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Abstract

In this article we clearly showed that determination of spectral index of vegetation can be of great help
in forest management, particularly on the regional and local levels. Forest detection technology based on
remote sensing has advanced to a point where it surpasses all other types of wood detection techniques. The
main goal of this paper is to present the results of the implementation of remote sensing in the analysis of
forests in the municipality of Topola through the use of normalized difference vegetation index (NDVI).
With regard to the fact that vegetation in Serbia is increasingly destroyed, the authors of this paper would
like to suggest application of a method that is based on interconnectivity of surface evaluation and analytical
deciphering of remotely sensed images. Forests are clearly distinguished on images in terms of their borders,
forms, and tonalities, which makes them easily noticeable even on the small images. The application of this
method is not limited only to analysis of the current state of forests. It may also cover degraded forest areas
and help in the detection of illegal timber harvesting. Hence it can serve as the basis for the much better fu-

ture local forest management of Serbian municipalities, and can easily be applied to other Balkan countries

that have similar situations in the sphere of local forest management.
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Introduction

Remote sensing has been defined as the detection,
recognition, or evaluation of objects by means of distant
sensing or recording devices. In forestry, information
extracted visually from aerial photography is well-
understood, well-used, and integrated with field surveys.

However, although remote sensing technology has
recently emerged to support data collection and analysis
methods in forest management [1-3], it is still rarely used,
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since remote sensing data and methods are complex, not
well understood, and probably not well suited by those
who might best use it [4].

Actually, the main problem concerning forest policies
and management stems from the fact that ignoring
common goods — like forests — which are difficult to
produce and easy to deplete [5-7], leads to tragic results,
since it is very difficult to restrict the rate at which they
are consumed [8-10]. The size of many forests and the
inevitable complications involved in monitoring the
use of the forest and balancing one use against another,
make exclusion or restrictions on access intrinsically
problematic [11-12].
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There is enough available evidence that convincingly
shows that illegal and corrupt activities constitute a major
underlying cause of forest decline worldwide [13-16].
The main reason for this is that governments and private
landowners cannot control these illegal operations.

It is usually pointed out that core characteristics of
successful remote sensing applications in forestry include
a need for up-to-date information on the forests: a) over
an area too large or b) otherwise difficult to survey on the
ground [4].

But, at the same time, forest policies are not likely to
work when imposed on a country asawhole [9], and there is
a pronounced shift around the globe of forest management
authority from central government to municipalities (in
Bolivia, Zimbabwe, Tanzania, Indonesia, Philippines,
India, USA, Canada, China, etc.) [17].

Actually, the aim of good local forest management is
to: 1) strengthen the local rule of law, 2) improve local
accountability and transparency (especially, through
establishing clear mechanisms for the provision of and
access to information and mechanisms and procedures
for reporting grievances and misbehaviour), 3) strengthen
local participatory planning and decision-making, and 4)
improve local governance effectiveness and efficiency
through development of effective monitoring and
evaluation systems at local and central levels [18].

Two of these four key dimensions of “good forest
management and governance” have been taken up and
pursued by many countries on national and international
levels. Unfortunately, accountability and transparency, as
well as governance effectiveness and efficiency have not
received equally broad recognition. Especially at the local
level, which plays a crucial role in good governance, has
received comparatively little or no attention [18].

Given the importance and complexity of the problem
[19-21], we are going to show that normalized difference
vegetation index (NDVI) can establish clear mechanisms
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Fig. 1. Position of Topola municipality in the Republic of Serbia.

for the provision of and access to essential information
about forests and should be implemented in local forest
management in Serbia.

In Serbia 30% of land is under forest — 50% of forests
are state-owned, 50% privately owned. Forest management
is in a very poor condition: enterprises for state forest
management are in an unsatisfactory condition and their
restructuring process has only started, while privately
owned forests characterize a great number of small forest
holdings with small economic capacity (average private
holding is 0.5 ha) [22], whose owners have been over-
felling their forests for decades to meet the most urgent
needs of their livelihood, characterized by a poor state,
and fragmented holdings, and unsolved property relations,
which makes forest management even more difficult [23].

