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 Abstract 
In this study, the mapping of the reedbed (Phragmites australis and Typha angustifolia) current state at 
the Vromolimni area, Prespa National Park, was performed using classification trees analysis applied to 
two types of remotely sensed data, drone derived orthophoto mosaics and Landsat satellite images. 
Additionally, the vegetation history of the area was reconstructed by applying the same techniques into 
a timeline series of Landsat images (2000-2017). Furthermore, the mapping of burned areas was 
performed with image interpretation techniques. The study area was mapped using an unmanned aerial 
vehicle (UAV) with both RGB and NIR cameras with an original pixel size 0.1x01m that was rescaled to a 
pixel size of 5x5m for the analysis. Orthophoto mosaic classification tree analysis was performed and 
had an accuracy of 75.9% on the training subset with a commission error of 33.4%, 33.1% and 33.5% for 
T. angustifolia, P. australis and other habitat types respectively. From the ground truth data the model 
resulted in an accuracy of 89.6% for T. angustifolia and 85.7% for P. australis 85.7%. The classification 
tree applied on Landsat data (July 2017) had an accuracy of 89.5% on the validation subset while the 
commission error was 31.8% for T. angustifolia, 34.7%, for P. australis and 33.5% for all the other 
habitat types. The classification results from the Landsat images were further evaluated with ground 
truth data and had an accuracy of 98.7% on the T. angustifolia subset, and 85.7% on the P. australis.  

According to the drone orthophoto mosaic classification the total surface area of T. angustifolia and P. 
australis stands in the study area in 2017 was estimated at 188.5 ha and 128.8 ha respectively. The 
image interpretation of high resolution drone images yielded a total burnt area of 4.5 ha at Vromolimni 
reedbeds in 2017 which affected mainly T. angustifolia dominant stands on the east lakeshore of the 
lake and is a result of the proximity to cultivated areas. From the Landsat image classification the total 
area was estimated at 205.1 ha (T. angustifolia) and 153.1 ha (P. australis). Even though the model of 
the Landsat analysis performs better from a statistics point of view than the drone derived one, the pixel 
size is too large for a good represantation of the complex mosaic of the vegetation which leads to a 
overestimation of the surface area of patches. The previously mentioned method was also applied to 
satellite images derived from 2000 (due to absence of previous years Landsat data) until 2017 in an 
attempt to reconstruct the vegetation history of the study area. The presence and the fluctuation of the 
water level within the P. australis and T. angustifolia stands modifies the spectral signatures of T. 
angustifolia/P. australis pixels annually and in combination with wildfire events resulted in unreliable 
results. In parallel, the absence of old ground-truthing data limited the application of available methods 
as well as restricted the validation of the results of the classification method applied.  

Drone derived orthophoto mosaic proved extremely useful for the mapping the current state of reedbed 
vegetation and will serve as a base map for the monitoring of the vegetation dynamics during the 
following years of the project, the impact of wildfires and the post-fire vegetation development and will 
assist the vegetation management that will be performed within the framework of the program.  

Keywords: UAV, remote sensing, drone, Landsat, classification trees, reedbeds, wildfires, vegetation 
management 
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1.  Introduction 
During the last 40 years, changes at the helophyte vegetation of Lesser Prespa, NW Greece, have 
occurred, and more specifically around the area of Vromolimni (Figure 1), where narrow leaf cattail 
(Typha angustifolia L.) encroached against the common reed (Phragmites australis (Cav.) Steud.)). Both 
species tend to establish monospecific stands and the reedbeds are made of patches of P. australis- and 
T. angustifolia-dominant vegetation (Grillas et al., 2018).  

 

Figure 1. Study area.   

 

Several hypotheses could explain the displacement of P. australis by T. angustifolia. This change was 
noticed after a severe drought event that took place during the years 1998-1990. During 1990, the worst 
drought to hit Greece during the 20th century (Kalamaras et al., 2010), the water level of Lesser Prespa 
reached its lower ever recorded (1969-2018) water level (Figure 2, 848.56m, 25/10/1990, Mean annual: 
850,05m ± 0.43 m, Mean minimum: 849.57m ± 0.38, Mean maximum: 850.43 ± 0.38, Data courtesy: 
SPP). As a result, Vromolimni 2 was completely dried while only a small part of Vromolimni 1 maintained 
water. Those events resulted on modification of the peat soil (Broussoulis & Papadaki, 1991) 
characteristics and the geomorphology around the two inner lakes (G. Catsadorakis pers. commun.). 
Additionally, the following year (1991), water level of the lake reached its ever recorded maximum 
(851.12 m, 28/05/1991), resulting in a 2.56 m difference in two successive years.  
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Additional hypotheses that might explain this change can be lake eutrophication caused by the nutrient 
flow from bean cultivation area around Lesser Prespa, the changes in the water level fluctuations of the 
lake that followed after the creation of the new sluice or disturbance by wildfires.  

 

 

Figure 2. Water level of Lesser Prespa during 1969-2015 (data courtesy: SPP). 

Wildfires are considered as an important drivers of vegetation change at Prespa National Park (here 
after PNP) reed beds with an impact on the local wildlife communities. Most of wildfire events take 
place during winter and at the beginning of spring (until the end of April when the farmers start sowing). 
This is due to the need of removing biomass leftovers from the field but also to eliminate reed patches 
from the drainage ditches (Figure 1). Because the ditches end up or are connected to the reed beds, 
during a season where the reed biomass is dry, spreading of fires can be rapid over large areas. High 
accuracy mapping of burned areas will contribute to the monitoring of post fire vegetation 
development.  

The general aim of this study was to provide a baseline for evaluating the dynamics of reed bed 
vegetation in the Vromolimni area of Lesser Prespa by means of generating maps of the current and 
past state of the extent of reed beds in the area. For achieving this, remote sensing techniques such as 
image interpretation and classification, are employed together with other statistical processes and GIS 
tools. 

The specific objectives are: 

• The production of a detailed map of the present distribution of P. australis and T. 
angustifolia dominated reedbeds using Unmanned Aerial Vehicle (UAV commonly 
known as drones) derived orthophoto mosaics and Landsat satellite data. 
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• The reconstruction of the vegetation dynamics of T. angustifolia and P. australis 
dominated stands from 1985 until today; the history of changes could help identify its 
root causes.  

• The design of a protocol for monitoring reedbeds and notably the dynamics of Typha 
angustifolia and Phragmites australis patches and the extent and location of wildfires 
during and beyond the project. 

