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Summary
Remote sensing techniques can provide tools for mapping hazards in natural ecosystems, including
wildfire events, targeting accurate mapping of distribution as well as post-event monitoring and
recovery. Since 2019, whole lakeshore mapping of wildfire events and distribution in Lesser Prespa is
implemented targeting solely the effects on reedbeds within the LIFE project Prespa Waterbirds. Based
on previous work done in the area (Willm 2019), fieldwork data, coupled with sentinel-2 satellite
images and remote sensing methodologies were used as a workflow pipeline in order to improve the
delineation of wildfires distribution in Prespa reedbeds. The implementation of the method used in
2019 (Burn Area Index for Sentinel-2 BAIS2) provided poor results in 2020. Therefore, a derivative of
BAIS2, namely the deltaBAIS2, was created. This derivative index is calculated as the difference before
and after fire events of the value for each pixel of the BAIS2 index.
Three different fire events were recorded and mapped in 2020, resulting in 53.9 hectares of burnt
reedbed. More than half of the burnt reedbed surface (63.6%) was recorded in Pyli-Daseri area. Most
of the areas that were burnt in 2020 were burnt in 2019 as well (37.5 ha), resulting in two successive
years of disturbance in the reedbed. The pattern observed in the distribution of the repeatedly burnt
areas can maybe serve as an indicator of where the annual “hotspots” of human driven wildfires are
in the reedbeds of Prespa National Park. Direct management actions, such as the creation of small firebreaks, can possibly minimize the effect as well as the total burnt area by wildfires.
In comparison with 2019, when 300 ha of reedbed were burnt across the lakeshore of Lesser Prespa,
the total burnt surface of 2020 can be characterized as having a moderate impact in the reedbeds of
the study area.
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1. Introduction
Rapid post-fires mapping is fundamental to support fire management, account for environmental
impact, define planning strategies and for the monitoring of vegetation recovery (Sakellarakis et al.,
2018).
Burn Area Index (BAI) or Normalized Burn Ratio (NBR) indices are commonly used for mapping
efficiently areas damaged by wildfires in natural ecosystems (Key & Benson 1999, Chuvieco & al.,
2002). Although both indices (BAI & NBR) are widely used for mapping fires distribution and effect in
different type of ecosystems, they were originally designed for mapping fires in forests (Key and
Benson 1999) and studies (Epting et al., 2005; Salvia et al., 2012) have demonstrated that NBR index is
not performing efficiently when used for mapping wildfire extent in unforested or herbaceous wetland
vegetation communities. The NBR index was tested in order to map the distribution of fire events that
took place in the reedbeds of Prespa but, unsurprisingly, provided unsatisfactory results.
An alternative index for post-fire burnt area detection, namely the Burn Area Index for Sentinel-2
(BAIS2), was developed and designed by Filipponi (2018), in order to take advantage of Sentinel-2 new
MSI spectral characteristics while adopting spectral combination of bands which have been
demonstrated to be suitable. The new Multispectral Instrument (MSI) on-board of Sentinel-2 satellite
carries more spectral information recorded in the Red-edge spectral region which is one of the best
radiance based descriptors of chlorophyll content.
The index BAIS2, use a band ratio in the red-edge spectral domain, which aims to describe vegetation
properties, combined with a band ratio to detect the radiometric response of the SWIR spectral
domain, largely recognized to be efficient in the determination of burnt areas (Filipponi 2018).
The BAIS2 index was computed according to the following formula:

2. Reminder on the context of 2019 and the first tests of BAIS2 index
More than 300 ha of reedbed were burnt during the wildfire events that took place in Lesser Prespa
during late winter-early spring of 2019 (Figure 1; Willm, 2019). In order to map the fire distribution and
extent, and based on the availability of Sentinel-2 scenes, three dates were chosen: satellite images
prior to the fire events, during the events and satellite images shortly after the events. BAIS2 index
(Filipponi, 2018) was calculated for every set of satellite images. The resulting raster file has been
combined with a raster mask of reedbed distribution (based on Vrahnakis et al., 2011 and Sakellarakis
et al., 2018), keeping only the pixels of reedbeds (including Phragmites australis and Typha angustifolia
dominated reedbeds) and their values.

The frequency distribution of pixel radiometric values clearly shows a bimodal pattern that should
discriminate between burnt and unburnt areas. We used the natural breaks methodology1 to estimate
the threshold value separating the BAIS2 pixel values in two classes (Figure 3). Comparing BAIS2
classification and burnt areas (Figure 2 and 4), it seems that BAIS2 is a good index to separate burnt
from unburnt areas in the reedbeds of Prespa.

Figure 1 : Dates and areas of fire events during early months (February-March) of 2019 at Lesser
Prespa reedbeds.(lined area : SPP estimate of wildfires extension)

1

Natural breaks classification = A method of manual data classification that seeks to partition data into classes
based on natural groups in the data distribution. Natural breaks occur in the histogram at the low points of
valleys.

Figure 2 : Example of pixels values of BAIS2 on the reedbeds of northern Lesser Prespa (stretched
range view; date: 21/02/2019).

