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Abstract

The aim of this study is the evaluation of changes in land-use/land-cover on the territory of
Bistrishko Branishte biosphere reserve (UNESCO, MAB), Vitosha; with the use of simulated
Sentinel-2 data. For this purpose the CHRIS/PROBA image acquired on 22 June 2012, and on
28 September 2012 are geometrically and atmospheric corrected and co-registered. The topographic
normalization is applied to the second image due to shadows cast on the slopes of the Valley of the
river Bistrica. In order to simulate the Sentinel-2 bands, the spectral channels of the CHRIS/PROBA
are spectraly resampled to spectral width of the Sentinel-2 bands. The spatial resampling of the
Sentinel-2 bands is done using a Landsat 7 ETM + panhromatic band (15 m). On the classification of
land-use/land-cover an accuracy assessment and cross-validation is made by using ground-based
data. The results show that between 60 ha and 72 ha of coniferous plants were devastated by a forest
fire in 2012. the results obtained demonstrate the ability of the Sentinel-2 mission to detect sudden
changes in land-use/land-cover caused by forest fires.

1. Introduction

In recent decades the Land-Use and Land-Cover (LU/LC) change detection
is used as one of the main tools to detect changes of Earth surface. With the
advancement of preparation of Sentinel-2 mission within the COPERNICUS
Programme the LU/LC will become even more important tool to get insight of the
changes that take place in Europe (Copernicus — observing the world, 2014). The
protected forests in Europe are 39 million ha (nearly 19 %)
(FOREST EURORPE, 2011) and Bistrishko Branishte biosphere reserve is part of
them. Its protected area was designated to preserve a high-value Norway spruce
(Picea abies L.) forests.

Present study aims at revealing LU/LC change of Bistrishko Branishte
biosphere reserve using simulated Sentinel-2 high-resolution satellite data. The
time frame of the study is June — September 2012. During this period a significant
change in the biosphere reserve's LU/LC took place due to a wildfire
(Filchev and Dimitrov, 2013; Filchev et al. 2014).
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1.1. Study area

The Bistrishko Branishte biosphere reserve was included in the UNESCO
Man And Biosphere (MAB) Programme in 1977. It is located in the upper Bistrica
river basin in the Vitosha Mountain between 1430 and 2282 m a.s.l. The designated
protected area is 1061.6 ha (Georgiev, 1995), and according to official statistics
52 % of the reserve is occupied by forests, while the rest is covered with sub-alpine
meadows, rocks, and rock screes. The dominant tree species is Norway spruce
(Picea abies L.), represented by 7 forms and varieties. By 2010 > 27 % (~300 ha)
of the reserve’s territory was devastated by a tornado which occurred on
22 May 2001 (Gikov and Pironkova, 2005) and the successive European spruce
bark beetle (Ips typographus) infestation (Filchev, 2012; Filchev et al. 2013;
Panayotov et al., 2011; Panayotov and Georgiev, 2012). Following a wildfire in
2012 part of the dead tree stands (i.e. between 0.60 km?and 0.72 km?) were burned
(Filchev, 2012; Filchev et al. 2013, Filchev and Dimitrov, 2013; Gikov and
Dimitrov, 2013; Panayotov and Georgiev, 2012; EUFODOS Newsletter, 2013).

2. Materials and methods
2.1. Data

The data used in this study consists of: 1) raster data: two Landsat 7 ETM+
and two CHRIS/PROBA Mode 1 images, a subset from ASTER GDEM V. 2; 2)
vector data: a boundary (shape-file) of the Bistrishko Branishte biosphere reserve.
Software used: BEAM VISAT (Brockmann Consult & ESA under GNU license),
ArcGIS/Arcinfo 9.2 (ESRI Inc. under Academic License), ENVI 4.7 (Exelis ITT
VIS under Academic License). The methodology of this study is presented on a
flowchart (Fig. 1).