2. Methods 

Classification of remotely sensed images was used for mapping the present state of reed beds and of the 
areas burnt in 2017. The classification method was applied to images acquired by Landsat 7 ETM+ and 
drone respectively.  The nature of the image data (Landsat versus drone) has advantages and limitations 
for the performance of the classification, in terms of spatial and thematic resolution (spectral). Landsat 
satellite images provide a higher spectral resolution but a lower spatial resolution than drone-born 
cameras. The relatively small size of the studied area (less than 15 km²) and patchiness of vegetation 
requires a high resolution mapping for management. This can be achieved with the use of drones. 
Drones have been utilized for a variety of applications such as mapping habitats (Getzin et al. 2012), 
monitoring invasive plant species (Müllerováa et al. 2017), bird populations and breeding success 
(Hodgson et al. 2016).  

For the reconstruction of the vegetation dynamics for the last 32 years (1985-2017), since drone data 
are not available, only Landsat images were used. Landsat-5 TM provide information from 1984-2013 
while Landsat 7ETM+ from 1999 until today. Both satellites have exactly the same spatial and thematic 
resolution with some minor differences on the wavelengths of some spectral bands.   

A map of the burnt areas in 2017 was produced using the drone derived orthophoto mosaic. Even 
though the images were captured between the 25th and 29th of April 2017 they fully represent the total 
burnt area of the Vromolimni reed beds; no fire incidence was recorded afterwards. 

All of the above methods were validated at field with ground-truthing data. The field validation sampling 
is described in the section below and the chapters that follow describe in detail the above mentioned 
methods. 

3.1 Field validation sampling of reed beds. 

Field validation sampling of reed beds took place from January to April of 2017. According to the 
accessibility and admittance of the areas a stratified random sampling was performed. Within each 
vegetation type of interest (P. australis and T. angustifolia stands respectively), validation stations were 
selected in order to represent to the highest degree possible, the range of hydrological, geographical 
conditions and disturbance.  

In each station vegetation homogeneity was assessed over an area corresponding to a 30 meters 
cardinal direction from the center of the plot, thus representing at least one pure pixel (30x30 m) of a 
Landsat satellite image. If the vegetation within this area was not homogenous then the station was 
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dismissed. At the selected stations, the dominant species, the presence of burned stems and the density 
of the shoots were registered. Geographic coordinates were obtained using a handheld GPS device 
(Garmin GPSMap 64). 

87 pure stands stations of T. angustifolia and 50 pure stand stations of P. australis were identified, each 
of them representing ecologically and floristically homogenous vegetation types (Figure 3, Appendix I). 
Only pure stands were used for the creation of the final data set. Mixed stands were not sampled and 
were not included on the analysis. This was due to the minor cover of mixed stands at Vromolimni area, 
only either of the two species dominates the stands of the reedbeds, and because the inclusion of mixed 
stations would create a misclassification noise on the final statistical analyses.  

All other habitat types (e.g. dry grasslands, agricultural land, open water surface, etc.) were merged into 
a single category and geographic coordinates were taken from random sampling stations around the 
area of interest.  

 

Figure 3. Validation (ground-truthing) stations for T. angustifolia & P. australis dominant stands, used in 
the analysis. 

4. Mapping current state of reedbeds  

4.1 With Landsat 7 ETM+ images 

4.1.1 Image pre-processing 

The 2017 distribution of T. angustifolia and P. australis dominant stands of Vromolimni area was 
mapped using Landsat-7 ETM+ satellite images captured on 20h of July. Only level 1 data was used since 
their values are radiometrically and geometrically corrected (Chander et al. 2017). Landsat 7 provides 8 
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bands with a spatial resolution of 15-60 m (Table 1). For the needs of the study only bands 1 (Blue), 2 
(Green), 3 (Red), 4 (NIR), 5 (SWIR-1) and 7 (SWIR-2) were used (all of them with a spatial resolution of 
30x30m). In parallel, 17 multispectral water and vegetation related indices were calculated (Table 2). 
Because the area of Vromolimni is not affected by the Scan Line Corrector (SLC) failure of Landsat 7 
satellite sensor, strip calibration was not applied. Atmospheric calibration (Dark Object subtraction, 
DOS-1) was performed to all images with the Semi-Automatic Classification plug-in of QGIS 2.18 
(Congedo, 2016). All final images were clipped on the same extend using a mask delimitating the area of 
interest. 

Table 1. Bands of Landsat 7 images: wavelengths and spatial resolution. Table courtesy B. Markham (July 2013), 
available from NASA. 

 

Table 2. Multispectral Indices used in this study for drone orthophoto mosaic and Landsat analysis. 

Indices Formula Used on References 

DVI - differential vegetation index B3-B2 LANDSAT & DRONE Richardson & Everitt, 
1992 

DVW – difference between vegetation 
and water NDVI - NDWI LANDSAT Gond et al., 2004 

IFW – Index of free water B3-B1 LANDSAT & DRONE Adell & Puech, 2003 

MIFW- modified index of free water B4-B1 LANDSAT Davranche et al., 2013 

MNDWI – modified normalized 
difference water index (B1-B4)/(B1+B4) LANDSAT Hanqiu, 2006 

MSI - moisture stress index B4/B3 LANDSAT Hunt & Rock (1989 

MWI- Modified water index B4²/B1 LANDSAT Davranche et al., 2013 

MWII – Modified water impoundment 
index B4²/B2 LANDSAT Davranche et al., 2013 

NDVI - Normalized Difference 
Vegetation Index (B3-B2)/(B3+B2) LANDSAT Rouse et al., 1973 

NDWI – normalized difference water 
index (B3-B4)/(B3+B4) LANDSAT Gao, 1996 

NDWIF – normalized difference water 
index of Mc Feeters (B1-B3)/(B1+B3) LANDSAT & DRONE Mc Feeters, 1996 

OSAVI – Optimized SAVI (B3-
B2)/(B3+B2+0.16) LANDSAT & DRONE Rondeaux et al., 1996 
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SAVI -  Soil Adjusted Vegetation Index 1.5*(B3-
B2)/(B3+B2+0.5) LANDSAT & DRONE Huete, 1988 

SR - simple ratio B2/B3 LANDSAT & DRONE Pearson & Miller, 1972 

VI - vegetation indice B3/B2 LANDSAT & DRONE Lillesand & Kiefer, 1987 

WI – Water index B3²/B1 LANDSAT & DRONE Davranche et al., 2013 

WII – water impoundment index B3²/B2 LANDSAT & DRONE Caillaud et al., 1987 

4.1.2 Creation of the analysis data set 

Field validated stations together with vegetation structure field data from A.1.2 action (Identification of 
the ecological niches of T. angustifolia and P. australis) and expert knowledge allowed the recognition 
and the macroscopic discrimination of T. angustifolia and P. australis stands on the high resolution 
orthophoto mosaics (0.1x0.1 m). This resulted in the creation of polygons that represent large, 
homogeneous environmental units, divided in 3 classes, viz: P. australis, T. angustifolia and other 
habitats (open water surface, grasslands, cultivated land etc.). Following, a grid on the exact size of 
Landsat pixels (30x30 m) was created and was intersected with the created polygons. Using the filter 
function of the QGIS Attribute table, all polygons smaller than 900 m², the size of a full Landsat pixel, 
were excluded from the data set. For all the maintained polygons, a centroid was calculated and a 
random selection of 150 pixels in each class was applied. Using the extract multi-values command, for 
every selected pixel, the values from the 6 selected bands and from 17 multispectral indices (Table 2) 
were extracted. This resulted on a final data matrix of 450 rows (validated points) and 23 columns 
(variables), which was used for the statistical analysis. 

