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SUMMARY

The article proposes an approach to forest fire hazard forecasting based on open remote
sensing data. It takes into account mulptiple climatic and biophysical parameters data
collected by satellites. Each of these parameters is not significant in itself, but taken together
they may have significant impact on forest fire hazard. A mathematical model was built
based on this approach. Satellite data on Ukrainian forests were used in its creation. The
model was tested using Polish forests as an example.
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Introduction

Forest fires have both regulatory and destructive effects. The latter has increased in recent years. Fires
last longer and cover a larger area, thus causing harm to the environment, human health and national
economy. In Ukraine the situation is aggravated by hostilities: intensive mining and possible shelling
of border areas increase the risk of fire. Thus, there is a need for their forecasting, i.e. identifying
areas with a high risk of fire in order to take the necessary actions.

Traditional methods, such as rangers patrolling forest areas or aerial patrols, have fundamental
shortcomings. The first of them cannot cover large areas, and the latter is financially expensive. And
in Ukraine and other regions of armed conflicts both methods are dangerous. Therefore, the role of
surveillance using satellite systems is increasing.

The advantages of space monitoring include a larger coverage area, safety of observations, higher
speed of data acquisition, a wider range of data to obtain and free access to data. The peculiarity of the
latter advantage is its connection with the implementation of the open science principle. This principle
is in line with the European open data policy and favors a more rational use of financial and other
resources for scientific research for the state and society (Tulchynskyi et al., 2023).

Related Works

Several researches has already been conducted to address the problem of forest fire forecasting.
Vyklyuk et al. (2020) looked for fire risk factors in solar activity parameters. For Greece, Portugal and
California a correlation was calculated between satellite data on solar activity and ground-based
weather stations data directly related to fire danger (air temperature and humidity). Those regions
were chosen because fires occurred there at the same time during the summer season.

Santopaolo, Saif, Pietrabissa and Giuseppi (2021) actually tried to predict forest fires based on
climate and biophysical parameters using convolutional neural networks (CNNs). Satellite data was
used, and CNNs were trained using fire masks from Sicily and California. While Santopaolo et al.
(2021) used satellite data, Mohammed, Hanae and Setti (2020) took geographic information system
data from a Montesinho park in Portugal. Other methods were also used, namely Support Vector
Machines, Random Forests and k-nearest neighbours algorithms, with further comparison of their
effectiveness.

Zhang, Wang and Liu (2021) compared how CNNs and multilayer perceptrons cope with the task of
forecasting. They combined satellite data, provided by NASA Global Land Data Assimilation System,
and ground-based data from United States Geological Survey. The authors subsequently continued
their research in this direction and, focusing on work with CNNs, predicted possible burned areas by
the end of the 21st century (Zhang, Wang, Yang and Liu, 2024).

Method and Theory

The idea of our model is to take into account a multitude of climatic and biophysical parameters. Each
of them by itself does not significantly affect fire hazard, but combination of them is a significant
factor. These parameters are photosynthetically active radiation (PAR), total column odd oxygen,
precipitation rate, oxygen absorption, chlorophyll absorption, gross primary production, vegetation
transpiration, soil evaporation, interception from canopy etc.

We work with Google Earth Engine (GEE), a cloud platform that provides dynamic (automatically
updated) collections of remote sensing data from many satellites. Firstly, GEE provides extremely
large volumes of geospatial data, and secondly, these data are pre-processed, so there is no need for
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researcher to work with raw satellite images (which is non-trivial). Another advantage is open access
to data, thus GEE is a powerful tool of open science.

In our study we take a certain number of locations (coordinates on a 1000m scale map) where a fire
was indicated over a certain period of time, and the same number of locations where there was no fire.
It is important to note, that only fire locations, that are sources of ignition, are selected. We use
morphological filtering method for this. Thus, we filter out locations where there was initially no fire
hazard, but fire occurred because it started in a region with higher level of fire hazard and gained high
intensity.

For those locations data on the above-mentioned climatic and biophysical parameters during the week
preceding the date of the fire are collected. In case of non-fire locations data on parameters during the
week preceding the observation date are collected. For each parameter, we collect one value for one
day. In case parameter measurements were taken several times a day, either the average value or the
sum is taken, depending on the specifics of the parameter. Thus, time series are built. The first
derivatives for each parameter (the differences between successive values) and the second derivatives
(the differences between successive values of the first derivative) are also calculated. Some
parameters were measured once a week. Then only one value is taken for every location, neither time
series are built nor derivatives are calculated.

