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Figure 1 Scheme for calculation of Improved Fire Weather

Index based on the combination of FWI and soil moisture

deficit estimated using satellite data

Procedures for converting SMD expressed in physical units

into scores, as well as procedures for determining 6 levels

fire danger threshold values for the normalized moisture

deficit and the resulting improved fire weather index

FWIimpr have been developed. As a result, the FWIimpr

rasters classification into 6 fire danger levels was carried

out using the threshold segmentation and fire danger levels

maps were constructed for the territory of Ukraine.

EXAMPLES

Testing and approbation of the proposed approach to

improving the index FWI were carried out on the territory

of Ukraine based on satellite observations for the period of

August 10–15, 2021. For the calculation of the standard

fire weather index FWI, Copernicus Atmosphere

Monitoring Service (CAMS) data from 15.08.2021 are

used regarding air temperature at height of 2 m, wind speed

at height of 10 m, relative humidity of air and precipitation

quantity for the last 24 hours. To calculate the moisture

deficit in the surface soil layer based on satellite data, the

SSM CGLS product was selected for the period of August

10-15, 2021 at 1 km spatial resolution and the data from

the hydrological soils properties database at 250 m (Tóth et

al., 2017) and a set of global data (Bosilovich et al., 2016)

were used. The result of calculating the moisture deficit in

the soil surface layer up to 5 cm deep (in mm) was

converted to a 100-point scale. The classification of the

improved index raster into 6 levels of fire danger was

carried out using threshold segmentation and is shown in

Fig. 2. Class 1 corresponds to a very low level of fire

danger (green), class 2 – low level (yellow), class 3 –

moderate level (orange), class 4 – high level (red), class 5 –

very high level (purple) and class 6 – extreme fire danger

(black). The applied calculation procedure has resulted in a

map from 5 fire danger levels according to index FWIimpr –

from very low to very high (Fig.2).

Figure 2 Map of fire danger levels according to the

improved fire weather index FWIimpr at 15.08.2021

There is no extreme fire danger class on the territory of

Ukraine at 15.08.2021.

To compare the results of calculating the fire danger levels

using the proposed method, product FWI of the Copernicus

Emergency Management System (CEMS) (JRC, 2018),

which is freely available, was selected. This product is

calculated using a standard algorithm and is based solely

on weather data. The spatial resolution of the product is

0.25 geographic degrees. The map of fire danger levels,

calculated according to FWI (CEMS) data for the territory

of Ukraine at 15.08.2021, is shown in Fig. 3.

Figure 3 Map of fire danger levels for Ukraine according

to FWI (CEMS) at 15.08.2021

The conformity assessment of the FWIimpr fire danger level

map (Fig. 2) to the FWI (CEMS) fire danger level map

(Fig. 3) was carried out on the basis of the confusion matrix.

Conformity (overall accuracy) of the fire danger level map

according to the FWIimpr with the FWI (CEMS) fire danger

level map was 42.23 %. This percentage of compliance is

explained both by a significant difference in the spatial

resolution of the compared maps (0.25 geographical degrees

and 250 m, respectively), and by the difference in the data

sources on the basis of which they are built – exclusively

weather data for the standard index FWI (CEMS) and a

combination of weather, satellite data and geospatial

information on the hydrological properties of the surface soil

layer for an improved index FWIimpr.

CONCLUSIONS

1. The method of fire danger assessment using an improved

Fire Weather Index FWIimpr is proposed. A modification of

FWI method involves utilization of the indicator of soil

moisture deficit, in addition to the established six

components (subindices) of the FWI system, which are

predictors of daily potential fire. Soil moisture deficit

(SMD) is obtained from Sentinel-1 radar satellite data of the

degree of water saturation of the soil surface layer, which

significantly affects the possibility of occurrence and course

of fire in the natural ecosystem.

2. To calculate the moisture deficit of the upper layer, in

addition to satellite data, geospatial data are also used, in

particular, regarding the physical and hydrological

characteristics of soils. Calculations of the steady-state sub-

indices of the FWI system included weather data from the

CAMS service. The application of the proposed

methodology using the specified satellite, weather and

geospatial data makes it possible to assess the fire danger on

a continental scale with a spatial resolution of 250 m and

1 km and a daily temporal resolution.

3. Approbation of the proposed method for modifying the

FWI system demonstrates a fundamental improvement in the

accuracy and relevance of fire danger prediction. Further

refinement of the method will concern the introduction of

machine learning to improve the quality of the generalized

index as a linear convolution of partial criteria of fire

danger. It is planned to use the developed method in the

information technology being created for assessing fire

danger and monitoring fires using satellite data on the

territory of Ukraine.
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