4.2 Mapping current state in reedbeds using drone derived images.  

4.2.1 UAV characteristics and creation of orthophoto mosaics. 

Aerial images were collected with a commercially available fixed-wing Unmanned Aerial Vehicle 
(SenseFly, eBee). The eBee has a wingspan of 96 cm, weighs 700g and can cover up to 12 km² in a single, 
automated mapping flight. Maximum flight duration can be up to 50 minutes. Its flight plan is managed 
through the eMotion software and can be monitored during the flight from a laptop. eMotion calculates 
all the flight parameters automatically; its only requirements from the user are the selection of the area 
of interest, the resolution of the pixel, and the side and longitudinal image overlap.  

eBee can use a single camera on every flight. For this reason, for the same area, two different flights 
must be planned and the UAV operator needs to change the RGB with the NIR camera before drone 
second take off. Maximum resolution of the images can be up to 1.5 cm.  

For the purpose of mapping, 8 flights using the RGB and 8 flights using the NIR cameras were performed. 
Flights took place between the 25th and 29th of April 2017, early in the morning and only when the 
weather conditions were appropriate and similar to the first performed flight. Weather conditions were 
sunny with absence of clouds and low wind speeds.   

Images were analyzed with Pix4D software which handles large datasets deriving from scheduled 
missions and applies point-cloud modelling techniques to generate 3D mosaics of a sample area. The 
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mosaic generated was further orthorectified with the Digital Surface Model (DSM), by a process that 
removes the perspective distortions from the individual images. The resulting orthophoto mosaic RGB 
image (Figure 4) was analyzed further by the processes explained below. 

4.2.2 Orthophoto mosaic pre-processing.  

Due to the differences of the RGB and NIR camera sensors, the pixel size of the orthophoto mosaics is 
slightly different (RGB: 0.0899876x0.0899897 m, NIR: 0.09438x0.09438 m). For this reason, a pixel 
transformation was needed. Initially, both of the orthophoto mosaics were rescaled to 0.1x0.1 m pixel 
resolution. However, since this resolution creates big data files that are difficult to analyze, and also 
separates same environmental units (e.g. the inflorescence and the stem of the common reed have 
different spectral signatures), the mosaics were rescaled to a pixel resolution of 5 x 5 m. Finally, the RGB 
bands of the orthophoto mosaic were extracted separately and the individual bands were used for the 
calculation of multispectral vegetation and water related indices (Table 3). All the above mentioned 
processing was performed with ArcMap 10.4 and QGIS 2.18.14.  

 
Figure 4. The final RGB orthophoto mosaic that was created from the drone geotagged photographs and used in 

the analysis. 

4.2.3 Creation of data set for the analysis. 

Field validated stations together with vegetation structure field data allowed the recognition and the 
macroscopic discrimination of T. angustifolia and P. australis stands on the high resolution orthophoto 
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mosaics (0.1x0.1 m). This resulted on the creation of polygons that represent large, homogeneous 
environmental units (Figure 5A). Then, a grid on the exact size of the orthophoto mosaic pixel (5x5m) 
was created. All polygons were intersected with the grid, so only polygons that represent a full pixel are 
maintained on the final data matrix (Figure 5B). For all the maintained polygons, a centroid was 
calculated and a random selection of 20000 pixels in each class was applied (Figure 5C & 5D). Using the 
extract multi-values command, for every selected pixel, the values from the 4 available bands (Red, 
Green and Blue from the RGB mosaic, and from the NIR) and from 9 multispecular indices (Table 2) were 
extracted. This resulted on a final data matrix of 60000 rows (validated points) and 13 columns 
(variables), which was used for the statistical analysis.  

4.3 Comparison of the two classification results (Landsat and drone)  

The classification results were overlayed and a comparison between the two classification maps 
(Landsat and Drone) was made at a cell by cell basis.  This resulted in a map that combined information 
from both technics and indicated the areas were classification results were consistent and the areas 
where classification results differed. All analyses were performed in ArcMap 10.4 while the final map 
was created using the QGIS 2.18.14 software.  

5.  Mapping of wildfires  
Mapping the burned areas at the area of Vromolimni that took place within 2017 was performed using 
image interpretation (Figure 6). The burnt areas located in the drone orthophoto mosaic were digitized 
with QGIS 2.18.14 software.  

 
Figure 6. T. angustifolia dominant stand burned as a result of a wildfire event that took place during March 2017. 

On the left, aerial images acquired with a drone.  
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6. Reconstruction of the vegetation dynamics using Landsat data 

6.1 Image pre-processing 

For the purpose of reconstruction of the vegetation dynamics of T. angustifolia and P. australis 
dominant stands from 1985 until today, Landsat-7 ETM+ and Landsat-5 TM cloudless satellite images of 
the study area were obtained. Two different dates were tested, April and July-August. On April, stems 
and leaves of both species are dead and stand above ground or water. This is an advantage since it 
indicates a temporal (weekly) stability of the vegetation’s spectral signature but with a lower vegetation 
cover and higher coverage of surface water. In contrast, during July-August both species are on the peak 
of their vegetative growth, but the water levels of the lake are low resulting in pixel values that are less 
water biased.  

Because the area of Vromolimni is not affected by the Scan Line Corrector (SLC) failure of Landsat 7 
satellite sensor, strip calibration was not applied. Only Landsat Level 1 data products were downloaded 
since they are radiometrically and geometrically corrected (Chander et al. 2017). Atmospheric 
calibration (Dark Object subtraction, DOS-1) was performed to all images with the Semi-Automatic 
Classification plug-in of QGIS 2.18 (Congedo, 2016).  

 

7. Statistical and spatial analysis 
Classification tree analysis (Breiman et al. 1984) was used to separate the different vegetation classes 
for both Landsat images and drone derived orthophoto mosaic. This method uses the concept of 
entropy and identifies the split that minimizes entropy as it grows into different branches (Breiman et al. 
1984).  