2.2.Sentinel-2 simulation procedure

Prior to simulation of Sentinel-2 from CHRIS/PROBA a higher Spatial
Resolution (SR) image was required to resample the original CHRIS/PROBA
bands to the Sentinel-2’s SR. The Sentinel-2 sensor will acquire its images in three
SR modes, i.e. 10 m, 20 m, and 60 m (Fletcher, 2012). For this purpose two
Landsat 7 ETM+ images, acquired on closer dates to CHRIS/PROBA acquisitions
— i.e. before and after the wildfire, were selected from USGS LP DAAC online
archive, (Table 1). The dates were selected to be as close as possible due to
seasonal changes which effects on vegetation in the high-mountainous area. The
image values of panchromatic band Ne 8 (15 m SR) of Landsat 7 ETM+, were
converted from digital numbers (DN) to reflectance using the build in correction
parameters in the metadata files ((MTL). Atmospheric correction was applied using
the QUick Atmospheric Correction (QUAC) algorithm in ENVI (ENVI
Atmospheric Correction Module, 2009).
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Fig. 1. Workflow of the study
for simulation of the Sentinel-2 images

/ Landsat 7 ETM+ // e

Data pre-processing

The first CHRIS/PROBA Mode 1 (CHRIS_HQ 120622 _E48E_41 c)
image used for Sentinel-2 simulation was acquired on 22 June 2012, i.e. before the
wildfire in the reserve. In present study it is used only the nadir image from the five
image stack. The second post-fire CHRIS/PROBA Mode 1 image used in the
analysis (CHRIS_HQ_120928 EA88 41) was acquired in nadir on
28 September 2012. Both images were spectrally resampled in ENVI 4.7
(Academic license) wusing the following band information, Table 2
(Law and Nichol, 2004; Drusch et al. 2012). The CHRIS/PROBA spectral
coverage is not as wide as the one of Sentinel-2. Thus, only those Sentinel-2 bands
which correspond to the CHRIS/PROBA’s bands in Mode 1 were simulated.
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Table 2. Spectral characteristics of Sentinel-2 simulated bands. After Law and Nichol,
(2004) and Drusch et al. (2012) with modifications

Sentinel-2” bands Central wavelength A (nm) FWHM* (nm)
1 443 20
2 490 65
3 560 35
4 665 30
5 705 15
6 740 15
7 783 20
8 842 115

8b 865 20
9 945 20

*Full width at half maximum (FWHM)

The image was subsequently corrected for topography using Minnaert
topography correction algorithm implemented in SAGA GIS (Verrelst et al. 2010).
The so-formed bands were spectrally subset from the Sentinel-2 simulated image
(inheriting from CHRIS/PROBA the 30 m SR) in order to provide an input for
simulation of 10, 20, and 60 m SR Sentinel-2 bands. The spectral subsets are: 1) 2,
3, 4, and 8 bands (10 m SR); 2) 5, 6, 7, and 9 (natively the 8b Sentinel-2 band)
band (20 m SR); 3) 1 and 10 band (60 m SR) (Law and Nichol, 2004). Then the
high resolution (15 m SR) panchromatic Landsat 7 ETM+ bands were degraded to
20 m SR. The next step in the simulation approach was collocating the Landsat 7
ETM+ spatially degraded panchromatic band to 20 m SR with the spectral subsets
from Sentinel-2 simulated images before and after the wildfire, using BEAM-
VISAT ‘Collocate’ procedure. Three Top Of Canopy (TOC) (atmospherically
corrected) Sentinel-2 simulated images at three different SR (10 m, 20 m, and 60
m) were simulated for both dates. Finally, before image classification the simulated
Sentinel-2 bands were all stacked and spatially resampled to 20 m SR using Cubic
Convolution (CC) algorithm.

2.3. Image classifications

On the stacked high-resolution (20 m SR) Sentinel-2 TOC simulated image
a supervised Maximum Likelihood Classification (MLC) and Support Vector
Machines (SVM) image classifications were performed. The accuracy of the
classification outputs were assessed after using a stratified random sampling (seed
proportionally — 10 % to the class weigh). Finally, the areas estimated after the best
performing classification algorithm were compared to each other.
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3. Results and Discussions

