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SUMMARY

Ukraine is obliged to comply with a number of conventions and strategies aimed at protecting
wetlands. The territory of the Rivne Nature Reserve includes a number of unique Ramsar
sites. In the past, these areas were transformed into a system of retaining structures, canals,
and drained lands for agricultural and military purposes. Despite the positive economic
impact of these land reclamation systems on the region, the past few decades have
demonstrated the vulnerability of both natural systems and existing settlements to the
transformation of the hydrographic network and peat wetlands.

The increase in the number of forest and peat fires is one of the consequences of such
transformations. In order to justify revitalisation measures for wetland massifs, we conducted
a spatio-temporal assessment of fire occurrence in the Somyne and Syra Pohonia massifs for
the period 2010 to 2023. The modelling results indicate that fires occur almost every year, but
their extent is particularly significant in low-water periods.
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Introduction

Fire monitoring has become an essential component of environmental management and risk
assessment, especially in regions where wetlands and peatlands are prevalent. The ability to detect,
track, and analyse fires in real-time is crucial for mitigating their impacts on biodiversity, climate
regulation, and local communities. Wetlands, in particular, play a vital role in carbon sequestration,
flood management (Statnyk et al., 2023), maintenance of water levels in lake and basin systems
(Martyniuk & Tomchenko, 2021). That making their protection against fire damage a priority. In the
context of the Rivne Nature Reserve, fire monitoring is particularly important due to the area’s
extensive peatland systems and the increasing occurrence of forest and peat fires.

Advanced technologies contribute to enhancing the efficiency of developing restoration and
revitalisation measures for degraded peatlands to reduce fire vulnerability. Effective management
strategies should focus on re-wetting drained areas and preserving existing wetlands to maintain their
natural hydrological functions. Implementing such measures could significantly reduce fire risks and
support the long-term conservation goals of the Rivne Nature Reserve.

To date, sufficient experience has been accumulated in the use of MODIS and VIIRS satellite data,
which allow for the detection of thermal anomalies with high accuracy (Ager et al.,2019; Chen et al.,
2022).

Method and Theory

Monitoring of fires in the Somyne massif and the adjacent Syra Pohonia massif was conducted using
data from the MODIS and VIIRS S-NPP satellite systems, obtained through specialised algorithms for
detecting thermal anomalies and areas of open fire. Fire detection is carried out based on MODIS
active fire and thermal anomalies products. The MODIS active fire product (MOD14/MYD14)
provides data on areas affected by open fire, provided there is no cloud cover. The spatial resolution
of this product is 1 km, and fire detection is performed using a specialised algorithm. The MCD14DL
products, which are included in the processing, are based on MOD14/MYD14 data. They represent an
array of vector point objects that geographically correspond to the centres of grid cells classified as
active fires in the original product. The data are updated in real time and provide information on fires
in the specified area throughout the entire research period.

VIIRS (Visible Infrared Imaging Radiometer Suite) is an instrument operating under the aegis of the
NASA/NOAA Suomi National Polar-orbiting Partnership (Suomi NPP) and installed on NOAA-20
satellites. This instrument has a diversified purpose, with its collected data being utilised across
various research domains, including the detection of active fires based on the S-NPP/VIIRS Active
Fire Algorithm. The NASA Suomi-NPP VIIRS Active Fire product suite is based on the Moderate
Resolution Imaging Spectroradiometer (MODIS) Fire and Thermal Anomalies Algorithm
(MOD14/MYD14), which systematically represents global fire activity at intervals of <12 hours (at
approximately 1:30 AM and PM local time). Two independent VIIRS active fire products are
generated using available data with spatial resolutions of 750 m and 375 m. The 750-metre product is
an adaptation of the MODIS Collection 6 algorithm, modified to accommodate VIIRS channels M5,
M7, M11, M13, M15, and M16. This product includes active fire detection and characterisation based
on fire radiative power (FRP) over land and water (e.g., gas flares). The alternative 375-metre product
is based on VIIRS L1-L5 channels with higher spatial resolution, supplemented by channel M13, to
enable sub-pixel level detection and characterisation of active fires. This product is similar to the
MOD14/MYD14 products, with the addition of specialised tests and metadata to account for the
unique characteristics of the VIIRS 375 m spectral bands.
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Compared to other satellite-based fire identification products, which typically have a spatial resolution
of approximately 1 km, the VIIRS 375 m products allow for the detection of smaller fires and enable
more precise delineation of areas affected by large fires.

