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Abstract. The work presented here aims at developing cover mask for monitoring forest health in Poland using remote sensing
data. The main objective was to assess the impact of using the mask on forest condition monitoring combined with vegetation
indices obtained from long-term satellite data. In this study, a new mask developed from the CORINE Land Cover 2012 (CLC2012)
database is presented and its one-kilometer pixel size matched to low-resolution data derived from SPOT VEGETATION satellite
registrations. For vegetation mapping, only pixels with a cover > 50% of broad-leaved and mixed forests defined by CLC2012
were taken into account. The masked pixels were used to evaluate spatial variability in eight Natural-Forest Regions (NFRs). The
largest coverages by masked forests were obtained in Sudetian (65.7%), Carpathian (65.9%) and Baltic (51.3%) regions. For other
forest regions the coverage was observed to be around 30-50%.

Time-series of the Normalized Difference Vegetation Index (NDVI) comprising SPOT VEGETATION images from 1998
until 2014 were computed and cross-comparison analyses on > 50% and < 50% forest cover masks brought up frequent diffe-
rences at a level higher than 0.05 NDVI in seven out of eight NFRs. An exception is the Sudetian region, where the data was
highly consistent. Furthermore, the Mann-Whitney U non-parametric test revealed statistically significant differences in two
regions: Baltic and Masurian-Podlasie NFR. The comparative analysis of NDVI confirmed that there is a need for additional

investigation of the quality of newly developed forest mask combined with vegetation and meteorological data.
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1. Introduction

Information systems on the condition of forests and tree
stands are a good and essential source of knowledge for cen-
tral government administration, local governments, forestry
services and society. The systems developed from research
projects, such as the Data Bank on Forests and the Natio-
nal Forest Inventory, are a response to the growing demand
for forest monitoring in Poland. Information is collected on
the basis of continuous or periodic observations and measu-
rements taken at sample sites and permanent observation
plots. Annual reports prepared by the Forest Research Insti-
tute, commissioned by the Directorate General of the State
Forests National Forest Holding, are comprehensive sources
of data about the health of the forests.

A wide range of satellite products can support forest
monitoring programmes and systems. Satellites placed on
circumpolar orbits are able to conduct regular, daily ob-
servations of the earth’s surface. The mission of the Ame-
rican NOAA meteorological satellites has continued since
the 1970s. The environmental Terra and Aqua satellites,
developed under NASA, have been orbiting continuously
since 1999 and 2000 respectively. The European program
of environmental satellites, such as SPOT VEGETATION,
was implemented in 1998 to 2014 and continued by Proba-V
since 2013.

Satellites are classified as high, medium and low resolu-
tion depending upon the ground resolution of the pixel, i.e.
the actual size of the smallest unit of an image. The abo-
ve-mentioned satellites belong to the category of low-re-
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solution satellites. AVHRR and MODIS sensors, mounted
on the NOAA meteorological satellites and Terra and Aqua
environmental satellites, scan the surface of the Earth with a
spatial resolution of 1 km x 1 km and 250 m x 250 m. The
newest environmental Proba-V satellite views an area at a
minimum spatial resolution of 100 m x 100 m. The sensors
of these satellites capture the surface within the visible light
range, as well as in the near, mid- and far infrared.

As aresult of access to long-term observations from differ-
ent satellites, many scientific papers have appeared on mon-
itoring the forest cover and the health condition of the forest
environment. Analysing the percentage of forests on the sur-
face of each pixel of satellite images taken over a long period
of time has enabled the development of a series of forest maps
to determine the rate of deforestation in the Amazon (D. Lu
et al. 2011) and India (C.S. Reddy et al. 2015). These studies
have focused on the methodological aspects of developing a
series of forest masks, to enable forests to be distinguished
from other forms of land use and to monitor the variability of
coverage of the forest environment over time.

