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INVESTIGATION OF FOREST VEGETATION DYNAMICS
BEFORE AND AFTER A FIRE BY USING AEROSPACE DATA

Nataliya Stankova, Roumen Nedkov

Abstract: The aim of this study is to investigate the forest vegetation dynamics before and after a fire that took place in
the summer of 2007 on the territory of Haskovo region, Bulgaria. To achieve this goal, NDVI and VCI indices have
been generated once every year during the vegetation period by means of Terra MODIS imagery. The variations of
NDVI and VCI indices have been examined before and after the fire by means of satellite images. The differences in
NDVI and VCI variations have been analyzed for the period 2005-2014. The correlation between the two indices has
been assessed on the basis of the obtained results. The evaluation of the obtained results has been validated by means of

aerial images of the territory of the fire.
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INTRODUCTION

Forest fires can be considered as one of the most
important environmental hazards. The large-scale and
long-term impact of the forest fires on the environment
in big territories determines the relevance of the studies
of their effect. Aerospace remote sensing methods and
technologies have become irreplaceable tool for
operational, reliable and large-scale study of the post-
fire recovery process. Remote sensing technology can
be used in different phases of fire management which
are risk estimation, detection and assessment.
Remotely sensed data provide rapid, accurate and
reliable information for post—fire damage analysis with
being spectrally sensitive to surface vegetative
characteristics and structure [1].

In this paper, we use the Normalized Difference
Vegetation Index (NDVI) [2, 3] and the Vegetation
Condition Index (VCI) [4] for the post-fire recovery
monitoring of the study forests.

NDVI is widely used for estimation of green
biomass and for assessment of post-fire vegetation
regrowth. This is appropriate as long as direct
change in green vegetation cover is the main
ecological process being measured. Several studies
have applied NDVI and similar spectral indices to
remotely assess post-fire effects [5, 6, 7].

NDVI is defined by the following equation:

NDVI = P ~ Prep (1)
p NIR + p RED

where pnr and prep indicate the reflectance of the
near infrared and red bands, respectively. The sum

(Prir + Prep) (twice) the
reflectance in this wavelength range. Division by

this factor reduces the effect of non-uniform
illumination, such as that due to aspect, and thus

represents average
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helps to make for better comparability of the
vegetation index (VI) across an image.

Since most vegetation indices do not tend to unity
at high Leaf Area Index (LAI) (or zero for bare soil), it
is frequently useful to “scale” the NDVI or other
vegetation index to give scaled VI [8]. The Vegetation
Condition Index is mostly used for drought detection.

The VClI is defined as follows:

_ NDVI-NDVI,,,
NDVI,__—NDVI,.

where NDVI, NDVI,;, and NDVI,,, are the NDVI,
NDVI minimum and NDVI maximum values,
respectively, for the corresponding year. The
subscripts max and min refer, to the values for dense
vegetation and for bare soil, respectively, sometimes
estimated from images as the maximum and
minimum positive values detected within an image.
Low values of VCI indicate poor/stressed vegetation
due to unfavorable weather conditions, and high
values of VCI indicate healthy vegetation
conditions. The pixel-based normalization is
performed to minimize the effect of spurious or
short-term signals in the data and to amplify the
long-term ecological signal [9].

Vegetation indices, such as NDVI and VCI,
have been used to assess the damages [10] and to
monitor the recovery of the vegetation after a fire.
The use of these indices is justified because of their
sensitivity to the vegetation condition which suffers
from significant changes after a fire.

STUDY AREA

2

The study area is located in southeastern Bulgaria,
Haskovo region, where a significant fire occurred in
July, 2007. As a result of heat and dry climate, several
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large fires took place between the middle of July and
September on the territory of the Balkans [11]. The
study fire occurred in the summer of 2007 in an area
bounded by the coordinates 4651600m - 4634000m

and 424000m - 438200m, UTM 35T, north of the city
Svilengrad. The bumt area has a total length of 17.6
km and a width of 14.2 km. The fire affected a total of
114 km?, 11 km® of which are forests (Fig. 1).

Fig. 1. Study area - a) National boundary of Bulgaria and the location of the burnt area —
Terra MODIS imagery acquired on 25/07/2007, 7-2-1 bands; b) The perimeter of the burnt
area; ¢) Landsat image of the burnt area with the study forests, 07/2007, 4-5-3 bands.

In this study, we have selected the test areas to
be the forest areas with deciduous, coniferous and
mixed forests damaged by the fire. The forests are
heterogeneous formations composed mainly of
different types of oak trees - Quercus cerris L.,
Quercus frainetto, Quercus pubescentis, Quercus
virgiliana. The other forest formations include
Querceto-Carpineta betuli forests and Carpinus
orientalis [12].

