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The wildfire (forest fire) is a natural disaster that causes great economical losses in many
regions of Russia. In the present work the joint sample of daily values of the number of
forest fire seats and the Nesterov meteorological index in Irkutsk region, seasons 1969-1988,
are investigated. It appears that the evolution of forest fire is well described by a vector
autoregression process based model. The prediction of the future numbers of fire seats can
be performed using special computer algorithm, which is shown to produce accurate and
reliable estimates up to 2 days ahead.
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1. Introduction

The phenomenon of forest fire is one of the most devastating natural disasters
in many regions of Russia. The process of forest fire evolution is very fast, is not
deterministic, and cannot be controlled by man.

However, there is a number of well-established methodologies of prevention and
neutralisation of the consequences of forest fire. For these methodologies to be efficient,
it is crucial that the process of forest fire can be modelled and predicted some days
ahead. A reliable and accurate forecast allows to wisely allocate limited resources and
concentrate on the optimal measures.

Common requirements to forest fire monitoring and forecasting are regulated by
Russian state standard GOST R 22.1.09-99 “Safety in emergencies. Monitoring and
forecasting of forest fires. General requirements” [1]. According to this document,
the severity of forest fire danger is defined by the complex meteorological index of
V. G. Nesterov:

n
NI =) T(T - T),
i=1
where T is the air temperature (in Celsius degree), Ty is the dew point (in Celsius
degree), n is the number of days since last precipitation (precipitation values < 2.5 mm
are ignored) [2].

2. MAR(1)S Model

To assess statistical properties of the forest fire evolution process and its relation
to the meteorological factors, the joint sample of daily values of the number of for-
est fire seats and the Nesterov index in Irkutsk region, seasons 1969-1988, has been

investigated:
FS;,
X = <N1tk>’ S

where p = 20 is the number of seasons (periods), k, = 214 is the number of observa-
tions per season (from April 1 to October 31, fig. 1).
It turns out that the data can be well described by a mathematical model MAR(1)S
(Multiplicative AR(1) with Seasonal), consisting of the following 3 components:
— multiplicative seasonal component s(7);
— vector autoregression VAR(1) [3] trend v, ;
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Figure 1. Raw data

— bivariate skew-normal [4] random component e, .
Ty, = exp(ye, + 5(7,)),
Yo, = A yio1 teyy, (1)
et ~ SNo(0Qo T, ).

The MAR(1)S model allows to perform short-term forecast of the number of fire
seats. Reliable estimates of the Nesterov index values are usually available up to 3 days
ahead [5]. In the present work the future numbers of forest fire seats were simulated
using given values of the Nesterov index. The corresponding functional computer
algorithm has been implemented in R and is freely available under the GPL (version 3
or later) conditions.

VaR (Value-at-Risk) methodology is widely used in financial mathematics to char-
acterise potential losses caused by extreme events [6,7]. The forest fire is a typical
example of such an extreme event. Proposed forecast approach allows not only to cal-
culate expected severity of forest fire danger n days ahead, but also to estimate the
Value-at-Risk for any given confidence level.

The forecast method was tested on the seasons 1989-1990 data (Fig. 2). It ap-
pears that MAR(1)S prediction performs much better than plain Nesterov index (see
Table 1). Investigation of the statistical properties of the VaRggy values showed that
the prediction is reliable and accurate for n < 2.

Table 1
Sample estimates of Spearman rho correlation values between predicted and
actual numbers of forest fire seats

Forecast method ‘ 1989 1990
Plain Nesterov index 0.21  0.39
MAR(1)S, 1 days ahead | 0.76  0.81
MAR(1)S, 2 days ahead | 0.56 0.66
MAR(1)S, 3 days ahead | 0.41 0.56
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Figure 2. Prediction of the severity of forest fire danger, 2 days ahead

3. Results

The joint sample of daily values of the number of forest fire seats and the Nesterov
meteorological index in Irkutsk region, seasons 1969-1988, have been investigated.
The stochastic process of forest fire evolution can be well described by a 3-component
model MAR(1)S, which takes into account the dynamic nature of the process.

The model can be readily used for the short-term forecast of the expected and
potential severity of the forest fire up to 2 days ahead. It is shown that proposed
method performs much better than plain meteorological index specified by Russian
standard.
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IIpoBenen craTucTHYeCKUil aHAJIN3 JAHHBIX IO JIECHBIM I0kKapaM B VIpKyTckoil obsractu u
TIOCTPOEH D5/ MaTEMATHIECKUX MOJiesIel, OIHUCHIBAIOIINX COOTBETCTBYIOIINE BPEMEHHBIE PsI-
nbl. Ha mx ocHOBe 1IpOBe/IEHbI YNCJIEHHOE MOJIEJINPOBAHUE U OLIEHUBaHNE KOJIMYECTBA I102KapOB
B KasK/JIbIIl CE30H, a TaK»Ke IIPOAHAJIM3UPOBAHbI UX CTATHUCTUYECKUE CBA3U C uHIekcoM Hecre-
poBa. AHajn3 pe3yabTaTOB MPOBEIEHHBIX NCCIETOBAHUN, pa3pabOTAHHbIE MOJIE/N, B OTINYINE
ot nnmekca HecrepoBa, MO3BOJIAIOT MOIYYUTDh 3HAYUTEILHO O0OJIee TOUHBIM IPOTHO3 Ha II€pPU-
OBl JI0 TPEX CyTOK.

KiroueBbie cisioBa: JjiecHble TTOXKAPBI, T€TEPOCKETACTUIHOCTh, BEKTOPHAS MYJILTUILIN-
KATUBHAs CE30HHasi aBToperpeccusi, koaddunment CnupmeHa, MporHo3.





