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II. MAN AND BIOSPHERE

FIRE SEVERITY ASSESSMENT USING NDVI DERIVED
FROM LANDSAT TM/ETM IMAGES AND TERRAIN DATA

Ibrahim Molla, Emiliya Velizarova, Mariana Zaharinova

Abstract: The forest fires influence on the plants and soil depends on the fire severity and time of exposure. Fire
severity integrates physical, chemical and biological changes occurring in ecosystems on the area as a consequence of
fire influence. The purpose of the current investigation was to examine the role of the forest fire severity on the vegetation
cover of the area of Svilengrad Municipality, using NDVI (Normalized Difference Vegetation Index) before fire and after
fire, derived from LANDSAT 8 TM/ETM images. The comparison of the data from NDVI and that observed on the terrain
data was also targeted. The results show that NDVI are changed significantly in fire affected area depending on vegetation
cover and type of fire. This index also is very sensitive to changes during time after fire occurrence. One year after fire
occurrence the NDVI values increased to +0.305 (0.048) for whole studied area. Through dNDVI could be distinguish the

recovery rates of the fire affected areas with different tree species.
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1. INTRODUCTION

The forest fire effects on plant and soil vary
depending on the fire intensity and time of exposure [1].
Fire severity integrates physical, chemical and biological
changes occurring on the area as a consequence of fire
influence [2,3,4,5]. Fire also has important and
immediate effects on soil properties. More affected
layers are usually surface ones, while as deeper the
horizon, as the temperature is lower [6]. This effect may
reduce plant regeneration response [7].

Landsat satellite images have been used quite
early for analysis of forest fires influence. Thus, [8]
used Landsat MSS images for classification and
estimation of the fire-ravaged areas of Japan and
Kritikos (1992) applied supervised and unsupervised
classification for assessing the fire damage at Mount
Athos in Greece.

A near-infrared / red ratio image might be useful
for differentiating between areas with stressed and non-
stressed vegetation. Various mathematical combinations
of satellite bands, have been found to be sensitive
indicators of the presence and condition of green
vegetation. These band combinations are thus referred to
as vegetation indices. There are based on the reflectance
properties of vegetated areas as compared to clouds,
water and snow on the one hand, and rocks and bare soil
on the other. Vegetated areas have a relatively high
reflection in the near-infrared and a low reflection in the
visible range of the spectrum. Clouds, water and snow
have larger visual than near-infrared reflectance. Rock
and bare soil have similar reflectance in both spectral
bands. Green vegetation yields high values for the index.
In contrast, the water yields negative values and bare
soil gives indices near zero [9].
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The Normalized Difference Vegetation Index
(NDV]) is an index ranging from -1.0 to 1.0. NDVI of
a dense vegetation canopy will tend to positive values
(from 0.3 to 0.8), while clouds and snow fields will be
characterized by negative values of this index. The
water areas (e.g., oceans, seas, lakes and rivers) have a
rather low reflectance in both spectral bands (at least
away from shores) and thus the NDVI values are very
low positive or even slightly negative. The soil, in
general, exhibit a near-infrared spectral reflectance
somewhat larger than the red, and thus tend also to
generate rather small positive NDVI values (from 0.1
to 0.2). Very low values of NDVI (0.1 and lower)
correspond to the barren areas of rock, sand, or snow.
Moderate values represent shrub and grassland (from
0.2 to0 0.3), while the temperate and tropical rainforests
show the high values (from 0.6 to 0.8) [10].

The purpose of the current investigation was to
examine the role of the forest fire severity on the
vegetation cover of the area of Svilengrad
Municipality, using NDVI before fire and after fire,
derived from LANDSAT 8 TM/ETM images. The
comparison of the data from NDVI and that observed
on the terrain data was also targeted.

2. STUDIED AREA

The studied area (about 1280 ha) situates within
the Svilengrad Municipality (south-east of Bulgaria)
area and was affected by fire in July and in August
2013. The forest fire on the territory of the TD SFE
“Svilengrad” near to Ravna gora village started on
22.08.2013 and was active till 30.08.2013.

