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The paper presents a simple, inexpensive, and effective method allowing for frequent classification of the forest type coniferous,
deciduous, and mixed using medium and low resolution remote sensing images. The proposed method is based on the set of
vegetation indices such as NDVI, LAI, FAPAR, and LAIxCab calculated from MODIS and MERIS satellite data. The method uses
seasonal changes of the above-mentioned vegetation indices within annual cycle.Themain idea was to collect and carefully analyse
seasonal changes in vegetation indices in a given ecosystem type proven by a Corine Land Cover, 2006 database, and to compare
them afterwards with those of a particular forest under study. Each type of a forest ecosystem has its own specific dynamics of
development, thus enabling recognition of the type by comparing temporal changes of the proposed measures based on vegetation
indices. Temporal measures of changes were created for selected reference stands by the ratios of particular indices determined
in July and April, which are the middle and the beginning of a vegetation season in Poland, respectively. The analysed vegetation
indices were additionally provided with chosen statistical measures. The statistical analyses were carried out for Poland’s main
national parks which represent the natural stands of temperate climate.

1. Introduction

Forests cover about 31% of the land [1], and their role in
the natural environment and in human activities is essential.
For example, forests have a significant influence on the
composition of dust and atmospheric gases, air and soil
temperature, the amount of water present, and forested areas,
both in soil and in vegetation cover. Forests also play an
important role in the exchange of water between the soil
and the atmosphere. Forest management requires timely
and accurate information on forests [2] and remote sensing
methods have been used for forest inventory for decades
[3–5]. A major problem in forest research is the diversity
of ecosystems, which provides for the possible couplings of
various physical and biological processes, especially when
there is a need of mesoscale assessments. It is therefore

essential how large areas can be represented by the data
(satellite, terrestrial, and statistical assessment) andwhat time
resolution measurements are performed with. For all these
reasons, studies on forest ecosystem, have always required
considerable effort and resources.

In remote observations of forests, spectral analysis allows
for the determination of various biophysical parameters such
as NDVI, LAI (leaf area index), FCover (fraction of vegeta-
tion cover), FAPAR (fraction of absorbed photosynthetically
active radiation), and LAIxCab (canopy chlorophyll content
of A and B types) [6–9].These indicators and their properties
are well described in the literature [10, 11], so they will
not be detailed discussed here. Applying these vegetation
indices, it is possible to determine quite accurately, both
quantitatively and qualitatively, the state of vegetation on the
Earth’s surface. The vegetation indices are closely related to
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the fundamental energy and biological and physical phenom-
ena, but at the same time they are distant from the direct
parametric assessments. Thus, one uses vegetation indices to
evaluate more complex quantities, such as biomass and its
productivity, the ability to bind water with vegetation or even
with soil under the trees, diverse statistical characteristics of
trees (e.g., diameter at breast height, cross-sectional area),
evapotranspiration, and the ability of carbon binding.

It is worth mentioning that diverse sophisticated vegeta-
tion indices as well as their processors specialized to specific
satellite imagery are still developed giving new impetus to the
development of better methods for classification of forests.

High resolution observations are most commonly asso-
ciated with the necessity of obtaining and processing large
amounts of data [10, 11] while (contrary to popular opinion)
they are usually rare, and even incidental, limited to the time
of satellite flight, depending on cloud conditions, research
cost, and so forth. Therefore, it is generally accepted that the
satellite data with an average or low spatial resolutions are
also very valuable, because such data are easily and regularly
accessible, often at no cost, as open to the public.

It should be also emphasized that high spatial resolu-
tion, in observing the Earth’s surface, including the forest
ecosystems, is not the only or even the most important
criterion of quality satellite observations. Increasing spatial
resolution capabilities have caused a sharp increase in the
amount of data and resources needed to process them,
resulting in increased costs of research and investment of
human labour. A suitable compromise in the selection of
spatial and temporal resolutions is therefore essential [12,
13]. An example of a large-scale, technologically advanced
satellite program designed to study the content of water
in the soil, as well as the amount of the water bounded
with vegetation, including forests, is the mission SMOS
(soil moisture and ocean salinity), working in the range of
microwave radiation (1.400–1.427GHz), which ensures the
relevance of the large-area assessments. At the same, time
resolving power of this probe is relatively low, about 32
to 50 km [14]. Inventory of forest environments obviously
must also involve high resolution observations, including
ground-based data, but such observations are not reliable
enough, if they do not enable comparisons of separate and
isolated areas, such as, for instance, various national parks.
Often there is not only the need for an exact assessment
of detailed information as, for example, distribution of tree
species, but also, especially in the climate-forest interaction
studies, some essential forest features as forest type or forest
state, which can sometimes be difficult to be distinguished in
too small or directly neighbouring forest areas. Inexpensive
and convenient observations at large scales and meso-(i.e.,
intermediate) scales are andwill always be necessary formany
regional assessments. Therefore, medium and low resolution
methods of forest ecosystem observations are intensively
developed together with high resolution ones.