Overall, the method includes two steps.  During the first step, the data matrices produced in the pre-
processing steps are used as input to the model. The modeling algorithm examines the variables for 
each vegetation class and determines those that are significant delineators of each class and also 
computes the overall performance and accuracy of the class delineation. Finally, the modeling process is 
utilizing the vegetation delineation variables as different branches of a classification decision tree. Then 
for each area (cells not within the data matrix) not used during the training of the model, according to 
the underlying values of the significant individual bands (wavelength) and multispectral indices, a 
decision upon which vegetation class the area belongs to, is made in a Boolean manner sequentially by 
following the branches of the decision tree.  

 



Figure 5. Steps of the analysis of drone images: A) Creation of large polygons that represent same environmental units, categorized into three classes. B) 
Intersection of the polygons with the pixels of the orthophoto mosaic, so all polygons that do not fit exactly one pure pixel (5x5m) to be excluded. C) Creation 

of a centroid for each selected pixel. D) Close up of the randomly selected centroids. 
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The classification concludes, after all areas (cells) from either drone or Landsat images are assigned to 
the 3 vegetation classes: 1) P. australis dominated, 2) T. angustifolia dominated and 3) other habitat 
types. The classification tree that was selected for mapping the current situation (2017) at the 
Vromolimni reedbeds was applied to prior satellite images. From the final data sets a random fraction of 
20% of the pixels was set as a validation subset.  

All analyses were performed with the Statistica 13.1 software. 

7.1 Creation of final maps 

Final classification trees were applied on Landsat and the orthophoto mosaic using ENVI 4.7 software. 
The raster output of the ENVI software was then vectorized and the final maps were produced. 

For the drone derived map, using ArcMap 10.4, a majority filter was applied on the final map, so to 
reduce the misclassified error. This method replaces cells in a raster based on the majority of their 
contiguous neighboring cells (8 cells). Because of the low spatial resolution of Landsat images, the 
majority filter was not applied to the final Landsat maps.  

8. Results  

8.1 Mapping current state of reedbeds 

8.1.1 Landsat classification of P. australis and T. angustifolia dominated stands (2017) 

The classification tree resulted in an accuracy of 89.5% on the validation subset. The commission error 
was 31.8% for T. angustifolia, 34.7% for P. australis and 33.5% for all the other habitat types. Significant 
bands in the classification tree were DVI (Differential Vegetation Index) and Band 2 (Green). The 
equation is presented on Figure 7A. The total area of T. angustifolia and P. australis stands was 
estimated at 205.1 ha and stands 153.1 ha respectively (Figure 7B).  

Using the ground truth data, the model resulted in 98.71% accuracy on the T. angustifolia subset (only 
one pixel was misclassified, as other habitat type), and 85.72% on the P. australis (7 pixels were 
misclassified as T. angustifolia stands).  

8.1.2 High resolution (drone) classification of P. australis and T. angustifolia dominated stands (2017) 

The classification tree resulted in 75.9% accuracy on the validation subset. Commission error was 33.4%, 
33.1% and 33.5% for T. angustifolia, P. australis and other habitat types respectively. The equation is 
presented on Figure 8A. Important bands and multispectral indices for the classification tree were Band 
2 (Green), Band 3 (Blue), Normalized Difference Vegetation Index (NDVI) and Vegetation Index (VI). The 
total surface area of T. angustifolia and P. australis stands was estimated at 188.5 ha and stands 128.8 
ha respectively (Figure 8B). 

From the ground truth data the model resulted in 89.6% accuracy for the T. angustifolia subset (6 pixels 
were misclassified as P. australis and 2 as other vegetation types) while on the P.australis 85.7% 
accuracy was found (3 pixels where misclassified as T. angustifolia and 3 as other vegetation types).  
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Figure 7. Reedbed classification at Vromolimni area resulting from Landsat images; A) The final classification tree 

that was applied to the Landsat 7 ETM+ satellite images (July 2017); B) Distribution of T. angustifolia and P. 
australis dominant stands displayed on a Bing satellite image. 
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Figure 8. Reedbed classification at Vromolimni area resulting from drone-born images; A) Final classification tree 
was applied to the drone orthophoto mosaics ; B) Distribution of Typha angustifolia and Phragmites australis 

dominant stands displayed on Bing satellite image. 
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8.1.3 Comparison of the two classification maps (Landsat and Drone) 

Overall, both classifications provided identical results at 71% of the study area (Table 3).   The high 
spatial resolution of the drone classification provides a more refined mapping product in comparison to 
the coarse resolution map from the Landsat classification. However, ground evidence indicates a better 
performance of the classification map from Landsat images. This is because the comparison between 
the two mapping results was performed with a 5m pixel resolution. This means that the classification 
from the Landsat images originally performed with a 30m pixel had to be upscaled to a 5m resolution. 
This upscaling brought no change to the pixel values since the original 30m pixel was segmented into 36 
pixels with the same value (i.e. P.australis, T. angustifolia or other habitat types). This upscaling 
provided better accuracy results in terms of ground-trouthing since the information contained in each 
30m pixel (900m²) was general enough for ground-truthing stations to associate with. The detailed 
information derived from the drone classification is more adjusted to the small size of the study area 
and the mosaicity of the vegetation (small patches from both species).  The most significant differences 
concern about 25% of the P. australis stands identified by Landsat classification which appeared to be T. 
angustifolia (drone), conversely 19% of the T. angustifolia stands (D) were identified as P. australis by 
Landsat classification. When examining closer the spatial distribution of the classification differences 
between the two maps (Figure 9), several potential explanations arise. Differences are more frequent at 
the edge of patches, resulting from large differences in pixel sizes between drone and Landsat images 
(larger pixel at the edge of patches mix several habitats). This edge effect probably enhances 
misclassification when the size of patches decreases (notably the NE of the area). Misclassification on 
Landsat classification also occurred at the areas that were burned in 2017 as a result of difference 
between dates that the images were captured (3 month interval). 

Table 3. Classification similarities and differences between the two reedbed remotely sensed data (Landsat and 
drone images). 
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Figure 9. Classification differences when comparing the two resulted maps (Landsat and Drone orthophoto 
mosaic); (L) and (D) in the legend refer to classification using respectively Landsat images and drone images. The 
different colors compared classification on Landsat (L) and drone (D) images. The light and dark green correspond 
respectively to T. angustifolia and P. australis with the same classification from both technics while the grey to the 
category others. 

8.2 Reconstruction of vegetation history at Vromolimni area   

The classification tree that was created for mapping the reedbed state of July 2017 was applied to 
images prior to 2017. According to the availability of data an effort was made to include on the 
vegetation reconstruction, images that were captured during July of the previous years.  However, there 
was no availability of data for July for every year of the vegetation reconstruction timeline (data used: 
Appendix II). The available datasets varied between 14 days (in 2012) prior to and 34 days (in 2006) after 
the required baseline date (20/07/2017). This unavailability of appropriate datasets together with a 
completely unavailable timeline (1991-1999) only enabled for a redundant vegetation reconstruction 
analysis with a temporal range starting from 2000 and ending to  2017, with some years having missing 
data due to atmospheric image acquisition reasons or data absence. 