Ready and freely available thematic layers exist, present-
ing the percentage of forest cover in the area of a pixel of a
satellite image. These are the high-resolution layers (HRL)
developed for Europe’s forests in 2012, with a resolution of
100 meters, available at the Copernicus Land Monitoring
Services website http://land.copernicus.cu/pan-european/
high-resolution-layers/forests/. Since 2000, the distribution
centre of NASA’s satellite data also offers a global product
called Vegetation Continuous Fields (VCF), with a resolu-
tion of 250 meters, which was developed on the basis of im-
ages recorded by MODIS sensors (website: https://Ipdaac.
usgs.gov/database discovery/modis/modis_products table/
mod44b). However, the HRL and VCF products have cer-
tain temporal and spatial limitations. HRL databases provide
information for only one year and do not cover the entire ter-
ritory of Poland, whereas VCF databases include the last 15
years, but do not have information about the types of forests.

The wide range of low-resolution, long-term data and
their cost-free, widespread availability enable complex anal-
yses to be made of the condition of vegetation. Even the
limited spatial resolution allows the environment to be mon-
itored at the national as well as the regional level. However,
the low spatial resolution databases, most commonly offered
at I km x 1 km resolution, and the complexity of the geo-
metric correction of satellite images (Bychawski W. 1988)
may result in errors in the accurate identification of forest-
ed areas, which may be perceived as extensions of abutting
farmland or built-up areas. And this could lead to errors in
measuring the status and condition of forests.

Studies are conducted on the growth and development of
forests based on many years of satellite observations. Veg-

etation indices, derived from satellite images, allow us to
determine when broad-leaved forests start turning green or
shed their leaves in winter. The methods based on these indi-
ces allow us to evaluate the state of growth and development
of forests. Therefore, in order to monitor the health condi-
tion of plants using satellite remote sensing, an invaluable
role is played by the thematic layers of forest areas, which
serve as a mask for narrowing the research only to forested
areas. For example, in studies of the temporal and spatial
variability of vegetation in Svalbard, test polygons were pre-
pared with precise information about plant species (Karlsen
S. et al. 2014). In turn, the mapping parameters that describe
the phenology of forests in India used digital resources on
forests to distinguish it from other vegetation complexes
(Prabakaran C. et al. 2013). The widely available digital da-
tabase of land cover, the CORINE Land Cover 2006 inven-
tory, was used in testing methods to detect deforestation in
Poland between 2000 and 2006 (M. Bartold 2013).

Reports on the state of forests (State of Europe’s Forests
2015) and in publications on changes in the phenology of
plants (Garamvolgyi A., 2013) emphasise the particular role
of monitoring the growth and development of forests in the
context of climate change. Therefore, in this article, we pro-
pose the use of masks of forest areas to monitor their health
condition. The aim of this study is to develop a layer of rep-
resentative pixels of forest areas obtained from the CORINE
Land Cover 2012 inventory. The method of selecting pixels
is based on an analysis of the percentage of forest area in a
given pixel. The thematic layer was then validated by ana-
lyzing vegetation index time-series data over forest areas
derived from low-resolution satellite data. Temperate zone
broad-leaved forests are characterised by a distinct season-
ality, and thus are a good test area to analyze the variation
of vegetation indices for monitoring the condition of tree
stands from satellites.

2. Methodology

The study was conducted in three stages. Figure 1 pre-
sents the schematic development and testing of broad-leaved
forest masks. In the first stage of the work, the borders of fo-
rested areas occurring in Poland were determined using the
CORINE Land Cover (CLC) database. As part of the CORI-
NE program, areas with a minimum of 25 ha and a width of
at least 100 m were mapped on the basis of high-resolution
satellite data (Ciolkosz, Bielecka 2005). The current, fourth
edition of the CLC2012 was established within the frame-
work of the European Copernicus GIO Land Monitoring
program (Hoscilo, Tomaszewska 2015). Because the purpo-
se of the mask is to monitor the health condition of forests
from the CLC2012 semi-natural and forest ecosystem clas-
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Figure 1. Flowchart of steps to create and test broad-
leaved and mixed forests mask

forest regions

ses, only those areas covered by broad-leaved forests were
selected. This condition is fulfilled by classes 311 and 313,
defined by the CORINE nomenclature as broad-leaved and
mixed forests, with no breakdown by age and species com-
position of trees. Classes 311 and 313 include areas of forest
with over 30% tree cover or a density of 500 trees per hec-
tare. A detailed definition of class 311 includes forest areas
in which a minimum of 75% is dominated by broad-leaved
forests. Class 313 describes areas of mixed forests, in which
the percentage of broad-leaved or coniferous forests does
not exceed 25 % (CORINE Land Cover nomenclature illu-
strated guide). As a result of the first phase of the work, we
obtained a vectored primary thematic layer of forest areas
as of 2012.