The false colour composites of Sentinel-2 TOC simulated images
(20 m SR) from both dates are presented on (Fig. 2).
The major challenge in performing an image classification on the Sentinel-2
simulated images was the difference in illumination conditions of two
CHRIS/PROBA scenes due to the seasonal changes (Fig. 2). Those difference were
persistent even after performing a topographic correction on the images which later
on imposed on adding to the LU/LC classification scheme an additional LU/LC
class ‘Shadows’. The quality of the second image was additionally deteriorated due
to an airplane trail, which crossed just above the burnt area. The classification
scheme for LU/LC classification is based on expert knowledge for the distinctive
LU/LC classes on both images. The spectrally discriminated classes in present
study are: 1) for first-date Sentinel-2 simulated image: ‘Urban area’, ‘Rock screes’,
‘Grassland’, ‘Bushes’, ‘Broadleaf forest’, ‘Coniferous forest’, and ‘Unclassified’.
The latter LU/LC class is practically void because no probability threshold was
applied to either MLC or SVM and images were completely classified. This was
done intentionally in order to assess whether the Sentinel-2 spectral bands are
providing enough information to discriminate between those classes; 2) for the
second-date Sentinel-2 simulated image some additional classes were introduced
due to different image spatial coverage and the wildfire occurred in the nature
reserve: ‘Water bodies’, ‘Fire scar’, and ‘Shadows’. The results from the LU/LC
classifications differed significantly in their accuracies and barely reached 80 %
accuracy. The worst performing LU/LC classification outputs were discarded in the
subsequent analysis. On (Fig. 3) are presented the most accurate results for
Sentinel-2 image classification. The visual comparison, between 22 June 2012 and
28 September 2012 image classification results, bring some interesting insights to
the seasonal changes and the changes in LU/LC caused by the wildfire in July
2012. Firstly, the ‘Shadows’ class is introduced in the LU/LC classification due to
the high extent of shadows casted on the slopes of Bistrica river valley. The
presence of this class is explained with the changed solar zenith angle due to the
autumn season. The applied atmospheric and topographic corrections gave little
visible effect which also reflected the introduction of the new ‘Shadows’ class. The
thematic accuracy of classification of the ‘Fire scar’ class was also lessened due to
the fact that the fire scar falls almost completely in the ‘Shadow’ class, see Fig. 2d
and Fig. 3, image 2. Another complication was the presence of an airplane trail,
which trespasses exactly over the burned up area as well as the atmospheric haze
which was abnormal for this day, Fig. 2c. Furthermore, the extension of the ‘Rock
screes’ class in expense of ‘Bushes’ and ‘Grassland’ classes are due to the seasonal
changes of insulation and the drying out grass from mountain meadows which
either uncover the rock screes in some places or become spectrally similar with the
rocks.

58



(2102 19qwaidas 8Z) DOL Z-13unuas Jo seisoduwod 1nojod-asfe) (A pue (O 1(2T0z dunr zg) 001
Z-1aunuas Jo sansodwod 1nojoa-asie) (g pue (v "(4S w 0z) sebewl parejnwis DOL Z-]aunuas Jo sausodwod 1nojo) 'z "Bi4

aysodwod (Y10) payelu| 1nojod (A
‘a)isodwod 1nojod asie} (O

(L¥ 88v3 826021 OH SIMHO)
Jipeu ur pasinboe abew! | 8poN SIYHO/VEO¥d
wouy abew pajejnwis z-jpunuag :z abew)

Jequn xepuj
9 v z

S
g

V] |

"(1 se1qe eaod) sanudg Aewioy - sjyoid [2noeds

a)isodwiod (4|D) payelu| Jnojod (g

‘a)1Isodwod Inojod as|e} (v

(07L¥ 38¥3 229021 OH SIYHO)

Jipeu ur paiinboe abew! | 8poN SIYHO/VEOHd
wouj abew pajejnwis z-jpunuas | abew)

q\¥v9ling

sabew| paje|nwig zZ-|]aunuasg Jo sajisodwo?) Inojo)

59



safew! parenwis DOL Z-1aunuss syl wody pasedsaad ‘aAtesal gy OOSINN 81ysiuelg oxystisig Jo sdew D7/N7 '€ "6i4

NP€ 8uoz ‘N LN uondsfold | ¥8SOM pI0dD

m;_wuw%u n - n - e
S'L 000'9 005t 000°¢ 0051 052 O

Z10z-des-gz SISjowW OGS = JSJBWNUSd | z10z-dunp-zg
| abewy

payissejoun |
SMmopeys mm

1eds ol mm

15210} SNOJSJIUOD
15210} Jea|peo.ig mm

palsseloun [
1S810} SNOJBJIUOD) mm

seysng mm 1S810} JES|PROIg W
pueissels) mm seysng mm
S90S %00y (777 pue|ssels) mm

eale ueq.n mm $9910S YO0 [
$81poq JojeA\ mm eale Ueq) mm
saweu sse|) sawieu sse|)
N WNAS