According to the results (Figure 10 & 11), there is no clear trend of T. angustifolia encroachment, since 
there are huge fluctuations on the area covered by both P. australis and T. angustifolia during the 
chronology of the analyzed data. The significant pixel displacement between the different vegetation 
types during successive years, do not have ecological explanations (Figure 11). Such big changes of the 
total cover of both species, together with their variability of their spatial distribution, are not justifiable. 
The classification method applied to the time series of Landsat data was the same as the mapping the 
current reedbed state with Landsat. The results from the mapping of the current reedbed state provided 
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sound and accurate maps, regardless of the coarse resolution of the Landsat dataset, therefore the 
inability of the maps to depict the vegetation appropriately is due to the inefficiency or redundancy of 
the datasets since the classification methodology is in general a widely used remote sensing technique. 

 
Figure 10. Variation of T. angustifolia and P. australis cover (ha) within the years 2000-2017 calculated by 

classification of Landsat images  

 

8.3 Mapping of burnt areas 

High resolution mapping of wildfires with the drone, proved extremely useful and promising for meeting 
the objectives. In 2017, the total burned area was 4.5 ha and affected mainly T. angustifolia dominant 
stands on the east lakeshore of the lake (Figure 12). The distribution of the burned areas suggests it 
result from the vicinity with cultivated areas, since most of the fire events at the study area result from 
farmer’s activity.  

According to the available data (2007-2016, courtesy of Prespa Management Body & SPP), 2017 was one 
of the years with the smallest burned areas at Vromolimni area (Figure 13). Large scale events occurred 
in 2008 (121.9 ha) at the eastern part of the study area (where large continuous P. australis stands 
occur) and northern (mainly T. angustifolia), 2014 (109.3 ha) at the north-east part (mostly P. australis 
and occasionally T. angustifolia), and 2016 (259.7 ha) at the north-east where both species have 
monospecific dominant stands as well as to the east where only P. australis occurs. Important but 
smaller in total burnt area wildfire events took place in 2007 (46.2 ha) at the north east part of the study 
area where both species tend to establish large reed beds and in 2012 when 60.5 ha of reed beds were 
burned on the east sector where common reed has the most intense and unfragmented monospecific 
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stands. In 2005 only a small fire event took place on a small patch of P. australis at the east sector of the 
study area. From 2009-2011 and the year 2013 no wildfire event were recorded. 

 
Figure 11. The resulted maps when apply the July 2017 classification tree on prior to 2017 satellite images. Green 

and yellow corresponds to P. australis and T. angustifolia respectively.  
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In 2017 the first detailed mapping of the burned area took place at the area of Vromolimni. Data prior to 
2017 are not detailed enough and represents an approximation of the total burned area, based on a 
combination of local and expert knowledge as well as use of satellite images and GPS tracking.  

 

 

Figure 12. Total burned area at Vromolimni reed beds during 2007-2017, displayed on the drone derived 
orthophoto mosaic. Burned areas prior to 2017 are on approximation (2007-2016 data courtesy Management 

Body of Prespa National Park & SPP). 
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Figure 13. Total burned area at Vromolimni from 2007-2017. 

 

9. Discussion 
Over the recent years, the fields of ecology and conservation have shown an ongoing increase in the 
utilization of UAV and the technology associated with several applications. Mapping and monitoring of 
vegetation and its temporal change with modern technology can be an important aid for the 
management of reedbeds in PNP.   

For this reason, a highly detailed and accurate map of the reedbeds in the study area has been achieved 
and validated by ground-truth data. This was achieved not only with the high image resolution obtained 
with low-flying drones but also with the acquisition of images in the NIR (Near Infra-Red) channel. This 
channel has the ability to record the vegetation reflectance and subtle changes in vegetation when 
coupled with the RGB (Red Green Blue) and without it the differentiation between T. angustifolia and P. 
australis would not be possible at such a fine scale. In contrast, the current state of reedbeds was also 
achievable with the classification of satellite derived imagery that also proved accurate as a process 
overall, but with its limitations in terms of spatial resolution (30x30m pixel size). However, the 
classification of both drone and Landsat imagery, showed an overall stable performance of the 
classification algorithms and models employed. 

For the purpose of mapping of the current reedbed situation at the study area, the analysis included the 
image classification of the drone derived orthophoto mosaic together with the image classification of 
Landsat derived imagery for comparison purposes.  

The two classification results showed 13.4% difference in the accuracy of their underlying model on the 
training subset, with the Landsat model resulting on a smaller misclassification error, while the 
commission errors are slightly different. Concurrently, the Landsat classification resulted in a 13% higher 
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accuracy than the drone derived method on the T. angustifolia ground truth stations while for the P. 
australis the two methods have exactly the same accuracy.  

According to the results, the main center of P. australis presence is located in the east sector of the 
Vromolimni area, where it occupies the lakeshore but also shallow areas with absence of water at the 
NE part of the study area. 

Small stands of common reed also occur sporadically around the two inner lakes (Vromolimni 1 & 
Vromolimni 2), where it seems that the last years it is progressively displaced by T. angustifolia (G. 
Catsadorakis, pers. commun.). Important patches of P. australis are also present at the W sector of the 
study area, mainly near the shoreline where the water depth is low.  

In parallel, the main areas dominated by T. angustifolia are located at the center of the study area, and 
more specifically around the two inner lakes (Vromolimni 1 & 2), where the pelican colonies (Pelecanus 
onoctrutalus and Pelecanus crispus) are also met. A large pure patch of T. angustifolia is located at the 
NE sector of the study area which is characterized by a short water presence, mainly from the beginning 
of spring until mid-summer.  Large stands are also located in the east sector in deeper water and steep 
slopes conditions.   

According to the drone orthophoto mosaic classification the total area of T. angustifolia and P. australis 
stands was estimated at 188.5 ha and 128.8 ha respectively, while from the Landsat analysis the total 
area was estimated at 205.1 ha and stands 153.1 ha. This difference (16.7 ha for T. angustifolia and 24.2 
for P. australis) on the total cover is a result of the different pixel sizes of the two images. Since the total 
surface area of a Landsat pixel is 900 m² it fails to represent the detail of the patches of the mosaic of 
vegetation in the Vromolimni area where within small proximity, patches of the two species can be 
found together and sometimes mixed with open water patches. For the same reason, overestimation of 
the total cover of P. australis and T. angustifolia on the Landsat analysis is a result of marginal / linear 
reedbeds and other habitats that were classified as reedbeds due to the vicinity, or the inclusion part of 
them within the same pixel, with reedbeds.  

