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Abstract: Several studies have already evaluated the ability to identify wildfires and their charac-
teristics by using NOAA-AVHRR and EO-MODIS images, which have adequate spectral bands for
these targets, although with a spatial resolution limited to 1 km and a daily revisit time. In many
cases, the latter features can limit the timely identification of a fire and the monitoring of its evolution.
Conversely, sensors operating on geostationary platforms could acquire images within less than half
an hour, yet still with a nominal spatial resolution of 1 km. In this study, we perform an analysis at
different spatial resolutions of a sequence of OLI-Landsat-8 images referring to a natural fire that
occurred near Massarosa, Tuscany, in July 2022. In particular, we investigate the potential of the SWIR
bands, which are useful for monitoring high temperature wildfires. The results suggest that the use of
sensors onboard a geostationary platform with relatively high nominal spatial resolution (of the order
of 1 km) and frequent revisit time could enable the timely detection of fires and their monitoring.
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1. Introduction

Fires can deeply modify the cover and characteristics of the soil—depending on their
intensity, extension, and duration—and release substances and energy into the atmosphere.
Thus, they are recognized as a key factor for environmental studies and the global energy
balance of the Earth. The prevention, monitoring, and control of forest fires is an important
aspect for the management of the territory and the environment, both at local, national,
and global scales. Innovative satellite technologies represent a useful tool for the timely
recognition, characterization, and monitoring of fire evolution, as well as for the subsequent
assessment of environmental damage. In most European countries and specifically in Italy,
the problem of monitoring and assessing the damage due to fires mainly relates to both
medium and low fires with high thermal intensity that develop in a few hours. Their
detection should occur within a short time after ignition; so, a high temporal frequency
of observation is of primary importance in order to detect the fire and monitor its effects
with the aim to define the most appropriate intervention policies. In this context, sensors
operating from geostationary platforms could offer several advantages with adequate
revisit time at local, regional, and synoptic scales.

The first studies on satellite remote sensing of forest fires date back to about 40 years
ago with exploitation of NOAA-AVHRR data [1-3] and subsequently of MODIS data on
board the Aqua and Terra platforms [4,5]. Sensors operating on a geostationary platform
(GOES, Meteosat MTG, etc.) have also been taken into consideration: these are capable of
acquiring an image of the globe every 10-20 min and therefore would be very useful for
monitoring phenomena with high temporal variability such as fires [6]. Their poor spatial
resolution, however, has represented the main limit of their use.
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Satellite monitoring of active fires is mainly based on acquisitions in the Mid-InfraRed
(MIR) bands between 3.0 um and 4.0 um and Thermal InfraRed (TIR) in the 8 um-12.5 um
spectral range. Visible and NIR (near infrared) bands are used for the elimination of false
positives (clouds, sun glint, etc.). Short Wavelength InfraRed (SWIR) bands of atmospheric
transparency at 1.55 pm-1.75 pm and 2.1 pm-2.3 um can be also considered since they
are sensitive to intense flaming fires with temperatures above 1000 K [7]. The detection
of fires also requires a spatial resolution sufficient to highlight the presence of anomalous
radiant energy levels caused by the fire. For fires of medium-small extensions, as the
spatial resolution becomes worse, the signal becomes less intense because it is averaged
over a larger area, until the anomaly cannot be detected.

This work investigates the potential of SWIR bands to detect high temperature wild-
fires at different spatial resolutions by analyzing a sequence of Landsat-8 and Landsat-9
OLI (Operative Landsat Imager) images acquired over an area affected by a natural wildfire
event that occurred in July 2022 near Massarosa, Tuscany.

2. Study Area

The area we studied is located near to the town of Massarosa in Northeastern Tuscany,
Italy. This area was affected by a fire of considerable intensity from 19 July 2022 to 22
July 2022. In its entirety, the fire damaged an area of approximately 8.41 km?. The area
includes hills with altitude variation between 200 and 400 m that is covered by woods and
agricultural crops. The summer climate is mild, of the Mediterranean type (Figure 1).
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Figure 1. Image of the study area located close to Massarosa (43°52’ N 10°20" E), Italy.