On the Fig. 1 the polygon of the fire affected area
in Svilengrad Municipality (south-cast Bulgaria) and



Ecological Engineering and Environment Protection, No 1, 2017, p. 29-37

sampling sites are shown. The altitude of the territory  the changes in area covered with Scots pine plantation
varies from 300 to 540 m a.s.l. The forest fire affected and coppice oak stand as described in Table 1 and
different tree species, shrubs and grasses. We studied Table 3.

448000 450000 452000

44300 452000

Fig. 1. Area affected by fire within territory of the Svilengrad Municipality and samples sites (-).

Table. 1. Characteristic of sampling areas

Studied . Fire type Dominant tree Altitude Tree Area UTM 35 rone
. Variants . Geodesic
objects species (m a.s.l.) age (ha) ..
projection
Svilengrad Municipality
S 4637601.964 N
Ouercus 446423.862 E
| S2 Surface fire  pubescens Wild. 462 50 5.8 1?6162%81%4};
33 4637606.964 N
446431.361 E
sS4 4638583.24 N
pi Ivestri 4475624 E
inus sylvestris
Surface fire 4638576.45 N
2 S5 L. 378 45 1.2 447565.13 E
6 4638577.02 N
44755742 E
3. METHODS season in order to minimize the impact of vegetation

3.1 Data sources for images

A set of Landsat 8 TM images (with 11 spectral
bands and 30 m spatial resolution) with data before
and immediately after the forest fire occurrence have
been used. Four images were acquired in the same

at different seasons (Table 2). High resolution
images from 2000, terrain data from two sampling
sites of the area, affected by fire and reports about
forest fires, issued by State Forestry Enterprises
(SFE) “Svilengrad” have been used.
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Table 2 Characteristic of the used images

Fire affected area Data of fire Date of used images
occurrence Before fire After fire
14/09/2013
Svilengrad 22/08/2013 13/08/2013 16/10/2013
16/08/2014

In Table 2, the dates of images from different
scenes before and after fire occurrence are presented.
Four scenes — one before the fire occurrence and three
after fire suppression have been used. From the
available scenes after fire suppression have been used
that, closest to the date of the fire - 16.10.2013, which
was without clouds. The scene from 14.09.2013 has

been used just in case for area Apsylvestris L. and
AQ.pubescenswilld. | described in Table 3.

3.2 Calculations

The Normalized Difference Vegetation Index
(NDVI]) and difference NDVI (ANDVI) were used
for assessment of the vegetation response to the
forest fire. NDVI is one of the most well-known, and
most frequently used vegetation indices [11, 12].

NDVI indicates the amount of green vegetation
presented within a pixel. It is defined by the
following equation:
Il Z IR — )

NDVI = = zf-T'r.'urR J‘JRad‘
Lplnir + Prea (1)
where NDVI — Normalized Difference Vegetation
Index, pyir and preq indicate the reflectance of the
near-infrared and red bands, respectively.

4. RESULTS AND DISCUSSION

The image A, on Fig. 2 illustrates low NDVI
index, which suppose the earlier damage of the
forest vegetation by fire (on 22.03.2013).

NDVI - Before fire /13.08.2013/
R

b

0.038 - 0.169]| = =
0.170 - 0.299
0.300 - 0.491

er fire /16.08.2014/

B N e c
0.002 - 0.114| g 0.089 - 0.288
0.115 - 0.184 | pnk 0.289 - 0.350
0.185 - 0.351]* * 0.351-0.485

Fig.2. NDVI before fire 13.08.2013 (A) and after fire - 16.10.2013 (B) and 16.08.2014 (C).

On site we collected samples from soil, needles
and leaves from Scots pine plantation and coppice
oak stand. The forest fire affected 1.2 ha within
Scots pine plantation (Table 3). This area was
influenced by surface fire, which damages reached
to 1.0 m in height of stand‘s stems. Moreover, the
forest litter was completely burned. The area
covered with coppice oak stand, affected by forest
fire was 5.8 ha. The flame of the fire reached to 1.0-
1.5 m in height of stems. The forest litter of this
stand was also completely burned. However there
were area with little or no influenced by fire.

The area, affected by fire was not homogeneous,
which can be seen from the image from 2006 with a
high resolution (Fig. 1). A part of area was covered with
tree vegetation, the rest part with grass and shrub
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vegetation. This corresponds with data acquired from
remote sensing as can be seen from data in Table 4.