The reconstruction of the vegetation history (A.1 Action: 1. Assessment of past changes and the present 
situation in the dominant species (Phragmites australis /Typha angustifolia) in reedbeds), although 
many different data sets and combinations were tested, no reliable results could be produced. The 
failure first arises by the absence of Landsat satellite images from the years 1990-1999. During the years 
1988-1990 years large drought events took place at Prespa water basin resulting on the drying of 
Vromolimni 2 and partially Vromlimni 1 in the year 1990, which highly modified the soil characteristics 
and the geomorphology of the study area. The years that followed, and especially on 1992-1994 large 
scale encroachment of T. angustifolia, against P. australis, took place. Unfortunately for those years no 
data exists from all Landsat satellites. Additionally, except from the data absence there was a failure to 
extrapolate the validated results from 2017 images on to images from preceding years. This can be 
explained by different causes: 
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• The presence and the fluctuation of water levels within the P. australis and T. 
angustifolia stands modifies the spectral signature of T. angustifolia/P. australis pixels 
year by year  

• Wildfire events and their interactions with water levels fluctuations resulted in 
unaccepted results.  

Finally, the absence of old ground-truthing data limited the application of available methods as well as 
restricts the validation of the results of the classification method applied. 

UAV’s are widely used in the monitoring of wildfires events (Casbeer et al. 2006 & McKenna et al. 2017), 
and the high resolution images received are a useful mapping aid for detecting burnt vegetation. 
Accordingly, with the images acquired by drone in our study area, through image interpretation we were 
able to map on a fine scale the wildfire impact at the Vromolimni reedbeds. In 2017, the total burnt area 
was 4.5 ha and affected mainly the T. angustifolia dominant stands found on the east lakeshore of the 
lake. According to the mapping results, 2017’s vegetation had a minimum impact from wildfires. 
Furthermore, by continuing the application UAV and remote sensing techniques we will be able to map 
and monitor in detail the total burned areas as well as to monitor the changes that might occur on the 
vegetation structure and composition. 

10. Conclusions 
This action had three objectives: 

• The production a detailed map of the present distribution of P. australis and T. 
angustifolia dominated reedbeds using UAV derived orthophoto mosaics and Landsat 
satellite data. 

• The reconstruction of the vegetation dynamics of T. angustifolia and P. australis 
dominated stands from 1985 until today; the history of changes could help identify its 
root causes.  

• The design of a protocol for monitoring reedbeds and notably the dynamics of T. 
angustifolia and P. australis patches and the extent and location of wildfires during and 
beyond the project. 

The first objective was fully attained. A detailed map of the study area was produced using classification 
tree analysis both from a drone derived map on a fine scale as well as from Landsat satellite images. 
Those results will serve as base maps for the following years of the project. 

The second objective was not achieved. The absence of satellite images during the years that the change 
took place resulted on a small time series data set with a small time span during the current the years.  
After the application of various remote sensing techniques, the analysis did not yield valid results that 
can provide us with information that regard to the changes in vegetation structure at least the years 
following 2000. Overall, no effective conclusions could be derived from the change analysis performed 
in the study. 
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Objective three was fully attained. The creation of the orthophoto mosaic that fully represents the 
situation at the Vromolimni reedbeds, will serve as a base map for monitoring the vegetation dynamics 
of P. australis and T. angustifolia on a fine scale on the following years of the Life Prespa Waterbirds 
project. Two additional maps will be produced, one in 2019 (two years after the base map) and in 2021 
(last project year) exactly on the same pixel size, expand as well as from the same drone. This action 
might allow the recognition of current patterns on the encroachment of T. angustifolia in the reed beds, 
the monitoring of wildfire events but will also assist on the monitoring of the vegetation management 
that will be implemented.   

In conclusion, although it was not possible to gain understanding for the past structure and extent of 
reedbed vegetation, we were able to map very effectively the current state of reedbeds and to measure 
the extent of burnt areas within the study area. The methodology employed will be an effective and 
standardized means for mapping and monitoring the state of reedbeds throughout the duration of the 
Life project.  

 

References 

Breiman, L., Friedman, J. H., Olshen, R., & Stone, C. (1984). Classification and regression trees. New York, 
USA: Chapman & Hall. 

Broussoulis, A. & Papadaki, I. (1991). The peatland of lake Mikri Prespa. Phase I. Institute of Geological 
and Mineral Exploration, IGME, Athens. 

Casbeer, D. W., Kingston, D. B., Beard, R. W., Mclain, T. W., Li, S.-M., and Mehra, R. (2006). Cooperative 
forest fire surveillance using a team of small unmanned air vehicles, International Journal of 
Systems Sciences, 37(6), 351–360. 

Chander, G., Markham, B. L., & Barsi, J. A. (2007). Revised Landsat-5 thematic mapper radiometric 
calibration. IEEE Geoscience and Remote Sensing Letters, 4, 490−494. 

Congedo, L. (2016). Semi-Automatic Classification Plugin Documentation. DOI: 
10.13140/RG.2.2.29474.02242/1 

Davranche, A., Poulin, B., Lefebvre, G. (2013). Mapping flooding regimes in Camargue wetlands using 
seasonal multispectral data. Remote Sensing of Environment, 138, 165-171. 

Gao, B. G. (1996). NDWI—A normalized difference water index for remote sensing of vegetation liquid 
water from space. Remote Sensing of Environment, 58, 257−266 

Getzin, S., Wiegand, K., Schöning, I., (2012). Assessing biodiversity in forests using very high-resolution 
images and unmanned aerial vehicles. Methods Ecol. Evol. 3, 397–404. 

Gond, V., Bartholome, E., Ouattara, F., Nonguierma, A., & Bado, L. (2004). Surveillance et cartographie 
des plans d'eau et des zones humides et inondables en régions arides avec l'instrument 
VEGETATION embarqué sur SPOT-4. International Journal of Remote Sensing, 25, 987−1004. 

Grillas et al., (2018). Identification of the ecological niches of Typha angustifolia and Phragmites 
australis. Report within the LIFE15 NAT/GR/000936 Bird conservation in Lesser Prespa: benefiting 
local communities and building a climate change resilient ecosystem. 

Hanqiu, X. (2006). Modification of Normalized Difference Water Index (NDWI) to enhance open water 
features in remotely sensed imagery. International Journal of Remote Sensing, 27, 3025−3033. 

Hodgson, J. C., Baylis, S. M., Mott, R., Herrod, A., Clarke, R. H. (2016). Precision wildlife monitoring using 
unmanned aerial vehicles. Scientific Reports, vol. 6, 1–7.  