The aim of this study was to develop an inexpensive
method to distinguish between three selected classes of forest:
coniferous, deciduous, andmixed bymeans of satellite images
of low (in terms of forest applications) resolution, based on
seasonal changes in selected indicators of vegetation. The

Table 1: Land cover class in the studied area according to the Corine
Land Cover, 2006 database.

Land cover Area [km2] Percentage [‰]
Anthropogenised area 10.8 4.83
Agricultural area 358.4 160.44
Deciduous forests 587.9 263.18
Coniferous forests 716.9 320.93
Mixed forests 276.8 123.91
Forests in changes 68.4 60.62
Pastures 1.6 0.72
Wetlands 212.2 95.00
Water areas 0.9 0.40
Total 2233.8 1000

results of this method could be used, for example, to validate
the aforementioned SMOS data or used in the climate-forest
interaction investigations. It was assumed that the classifica-
tion results could be easily updated annually, which is much
more frequent than, for example, the spatially detailed, and
widely used in EuropeanUnion, Corine Land Cover database
[15], which has been updated at great expense every few years
(namely, in 1990, 2000, and 2006).Therefore, theCorine Land
Cover data should be considered as independent of seasonal
changes and may serve for validating analysis with the use of
lower resolutions satellite sensors as MERIS, MODIS, SPOT,
CHRIS, and so forth.

In addition, the aim of this work was to motivate the
interest in remote observations at medium and low resolu-
tion, which are inexpensive, relatively easily accessible, and
very well equipped with free tools available for data analysis.
Particular value of spectral analysis is an opportunity of
evaluating evapotranspiration of forest areas, as it is one of
the most important elements of water balance on forest area.

2. Study Area

The statistical analyses were carried out for seven national
parks of Poland that represent the typical, natural stands of
temperate climate, namely, the Białowieski National Park, the
BiebrzańskiNational Park, the BolimowskiNational Park, the
Kampinoski National Park, the Kozienicki National Park, the
Roztoczański National Park, and the Świętokrzyski National
Park. The location of these parks on the map of Poland
is shown in Figure 1. The total area of studied parks was
about 2234 km2, including about 1582 km2 of coniferous,
deciduous, and mixed forests which is more than 70% of the
examined area.Thedetailed information on land coverwithin
the whole studied area is given in Table 1. As a test area, the
Kampinoski National Park was selected, which is located in
the vicinity ofWarsaw, capital of Poland.The total area of this
park is about 385 km2.

3. Satellite and Test Data Description

The study was based on low spatial resolution data FR 1P and
FR 2P of the ENVISAT/MERIS (medium resolution imaging
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Figure 1: Location of study area on the map of Poland.

spectrometer, spatial resolution 300m) satellite sensor of
levels, as well as on similar MOD15A2 MOD13A2 data of the
MODIS/TERRA (moderate resolution imaging spectrora-
diometer, spatial resolution 1000m). The selection of images
was guided by the above-described reasons, as well as the by
the evaluation of image quality in terms of the instantaneous
cloud cover. MODIS images were obtained free of charge
directly from theWIST site (TheWarehouse Inventory Search
Tool). MERIS images were also obtained free of charge in
cooperationwith the Space Research Centre, Polish Academy
of Sciences, the Cat-1 in the frame of project AO-3275. All the
preliminary operations and the analysis of vegetation indices
fromMERIS images were performed using the Visat (BEAM)
program from Brockmann Consult and Contributors, shared

free of charge by the European Space Agency (ESA). To
prepare remote images of good quality before the main
analysis, it was necessary to perform carefully many time-
consuming operations such as calibration, scaling, and image
orthorectification. Detailed description of these necessary,
but time-consuming analyses, is not possible in this paper.

Figures 2 and 3 show examples of spatial distributions of
exemplary indices (FAPAR MERIS and FAPAR MODIS) in
the area covering the whole of the satellite image.

When performing the spatial analysis, the GIS (Geo-
graphical Information Systems) tools were also used, namely
ArcGIS 9.1, while the statistical calculations were made in the
Statistica package. The Corine Land Cover, 2006 database,
was used to take into account only natural stands from the
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Figure 2: Example of spatial distribution of the IL NDVI MODIS
vegetation index obtained from the MERIS image, on July 3, 2008,
and on April 2, 2009.
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Figure 3: Example of spatial distribution of the IL LAIxCab MERIS
vegetation index obtained from the MODIS image, on July 3 2008,
and on April 2 2009.

above-described seven national parks. To assure the best
quality of results of GIS and statistical analyses, all pixels
taken for calculations were carefully filtered. The area, which
included the above-mentioned three types of forests and was
not obscured by clouds in satellite images, had an area of
approximately 875 km2.