Figure 3: Histogram of BAIS2 on Prespa reedbeds (date: 21/02/2019).

Figure 4. Classified view of BAIS2 based on natural threshold on the northern large Prespas reedbed
applied to a Sentinel-2 scene from 21 February 2019. The fire event happened from 13 to 15 Feb, less
than a week before S2 image acquisition. (dash-lined area: SPP estimate of fires extension)

3. Mapping burnt reedbeds of 2020
During 2020 three large-scale (>5 ha) wildfire incidents were recorded in the reedbeds of Prespa
(Figure 5). Based on the availability of Sentinel-2 scenes, and following the same methodological
framework that was built for wildfire mapping of 2019 (Willm, 2019), two dates were chosen in order
to detect and map every wildfire event (prior -after the fire event; Table 1).
The BAIS2 index (Filipponi, 2018) was calculated and the resulted raster files were combined with a
raster mask of reedbed distribution (based in Vrahnakis et al., 2011 and Sakellarakis et al., 2018). Even
though in the analysis of 2019 satellite images, the frequency distribution of pixels’ radiometric values
showed a clear bimodal pattern (discriminating thus between burnt and unburnt areas), in the 2020
analysis the distribution presented a no unimodal pattern (Figure 6) that failed to classify burnt and
unburnt pixels; burnt pixels were creating a second wave (mode) on the distribution pattern. Thus an
adaptation to the methodology was needed.
Rather than discriminating based on a bimodal distribution, we studied the evolution of BAIS2 values
before and after fire events. BAIS2 values of unburnt pixels should not vary in time as much as burnt

pixels values that are expected to differ importantly prior and after a fire event. We calculated the
difference between these two periods according to this formula:

dBAIS2 (date fire) = BAIS2 (post-fire) – BAIS2 (pre-fire)

Figure 5. Dates and areas of fire events during the first months of 2020 on Prespa. ( areas outlined in
red : SPP estimation)
Table 1. Dates of Sentinel-2 satellite images (scenes) and fires events during 2020.
Sentinel-2 scenes (dates)
18/02/2020

Fire events (dates)
26/02/2020

12/03/2020
19/03/2020
08/04/2020
11/04/2020
14/04/2020
16/04/2020

Figure 6: Histogram of BAIS2 (16 Apr 20) on Prespa reedbeds

3.1 Histogram distribution of delta BAIS2 values
As expected, BAIS2 pixel values did not vary much over time on the not burnt areas. As a result,
DeltaBAIS2 of unburnt areas form a cluster around zero [Figure 7 (green ellipse)]. In contrast, burnt
pixels exhibit larger variations of BAIS2 before and after fire took place resulting in highly positive
DeltaBAIS2 values [Figure 7 (red ellipse)].

Figure 7: Histogram of deltaBAIS2 (16 Apr 20) on Prespa reedbeds.
The natural threshold classification method was used to identify the threshold value of dBAIS2 for
discriminating burnt from unburnt areas (Figure 7). For 2 out of 3 fire events, the automatically
calculated threshold value provided satisfactory results. However, for the last fire (14th of April, 2020),
we had to manually reclassify the pixels based on a threshold value of 0.08. As the last fire had a very
small surface, we can hypothesize that the natural threshold model can no longer identify the burnt
pixels as a class in its own right (approximately 200 burnt pixels / 13195 total reedbed pixels). Results
from these classifications are shown on Figures 8, 10 & 12.

3.2. Results
During 2020, three large scale wildfire events were recorded and mapped in Prespa resulting in 53.88
hectares of burnt reedbeds (Table 2). The most severe event was recorded during the 26th of February
in Pyli-Daseri area with a total burnt surface of 34.28 ha. The two that followed during the 8th and the
14th of April burnt 13 ha (mostly in the area of Lefkonas-Anltiostasio) and 6.6 ha (Agia Anna-Rema
Plateos) respectively. It has to be noted that all areas burnt in 2020 were burnt in the wildfire events
of 2019 as well (Willm, 2019). In comparison with 20192 (Willm, 2019) when more than 300 hectares
of reedbed were burnt, 2019 can be characterized as a year with moderate impact in the general
ecology of the reedbed system of Lesser Prespa.
Table 2. Burnt areas for each fire event
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26/02/2020

34.28 ha (857 pixels 20mx20m)

08/04/2020

13 ha (325 pixels 20mx20m)

14/04/2020

6.6 ha (165 pixels 20mx20m)

Whole lakeshore wildfire mapping was implemented in Lesser Prespa for first time in 2019; Sakellarakis et al.
(2018) mapped only the wildfire events in the northern part of Lesser Prespa thus have not been included in the
comparisons.