The region manifests moderate continental
climate with a strong Mediterranean influence which
is characterized primarily with higher annual
average temperatures and hot dry summers. This
area is especially prone to forest fires. In the recent
years the number of fires and the perimeter of the
areas destroyed by fires have reached critical levels
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and have no equivalent in the history of forestry in
Bulgaria [13].

According to the Habitats Directive [14], the test
areas are located in the protected area Sakar and
most of them are included in a protected area also
called Sakar, this time according to the Birds
Directive [15].

DATA AND METHODS

In this paper we use several Terra MODIS images
from 2005 to 2014 with resolution 250 m. The images
are composed of band 7, 2 and 1 (Tabl. 1).

The imagery acquisition was performed taking
into account the period of the year characterized.
with the most vegetation and the absence of clouds.
The dates of the images are shown in Tabl. 2.
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Table 1 — MODIS bands used for image composition

Ne Band A, pm Spatial Resolution, m

B1 0.620 - 0.670 250

B2 0.841 —-0.876 250

B7 2.105-2.155 500

Table 2. MODIS images used to derive vegetation indices
23/06/2005 25/07/2007 21/06/2010 22/06/2013
20/06/2006 19/06/2008 21/06/2011 23/06/2014
22/06/2007 22/06/2009 21/06/2012
After the acquisition, the images have been Based on results obtained, diagrams

georeferenced in UTM 35T Zone. Using Corine
Land Cover classification (CLC 2006), the different
types of forests — deciduous, coniferous, and mixed
forests, have been united in a common class of
forests. Areas occupied only by this class have been
extracted from the images.

NDVI and VCI have been calculated in the
middle of June once every year during the examined
period (Fig. 3, Fig. 5). An assessment of the recovery
process for the study period has been made.

assessing the dynamics of the average NDVI (Fig. 4)
and VCI (Fig. 6) have been created for evaluating
the recovery of the forest ecosystems.

The deviations of the mean value of the two
indices (Fig. 7, Fig. 8) for each year of the study
period excluding the year of fire and the correlation
coefficient have been calculated.

Aerial images from one year before (2006) and
four years after the fire (2011) have also been used

for verification and validation of the methodology.
Fig. 2 shows the methodology followed in this study.

INPUT DATA

Satellite data
(MODIS)

Corine Land Cover GPS Data Aerophoto Data
(CLC) 2006

¥

PRE - PROCESSING

Georeferencing Union the different Extraction of test areas
forest classes
PROCESSING
NDVI vcl dNDVI dvCl Calculation of
‘ _ ‘ . correlation
calculation calculation calculation calculation cocthiclint -5

¥

Analysis of the results for forest ecosystems recovery

Fig. 2. Flow diagram of the methodology followed in this study
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RESULTS
Normalized Difference Vegetation Index (NDVI)

In order to monitor the post-fire recovery, NDVI
for the territory of the forest areas has been calculated
once every year in the middle of June, between three
years before and seven years after the fire (Fig. 3).
NDVI shows high average values during the period
before the fire. A month before the fire (June, 2007),
a decrease in the index can be detected which persists
for two years after the fire occurrence. The aerial
images from 2006 reveal a tendency for drought
which is related to moisture decrease around the
crowns of the trees and to decrease of the chlorophyll.
Stressed forest vegetation can be distinguished from
the healthy one by interpreting of aerial images in the
green band of the spectrum one year before the fire.
Those areas exhibit low NDVI values one year before

the fire and after the fire forest vegetation in them has
been completely destroyed.

A few days after the fire, there is a drastic
decrease of the index values as expected. Almost the
whole burnt area shows negative NDVI values. The
only positive once a few days after the fire can be
seen in the forest areas.

NDVI reaches its highest values in 2010 and
2014 — in the third and the seventh year after the fire
(Fig. 4). The fluctuation ranges of the index are
narrow due to the influence of external factors such as
air temperature, precipitation, etc. which accompany
the regenerative process. The sudden change in
NDVI values during the regeneration period after the
fire may be due to the appearance of invasive
species as a result of the variety of secondary effects
that occurred [16, 17].
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Fig. 3. The burnt area with NDVI of the study forests — between three years before and seven years after the fire
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Fig. 4. Average NDVI values for the study areas during the examined period
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Vegetation Condition Index (VCI)

In order to monitor the regenerative process after
the fire, to detect drought, and to determine the
vegetation status of the study forests, VCI has also
been calculated in the middle of June once every
year on the territory of the forest areas starting three
years before until seven years after the fire (Fig. 5).

The shape of the VCI curve in most of the cases
resembles the one of the NDVI. VCI shows high
average values during the period before the fire
which indicates healthy vegetation conditions except

for the areas with stressed vegetation that can be
observed on aerial images from 2006.

