheric Administration.
Together with the development of imagery technology and
launches of further satellite missions (e.g. Landsat,
Sentinel) the spectral range and resolution of captured
geographical information were significantly growing
(Townshend et al. 2012; Gascon et al. 2017). Among the
land cover maps concerning forests of Europe at least two
products are available, i.e. Corine Land Cover and High
Resolution Layers, provided by the Copernicus program
coordinated and managed by the European Commission
(https://land.copernicus.eu/paneuropean/). Both are
available freeofcharge and their latest were prepared for
the data of 2018 with a fine, 10  20m spatial resolution
(depending on the specific subproduct).
To date data from the Sentinel2 Multispectral
Instrument has been identified as the most important
source thanks to its 13 bands, of which four are of 10m
spatial resolution (Drusch et al. 2012; Gascon et al. 2017),
and additionally the data is freely available to the public.
Abdi (2020) produced land use and land cover maps
employing four machine learning algorithms: support
vector machines, random forests, extreme gradient
boosting and deep learning. The obtained accuracy was
between 0.733 and 0.758. Data from the abovementioned
Sentinel mission has also been used to prepare land cover
maps within the S2GLC (Sentinel2 Global Land Cover)
project carried out by four organisations with the Space
Research Centre of the Polish Academy of Sciences being
the project leader (http://s2glc.cbk.waw.pl/). In short,
processed multitemporal data from the Sentinel2 mission
and the random forest machine learning algorithm together
with a novel method of gathering training samples were
employed to produce land cover/use classification.
Evaluation was made on 55 randomly selected sites
(initially with 55 thousands of samples). Overall the
indicated accuracy was 86%, whereas for forests it was
more than 95% (Malinowski et al. 2020). The final
product, a set of rasters and the whole “Land Cover Map
of Europe 2017” is ready to use and available via the
CREODIAS platform (https://creodias.eu/).
There are three important issues which could be solved
with the help of land cover maps: what is the size of
forested (1), deforested (2) and then regenerated (3) areas
resulting in knowledge on the forest cover dynamics. The
abovementioned issues were raised in early research
based on the data from Landsat and conducted in the State
of Maine (Sader et al. 2006). The cited authors estimated
the harvested area and the regenerated area, the latter with
the accuracy of 7189% depending on forest type.
However, if we focus only on regenerated stands, data
availability allowed to detect 15 to 25year old stands,
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raster histogram analysis – differing in the time of data
acquisition – were tested to find the solution for simple
and accurate analyses needed for the purpose of forest
management. Secondly, to test the accuracy of Land Cover
Map of Europe 2017 in relation to juvenile stands,
coverage estimates were compared with inventories
carried out by the State Forests Service. In effect
applicability of the first S2GLC product for one forest
management activity was assessed.

representing all forest subcompartments of the Forest
Inspectorates in Durowo and Bydgoszcz were cut and
overlapped with the land cover classification rasters. The
geographical system of coordinates was then unified
(WGS84, projection UTM Zone 33).
To generate a table containing the pixel count for each
land cover class (class hereunder) two different procedures
were applied. Firstly, we employed the QGIS addin
“RasterStats“ (version 0.4.3). It is able to compute raster
statistics or count pixels with the division for each class
within the determined attribute of the polygon layer (here
“adr_for”, which is a specific address of the forest
subcompartment). The first value in the resulting file refers
to the value of the selected attribute and the following
values represent the number of pixels for each class
detected within a specific attribute value. Secondly, for
each selected forest subcompartment the raster was cut to
the polygon border. Then, the histogram was analysed, i.e.
pixel counts for each class summarised, in the exported
tagged image file format in ImageJ 1.52a (Schneider et al.
2012). Pixels surrounding the forest subcompartment
resulting from the rectangular shape of the cut raster were
excluded from analyses. Two sets of histograms were
processed separately to calculate pixel number (each pixel
of 100 m2, hence after multiplication by 100 the area in
hectares is obtained) attributed to coniferous and
deciduous forests (in total) and other layers (in total) from
the land classification map in accordance with the legend
attached to the S2GLC map documentation. Forest cover
values were then calculated by dividing the pixel number
classified as forests by the total number of classified
pixels. Percentage values of error of the assessed forest
cover (eFC) were calculated as follows (equation 1):