The basic idea of this study is to improve the local
forest management system in Serbia through the use of
a more precise methods for the assessment of land use
changes and forest areas.

The main purpose of this research is to analyse NDVI,
which is praised as an efficient tool for classification and
estimation of vegetation cover [24-28], and to evaluate its
suitability for local forest management in Serbia.

Also, the results of this study can be easily applied to
the other Balkan countries that have a similar situation in
the sphere of local forest management.

Study Area

The research object of this paper is forests of Topola
municipality detected on satellite images obtained from a
LANDSAT satellite.

The territory of Topola municipality is located in central
Serbia (Fig. 1) and extends over 357 km? with 51 km?
(approximately 14%) of its total area under forest. It con-
sists of the river basin and the potamon zone of the rivers
Jasenica and Kubrsnica as its largest tributary [29]. Along
the western and southwestern parts of the municipality-
stands Rudnik Mountain. Topola’s geographical position
is 44°08" latitude North, which is the most southern point
at the triangle of the municipalities of Gornji Milanovac,
Kragujevac, and Topola, and 44°21" latitude north, which
is the most northern point of the municipality’s territory.

Materials and Methods

In our study we could not make any reliable long-time
comparative analysis between NDVI and official forest
inventories, since national forest inventory in Serbia has
been performed only rarely: the last three national forest
inventories in a 20-year range were in 1961, 1979, and
2003-2006 (alhough since 2007 official estimates of the
forest areas have been made every year).

Hence, we compared results for Topola municipality
obtained by NDVI for 2011, with official forest arca
estimates for 2011 (performed at the end of the year) [30].

NDVI relates the spectral absorption of the chlorophyll
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Table 1. Different spectral channels of images (produced by
LANDSAT satellite) used in this paper.

LANDSAT 5 Wavelength Resolution

(TM sensor) (um) (m)
Band 1 0.45-0.52 30
Band 2 0.52 -0.60 30
Band 3 0.63 -0.69 30
Band 4 0.76 —0.90 30
Band 5 1.55-1.75 30

in the red with a reflection phenomenon in the near
infrared, influenced by the leaf structure type [31-34].

In order to obtain forest-area data with 30 m? precision,
we used NDVI and applied necessary corrections of
visible red in a constellation with infrared spectrum of
satellite images, following Idrisi software procedure —
GIS analysis/mathematical operation/image calculator,
and then equation:

NDVI = (NIR-RED)/(NIR+RED) (1)

...in which NIR is near infrared channel, and RED is red
channel from the visible part of the spectrum [35]. (In
order to include JPG and TIF format images in our study,
we exported Idrisi images into Global Mapper).

This procedure enables avoidance of mistakes and
deviations in the process of combining vector and
raster contents, thus allowing subsequent image photo
interpretation of an area to be examined [36]. It is achieved
by determining beforehand the same georeferenced values:
coordinate system, projection, and date for both raster and
vector elements; then the raster image is imported onto
vector content, and contents are overlapped using the
principle of layers [37-43].

To obtain Figs. 2, 3, 4, and 5 we used five different

spectral channels of LANDSAT satellite, with 30 m spatial
resolution (Table 1). Images were made during August
2011, with minimum existence of clouds [44, 45].

In order to more precisely distinguish sick and
damaged tree areas (and their volume of timber) [24],
on NDVI images we imposed pseudo colour composite
4, 5, 1, using Idrisi software (image calculator). Pseudo
colour composite 4, 5, 1 appears in shades of reds, browns
(healthy, and oranges and yellows (sick trees). This
composite increases sensitivity of detection of various
stages of plant growth or stress and shows high reflectance
in healthy vegetated areas.