4. Results and Discussion

The demonstration of significant differences between the
three forest types coniferous, deciduous, and mixed in
remote sensing data of relatively low resolution satellite
images required proper selection of vegetation indices.
This was made by carefully analyzing the major seasonal
changes of vegetation indices, ranging from classical veg-
etation indeces NDVI and LAI, to much more sophis-
ticated, such as FAPAR, fCover, LAIxCab, and MGVI.
After preliminary analysis described in the previous sec-
tion, seven different vegetation indices were chosen for the
study: NDVI MERIS, FAPAR MERIS, LAI MERIS, LAIx-
Cab MERIS, NDVI MODIS, and IL LAI MODIS.

In view of the fact that most conifer trees do not lose their
needles, one can expect that their vegetation indices show
much smaller seasonal changes than those deciduous ones
[16, 17].

As an example of such behaviour, histograms presented
in Figures 4 and 5 show the typical distributions of the
FAPAR MERIS index values in April 2, 2009 and July 3, 2009
over area of the Kampinoski National Park. As expected, the
temporal variability of this index in the case of deciduous
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Figure 4:Multiple histogramof the FAPARMERIS vegetation index
for the photograph on April 2, 2009.

forests is much higher than that in case of coniferous one. In
addition, one can notice that the value of the FAPAR index in
April for coniferous forests is greater than that for deciduous
forests, while in July the FAPAR index value is greater for
deciduous forests. As it can be seen in Figures 4 and 5, indices
for mixed forests take, in both cases, intermediate values as
compared with those for deciduous and coniferous ones.

This justifies the use of some indices based on seasonal
changes in vegetation for the classification of forest types.
In this work, the ratios of particular vegetation indices
determined in July and April, which are the middle and the
beginning of a vegetation season in Poland, were calculated.
These ratios of vegetation indices are further known briefly as
ratio indices, and indicated by the letters IL. For example,

IL FAPAR MERIS

=

value of FAPAR from MERIS in July
value of FAPAR from MERIS in April

.

(1)

It is worth noting that in order to perform such calcula-
tions it was necessary to ensure that pixels values determined
in July and April were taken exactly from the same place.

The similar histograms to those for FAPARwere obtained
also for all seven above-listed vegetation indices calculated
from MODIS and MERIS satellite images. For all analysed
national parks, the samemarked tendency has been observed:
ratio indices determined for coniferous forests had the small-
est mean values, those determined for deciduous forests were
the largest, whereas those obtained for mixed forests were
intermediate. The average values of ratio indices calculated
from the whole area of national parks are presented in
Figure 6, whereas Table 2 shows the mean values of ratio
indices calculated both for the whole area and separately for
each national park.
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Figure 5:Multiple histogramof the FAPARMERIS vegetation index
for the photograph on July 3, 2009.
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Figure 6: The average values of ratio indices calculated from the
whole area of national parks under study.

The distinct differences in mean values of ratio indices of
specific forest type made it possible to use the ratio indices
for classification purposes. To do so, also the ranges of all
ratio indices corresponding to different forest types were
determined for the whole studied area and separately for each
national park. Determination of precise limits of the ranges of
all ratio indices for the selected type of forest was a difficult
task because the ranges of these indices overlap each other
due to natural variations in the pixel values. One could expect
that the ranges of ratio indices obtained from the whole study
area were more reliable; therefore they were used to obtain
the spatial distributions of the forest type in the test area.

Table 2: The means of ratio indices for the studied types of forests
in Poland.

Ratio index Forest type
Coniferous Mixed Deciduous

IL NDVI MERIS 1.74 2.51 3.32
IL FAPAR MERIS 2.43 3.48 4.38
IL LAI MERIS 2.16 2.72 3.29
IL LAIxCab MERIS 2.88 3.85 5.21
IL NDVI MODIS 1.31 1.45 1.57
IL FAPAR MODIS 1.28 1.46 1.74
IL LAI MODIS 2.43 3.14 4.14
PIXEL NUMBER 7201 2385 3860

Table 3 presents the limits of ranges of ratio indices with the
corresponding classification accuracy of the mixed forests.

Ranges of ratio indices when applied to the classification
of forest type in the Kampinoski National Park led to
surprisingly good results both for coniferous and deciduous
forests. The obtained accuracy ranged from about 60% to
about 90%, depending on chosen ratio index, which could be
consider as good result [18, 19].

Tables 4 and 5 show the results of the classification
for different types of forest for the test site, that is, the
Kampinoski National Park using ratio indices calculated on
the basis of MODIS and MERIS images, respectively.