There is a drastic decrease in the values of the
index a few days after the fire. VCI reaches its highest
values in 2012 — in the fifth year after the fire (Fig. 6).
The index fluctuations which accompany the
regenerative process are also within narrow ranges. In
fact, the values of the index follow the same trend as
the ones before the fire. During the regeneration
process VCI exhibit even higher values than the values
before the fire.
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Fig. 5. The burnt area with VCI of the study forests — between three years before and seven years after the fire
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Fig. 6. Average VCI values for the study areas during the examined period

In 2010 NDVI approached a higher value and
VCI a lower value when compared to the previous
and the following years. This lower VCI value in
2010 is due to the higher minimum value of NDVI
which proves that most of the vegetation has
recovered after the disaster.

NDVI and VCI variations

The deviations from the mean values of the
vegetation indices, dNDVI and dVCI, indicate
unstable recovery process (Fig. 7, Fig. 8). The
deviations from the mean values are pronounced
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which confirm the unsustainability of the recovery
process of the forest ecosystems. The quantitative
assessment of the regenerative process of the forest
ecosystems is more clearly expressed by dNDVI
and dVCI than by their absolute values (NDVI and
VCI).
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Fig. 7. The deviations from the mean NDVI value
(dNDVI) excluding the fire
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Fig. 8. The deviations from the mean VCI value
(dVCI) excluding the fire
The correlation coefficient between the

vegetation indices (NDVI and VCI) is r = 0.68 and
the correlation coefficient between the deviations
from the mean values (AINDVI and dVCI) is r =
0.81. Since the correlation between the deviations is
stronger than the correlation between their absolute
values, in this case it is better to use the deviations
for monitoring the recovery process.

45

CONCLUSION

NDVI and VCI show high average values for the
study period before the fire. A month before the fire,
there is a decrease in these indices that persists for
two years after the fire (Fig. 4, Fig. 6). There is a
trend of drought-related reduction of moisture
around the crowns of the trees which is observed on
aerial images from 2006. This trend negatively
affects the foliage of the forest ecosystem which is
related to the reduction of the chlorophyll amount,
and also to reduction of the water content and to
changes in the structure of the cells. By visual
interpretation in the green range of the spectrum,
forests under the influence of this stress can be
distinguished from the green healthy forest
vegetation. This is observed during the interpretation
of aerial images taken one year before the fire which
was a result of drought. After the fire in these areas
the forest ecosystems have been completely
destroyed. In fact, the beginning of the recovery
process is observed in 2009 since the indices follow
the same trends as the ones from the period before
the fire.

An unsustainable trend of the recovery process
of the forest ecosystem is detected which can be
seen in Fig. 4 and Fig. 6. In some areas forest
ecosystems have been practically completely
destroyed by the fire and have not recovered. The
areas of forest ecosystems in which no stress is
observed, have a shorter recovery period and this
corresponds to higher values of the vegetation
indices (NDVI and VCI). The recovery process can
be seen on the graphs with the deviations from the
mean value (ANDVI and dVCI) the fluctuations of
which are even stronger than the ones of the
vegetation indices absolute values.
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N3CJIEIABAHE ITMHAMUKATA HA I'OPCKATA PACTUTEJIHOCT
HPEAN U CJIEJA ITOKAP YPE3 U3ITOJI3BBAHETO HA
AEPOKOCMMNYECKHU JAHHHN

Haranusa CrankoBa, Pymen Henkos

Pe3rome: llenta Ha HACTOSAMIOTO M3CIEABAHE € MPOCIEASBAHE AMHAMHKATA HA TOPCKaTa PACTHTEIHOCT MPEIH U CIE.
mokap, ChCTOsUI ce JiaToTo Ha 2007 T. Ha TepuTopHUATa Ha 00MAcT XackoBo, bhirapus. 3a mocTUraHe Ha Ta3W LE,
BEJHBXK TOAWIIHO IO BpeMe Ha BereranuoHHUs mepuon ca rerepupanun NDVI m VCI umHoekcm Ha 0Oaszata Ha
n3ob6pakerus ot Terra MODIS. C momormira Ha caTeIUTHU H300paKCHUS ca U3CJICIBAHN KOJICOAHUATa HA MHICKCHTE
NDVI u VCI npeau u cinen noxapa. Paznukure B OTKIOHEHHUATA OT cpegHuTe cToiHocTH Ha unaexkcute NDVI u VCI
ca aHamm3upanu 3a nepuoga 2005-2014 r. Ha 6azara Ha mosrydeHUTE pe3yiITaTH € OLCHeHA KOpeTanusaTa MeKIy ABara
MHJEKCa. 3a BATHIMPAHE HA TIONyYEeHUTE PE3YNITATH Ce M3MOI3BaT aepohOTO N300pKEHHS Ha TEPUTOPHUATA Ha TTOXKapa.

Ki1r040BH 1yMH: TOPCKH TIOXKap, BB3CTAHOBUTEIHH IIPOIECH, AUCTaHIMOHHH n3cnensanus, NDVI, VCI, MODIS.
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