3.2.1. Fire event during the 26th of February (2020)
Delta BAIS2 was calculated using this formula:
dBAIS2 (26/02/2020) = BAIS2 (12/03/2020) – BAIS2 (18/02/2020)

Figure 7. Difference in BAIS2 values prior and after the fire event (26/02/2020; Delta BAIS2). (dashlined area: SPP estimate of fires extent)

Figure 8. Classification of burnt and unburnt areas based on the natural breaks method applied to
Delta BAIS2 values (26/02/2020). (dash-lined area: SPP estimate of fires extension)

3.2.2. Fire event during the 8th of April (2020)
Delta BAIS2 was calculated using this formula:
dBAIS2 (08/04/2020) = BAIS2 (11/04/2020) – BAIS2 (19/03/2020)

Figure 9. Difference in BAIS2 values before and after the fire that burnt during the 08/04/2020 (Delta
BAIS2). (dash-lined area: SPP estimate of fires extension)

Figure 10. Classification of burnt and unburnt areas based on the natural thresholds method applied
to Delta BAIS2 values (08/04/2020). (dash-lined area: SPP estimate of fires extension)

3.2.3. Fire event during the 14th of April (2020)
Delta BAIS2 was calculated using this formula:
dBAIS2 (14/04/2020) = BAIS2 (16/04/2020) – BAIS2 (11/04/2020)

Figure 11. Difference in BAIS2 values before and after the fire (14/04/2020; Delta BAIS2). (dash-lined
area: SPP estimate of fires extension)

Figure 12. Classification of burnt and unburnt areas based on manual thresholds classification
applied to Delta BAIS2 values (14/04/2020). (dash-lined area: SPP estimate of fires extension).

3.2.4. Comparison of wildfire distribution for two successive years (2019-2020).
During 2019 and 2020, 37.5 ha of reedbeds were burnt successively, for two years in a row, in Lesser
Prespa Lake. Most of these areas where recorded near the village of Pyli (Figure 13; 23.8 ha, 63.6% of
the area mapped as successively burnt) in the east-southeast side of the Lake, while two additional
areas, with a size of 6.4 and 6.8 ha, were found in the areas of Rema Kalitheas and Rema
Lefkonas/Antliostasio respectively. An additional successively burnt -but smaller in size- area (0.5 ha),
was found at the mouth of Rema Karyon. The pattern observed in the distribution of the repeatedly
burnt areas can maybe serve as an indicator of where the annual “hotspots” of human driven wildfires
are distributed in the Prespa National Park. All three areas, viz., Pyli, Rema Kalitheas and Rema
Lefkonas/Antliostasio, as well as the smaller area in Rema Karyon, are found in close proximity to
important agricultural sites of Prepsa were extensive bean fields occur. Especially in the areas of Rema
Kalitheas and Rema Lefkonas/Antliostasio the reedbeds are directly connected with the drainage
ditches of the agricultural fields. Direct management actions as the creation e.g. of small and targeted
fire-breaks can possibly contribute to the control of wildfires in the area.

Figure 13. Areas burnt in 2019 and in 2020 as well as areas burnt successively (2019 & 2020) in the
reedbeds of Lesser Prespa.

4. Limitations and perspectives of the methodology
Availability of Sentinel-2 images of high quality is depending upon weather conditions after fire events.
Soon after a fire, a good weather window (no clouds) is necessary for image acquisition.
Suitability of BAIS2 index and DeltaBAIS2 during the reed growing season: the time window of Sentinel2 image acquisition would need to be shorter due to the disappearance of the signal associated to the
faster recovery of vegetation.

4.1. Benefits of DeltaBAIS2 versus BAIS2
-

BAIS2 needs major fires to form the bimodal pattern histogram used for determining the
threshold between unburnt and burnt areas. DeltaBAIS2 doesn’t need major fires to detect
noticeable variations in pixel reflectance that will occur only on burnt pixels.

-

Unlike BAIS2, - and unless significant water level change between measures (e.g. reservoirs) DeltaBAIS2 cannot misclassify the mixed water/reed pixels (water presence is modifying the
radiometric value towards the burnt class).

4.2. Perspectives
Because the consequences can be very different, it could be interesting to study the water
presence/absence when the fires occurred and their impact. To detect the presence or absence of

water in the reed beds at each time of the fires, we used the Water In Wetlands index (Lefebvre, et.
al., 2019). Results are shown in Figure 14.
The presence/absence of water on the soil when a fire occurs could have impact on 2 aspects:
-

the rhizomes of Typha and Phragmites could be impacted by a fire occurring on dry soil while
on inundated soil they remain protected,
the fires on dry soils could increase the risk of peat fires and ultimately modify the topography
and thus the duration and maximum height of flooding which are two key factors in wetland
plant ecology.

Figure 14. Burnt areas and water presence for each fire event
As Sakellarakis & Grillas (2019) have shown with in-situ experiments in the area of Pyli-Daseri, when
the reedbed is burnt or cut at the ground level (absence of surface water) but followed by an increase
in Lake water level, the density of Phragmites australis stands can drop up to -70%, with additional
negative impacts in every parameter of the vegetation structure (height and diameter). The recovery
of reedbeds after fires could thus be different depending on the presence or absence of surface water
(or the depth of the ground water, which is more difficult to assess using remote sensing tools) during
wildfires and in the following weeks or months.
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