19piog ,B)ysiuelg oxysiasig, 19piog Byysiuelg oxysLisig,

SIBAIY —- SIBAY -

18A09-puej/esn-pue] aAIesay gVIN 0OSIANN dpysiuelg oyysiysig jo dey

60



Table 3. Accuracy assessment of SVM LU/LC classification performed on Sentinel-2 TOC
simulated image (22 June 2012) (in percentage)

LU/LC Rock Broadleaf | Grassland | Coniferous | Urban | Bushes | Total
Class screes | forest forest area

Rock screes 45.61 0 1.91 0| 36.11 0 8.08
Broadleaf 0 98.31 1.27 22.22 0 5.88 | 28.65
Grassland 10.53 0 79.62 0 0| 2353 | 25.96
Coniferous 5.26 0 0 77.78 0 0| 20.77
Urban area 38.6 1.69 0.64 0| 63.89 0| 9.23
Bushes 0 0 16.56 0 0| 7059 | 731
Total 100 100 100 100 100 100 100

Table 4. Accuracy assessment (omission and commission) of SVM LU/LC classification
performed on Sentinel-2 TOC simulated image (22 June 2012) (cont.)

S S . .

22| s=| B8 5 S| 8= | 8
LU/LC class 25| 25| E@| 23| <5 <5 <z
ES| E5| EX| EX| 85| 35| B
& os oL oL T o8 T
Rock screes 38.1 | 54.39 16/42 31/57 | 45.61 61.9 26/57
Broadleaf forest 22.15 1.69 | 33/149 2/118 | 98.31 77.85 | 116/118
Grassland 741 | 20.38 | 10/135 | 32/157 | 79.62 92.59 | 125/157
Coniferous forest 278 | 22.22 3/108 | 30/135 | 77.78 97.22 | 105/135
Urban area 52.08 | 36.11 25/48 13/36 | 63.89 47.92 23/36
Bushes 68.42 | 29.41 26/38 5/17 | 70.59 31.58 12/17

The highest producer’s accuracy features the ‘Broadleaf forest’ class, while
the highest user’s accuracy has ‘Coniferous forest” and ‘Grassland’ classes. The
‘Urban areas’ class is largely misclassified with ‘Rock screes’ due to the spectral
similarity of the materials used in urbanized areas with rocks. The results from for
MLC LU/LC classification (after wildfire) are presented on Table 5 and Table 6.
The overall accuracy of MLC is 76.98 %, which is well below for routine LU/LC
mapping purposes (Kappa 0.7293). It could be inferred, that the highest user’s
accuracy has the ‘Urban areas’ class followed by ‘Broadleaf forest’, and
‘Coniferous forest’ class. Conversely, the highest producer’s accuracy have in
descending order ‘Broadleaf forest’, ‘Bushes’, ‘Coniferous forest’, and ‘Urban
areas’ classes. This discrepancy is explained with the differences between ground-
truth data and the classification output. Finally, the classification outputs were
updated using on-screen digitizing to avoid the airplane trail. The mapped area is
found to be close to formerly published estimates of the burnt area (Filchev, 2012;
Filchev et al. 2013, Filchev and Dimitrov, 2013; Gikov and Dimitrov, 2013;
Panayotov and Georgiev, 2012; EUFODOS Newsletter, 2013).

61




("w09) (zT0Z J8qWaidas 8z)
abew! parenwis HO1 Z-|2unuas uo pawaopiad uonealisse|d D7/N1 DA JO Juawssasse A2ednddy "9 ajqel

001 001 001 001 001 001 001 001 001 a0t 001 TE10L
oz | 218 | 657 | 0 | €59 | 0 0 0 o | %07 | o 15310 S0IJIU0)
cP6l LT8 rTie 0 0 0 0 691 TEL 0 0 jsaloj jea[peolg
T011 | L0 | iev | 6068 | 0 | 606 | 0 | 691 | s6€ | L | g sagsng
001 w6 0 0 6L'69 81781 £T69 69°1 0 90°C T SMOPEYS
60 | 0 0 0 0 [ st | 0 0 0 0 0 S31p0 11T A
ora 0 0 0 0 0 80°€T 0 0 0 0 1B2S 2l
8L | 0 0 0 0 0 0 | sv. | o0 | av | o sears i)
ra SL0 9870 0 0 8181 0 LV 8 8¢°9¢C €01 i) 522128 H20y
v ocT 0 0 1601 20°F 0 69°L 98’11 91'8¢ IS8 0 SpUE[ssel)
0 0 0 0 0 0 0 0 0 0 0 paLISSE[U]
5 > z| g = = o
L= Z = ] 5 o0 4 g & 73 =) ;
[e10L g = 2 g | @ & B “ & g sse[D DTN
g g @ R g g 2 | &
. g g =| g