3. Results

For this study, we used a series of Landsat 8 and 9 images (refer to [8] for the complete
list of spectral bands) in order to monitor the fire in the study area. The dataset was
composed of ten images with 30 m spatial resolution: four of these images were acquired
immediately the day before the start of the fire (18 July 2022), whereas the other five images
were acquired from 19 July 2022—when the fire was active over an area of about 0.683 km?
with very intense temperatures over a flaming area of about 0.395 km?—to 20 August 2022.
We also included in the dataset the images acquired from 27 July 2022 to 20 August 2022 in
order to evaluate the total damage extent caused by the fire by comparing it with the image
prior to the fire breakout (Figure 2).
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Figure 2. Landsat images: (a) image acquired before the fire (18 July 2022); (b) image acquired during
the development of the fire (19 July 2022); (c) image acquired a few days after the end of the event (27
July 2022). RGB composition = (SWIRpq9, NIR, SWIR1410).

In order to evaluate the utility of SWIR bands for monitoring forest fires as a function
of spatial resolution, a set of simulated images—based on the original Landsat images with
spatial resolution of 30 x 30 m—was generated by means spatial resampling of iterative
half-band digital filtering. In this way, we produced a sequence of images of the test
area with spatial resolutions at 30 m, 60 m, 120 m, 240 m, 480 m, 960 m, and 1920 m. The
algorithm used to identify the areas affected by the fire was based on the relationship (1) [9]:

pr (A) — p (A) > 303, 1)

where pgp(7) is the reflectance at the time tr after the fire breakout, pg(7) is the background
reflectance measured at time tg before the fire breakout, and o is the standard deviation of
the background. The background reflectance is typically estimated either as the average
value of a set of points not affected by the fire selected around the fire area [1,9] or derived
from previous acquisitions [10]. In our study, the background reflectance was derived from
the image acquired on the day before the fire breakout. In our case, pixels with signal
saturation due to the fire are evident in the area of greatest fire intensity in the SWIR bands
of interest—SWIR410 (SWIR band at 1610 nm) and SWIR»5p9 (SWIR band at 2200 nm) of
the Landsat 8 data [8]—which prevented the possibility of estimating the temperature and
the percentage of burned area [1,2,9]. We used the simulated image series to investigate the
impact of spatial resolution for the fire detection by means of the SWIR bands. Figure 3a,b
report the signal intensity—for different spatial resolutions—in the SWIR;419 and SWIRp09,
respectively, along a transect crossing the fire. The graphs highlight the anomaly detected
in correspondence with the fire with respect to the surrounding pixels (background). The
radiance is normalized to 30p; so, the pixels with normalized radiance values greater than
1 can be classified as affected by the fire. From Figure 3, we can also infer that both the
SWIR1410 and SWIRp bands have good potential for detecting fire-affected pixels.

The SWIRy41 is 4-6 times higher than the threshold value for spatial resolutions of
30 m, 60 m, and 120 m. Spatial resolution from 240 m to 480 m are suitable for identifying
burning pixels with values between 1 and 2 times the threshold, while resolutions of 960 m
and 1980 m are below the detection threshold. The SWIRp;( image sequence showed a
similar behavior, with the advantage that even the 960 m resolution could be used to detect
the pixels affected by the fire, although with a value just above the threshold.



Eng. Proc. 2023, 51, 30 4 0f 5

6 PR
ggm 9 —30m
——60m 8
55 SWIR oom
E 1610 —120m 57 SWIR2200 —_—120m
E"' 240m N 240m
E —480m ES , ! —480m
2, ——960m 55 B ——960m
S 1920 m =
3 €4 1920m
o2 =
L:) o3
& <
5 1 82 A
© T
X, o 4 W o : -
= — 0 i marid = e
1 T T T OYT T OYT O™ O™ O™ T Y™ O™ O™ T v &
CTNOITDOONDODIO - NDT T rFlNOIYTHhONIDO-N® T
(a) pixel (b) pixel

Figure 3. SWIR band radiance along a transect crossing the fire for different spatial resolutions:
(a) SWIR band at 1610 nm and (b) SWIR band at 2200 nm. Radiance was normalized at 30g.

4. Conclusions

Fire detection and monitoring by satellite imagery could take strong advantage of the
frequent revisit time provided by geostationary satellites. This study suggests that, besides
the MIR and TIR bands, the SWIR atmospheric transparency bands could be successfully
exploited for fire monitoring if acquired with a spatial sampling better than 1000 m.
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