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SUMMARY

Background. The Milpa is one of the traditional agricultural systems of Yucatan, Mexico; it is implemented by
using the agricultural procedure called “Slash & Burn”. Quality and quantity of forest fuel (i.e. biomass) are two
of the main factors related to burn severity. Burning affects soil properties related to fertility and crop production.
The use of new approaches of remote sensing technologies such as Unattended Aerial Vehicles (UAVS), can allow
studying the importance of fire in agriculture to improve productivity in slash & burn agricultural systems.
Obijective. Analyze the land covers and its influence on the severity of the agricultural burning in a "Milpa"
agroecosystem with multi-spectral images acquired by UAVs. Methodology. The study site was located in the
municipality of Tzucacab, Yucatan, Mexico. Two plots were selected [10-15 and 20-25 years of fallow]; land
cover was characterized before and after slash & burn. Three multispectral sensors [Red, Green, Blue (RGB); Near
Infrared (NIR) and; Thermal Infra-Red (TIR)] were mounted on UAVS, to obtained multispectral imagery and
generate orthomosaics for later analyses. Results. With the imagery, the Normalized Difference Vegetation Index
[NDVI] was calculated and its spectral behavior evaluated. The imagery was used to analyze the fire intensity. On
RGB imagery, patterns of areas with greater dry biomass cover associated to high burn severity and, areas with
green vegetation or naked soil associated to low burn severity were observed. Land covers with high fuel potential
showed low NDVI index values. Implications. The analyses of the multispectral imagery taken by drones allow
the quick evaluation of the land covers and the intensity of agricultural fires, with the pertinent adjustments, in the
near future this could become a standard methodology to accomplish this kind of evaluations. Conclusions. This
approach allowed to analyze the state of land covers to visually assess the quality of fuel and its influence on the
intensity of an agricultural fire. The RGB and NIR imagery obtained by UAVs can be a good tool to predict the
intensity of an agricultural fire, TIR imagery could be used to find mathematical relations between land covers and
fire intensity.

Key words: Itinerant agriculture; Agricultural Fire; Drone; Multispectral imagery analyses; Normalized
Difference Vegetation Index.

RESUMEN
Antecedentes. La milpa es uno de los sistemas agricolas tradicionales de Yucatan, México, se realiza mediante el
procedimiento agricola denominado "Roza-tumba-quema". La calidad y la cantidad de combustible forestal (v.g.
biomasa) son dos de los principales factores relacionados con la intensidad de la quema. La quema modifica las
propiedades del suelo relacionadas con la fertilidad y la produccién de cultivos. Se requieren nuevos enfoques para
continuar estudiando la importancia del fuego en la agricultura, con la finalidad de mejorar la productividad en los
sistemas agricolas de roza-tumba-quema, tal es el caso de tecnologias de teledeteccion, como los vehiculos aéreos
no tripulados (VANTS). Objetivo. Analizar el estado de las coberturas del suelo y su influencia en la intensidad
de la quema agricola en el agrosistema "Milpa" mediante el uso de imagenes multiespectrales adquiridas por
VANTs. Metodologia. El sitio de estudio se ubica en el municipio de Tzucacab, Yucatan, México. Se
seleccionaron dos parcelas [10-15 y 20-25 afios de barbecho], las coberturas del suelo se identificaron y registraron
antes y después de la roza-tumba y quema. Se acoplaron sensores multiespectrales [rojo, verde, azul (RGB);
infrarrojo cercano (NIR) e infrarrojo térmico (TIR)] en VANTS para obtener imagenes multiespectrales y generar
ortomosaicos para su analisis. Resultados. Con las imagines multiespectrales, se calculd el indice de Vegetacion
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de Diferencia Normalizada [NDVI] y se evalu6 su comportamiento espectral. Las imagenes se usaron para analizar
la intensidad de la quema. En las imagenes RGB, se observaron patrones de &reas con una mayor cobertura de
biomasa seca asociada a una alta intensidad de la quema y areas con vegetacion verde o suelo desnudo asociado a
baja intensidad de la quema. Las cubiertas terrestres con alto potencial de combustible mostraron valores bajos de
NDVI. Implicaciones. El andlisis de las imagenes multiespectrales tomadas con drones permiten evaluar
rapidamente las coberturas del suelo y la intensidad del fuego en las quemas agricolas, con las adecuaciones
necesarias, en el futuro cercano podria convertirse en una metodologia estdndar para este tipo de evaluaciones.
Conclusiones. Este enfoque permitié analizar el estado de las coberturas del suelo para visualmente evaluar la
calidad del combustible y su influencia sobre la intensidad de una quema agricola. Las imagenes RGB y NIR
obtenidas por los VANTS pueden ser una buena herramienta para predecir la intensidad de las quemas agricolas,
las imagenes TIR pueden usarse para buscar las relaciones matematicas entre las coberturas del suelo y la
intensidad del fuego.