(ebeuaauad ui) (210 J19qWa1das gz)
abewr parejnwis DO Z-|dunuas uo pawopad uoneayisse|d 97/N1 DTN J0 uswssasse Aoeanday G a|qel

62



Conclusions

In conclusion of present study, the following have been found:

The simulated Sentinel-2 TOC data can serve for mapping and monitoring
of coniferous, deciduous forests, and grasslands due to the achieved high-level of
producer’s and user’s thematic accuracies, i.e. between 78 % and 98 %.

Depending on the illumination conditions, throughout the seasons, the
accuracy of specific LU/LC classes such as ‘Bushes’, ‘Rock screes’, and ‘Urban
area’ vary significantly, due to the spectral similarity.

The ‘fire scar’, area estimate by the second Sentinel-2 TOC simulated
image, was not found reliable enough due to the airplane trail which passed
through the burnt area.

In summary, in future more studies on Sentinel-2 capabilities of detection
and mapping of forest-fire area estimation are needed.
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OLEHKA HA TIPOMEHMUTE B 3EMHOTO NIOKPUTHE
HA BUOC®EPEH PE3EPBAT , BUCTPUILIIKO BPAHUIIE“
C U3IIOJI3BBAHE HA CUMYJIMUPAHMU SENTINEL-2 JAHHHA

JI. Dunues

Pesrome

LlenTa Ha HACTOSIIOTO H3CIICABAHE € OICHABAHETO HAa NPOMCHUTE B
3eMENOI3BaHeTO/3eMHOTO TOKPUTHE Ha TEpUTOpHUATa Ha OuocdepeH pesepBaT
,buctpuiiko opanunie” (FOHECKO, MAB) B I1I1 ,,Buroma®, ¢ u3nosi3BaHeTo Ha
cpTHUKOBH nmaHHM oT CHRIS/PROBA u cumynupanu gaHad ot Sentinel-2.
3acherure Ha 22 touu 2012 r. m Ha 28 cenremBpu 2012 r. CHRIS/PROBA
n300paKeHus, ca TEOMETPUYHO U aTMOC(HEPHO KOPUTHPAHH M KO-PETHCTPHPAHU.
Tonorpadckara HOpMaIH3alKs € MPUWIOKEHAa Ha BTOPOTO M300pa)keHHE IOpaan
XBBpJICHATa CSHKA BBPXY CKJIOHOBETE Ha JoyMHaTa Ha peka buctpuma. C men
cumynupane Ha Sentinel-2 mannu crnexrpatnute kanaaum Ha CHRIS/PROBA ca
CIIEKTPATHO PecCaMILUIMpaHU MO MIMPHUHATA HA CIICKTPAIHUTE KaHamu Ha Sentinel-2.
[TpOCTpaHCTBEHOTO pEcaMIUIpaHe Ha ChOTBETHHTE KaHamu Ha Sentinel-2 e
HanpaBeHo ¢ MOMOIITa Ha nmaHxpoMaTtudeH kaHai (15 m) or Landsat 7 ETM+. Ha
HarpaBeHaTa Kiacu(UKalHs Ha 3eMENOI3BaHEeTO/3eMHOTO TIOKPUTHE € U3BBPIICHA
OLICHKa Ha TOYHOCTTA W KpPOC-BAJIMIALMS C IIOMOILITa HAa HA3eMHU JIaHHH.
Pesynratute mokassat, ye Mexay 60 ha u 72 ha oT UrionucTHa PacTUTEIHOCT ca
OITYCTOIIEHH OT Topckus moxkap mpe3 2012 r. [TomyueHure pe3yiratu HoKa3BaT U
MOTBBPIK/IABAT CIOCOOHOCTTA Ha Sentinel-2 mucusiTa 3a OTKpUBaHE HA IPOMEHH B
3eMeNO0I3BaHeTO/3eMHOTO MOKPUTHE.
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