The NDVI values of the territory A2, before the
fire occurrence vary from 0.170 — 0.299 (Fig. 2 A) and
correspond to the area covered with grass and shrubs
which can be seen from Fig. 1. The area covered with
tree vegetation show NDVI values up to 0.491. The
mean value for this territory is 0.273 (£0.077). The
Landsat 8 TM image which we used is acquired for
nine days before fire, period in which because of the
high air temperature and lack of moisture, the
vegetation have lower vitality. Nonetheless the clear
differences between NDVI values before and after fire
could be seen. On the image of Fig. 2 — could be seen
the territory previously (from 11.07 2013 to
20.07.2013) affected by forest fire.
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Table 3. Area affected by fire

Area influenced by fire

A Total area — 1280 ha
Al Area affected by fire from 11.07 to 20.07.2013 — 72 ha
A2 Area affected by fire from 22.08.2013 - 1208 ha

Plantation of Pinus Sylvestris L. affected by surface fire and
damages of stem to 1m in height - 1.2 ha.

Mixed coppice oak stand with dominant tree species of Quercus
Ag.pubsscenswing. pubescens Willd. affected by surface fire with stems damages to
1.0 — 1.5 m of height — 5.8 ha.

A Eoyivestri L

On the image of Fig. 2 B, NDVI values for post One year after forest fire, the mean value of
fire A2 territory, which was the most affected by fire, NDVI is 0.305 (£ 0.048) (Table 4). This increase
vary from 0.002 to 0.115 and almost all area is black could be due to the fact that herbaceous were
coloured. These values correspond to the bare soil. We  recovered on the almost all area of fire disturbance.
can see that on the area covered with tree species On the territory, covered with tree species, a year
before forest fire occurrence, the NDVI values were after fire, the NDVI values vary between 0.089 —
the highest - from 0.300 to 0.491. Two months after 0.288 which means that this area is not recovered yet.
fire for some parts of these sites, NDVI values vary The strongest impacted forest by fire were
from 0.002 — 0.114. Obviously, the fire severity was  coniferous plantation. On the Figure 2 C, the white
the highest on these sites, in result of which the coloured area on the image, exhibits NDVI values
vegetation was completely burned. On the images from 0.351 to 0.485. This part of area was covered
these area were coloured in black. For the grey with deciduous forest, destroyed partly — only on the
coloured area, the NDVI values vary between 0.115 —  borderline of the forest fire.

0.184, which means the medium fire severity impact.

Table 4. Data for NDVI — for total are, influenced by fire

Total area influenced by fire

Statistical NDVI before fire NDVI After fire NDVI After fire
parameters /13.08.2013/ /16.10.2013/ /16.08.2014/
Mean (£SD) +0.273 (0.077) +0.124 (0.048) +0.305 (0.048)
Min +0.038 +0.002 +0.089
Max +0.491 +0.351 +0.485

On Fig. 3, the values of NDVI, extracted from with the most significant alterations provoked by
pixels before fire event - 13/08/2013 with that NDVI  fire. These significant changes are on the places
after fire 16/10/2013, 16/08/2014 were compared. covered with tree species.

As could be seen the prevailing part of NDVI As could be seen on Fig. 5, two months after a
values extracted from pixels of images before fire fire, affected the territory, designated by A2, the
exceeds 0.2. Only for area Al, affected by fire from values of ANDVI from all pixels are positive, which
11.07 to 20.07.2013, the NDVI values are lower 0.1  proves the forest fire impact. Only on the territory Al,
Figure 3 (a). A successful recovery of grass cover on  earlier affected by forest fire the values of pixels are
both areas — Al and A2 could be observed one year negative. One year after forest fire occurrence, there
after fire. On the Fig. 3 (b) the values of pixels are  are positive and negative values of ANDVI extracted
higher than that before fire (0.2). from pixels of the fire affected territory. A detail

A better understanding of the fire severity and study confirms that area, with completely destroyed
changes occurred after forest fire give dNDVI (Fig.  tree species have positive ANDVI values.