Next, an analysis of the percentage of forest area on the
surface of a given pixel was conducted (Fig. 2). For this pur-
pose, a grid of 1 km squares was made, corresponding to
the pixel grid of SPOT VEGETATION satellite images. We
adopted a criterion threshold of 50% of the area occupied

by forest within a pixel. This stage of the work was done to
minimise errors in measuring the condition of the forest that
may arise as a result of the presence of several land cover
classes within a single pixel.

This methodology has already been verified during the
development of the thematic layer of agricultural land used
in forecasting yields based on NOAA AVHRR images
(Turlej et al. 2013). The authors of this work compromised
between obtaining an optimal number of pixels and pre-
serving their agricultural representativeness. They analysed
the percentage of CORINE Land Cover 2006 agricultural
classes in the pixel arcas of NOAA-AVHRR as well as in
the pixel areas of 600 m wide buffer zones. Studies on an
advanced agricultural mask showed a slight improvement in
the growth index readings for monitoring crops in relation
to the index readings using the standard mask threshold of
50%. The 50% criterion is also used in the environmental
CORINE programs and GLOBCOVER 2009 products to
distinguish dominant forms of land cover in the area of a
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SPOT-VEGETATION 1 kilometer grid c) pixels with 50% threshold of occurred broad-leaved and mixed forests

given pixel (CORINE Land Cover nomenclature installation
guide, GLOBCOVER 2009 Product Description Manual).
Therefore, this study also retained a 50% threshold criterion
in developing masks of forest areas.

The third stage of the work involved verifying the impact
of applying the new mask of forest areas on the measurement
quality of the normalised difference vegetation index (NDVI)
calculated by using many years of satellite observations. This
index, introduced in the 1970s, is widely recognised as one
of the most universal measures of the health and resilience
of vegetation (CJ Tucker 1979). It is calculated by using the
spectral characteristics of chlorophyll in plants contained in
the red range of the electromagnetic spectrum and cellular
structures in the near infrared. The range of NDVI values is
from —1.0 to 1.0, wherein the closer values to 1 indicate a
higher intensity of the growth phase and better condition of
the plants, and thus a higher amount of biomass and greater
percentage of broad-leaved species in the forests.

The measurements of the vegetation index for forests in the
period 1998-2014 was based on SPOT VEGETATION satelli-
te data. A total of 581 NDVI 10-day temporal composites were
used for the measurements, which consisted of daily satellite
observations after the maximum value of the index observed
in a given 10-day period. This method of combining the daily
images in a composite solves the problem of the frequent cloud
cover over Poland. 10-day composites, designated as a S10 pro-
duct, are produced and made available free of charge by the Fle-
mish Institute for Technological Research (VITO) in Belgium.

The NDVI values of broad-leaved and mixed forests were
averaged within eight natural-forest regions, i.e. the Baltic
region (I), Masurian-Podlasie region (II), Greater Poland-Po-
merania region (III), Mazovia-Podlasie region (IV), Silesian
region (V), Lesser Poland region (VI), Sudeten region (VII)
and the Carpathian region (VIII). Because the forest masks are

to be used to monitor the health condition of forests in Poland,
we divided the regions in this study to take into account the
climatic factors affecting forest growth. The spatial division
of the regions was developed by the Faculty of Forestry at the
Warsaw University of Life Sciences — SGGW as part of the
work on regionalising natural-forest areas in 2010 (R. Green,
Kliczkowska A. 2012). Natural-forest regions are hierarchi-
cally the highest units of regionalisation. The boundaries were
determined on the basis of differences in geology, geomor-
phology, climate and types of natural landscapes. Such a di-
vision also takes into account the variation in the percentage
of forest species and their suitability for forest management.
For the purposes of this study, the regional boundaries
were generalised to a scale of 1:20,000,000.