The results presented in Tables 3 and 4 indicate a
reasonably good classification accuracy of deciduous and
coniferous forests for both types of images and apparently
lower classification accuracy of mixed forests. The last effect
can be attributed to too coarse spatial resolution of remote
imagery. It is worth noting that the classification accuracy of
the mixed forests was significantly improved when MERIS
images with better spatial resolution (more than three times)
were used. It should also be stressed that the highest clas-
sification accuracy of the mixed forests was obtained using
IL FAPAR MODIS and IL FAPAR MERIS indices based on
the FAPAR vegetation index. In order to check the proposed
method spatially, also the maps at test area were drawn
showing spatial distribution of the forest types obtained by
means of the low resolution imagery and then compared with
truemaps of forests from the Corine LandCover database. As
can be seen in Figure 7, surprisingly good fit of both kinds of
forest type distributions was obtained, in particular in areas
with large surface and regular shape. It can be seen again that
the distributions of forest types based on vegetation indices
derived from satellite imagery of MERIS sensor show amuch
better fit than those of the MODIS sensor.

5. Summary and Conclusions

This paper describes a rapid and inexpensive method of
the annual classification of forest ecosystems into three
categories: coniferous forests, mixed forests, and deciduous
ones, using optical satellite images of MODIS/TERRA and
MERIS/ENVISAT sensors with low spatial resolution. Direct
use of vegetation indices such as NDVI, FAPAR, and LAI
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Figure 7: Comparison of the classification results of forest types obtained using ratio indices with the spatial distribution obtained on the basis
of the accurate data from CLC database. Example based on FAPAR NDVI vegetation indices calculated from MERIS and MODIS images,
with resolutions 300m and 1000m, respectively, in the area of the Kampinoski National Park.

Table 3: Limits indices for the studied types of forest and the classification accuracy for the mixed forests in Poland.

Ratio index Forest type Mixed forest classification accuracy
Coniferous Mixed Deciduous

IL NDVI MERIS <1.75 1.75–2.60 >2.60 50.2
IL FAPAR MERIS <2.35 2.35–3.75 >3.75 51.9
IL LAI MERIS <2.05 2.05–2.65 >2.65 32.8
IL LAIxCab MERIS <2.90 2.90–3.80 >3.80 45.6
IL NDVI MODIS <1.33 1.33–1.48 >1.48 30.9
IL FAPAR MODIS <1.38 1.38–1.55 >1.55 18.6
IL LAI MODIS <2.55 2.55–3.25 >3.25 17.2

for this purpose did not provide sufficient accuracy, even
in the case of high-resolution satellite observations. In this
study, it was decided to use seasonal changes in these indices.
The use of ratios of vegetation indices (the ratio indices)
calculated from satellite observations performed in July and
April was here proposed. The typical ranges of values of
selected ratio indices for coniferous, deciduous, and mixed
forests in natural stands were determined. The results of
analysis performed in the work show that limits of ranges
of ratio indices developed in this work may be used for
efficient forest classification using low resolution satellite
imagery.Themethodwas verified at theKampinoskiNational
Park area using the Corine Land Cover database. Good
accuracy of classification was obtained despite the relatively

low spatial resolutions used in the analysis comparing to
those used commonly in the satellite observations of forest
ecosystems. Lack of full agreement of the classification results
with the true spatial distribution of forests may also be
due to the fact that boundaries of different types of forest
are not sharp but blurred. The transition between forest
specified in the Corine Land Cover database as coniferous
and mixed in nature takes place smoothly. Moreover, in
areas where there is a large variation of the forest type,
the corresponding pixel in satellite image may be located
on the border between two or even three forests and thus
incorrectly classified. The highest classification accuracy of
the mixed forests was obtained using ratio indices based on
FAPAR.
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Table 4:The results of the classification of studied types of forest in the Kampinoski National Park using ratio indices calculated on the basis
of MODIS images.

Ratio index IL NDVI MODIS IL FAPAR MODIS IL LAI MODIS
Forest type Coniferous Mixed Deciduous Coniferous Mixed Deciduous Coniferous Mixed Deciduous
Classification accuracy [%] 63.6 10.4 62.5 61.8 15.6 67.8 61.8 14.4 66.4

Table 5:The results of the classification of studied types of forest in the Kampinoski National Park using ratio indices calculated on the basis
of MERIS images.

Ratio index IL NDVI MERIS IL FAPAR MERIS
Forest type Coniferous Mixed Deciduous Coniferous Mixed Deciduous
Classification accuracy [%] 75.1 52.4 77.3 77.7 60.0 72.8
Ratio index IL LAI MERIS IL LAIxCab MERIS
Forest type Coniferous Mixed Deciduous Coniferous Mixed Deciduous
Classification accuracy [%] 76.7 22.0 71.3 68.7 36.4 90.0

In view of further global-scale research of the hydrologi-
cal conditions and evapotranspiration at forest areas, the use
of MODIS optical data and very low resolution microwave
SMOS data is considered. The results obtained in this work
could be applied in such studies.
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