4). The high values of this index show the places
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Fig. 3. Values of NDVI, extracted from pixels before fire (13.08.2013) compared with values
two months after fire (16.10.2013) (a) and one year after fire (16.08.2014) (b).
Table 5. Data for AINDVI — for total area influenced by fire
Total area influenced by fire
Statistical dNDVI 13.08.13- dNDVI 13.08.13—
parameters 16.10.13 16.08.14
Mean (+SD) +0.148 (0.067) -0.033 (0.054)
Min -0.041 -0.244
Max +0.411 +0.205
_ 1 0.2014
KT dNDVI
-0.041-0.117 -0.244 - -0.096
0.118 - 0.199 -0.097 - -0.013
0.200 - 0.411 -0.014 - 0.205

Fig.4. Images for dNDVI for total fire affected area.

In the case with Scots pine plantation the mean
value of NDVI value before fire was 0.367, and
decreased to 0,308 one month after forest fire
occurrence. Two months later, the mean value of NDVI
is - 0.209. A year after the forest fire, the NDVI values
were kept low. There is an insignificantly increase of
mean value of NDVI, most probably in result of pixels
reflecting  availability of broadleaf vegetation from
unaffected by the forest fire area (Fig. 6).

The picture taken from the unaffected by forest
fire part of plantation, picture 2 - six day after

surface fire event, and 3 - one year after fire. Images
above corresponds to time of pictures

The data for ANDVI values demonstrates the
significant changes of the forest cover two months after
fire. These changes were kept a year after fire (Table 7).

Mean values of the NDVI of the are occupied
with Quercus pubescence Willd stands also have
low value 0.225 in comparison with that before fire
— 0.415 (Table 6). The oak stand was most affected
in the places where there was dry grass below tree
canopy.
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Fig.5. Values of ANDVI, extracted from pixels before fire (13.08.2013) compared with values
two months after fire (16.10.2013) (a) and one year after fire (16.08.2014) (b).

Table 6. Data of NDVI for part “F.sylvestris L. and part < @.pubsscens Willd.

Statistical NDVI Before fire NDVI After fire NDVI After fire NDVI After fire

parameters /13.08.2013/ /14.09.2013/ /16.10.2013/ /16.08.2014/
Pinus
sylvestris L.
+0.262
Mean (£SD)  +0.367 (0.038) +0.308 (0.063) +0.209 (0.052) (0.054)
Min +0.328 +0.185 +0.114 +0.199
Max +0.432 +0.392 +0.272 +0.355
Quercus Pubescens Willd.
Mean (+SD)  +0.415 (0.049) +0.316 (0.076) +0.225 (0.053) :00635727)
Min +0.289 +0.166 +0.131 +0.264
Max +0.487 +0.479 +0.341 +0.478

NDVI - Before fire for P.
| [of

NDVI - After fire for P. sylvestris L./16.08.2014/

Ivestris L. I13.08.2013I- NDVI - After fire for P. sylvestris L. /16.10.2013/
¥t }e It
it A &,}' i

WF *  Sample sites
' NDVI
[ 0.038 - 0.169

- —
[ 0.170 - 0.299
e 0.300 - 0.491

* Sample sites

0.289 - 0.350
0.351 - 0.485

Fig. 6. NDVI and respective pictures of Pinus Sylvestris L. plantation influenced of surface fire.
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A year after fire could be seen that broadleaf tree
species is not completely destroyed which corresponds
to the studies which found that the temperature of fire in

broadleaf tree species is lower in comparison to that of
conifers due to different chemical composition of leaf
/needles and bark of stand [13].

Table 7. Data of ANDVI for part #B.syivestris L. and part 2 @.pubescens Wwilld,

Statistical dNDVI 13.08.13 dNDVI 13.08.13 dNDVI 13.08.13 -
parameters - 14.09.13 -16.10.13 16.08.14
Pinus sylvestris L.
+0.059 +0.158 +0.105
Mean (£3D) ) 050 (0.041) (0.041)
Min 0.000 +0.104 +0.030
Max +0.159 +0.221 +0.154
Quercus Pubescens Willd.

+0.098 +0.190 +0.038
Mean (£3D) ) 053, (0.038) (0.034)
Min +0.006 +0.124 -0.005
Max +0.217 +0.273 +0.139

§
-

dNDVI for P. Sylvestris L./13.08.2013 - 16.