The assessment of the usefulness of the new mask was
based on NDVI measurements performed for both the areas
that met the 50% criterion of forest within the 1 km pixel
(> 50% mask) and for the remaining forest areas, which did
not meet this criterion (< 50 % mask). Figure 3 shows the
spatial distribution of the percentage of forest area using the
example of the Carpathian region.

To determine the statistical significance of differences in
the 1998-2014 NDVI measurements for the two separate
masks of > 50% and < 50% forest area, we used the non-pa-
rametric Mann—Whitney U test. Selecting the non-parame-
tric test is justified by the lack of a normal distribution of
the NDVI index for forests during the growing season and
the juxtaposition of pairs of observed index measurements
from two independent populations of forest areas masked
with the threshold of > 50% and < 50%. The null hypothesis
assumes no difference in the NDVI measurements and thus
no impact of the developed forest mask on their quality. The
alternative hypothesis assumes that differences in the vege-
tation index are statistically significant and the use of a new



forest mask influences the results obtained when monitoring
the health condition of forests. The level of significance was
established at 0.05. If a test result of p <0.05 was obtained, it
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was assumed that the distributions vary significantly and the
alternative hypothesis was adopted. However, if the result
was p > 0.05, there was no basis to reject the null hypothesis.

Figure 3. Mask of one kilometer pix-
els with > 50 and < 50% broad-leaved
and mixed forests in Carpathian Natu-
ral-Forest Region (CNFR)

Figure 4. Broad-leaved and mixed for-
ests mask at > 50% overlaid natural-
forest regions
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Table 1. CLC2012 and >50% masked broad-leaved and mixed forests share in Natural-Forest Regions areas

Natural-Forest Region (NFR) NFR Area CLC2012 broad-leaved and mixed Masked broad-leaved and mixed
[km?] forests share [%] forests share [%]
Baltic 40193 51.3 13.5
Masurian-Podlasie 27660 41.6 10.7
Greater Poland-Pomerania 71439 30.8 5.2
Mazovia-Podlasie 53162 37.4 6.0
Silesian 27125 43.7 8.9
Lesser Poland 68520 39.0 8.2
Sudetian 5070 65.7 16.7
Carpathian 19342 65.9 27.9

3. Results and discussion

Figure 4 shows a map of the spatial arrangement of broad
-leaved and mixed forest areas, whose percentage in 1 km?
is equal to or greater than 50%. The map also shows the
boundaries of the eight natural-forest regions. The criterion
threshold of 50% allowed us to maintain a certain represen-
tativeness of the forest pixel for studies on monitoring forest
growth and development. The percentages of the masked
broad-leaved and mixed forest areas in the regions are su-
mmarised in Table 1. The largest area of forests in the study
was recorded in the Carpathian region, accounting for 27.9%
of the region. Next on the list were the forests of the Sudeten
and the Baltic regions, 16.7% and 13.5% respectively. Ma-
surian-Podlasie also had more than 10% of its area covered
by forests. The least amount of masked forests was detected
in the Greater Poland-Pomerania region, where they accoun-
ted for 5.2% of the area.

Table 1 also shows the percentages of the area of broad
-leaved and mixed forests classified in the CORINE Land
Cover 2012 database. The greatest percentage of identified
broad-leaved and mixed forests was in the Sudeten and Car-
pathian region, representing, respectively, 65.7% and 65.9%
of these areas. The forests of the Baltic region also had a
high result, over 50% of the area. The percentage of forests
in the remaining regions ranged from 30-50 % of the areas.

Juxtaposing the percentage of broad-leaved and mixed
forests classified by CLC2012 and the > 50% mask is aimed
at demonstrating the amount of information about forests
that is lost when producing a new mask to monitor the he-
alth condition of forests. The largest loss of information on
forest areas, 49% (from 65.7% to 16.7%), was recorded for
the Sudeten region. This result indicates that virtually every
other analysed 1-km pixel did not exceed the required cri-

terion threshold of 50% of broad-leaved and mixed forests.
This may be due to the presence of numerous small areas
of forest with scattered tree stands that survived intensive
industrial activities and the gradation of insect pests (Boche-
nek Z. et al. 1997). Large losses of information about forest
areas were also observed in the Baltic region —37.8 % (from
51.3% to 13.5%) and the Carpathian Region — 38.0 % (from
65.9 % to 27.9 %). In other regions, the size of the forest
area decreased to 25-35 %.