The VIIRS data collection has been available since 19 January 2012 (4S4 GSFC. (n.d.).

To identify fires, MODIS and VIIRS data were merged into a single dataset due to their high level of
consistency in detecting thermal anomalies. Time series datasets in .csv format were downloaded
from NASA’s FIRMS (Fire Information for Resource Management System) service.

The data were obtained for the following time periods: MODIS MCD14DL — 2010-2023; VIIRS S-
NPP L2 —2012-2023.

The initial data were processed using QGIS. The data processing workflow is illustrated in Figure 1.
In the first stage, the dataset in .csv format was imported into the project. The data were added using
the standard QGIS tools. During this process, field types were defined, and the fields containing
object coordinates were identified.

\
Loading into the project
Conversion to SHP format D
. . . . \
Merging data across different years for each time series
2. Preparation Removing objects outside the study area )
. . \
Analysis of mutual correlation between datasets
Filtering »

Figure 1 Stages of Fire Monitoring Data Processing.

For further processing, the prepared layers were converted to shp format. The conversion was
performed as a batch process. In the next stage, vector layers were merged, forming two datasets
representing different time periods: MODIS and VIIRS. Using a spatial query, objects located outside
the study area were selected and removed.

Results

During the analysis, mutual correlation was examined between the two datasets based on three
parameters: coordinates (latitude, longitude) and time. Objects for which these parameters matched
within a specified radius were included in a separate sample, while the remaining data points were
removed. At the final stage, the next data were merged into a single dataset and classified by year:
Moderate-Resolution Imaging Spectroradiometer (NASA Earthdata, 2024), MODIS Active Fire and
Burned Area Products (University of Maryland, 2024), FIRMS (Fire Information for Resource
Management System) (NASA FIRMS, 2024).

The generalisation of the collected data indicates that the entire area, both within the reserve and its
surroundings, is vulnerable to fires, particularly during dry periods.

This is evidenced by fire location data over the past 15 years, which can be accessed at
http://geolocation.ho.ua/map_fires/. Please note that it is important to use the Attp protocol (not https),
to access the site. Data fragments from the geoportal are presented in the figures below.

The Somyne massif is significantly more vulnerable, having suffered severe damage due to fires in
2015 (Figure 2).
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Figure 2 Fire Spread in the Somyne massif (the date of the start of the fire is indicated).

As observed, fires occurred even in areas of surface runoff accumulation (northern side). Evidently,
by August 2015, these water reserves were insufficient to maintain a moisture level high enough to

prevent the large-scale fire event.

Fires occur almost every year, but they spread particularly extensively during low-water years.
For example, data on the Syra Pohonia massif (Figure 3) indicate the resilience of natural wetland

systems to fires.

o 27002011
.15703,2012
‘ 19_04_2013
‘ 05_11_2014
‘ 08_10_2014
0 o 26.10_2014

B 0511 2014
/] ‘09 03_2015
o 26032015
®1D 04_2015
@ 28_04_2015
@ 09_08_2015
@ 09_09_2016
o) 10-08_2018
@ 17102018
@ 22_02_2019
@ 13_04_2019
@22,04,2019
@37_03_20:0
o) 11042020
® 28_04_2020
. 07_09_2022
‘ 11 03_2024
‘ 01_04_2024
o 1004 2024
o 24 08 2024

Figure 3 Fire Spread in the Syra Pohonia massif (the date of the start of the fire is indicated).
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As observed, fires predominantly occurred in over-drained areas, where changes in flora species
composition have begun. Greener areas correspond to locations where pine species have established
themselves during dry periods.

Conclusions

The analysis revealed that the Somyne massif is significantly more vulnerable to fires compared to the
Syra Pohonia massif, which has retained its natural wetland characteristics. The increased fire
frequency and extent in the Somyne massif can be attributed to the historical drainage of wetland
areas and their transformation into agricultural land and sites of peat extraction. These modifications
have substantially reduced the moisture retention capacity of the soil, making the area more
susceptible to fires, especially during dry periods.

In contrast, the Syra Pohonia massif demonstrated a higher level of resilience to fire due to its
relatively undisturbed wetland ecosystem, which supports the hypothesis that preserved wetlands play
a vital role in fire mitigation. The data also indicated that over-drained areas were particularly prone
to fires, with vegetation shifts towards pine-dominated landscapes enhancing the risk.

To ensure their stabilising function, wetland massifs require the implementation of a set of measures
aimed at restoring their natural capacity to accumulate and release water.
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