MATERIAL & METHODS
For the purpose of this study regenerated stands from
two State Forests Inspectorates (Bydgoszcz and Durowo)
were selected from among those inventoried in 2017. The
inventories were carried out five years after the
regeneration establishment in accordance with the
silviculture principles (Silviculture Principles 2012).
Briefly, it is performed by visual assessment of the quality
and calculation of forest cover by counting the number of
trees in randomly selected transects, which are then
referred to the number of initially planted seedlings.
Considering the inventories of 2017 the decision was
justified due to the availability of the S2GLC project land
cover maps only for that year. Only reforestations
established after clear cuts were selected for further
analyses. In total, 33 forest subcompartments (or their
sections, here all referred to as subcompartments) covering
61.28 ha were included in the study. Within the Forest
Inspectorate in Bydgoszcz all of them (n=17) were
composed mainly of 6year old Scots Pine (Pinus
sylvestris L.) (70100% share in the forest cover). Within
the Forest Inspectorate in Durowo two stands were
composed of 7year old European white elm (Ulmus laevis
Pall.) and European elder (Alnus glutinosa (L.) Gaertn.),
one of 7year old European oak (Quercus robur L.) and 6
year old European larch (Larix decidua Mill.) with the
other (n=12) composed of 6 or 7year old P. sylvestris as
the main species (5080% share in the forest cover) in the
stand composition. The area of stands ranged from 0.40 to
4.00 ha. Among all the inventoried sites, assessment
indicated cover ranging from 85 to 98%.
Rasters representing land cover maps corresponding to
the selected sample sites were downloaded after a search
conducted in the EO Finder (https://finder.creodias.eu/)
from the S2GLC collection. Layers with polygons
representing forest subcompartments of the two State
Forests Directorates (Piła and Toruń) were preliminarily
imported to the QGIS 3.4.12Madeira environment (QGIS
Development Team, 2021) from the Forest Data Bank
WFS service (https://www.bdl.lasy.gov.pl). Then, layers
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where i is the applied method (ImageJ or RasterStats)
for subcompartment j=1,2, …, 33, FC is forest cover
estimated by pixel counts from generated tables, aFC is
forest cover assessed by the State Forests Service.
Similarly, the percentage error in the number of all
classified pixels (eCP) was calculated (equation 2):

where i and j are the same as in equation 1, CP is the
number of classified pixels from the tables containing the
pixel counts, and exP is the expected number of pixels (i.e.
subcompartment area in hectares multiplied by 100).
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Two ANOVA models with mixed effects were used to
compare the error for the assessed forest cover (1) and the
error in the number of classified pixels (2) from different
methods of data acquisition (software: ImageJ or
RasterStats QGis addin) and different forest inspectorates
(Bydgoszcz, Durowo). The effect of forest
subcompartment nested within forest inspectorate was
included due to the repeated measures in the data structure.
Using the AndersonDarling test the residuals of both
analyses were verified whether they meet the assumption
of normal distribution. The equal variance assumption was
violated due to the low variance of one level within the
“software” effect in the analysis of eCP (the Lavene F
test). In accordance with Dean et al. (2017), unless one
variance is considerably larger, the significance level for
the hypothesis remains close to the stated values, and
hence inference from the model is possible without
constraints.

Figure 1. Percentage error in the number of classified pixels
resulting from the assessment method: ImageJ (a) or
RasterStats (b) and forest inspectorates (Bydgoszcz, Durowo)
for forest subcompartments included in the study. The value of
error was calculated from equation 2. Boxes represents
quartiles with the median in the middle of each one. Crosses
represents values of arithmetic means. Note the different scales
in the ordinate axes of (a) and (b).

RESULTS AND DISCUSSION
Errors in the number of pixels classified within each
subcompartment compared between the two types of
software, i.e. ImageJ and RasterStats addin, are
substantial and were found to be statistically significant
(Table 1). Figure 1 shows clearly RasterStats addin
attributed to each forest subcompartment many more
pixels than had been expected. It is difficult to explicitly
explain the reason for such big differences based only on
the presented results. It is necessary to analyse the
software code to explain why pixel overcounting occurs.
The effect of software (RasterStats vs ImageJ) explained a
small portion of variation when the error in the forest
cover estimate is taken into consideration (Table 1).
Instead of a similar error in the assessed forest cover

(Figure 2), and despite the very fast histogram analysis
when the RasterStats was applied, we cannot recommend
it for further detailed analyses, because of the failure to
accurately provide the number of pixels attributed to each
subcompartment. Analyses conducted in ImageJ showed a
number of classified pixels evenly distributed around zero
(Figure 1a). It is clear that the results from a calculation
made with ImageJ are more reliable for the moment.
The medians of error in cover assessment amounted to
10 and 25% for the Durowo and Bydgoszcz Forest
Inspectorates, respectively. This small, and in fact
insignificant difference (Table 1) between the two
inspectorates could be attributed to different species