Since official forest area estimates of Topola for 2011
don’t include data about sick and damaged tree areas [46],
we had to perform visual inspection (using GPS) in order
to verify Idrisi results.

Results and Discussion

In Fig. 2 we presented the city of Topola together with
surrounding settlements and municipality borders.

The next image (Fig. 3) and Table 2, which are the
results of the NDVI applied through the Idrisi software,
clearly indicate all the vegetation and its typical values for
Topola municipality.

Results obtained through the application of NDVI
reveal that agricultural land dominate (70%), and forests
occupy 14.2 % (5,100 ha), while the rest of the municipality
area includes grass areas, meadows, pastures, shrub
vegetation, vineyards, urban areas, and more. Forests are
clearly distinguished on images in terms of their borders,
forms, and tonalities, which makes them easily noticeable
even on small images.

Negative values of NDVI ranging from 0 to -0.3 are
displayed in shades from light green to dark purple. These
low negative values are detected in arable agricultural land
(without vegetation) and are shown in shades of light green.

Fig. 2. Enlarged natural composite image (Band 1, Band 2,
and Band 3) that displays borders of Topola municipality and
settlements on its territory.

Fig. 3. A map of NDVI of Topola municipality.
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Table 2. Topola’s municipality NDVI values.

. Typical NDVI values
Types of land use and vegetation for Topola municipality
Arable agricultural land 03-0
(without vegetation) ’
Grass areas, meadows, 0-0.13
and pastures
Shrub vegetation 0.25
Forests 0.4-0.85

On the other hand, vegetation areas in the municipality
of Topola are presented with values between 0 and 1.

Grass areas, meadows, and pastures have values that
range from zero (in yellow colour — due to more intense
reflectance of infrared radiation) up to 0.13 (light orange
tones) [47].

Shrub vegetation has NDVI value of 0.25, since
reflectance of infrared rays is decreasing (darker red tones).

Forest vegetation, with maximal positive NDVI values
of 0.85 (due to minimal reflectance of infrared rays), is
casily observed. Forests, as easily recognizable dense
schematic groups, appear at higher altitudes, especially in
the southwest (as well as in the west and in the central part
of the municipality).

Approximately 95% of the forest areas are under
broad-leaved forests (mostly beech forests). Zones of
these broad-leaved forests are mostly situated at higher
altitudes, all the way to the highest points at the territory of
the municipality. At lower terrains, there are mixed forests
composed of various types of trees.

Agricultural and forest areas are presented in the
following map (Fig. 4).

In this part of the article we are going to further discuss
results obtained for: total forest area, healthy and sick
forest areas share, and volume of its timber.

Through our comparative analysis of NDVI and
official forest estimates, it has become evident that we
obtained very precise results with NDVIL.

Map of Agricultural and Forest Areas
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Fig. 4. A map of agricultural and forest areas obtained on the
basis of remote sensing research.

Topola municipality total area obtained by NDVI was
the same as official statistics (357 km?), while forest area
obtained by NDVI (50.73 km?) is approximately similar
to official forest area estimates (52 km?). Hence NDVI
results, when compared with official forest estimates,
show a mere 1.3 km? (2.6 %) difference for Topola’s forest
area. Not only do these results completely comprise £5%
errors allowed for this method, but it also gives us space
for further analysis and investigation.

Results obtained by a combination of NDVI images
and pseudo colour a composite 4, 5, 1 (Fig. 5 and Table 3)
reveal that percentage share of sick trees area (3.80 km?)
and volume of sick timber (38,608 m?) is approximately
the same at 7.5% of total forest area (50.73 km?) and 7.5%
of the total volume of timber (515,417 m?).

Visual inspection shows that our NDVI results for
sick trees area (4.2% error) are within £5% errors allowed
for NDVI method. Evidently, NDVI can provide local
forest managers in Serbia with essential information on
areas where vegetation thrives or those where it is “under
stress”, as well as on vegetation alterations induced
by human activities such as deforestation, or natural
alterations (caused by forest fires and changes evident in
phenological phases) that are not properly (or not at all)
covered with official forest inventory.

