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Abstract

Forest fires cause severe problems in many countries. Forest fire areas in nine European countries are
investigated with respect to yearly averages, standard deviations and correlations between nations. In the
region IFPS (Italy, France, Portugal and Spain), the average yearly burned area during the years 2010 to
2018 was 313.4 kha and in FGLNS (Finland, Germany, Latvia, Norway and Sweden) the corresponding area
was only 7.6 kha. The correlations between the regions are strictly negative and the correlations within the
regions are strictly positive.

Since forest fires usually do not occur in every country at the same time, there is a potential expected gain
from international cooperation, where easily mobile firefighting resources such as water bombing airplanes
are moved between nations. A general stochastic dynamic programming approach to adaptive moves of
such resources is defined and suggested. General properties of the solution are derived. A particular version
of the model is created and analytical derivations are performed. It is demonstrated that the expected
objective function value, the expected present value of total costs, is a strictly increasing function of the fire
correlation between nations. Adaptive moves of mobile resources between the regions IFPS and FGLNS
have the advantage of negative correlations between these regions. Some adaptive moves can also be
motivated within the regions even with positive correlations, thanks to the low costs of short moves.



Methods

The optimization problem is defined as a stochastic dynamic programming
Broblem, STDP. Hence, it is possible to sequentlaII%{ optimize the decisions,
ased on the latest information about the stochastic events and the state
of the complete s%/stem. This methodology is absolutely necessar¥l in this
problem in order to make it relevant, sinCe the fires are truly stochastic in

nature and the central problem is to act in a way that is optimal and
adaptive.
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Figure 1.

Minimization in
STDP can be solved
via maximization in
LP.
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Figure 2.

Correlations of burned areas in different countries during nine years (from 2010 until 2018). The
original data that were used to calculate these correlations are available in the official statistics by
San-Miguel-Ayanz et al (2019).

Italy France Portugal Spain Finland Germany Latvia Norway Sweden
Italy 1,000
France 0,634 1,000
Portugal 0,657 0,859 1,000
Spain 0,944 0,464 0,482 1,000
Finland -0,492 -0,313 -0,230 -0,651 1,000
Germany | -0,349 -0,238 -0,184 -0,369 0,666 1,000
Latvia -0,459 -0,291 -0,280 -0,467 0,742 0,951 1,000
Norway | -0,427 -0,081 -0,158 -0,531 0,682 0,824 0,864 1,000
Sweden | -0,464 -0,377 -0,356 -0,521 0,894 0,767 0,888 0,762 1,000




Figure 3.

The Figure shows what
happens if we have
strongly negative
correlation between the
fire problems in the
different regions. When
conditions are difficult in
one region, they are often
better in the other region.
Hence, it is rather likely
that the importance of
using the resource in
some region is high.
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Figure 4.
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Conclusion

« Statistical properties of fires in different countries and regions in nine European
countries were derived and described. It was found that two regions, IFPS and
FGLNS, could be defined and that the fire correlations within the regions are
negative and that the correlations between the regions are positive. This turned
out to have important consequences for optimal international firefighting
cooperation.

« Allocation of internationally mobile firefighting units, such as water bombing

airplanes, has been defined as a general multi period adaptive optimization
problem. This was done via stochastic dynamic programming. Furthermore, a
inear programming solution procedure was used to derive general conclusions. It
was found that the objective function non-strictly decreases if the number of
nossible moves of the firefighting resources increase. This motivates expansion of
International cooperation in firefighting operations. Furthermore, the objective
function is a non-strictly increasing function of the correlation between the forest
fire levels in different countries.
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