To summarise, an average of about one-third of the
areas of broad-leaved and mixed forests identified in the
CLC2012 database were rejected due to not meeting the cri-
terion threshold of 50% for establishing a new forest mask.
These 1-km areas, where forests are not the dominant form
of land cover, were rejected due to: (1) the need to maintain
representative forest pixels and (2) the need to obtain the
most reliable index measurements and to minimise interfe-
rence from other land cover types (e.g. agricultural areas,
areas being built up in the vicinity of forests). To answer
the question of how the rejected forest areas could affect the
quality of the NDVI measurements, a comparative analysis
was made of the index obtained using the time series for
1998-2014. Figures 5 and 6 show the differences in the
NDVI measurements, obtained on the basis of many years
of SPOT VEGETATION satellite observations for the > 50
% mask of broad-leaved and mixed forests and the <50 %
mask of these forests. The results in the context of monito-
ring vegetation were sorted by the decade of the year.

To evaluate the preliminary results of the NDVI compa-
rison, a confidence level of 95% with a rejection threshold
for measurement error of 0.05 was applied. As the scale of
NDVI values is from —1.0 to 1.0, as is the scale of diffe-
rences for this index, the thresholds of measurement errors
of the differences in NDVI are also at —0.05 and 0.05. The
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Figure 5. NDVI differenc-es
calculated from satel-lite
SPOT-VEGETATION
1998-2014 data for > 50 and
< 50% forest mask in Natu-
ral-Forest Region: a) Baltic,
b) Masurian-Podlasie, c¢)
Greater  Poland-Pomerania,
d) Mazovia-Podlasie
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rejection thresholds are depicted in Figs. 5 and 6, where
the differences in NDVI measurements of greater than 0.05
and less than 0.05 indicate a significant change in the vege-
tation index readings. NDVI differences greater than 0.05
indicate higher values of the vegetation index based on the
> 50% mask. Measurements recording a NDVI of less than
0.05 indicate higher values of the vegetation index of the
<50 % mask.

NDVI measurements were made for 581 ten-day com-
posites (observations) from SPOT VEGETATION, starting
from the first decade of April 1998 to the second decade of
May 2014, both months inclusive. The most frequent diffe-
rences in the vegetation index were recorded in the Baltic re-
gion, where out of 581 observations, as many as 76 periods
were found to have exceeded the NDVI measurement error
of 0.05 (Fig. 5a). This represents 13% of all measurements
of the vegetation index made in 1998-2014. Masurian-Pod-
lasie and Greater Poland-Pomerania followed, registering 51
and 48 cases of significant differences of NDVI (Figs. 5b
and 5c). On the other hand, the results of the measurements
for the Sudeten region were at the opposite extreme. There
was only one case of the occurrence of a difference exce-
eding 0.05 of the NDVI in broad-leaved and mixed forests
with masks of > 50% and < 50%.

We then examined how often the differences in NDVI
measurements occurred during periods of tree stand gro-
wth and development, and the implications this may have
for monitoring the vegetation of forests. For this purpo-
se, the NDVI measurements in Figs. 5 and 6 were sorted
by the decades. In the case of the Baltic region, having
the most frequently recorded measurement differences, up
to 99% of them were observed in decades 18-30, which
corresponds to the period of June—October (Fig. 5a). This
is a very important piece of information, highlighting the
importance of carrying out vegetation measurements of fo-
rests. Figures 5c for the Greater Poland-Pomerania region,
6a for the Silesian region and 6b for the Lesser Poland re-
gion also confirm the existence of significant differences in
NDVI measurements only in the period of plant phenology,
from the 18th to the 30th decade. On the other hand, Figs.
5b and 5d show cases of differences in the index values
in winter and summer-autumn. Variations in the measure-
ments greater than 0.05 observed during the winter months
may indicate imperfections related to masking snow cover.
These differences have no significant impact on studying
forest vegetation during spring and autumn.