Clearly, NDVI can be of great help in acquiring new
and improving existing knowledge about the state of for-
ests, especially at the regional and local levels. This is
extremely important, since forest policies are not likely to
work when imposed on a country as a whole [9], and in
this article we moved away from national-level studies of
forests toward more comprehensive accounts of forests at
the local level.

To summarize, NDVI is relatively cheap and quick,
provide local forest managers with a lot of essential
information, it is easy to be implemented and has scientific
objectivity thattoalarge extentcan helpinavoiding possible
corruption in the sphere of forest management. Especially

Health state of Topola's Forests
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Fig. 5. Health condition of Topola’s forests.
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Table 3. Health state of Topola’s forests.
Forest area [km?] Volume of timber [m?]
Type of forest Total area Healthy trees area | Sick trees area TOtal. Volume of Volqme of
[km?] k] [kn’] volume of timber ‘ healthy A sick
[m?] timber [m?] timber [m?]
Broad-leaved forest 48.63 45.11 3.52 494,080.8 458,317.6 35,763.2
Coniferous forest 0.17 0.15 0.02 1,727.2 1,524 203.2
Mixed forest 1.93 1.67 0.26 19,608.8 16,967.2 2,641.6
TOTAL 50.73 46.93 3.80 515,416.8 476,808.8 38,608

Results obtained by combination of NDVI image and pseudo colour composite 4, 5, 1

in municipalities with pronounced illegal logging [13, 15,
16, 48], like southern Serbian municipalities that — due to
illegal logging — witnessed 10% of forest area loss in just
a few years [23, 49, 50], NDVI can provide local forest
managers with several essential updates per year about
forest areas [51-55].

Conclusion

Through our analysis of NDVI results for Topola
municipality, it became evident that NDVI is a suitable
tool for local forest management in Serbia.

Topola municipality total area obtained by NDVI was
the same as official statistics (357 km?), while forest areas
obtained by NDVI (50.73 km?) are approximately similar
to official forest area estimates (52 km?). Hence NDVI
results, when compared with official forest area estimates,
show a mere 1.3 km? (2.6 %) difference for Topola’s forest
area. Not only that these results completely comprise
+5% errors allowed for this method, but it also gives us
space for some further analysis and investigation. Results
obtained by a combination of NDVI and pseudo color
composite 4, 5, 1 (also within £5% error range) reveal that
percentage share of sick trees area (3.80 km?) and volume
of sick timber (38,608 m?) is approximately the same
at 7.5% of total forest area (50.73 km?) and 7.5% of the
total volume of timber (515,417 m?).

Evidently, NDVI is very promising in countries like
Serbia that very seldom (every 20 years) perform national
forest inventories, since it is: relatively cheap and quick,
provide forest managers with a lot of essential information
and it is easy to be implemented and has scientific
objectivity that to a large extent can help in avoiding
possible corruption in the sphere of forest management.

In municipalities with pronounced illegal logging,
NDVI can provide local forest managers with several
essential updates per year about forest areas. This is of
crucial importance for preventing illegal logging, which is
especially pronounced in southern Serbian municipalities.

Also, by performing analysis over time, NDVI
can provide information on areas where vegetation
thrives or those where it is “under stress”, as well as on
vegetation alterations induced by human activities such as
deforestation or natural alterations caused by forest fires

and changes evident in phenological phases. NDVI is
adequate for monitoring data of long-term processes such
as vegetation growth through a season, or annual rate of
deforestation, etc.

In short, in order to properly manage forests in Serbia
— common resources difficult to be produced and easy to
be depleted — more comprehensive account of forest areas
through the use of NDVI clearly offers policymakers
more sophisticated possibilities of forest management
from which to derive policy options.
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