Table 1. Results of the analysis of variance for the error in assessment of forest cover (eCF) and the number of
classified pixels (eCP) from different softwares (ImageJ or RasterStats addin for QGis) and two State Forests
Inspectorates (Bydgoszcz, Durowo). One outlying forest unit was removed from the first analysis (on the left).
eCP

eFC
Source of variation

df

SS

MS

F

P

df

SS

MS

F

P

0.90

Forest inspectorate (FI)

1

0.141 0.141

0.35

1

0.74

0.74

1.33

0.26

Forest subcompartment [FI]*

30

4.719 0.157 18.60 <0.01

31

17.19

0.55

1.09

0.41

Sofware

1

0.023 0.023

2.68

0.11

1

28.27 28.27 55.42 <0.01

FI x S

1

0.015 0.015

1.80

0.19

1

0.80

0.80

Error

30

0.254 0.009

31

15.81

0.51

Total

63

5.154

65

62.18

1.57

0.22

Abbreviations: df – degrees of freedom, SS – sum of squares, MS – mean square, F – Fisher score, P –
probability of the 1st type statistical error of the F test, Forest subcompartment [FI] – the effect of “forest
subcompartment” nested within the “Forest inspectorate” effect, * – random effects.
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composition of their regenerations, i.e. a greater
contribution of deciduous species in Bydgoszcz. Such
differences between deciduous and coniferous forests were
indicated in a study by Abdi (2020). Accuracy (>95% for
forests) indicated in a study by Malinowski et al. (2020) is
very promising for future analyses of changes in forest
cover of Europe, or even the whole Earth if the results of
the S2GLC project are applied on a broader scale.
However, analyses presented here indicated that only 14
from 33 subcompartments met the 95% criterion. It is
definitely too big an inconsistency to apply the tested land
cover map for detailed analyses concerning the degree of
coverage in juvenile stands to meet the needs of forestry
management. To our knowledge we have no information
on the potential impact of the low reflectance of vegetation
in the case of juvenile stages of forests for the accuracy of
land cover maps. In the juvenile stage after regeneration
land may be classified as cultivated area or herbaceous
vegetation due to the reflectance caused by the still poor
cover provided by the undergrowth. The entire area
investigated in this study, i.e. 33 subcompartments (61.28
ha), was covered in 94% by saplings (data from the Forest
Service inventories). For the same area the forest cover
estimated from the land cover map was 71% (ImageJ) or
73% (RasterStats addin). The rest of the analysed area
was classified mainly as marshes (10% and 7%), peatbogs
(10% and 6%), herbaceous vegetation (5% and 7%) and
cultivated areas (3% and 5%). At this stage of stand
development it is not surprising that a considerable area
may be assigned to classes other than forest land. In fact,
areas covered by early stages of forest development, if not
classified as forests, are classified mainly as vegetation of
another type.
As mentioned in the introduction section, there were
attempts to solve such issues and the one proposed in a
study by Wulder et al. (2020) seems to be the most
efficient approach. Light Detection and Ranging (LiDAR)
is a technology expected to give reasonable results even
for early stages of forest development (Næsset 2005, Bork
and Su 2007). It is however used for more detailed
analyses, such as estimation of the number of stems per
hectare or tree height, which was not the subject of our
study. At present an older technology – aerial photography
– with the approach proposed in their study by Pitt et al.
(1997) would probably be the best solution. Nevertheless,
when applied for huge areas such as Canada in a study by
Pitt et al. (1997), costs of this approach could be
economically justified. In Poland, aerial photography in
forestry management is rarely used and employment of
such an approach for one purpose – assessment of forest
regeneration (average Forest Inspectorate area ~72 thous.
Creative Commons Attribution 4.0

Figure 2. Percentage error in the assessed tree cover resulting
from the assessment method (ImageJ or RasterStats) and forest
inspectorates (Bydgoszcz, Durowo) for forest subcompartments
included in the study. The value of error was calculated from
equation 1. Boxes represents quartiles with the median in the
middle of each one. Crosses represents values of arithmetic
means.

ha, Forest Data Bank WFS service: https://
www.bdl.lasy.gov.pl) seems not to be a likely alternative.
Finally, two questions investigated in this study have been
answered:
1. There is an unsolved problem with the pixel
counting algorithm in the QGIS RastrStats addin and it
cannot be recommended for analyses of “Land Cover Map
of Europe 2017” combined with the Forest Data Bank
vector layers.
2. The abovementioned map has provided reasonable
results (95% accuracy assumption) for about half of the
investigated juvenile stands, but still no insight has been
gained on the sources of variation in the observed error.
Hence, this map cannot be recommended for detailed
analysis of forest cover five years after regeneration
establishment.
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