At the end of the analysis, we performed nonparametric
Mann—Whitney U tests. The measurement statistics of the re-
gions are as follows: (a) Baltic p = 0.021, (b) Masurian-Pod-
lasie p = 0.038, (c) Greater Poland-Pomerania p = 0.095, (d)
Mazovian-Podlasie p = 0.221, (e) Silesian p = 0.072, (f) Lesser

Poland p = 0.105, (g) Sudeten p = 0.389 and (h) Carpathian p =
0.083. The test results confirm that the measurements of forests
with a mask of > 50 % and < 50% in the regions of northern
Poland, i.e. the Baltic and Masurian-Podlasie regions, had sta-
tistically significant differences in NDVI values. The greatest
risk of rejection of the null hypothesis, which assumes no diffe-
rence, was found for the Sudeten (38.87%), Mazovian-Podlasie
(22.12%) and Lesser Poland (10.45%) regions.

In summary, the new forest mask of > 50% had an in-
fluence on obtaining higher NDVI measurements by more
than 0.05 in the growth periods of forests in seven natural
-forest regions: Baltic, Masurian-Podlasie, Greater Polan-
d-Pomerania, Mazovian-Podlasie, Silesian, Lesser Poland
and Carpathian. Because we obtained relatively reliable
NDVI values, the results of these measurements could
imply the validity of using masks. The developed forest
mask of > 50 % partially eliminates the problem of measu-
rement errors of the indicator for “pure forest” areas and
areas with no other form of land cover. However, it is advi-
sable to check the classes of land cover other than forests
that occur in the pixels and to check the surrounding areas
of each pixel, thereby creating buffer zones of a width of
over ' of the 1 km pixel, i.e. 600 meters. The experien-
ces of working on an agricultural mask to forecast yields
(Turlej K. et al. 2013) showed no unequivocal, clear and
universal criteria for mask and a buffer zone thresholds.
On the other hand, the assumption adopted in this paper of
an authoritative threshold of 50 % is used in environmental
programs and products to classify land cover, such as CO-
RINE Land Cover or GLOBCOVER 2009.

The results of the Mann—Whitney U test showed that
among all of the eight regions surveyed, only two, Baltic
and Masurian-Podlasie, obtained statistically significant
differences. These are regions where the most numero-
us differences were observed of NDVI measurements for
1998-2014 — 76 and 51 respectively out of 581 observa-
tions. We found no justification to reject the null hypothesis
for the remaining six regions, and the risk of rejecting the
true hypothesis was at a level of 7.19% for the Silesian to
38.87% for the Sudeten region.

The forests of the Sudeten region are a special case,
where we noted absolutely no impact of the new mask on
the quality of the readings (one erroneous observation for
all 581 possible observations). It is worth noting that in
terms of area, this is the smallest natural-forest region of
all eight studied, having a mountain landscape dominated
by coniferous forests in the upper layer and mixed forests
in the lower layer. Coniferous forests, which are very close
or identical to the readings of broad-leaved and mixed fo-
rests in the NDVI measurements, dominate in the 1-km
pixel grid. Therefore, the mask threshold of 50% may not
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have had any effect on the quality of the vegetation index
measurements.

To conclude the discussion, we recommend that an ad-
ditional assessment be made of the NDVI measurements by
checking the correlation with meteorological data or satellite
data from a different source. A supplemental verification of
research results could also be the juxtaposition of index me-
asurements based on low- and high-resolution images, for
example, SPOT VEGETATION and Landsat. In this case,
due to the nature of registering high-resolution images, the
research can be performed only for selected test polygons
within a specified time interval.

Conclusions

1. The developed forest mask of > 50% influenced the re-
sults of vegetation index measurements for forests in seven
natural-forest regions. Use of the new forest masks had no
effect on the measurement results of the profiles of the vege-
tation index for the Sudeten region’s forests.

2. In total, 99% of the differences in NDVI larger than
the 0.05 were recorded during the period of forest growth
and development, from the 18th to the 30th decade. This
points to the need to take into account the developed mask
in research on monitoring the health condition of the forest
environment.

3. The results of NDVI measurements using a new
forest mask of > 50% and a mask of < 50% showed
statistically significant differences for the Baltic and Ma-
surian-Podlasie regions, accounting for 13.1% and 8.8%,
respectively, of all observations in 1998-2014. The risk
of the rejection of the null hypothesis, which assumes that
the measurements agree, is less than 2.14% and 3.80%,
respectively.
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