A

®  Sample sites
dNDVI
I -0.041-0.117

10.2013/8 dNDVI for P. Sylvestris L./13.08.2013 - 16.08.2014

®  Sample sites
dNDVI

-0.244 - -0.096
| 1-0.097 --0.013
-0.014 - 0.205

Fig. 7. d ANDVI pixels of Pinus Sylvestris L. plantation.

NDVI - Before fire for Q.Pubescens Willd./13.08.2013/
A
*  Sample sites
NDVI
I 0.038 - 0.168)
[ 0170 - 0.299)
= 0.300 - 0.491

_ NDVI - After fire for Q. Pubescens Willd./16.10.2013/
e B

* Sample sites

NDVI - After fire for Q.Pubescens Willd./16.08.2014/

s Sample sites
NDVI

0.089 - 0.288
g 10.289-0350

0.351 - 0.485

S EN

Fig. 8. NDVI and respective pictures of Quercus pubescensWilld. tands influenced by surface fire.

The first picture has taken from unaffected part
of oak stand. Second picture - from fire affected area

after fire.
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six day after surface fire. The third was taken a year
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Fig. 9. ANDVI pixels of Quercus pubescensWilld. plantation.

5. CONCLUSIONS

The mean values of NDVI of fire affected area
of FSE “Svilengrad” is +0.124 (0.048), while for
not disturb forests it varies from 0.42 -0.44.

NDVI are changed significantly in fire affected
area depending on vegetation cover and type of fire.
This index also is very sensitive to changes during
time after fire occurrence. One year after fire
occurrence the NDVI values increased to +0.305
(0.048) for wall studied area.

Our results show that through ANDVI could be
distinguish the recovery rates of the fire affected
areas with different tree species.
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OIIEHKA HA CUJIATA HA TOKAPA YPE3 U3ITIOJI3BAHE HA NDVI,
HHOJYYEH OT LANDSAT TM / ETM U30BPA’KEHUA U TAHHUA 3A
TEPEHA

No6paxum Momna, Pymen Henkos, EMunust BenuzapoBa, Mapuana 3axapuHoBa

Pe3oMme. BinsHIeTO Ha TOPCKUTE MOXKAPH BBPXY PACTUTEIHOCTTA M IOYBATA 3aBHCH OT CHJIaTa Ha MOXKapa M BPEMETO
Ha BB3felcTBue. Cuiara Ha moxapa oOenuHsBa (GU3MYHHUTE, XMMHUYHUTE M OMOJOTMYHM NPOMEHH, HACTHIIBAILU B
€KOCHCTEMUTE KaTo CIICCTBUE Ha BIMSHUETO Ha MOXapa.

IlenTa Ha HACTOSIIOTO NIPOYYBAHE € /1A Ce U3CIIE/[BA CHIaTa Ha TOPCKHS MOXap BbPXY pacTHUTENIHATA TOKPUBKA OT paiioHa Ha
obmmHa CeuieHrpan, msnomsBaiiku NDVI npemu n cnex moxap, momydenn ot Landsat 8 TM / ETM mzo0paxkeHusL.
CpaBHenu ca ganHute oT NDVI u Te3n, momydeHu OT TepeHHHM u3cieaBaHusa. Pesynratute nokassat, ue NDVI ca ce
TIPOMEHMIIM 3HAYUTEITHO B 3aCETHATUTE OT IOXKapu PaifoHM B 3aBHCHUMOCT OT PAacTUTENIHAaTa NMOKPHMBKA M BHZA Ha ITOXKapa.
Cairio Taka, NDVI HHIEKCHT € MHOTO YyBCTBUTEIHA KbM IIPOMEHH B 3aBUCHMOCT OT BPEMETO, KOETO € MUHAJIO CJIEe]] OXKapa.
Enna romuna cien Bh3HMKBaHE Ha Toxkap, croiHocture NDVI ca ce yBemmawmu mo +0,305 (0,048) 3a menus u3cnensaH
pation. Upe3z dNDVI mMoske f1a ce HampaBy pa3rpaHHYCHIE HAa BPEMETO 3a Bh3CTAHOBSIBAHE Ha 3aCETHATHTE OT TOXKap PaioHH

B 3aBUCUMOCT OT IbPBCCHUA BU/I.

KirouoBu nymu: cuna Ha noxkapa, Pnomu, NDVI (Hopmanusupan PasnukoB Pactutenen unaec), IbpBeCHH BUIOBE
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