27 

Huete, A. R. (1988). A Soil-Adjusted Vegetation Index (SAVI). Remote sensing of Environment, 25, 
295−309. 

Hunt, E. R., & Rock, B. N. (1989). Detection of changes in leaf water content using near and middle-
infrared reflectances. Remote Sensing of Environment, 30, 43−54. 

Kalamaras, N.,  Michalopolou, H., Byun,  H.  (2010). Detection of drought events in Greece using daily 
precipitation. Hydrology Research, 41(2), 126-133.Lillesand, T. M., & Kiefer, R. W. (1987). Remote 
sensing and image interpretation, 2nd edition New York: John Wiley and Sons. 

McKenna, P., Erskine, P., Lechner A., Phinn S. (2017). Measuring fire severity using UAV imagery in semi-
arid central Queensland, Australia, International Journal of Remote Sensing, 38:14, 4244-4264. 

McFeeters, S. K. (1996). The use of the Normalised Difference Water Index (NDWI) in the delineation of 
open water features. International Journal of Remote Sensing, 17, 1425−1432. 

Müllerováa, J., Bartalos, T., Brunaa, J., Dvorák, P., Vítková, M., 2017. Unmanned aircraft in nature 
conservation: an example from plant invasions. Int. J. Remote Sens. 38, 2177-2198.  

Pearson, R. L., & Miller, L. D. (1972). Remote mapping of standing crop biomass for estimation of the 
productivity of the short-grass Prairie, Pawnee National Grasslands, Colorado. Processing of the 
8th International Symposium on Remote Sensing of Environment, ERIM, Ann Arbor, MI (pp. 
1357−1381). 

Richardson, A. J., & Everitt, J. H. (1992). Using spectra vegetation indices to estimate rangeland 
productivity. Geocarto International, 1, 63−69. 

Rondeaux, G., Steven, M., & Baret, F. (1996). Optimization of Soil-Adjusted Vegetation Indices. Remote 
Sensing of Environment, 55, 95−107. 

Rouse, J. W., Haas, R. H., Schell, J. A., & Deering, D. W. (1973). Monitoring vegetation systems in the 
great plains with ERTS. Third ERTS Symposium, NASA SP-351, vol. 1. (pp. 309−317). 

 

 

 

  



28 

Appendix I 

Latitude Longitude Date (2017) Elevation (asl) Obs 

40.80963 21.07833 17-Mar 856 T. angustifolia stand 

40.80985 21.07923 17-Mar 856 T. angustifolia stand 

40.80993 21.08007 17-Mar 856 T. angustifolia stand 

40.81032 21.08050 17-Mar 860 T. angustifolia stand 

40.81058 21.08133 17-Mar 857 T. angustifolia stand 

40.81070 21.08145 17-Mar 859 T. angustifolia stand 

40.81112 21.08153 17-Mar 858 T. angustifolia stand 

40.81260 21.08402 17-Mar 856 T. angustifolia stand 

40.81260 21.08433 17-Mar 850 T. angustifolia stand 

40.81268 21.08470 17-Mar 852 T. angustifolia stand 

40.81282 21.08478 17-Mar 854 T. angustifolia stand 

40.81307 21.08491 17-Mar 852 T. angustifolia stand 

40.81832 21.09507 17-Mar 854 T. angustifolia stand 

40.81823 21.09552 17-Mar 847 T. angustifolia stand 

40.81828 21.09573 17-Mar 848 T. angustifolia stand 

40.81863 21.09667 17-Mar 843 T. angustifolia stand 

40.81872 21.09695 17-Mar 848 T. angustifolia stand 

40.81887 21.09718 17-Mar 849 T. angustifolia stand 

40.81893 21.09762 17-Mar 845 T. angustifolia stand 

40.81913 21.09802 17-Mar 845 T. angustifolia stand 

40.81925 21.09842 17-Mar 846 T. angustifolia stand 

40.81923 21.09852 17-Mar 845 T. angustifolia stand 

40.81952 21.09892 17-Mar 846 T. angustifolia stand 

40.81958 21.09913 17-Mar 847 T. angustifolia stand 

40.81970 21.09958 17-Mar 846 T. angustifolia stand 

40.81982 21.09958 17-Mar 850 T. angustifolia stand 

40.81995 21.09983 17-Mar 845 T. angustifolia stand 

40.82018 21.09993 17-Mar 832 T. angustifolia stand 

40.79877 21.07237 16-Mar 846 T. angustifolia stand 

40.79902 21.07252 16-Mar 853 T. angustifolia stand 

40.79937 21.07268 16-Mar 851 T. angustifolia stand 

40.79943 21.07233 16-Mar 848 T. angustifolia stand 

40.79945 21.07228 16-Mar 848 T. angustifolia stand 

40.81305 21.08950 21-Mar 838 T. angustifolia stand 

40.81302 21.08988 21-Mar 841 T. angustifolia stand 

40.81303 21.08991 21-Mar 841 T. angustifolia stand 

40.81307 21.08995 21-Mar 844 T. angustifolia stand 

40.81307 21.09010 21-Mar 839 T. angustifolia stand 

40.81352 21.09023 21-Mar 848 T. angustifolia stand 
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Latitude Longitude Date (2017) Elevation (asl) Obs 