Next, for each obtained attribute (initial parameters and their derivatives) a vector is constructed that
includes its values at all locations. Another vector is also built of 1 (for fire locations) and -1 (for non-
fire locations). For each attribute vector its correlation with 1/-1 vector is calculated. Then we discard
attributes with correlation less than 0.2. Since the obtained attributes are not mutually independent
(e.g. evaporation and precipitation are related, same for PAR and chlorophyll activity), for further
work the data are orthogonalized. Two methods are applied: PCA (linear) and UMAP (nonlinear).
Thus, two orthogonalized sets are obtained. Further work is carried out separately for each of them.

Then the following operations are performed. Each attribute values are divided into equally probable
ranges. For each range the conditional probability of a fire is determined (the ratio of the number of
fire locations with attribute value in a given range to the total number of locations in a given range).
Then, for each location the ratio of probabilities for each attribute is calculated. For example, at
certain location certain attribute is in a range where the probability of a fire is 0.6 so the probability of
non-fire is 0.4 respectively. For a fire location result is 1.5, and for a non-fire location — 2/3. All the
obtained values are multiplied (i.e., if there are 10 attributes, there will be 10 multipliers). If the result
is greater than or equal to 1, we consider that the model predicts a fire, otherwise — no fire hazard.
Next those results are compared with the actual fire data. Model efficiency is assessed using
confusion matrices and ROC curves.

Results

The data were collected exclusively in the forest zone of Ukraine (Polesia, Carpathians and nearby
areas) to ensure homogeneity of the input information. For the period of 2017-2020 (March to
November) 1639 fire locations were obtained from the relevant GEE collection after morphological
filtering. To obtain non-fire locations, the same coordinates were taken, but one year earlier. If fire
again had been indicated there, then we went back one more year (the same coordinates) etc. Thus, a
total of 3278 locations was obtained.

The relevant climatic and biophysical parameters were collected for these locations. After the
operations described above, 15 attributes remained whose correlation with fire facts was no less than
0.2. They were orthogonalized and further processed, and then fire hazard forecasts were obtained. By
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comparing them with fire or non-fire facts, the following confusion matrices (Figure 1) and ROC
curves (Figure 2) were obtained.
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Figure 1 Confusion matrices for the forest fire hazard prediction model (Ukraine).
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Figure 2 ROC curves for the forest fire hazard prediction model (Ukraine), PCA on the left, UMAP
on the right.

Then the model was tested on test data. Based on fact that this should be a forest region of the same
climate zone and in the same period, the choice was made on the forests of Poland in 2017-2020. A
total of 314 fire and non-fire locations was collected. Unlike the previous stage, we worked with only
15 attributes that showed the best correlation in the case of Ukraine. The following components of the
model obtained when working with the forests of Ukraine were also used: attributes geometric
transformations (i.e., previously obtained orthogonal basis), range boundaries for each attribute,
conditional probabilities of fire in these ranges. The results are shown in Figure 3 and Figure 4. They
are much worse than for Ukrainian forests. The model using PCA predicted non-fire for locations
with a probability of less than 50%, so only the results for UMAP are shown.
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Figure 3 Confusion matrix for the forest fire hazard prediction model (Poland).
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Figure 4 ROC curve for the forest fire hazard prediction model (Poland, UMAP).

Results worsening may be due to imperfections in the model, small test dataset, more careful work by
forest rangers and stronger domestic legislation in Poland.
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Conclusions

An approach to forest fire forecasting based on satellite data is proposed. The model built on its basis
demonstrated decent results for the forests of Ukraine. Worse results were shown for Poland, so the
model requires further testing and, possibly, improvement. The testing can be carried out both for
other forests of the same climatic zone in the same years and for the same forests in another time
period. Improvements can include adding new climatic and biophysical parameters, modifying the fire
locations search algorithm, including more non-fire locations (more realistic approach, instead of a
50/50 distribution), a different policy for selecting significant attributes (discard more or, conversely,
take more) and use of machine learning algorithms. These enhancements can further prove
effectiveness of this model and facilitate its expansion to other climatic zones and vegetation types.
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