40.81358 21.09025 21-Mar 846 T. angustifolia stand 

40.81400 21.09028 21-Mar 847 T. angustifolia stand 

40.81427 21.09037 21-Mar 849 T. angustifolia stand 

40.81433 21.09063 21-Mar 852 T. angustifolia stand 

40.81435 21.09082 21-Mar 851 T. angustifolia stand 

40.81442 21.09095 21-Mar 844 T. angustifolia stand 

40.81710 21.09660 21-Mar 851 T. angustifolia stand 

40.81738 21.09693 21-Mar 852 T. angustifolia stand 

40.81761 21.09707 21-Mar 849 T. angustifolia stand 

40.81787 21.09738 21-Mar 854 T. angustifolia stand 

40.81805 21.09770 21-Mar 848 T. angustifolia stand 

40.81830 21.09838 21-Mar 849 T. angustifolia stand 

40.81855 21.09907 21-Mar 856 T. angustifolia stand 

40.81870 21.10025 21-Mar 855 T. angustifolia stand 

40.81837 21.10087 21-Mar 857 T. angustifolia stand 

40.81803 21.10083 21-Mar 860 T. angustifolia stand 

40.81772 21.10070 21-Mar 856 T. angustifolia stand 

40.81248 21.11008 23-Mar 850 T. angustifolia stand 

40.81383 21.10765 23-Mar 853 T. angustifolia stand 

40.81283 21.10497 23-Mar 855 T. angustifolia stand 

40.81300 21.10492 23-Mar 851 T. angustifolia stand 

40.81320 21.10487 23-Mar 849 T. angustifolia stand 

40.81343 21.10490 23-Mar 851 T. angustifolia stand 

40.81261 21.10457 23-Mar 854 T. angustifolia stand 

40.81272 21.10490 23-Mar 854 T. angustifolia stand 

40.82013 21.09925 23-Mar 854 T. angustifolia stand 

40.81953 21.09963 23-Mar 854 T. angustifolia stand 

40.81953 21.10018 23-Mar 851 T. angustifolia stand 

40.81172 21.10106 23-Mar 855 T. angustifolia stand 

40.81092 21.10172 23-Mar 854 T. angustifolia stand 

40.81081 21.10057 23-Mar 854 T. angustifolia stand 

40.81570 21.10285 10-Apr 855 T. angustifolia stand 

40.81538 21.10110 10-Apr 854 T. angustifolia stand 

40.81538 21.10045 10-Apr 854 T. angustifolia stand 

40.81553 21.09983 10-Apr 857 T. angustifolia stand 

40.81510 21.09670 10-Apr 850 T. angustifolia stand 

40.81527 21.09580 10-Apr 850 T. angustifolia stand 

40.81490 21.09229 10-Apr 850 T. angustifolia stand 

40.81457 21.09158 10-Apr 849 T. angustifolia stand 

40.80595 21.07790 10-Apr 859 T. angustifolia stand 
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Latitude Longitude Date (2017) Elevation (asl) Obs 

40.80456 21.07748 10-Apr 859 T. angustifolia stand 

40.80408 21.07767 10-Apr 859 T. angustifolia stand 

40.80403 21.07832 10-Apr 858 T. angustifolia stand 

40.80461 21.07830 10-Apr 860 T. angustifolia stand 

40.80571 21.07845 10-Apr 856 T. angustifolia stand 

40.80655 21.07997 10-Apr 855 T. angustifolia stand 

40.80701 21.08045 10-Apr 854 T. angustifolia stand 

40.80640 21.07755 10-Apr 860 T. angustifolia stand 

40.80235 21.07635 16-Mar 848 P. australis stand 

40.80278 21.07588 16-Mar 849 P. australis stand 

40.80288 21.07583 16-Mar 852 P. australis stand 

40.80305 21.07545 16-Mar 849 P. australis stand 

40.81582 21.10548 21-Mar 856 P. australis stand 

40.81565 21.10608 21-Mar 852 P. australis stand 

40.81558 21.10648 21-Mar 855 P. australis stand 

40.81550 21.10710 21-Mar 850 P. australis stand 

40.81517 21.10845 21-Mar 850 P. australis stand 

40.81475 21.10985 21-Mar 850 P. australis stand 

40.81445 21.11093 21-Mar 851 P. australis stand 

40.81323 21.10935 23-Mar 850 P. australis stand 

40.81340 21.10850 23-Mar 853 P. australis stand 

40.81323 21.10650 23-Mar 852 P. australis stand 

40.81318 21.10633 23-Mar 853 P. australis stand 

40.81290 21.10612 23-Mar 852 P. australis stand 

40.81272 21.10662 23-Mar 852 P. australis stand 

40.81272 21.10730 23-Mar 851 P. australis stand 

40.81268 21.10763 23-Mar 851 P. australis stand 

40.81885 21.10403 23-Mar 842 P. australis stand 

40.79683 21.11253 23-Mar 844 P. australis stand 

40.79790 21.11208 23-Mar 846 P. australis stand 

40.79766 21.11071 23-Mar 854 P. australis stand 

40.79885 21.10951 23-Mar 855 P. australis stand 

40.81538 21.10467 23-Mar 849 P. australis stand 

40.81438 21.10475 23-Mar 854 P. australis stand 

40.81786 21.10293 23-Mar 854 P. australis stand 

40.81791 21.10478 23-Mar 842 P. australis stand 

40.80325 21.10825 30-Mar 842 P. australis stand 

40.80327 21.10767 30-Mar 844 P. australis stand 

40.80332 21.10697 30-Mar 846 P. australis stand 

40.80347 21.10640 30-Mar 854 P. australis stand 
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Latitude Longitude Date (2017) Elevation (asl) Obs 

40.80405 21.10608 30-Mar 855 P. australis stand 

40.80460 21.10635 30-Mar 849 P. australis stand 

40.80483 21.10760 30-Mar 854 P. australis stand 

40.80487 21.10822 30-Mar 853 P. australis stand 

40.81516 21.10293 4-Apr 856 P. australis stand 

40.81473 21.09756 4-Apr 854 P. australis stand 

40.80738 21.10753 4-Apr 848 P. australis stand 

40.80703 21.10707 4-Apr 847 P. australis stand 

40.80662 21.10670 4-Apr 850 P. australis stand 

40.80582 21.10631 4-Apr 851 P. australis stand 

40.80598 21.10543 4-Apr 854 P. australis stand 

40.80622 21.10480 4-Apr 855 P. australis stand 

40.80695 21.10458 4-Apr 860 P. australis stand 

40.80750 21.10473 4-Apr 858 P. australis stand 

40.80798 21.10510 4-Apr 854 P. australis stand 

40.80831 21.10575 4-Apr 851 P. australis stand 

40.80868 21.10620 4-Apr 847 P. australis stand 

40.80888 21.10685 4-Apr 847 P. australis stand 
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Appendix II 
Landsat data used for mapping the current situation and reconstruction of the vegetation history 

LE07_L1TP_185032_20170720_20170815_01_T1 20/07/2017 (Used in the final 2017 landsat map & 
reconstruction) 

LE07_L1TP_185032_20160802_20161007_01_T1 02/08/2016 (Used for the reconstruction) 

LE07_L1TP_185032_20150816_20161022_01_T1 16/08/2015 (Used for the reconstruction) 

LE07_L1TP_185032_20130725_20161122_01_T1 25/07/2013 (Used for the reconstruction) 

LE07_L1TP_185032_20120706_20161130_01_T1 06/07/2012 (Used for the reconstruction) 

LE07_L1TP_185032_20100818_20161213_01_T1 18/08/2010 (Used for the reconstruction) 

LE07_L1TP_185032_20090714_20161220_01_T1 14/07/2009 (Used for the reconstruction) 

LE07_L1TP_185032_20080812_20161228_01_T1 12/08/2008 (Used for the reconstruction) 

LE07_L1TP_185032_20070810_20170103_01_T1 10/08/2007 (Used for the reconstruction) 

LE07_L1TP_185032_20060823_20170108_01_T1 23/08/2006 (Used for the reconstruction) 

LE07_L1TP_185032_20050820_20170113_01_T1 20/08/2005 (Used for the reconstruction) 

LT05_L1TP_185032_20000729_20171211_01_T1 29/07/2000 (Used for the reconstruction) 
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