Palabras clave: Agricultura itinerante; Fuego Agricola; Dron; Analisis de imagenes multiespectrales; indice de

Vegetacion de Diferencia Normalizada
INTRODUCTION

Traditional agricultural techniques from Mayan
precolombinan cultures include the burning of the
ecosystems followed by a 2-3 years crop cycle and a
forest management cycle up to 20 years or more
(Mariaca, 2015). However, its use is a controversial
topic for scientists and technicians; many authors
state that repeated burning is the main cause of yield
decrease over time, due to the loss of organic matter,
nutrients, and microbial pools, at a point in which the
addition of fertilizers cannot help it anymore (Faust
& Bilshorrow, 2000; Aguilar et al., 2013; Edem &
Udo-Inyan, 2016). The main factors related to burn
severity are quality and quantity of forest fuel (v.g.
biomass); other important factors are environmental
variables such as relative humidity, wind speed and
direction and temperature, as well as soil type and
moisture (Byram et al., 1952; Sandberg et al., 2001;
Hardy, 2005; Hyde et al., 2011; Morfin-Rios et al.,
2012; Rodriguez-Trejo, 2015). It is well known that
burning of agricultural residues and stubble have
emitted greenhouse gases affecting the ozone layer
(IPCC, 2001; Bodi et al., 2012; Stravrakuo et al.,
2016). Neary et al. (1999) mention that only 10% of
the heat produced during a fire is irradiated
downward towards the soil, being this responsible of
all changes in soil. Burning also affects the soil
mineralogical composition promoting changes in its
physical, chemical and biological properties related
to soil fertility and crop production (Zabala et al.,
2014). Depending on the severity of fire, the changes
on the organic matter and soil range from a slight
sterilization to protein denaturalization (50-60°C)
until changes in clay mineralogy (950°C) (Walker et
al., 1986), leaving burning products such as mineral
grey ashes with little residual C, black carbon with
high residual C and other charred substances (Bodi
et al., 2014). Slash & burn leads to an increase of C,
N, K Ca, Mg and P, many of these ions are lost by
erosion (Edén and Udo-Inyan, 2016) with effects in
soil up to 10 cm depth after 90 days after burning
(Afif Hhouri & Oliveira, 2006). New approaches are
needed to continue studying the importance of fire in

agriculture to improve productivity in slash & burn
agricultural systems. One of these approaches is the
use of remote sensing technologies such as UAVS.
Many authors have been working with the use of
satellite imagery to map burned areas (Zhang et al.,
2008; Zha, et al., 2013; Manzo & Ldépez, 2013; Liu
et al., 2015). Other have studied the severity of the
burn, loss of plant coverage and, recovery land rates
at different scales across the use specific magnetic
spectral bands related to biophysical vegetation
features (Miller & Yool, 2002; Diaz-Delgado, 2003;
Key & Benson, 2006; De Santis & Chuvieco, 2007;
Nieto et al., 2016; Chuvieco et al., 2019; Lizundia-
Loiola et al., 2020). Currently, studies about the
potential of the imagery taken by UAVs for mapping
vegetation stands, assessing biomass, fire intensity,
fire effects, forest recovery or building indices (i.e.
Excess Greenness Index and the Char Index) are
common (Cummings et al, 2017; Fraser et al., 2017;
Medvedev, 2019; Padua et al., 2019; Shin et al.,
2019). The objective of this study was to analyze the
state of the land covers and its influence on
agricultural burning severity, through multispectral
imagery (RGB, NIR y TIR) obtained by unattended
aerial vehicles (UAVS).

MATERIAL AND METHODS
Study sites

The study sites were two plots located in the Hobonil
ranch at the municipality of Tzucacab, Yucatan,
Mexico (Figure 1), with north borders to Tixmehuac
and Chacsinkin, on south to Quintana Roo state, on
the west to Peto and on the east to Tekax. Tzucacab
is a calcareous undulated plain, where the main type
of soils are Luvisols, climate is subhumid warm with
summer rains, average temperature between 24-28
°C and annual precipitation of 1000-1200 mm
(INEGI, 2005). The Plotl had a surface of
263,544.13 m? (26.3 ha) with a fallow period of 10-
15 years while Plot2 had a surface 39,234.03 m? (4
ha) and a fallow period of 20-25 years.
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Figure 1. Macro and microlocalization of the study area and studied plots at Hobonil, Tzucabab, Yucatan, Mexico.

Drones and sensors used per studied stage

Three stages of the slash & burn agricultural system
were studied: 1) before slash & burn (bS&B), 2)
before burn (bB) and 3) after slash & burn (aS&B).
In all those stages flights with different UAVs and
sensors where performed to obtain multispectral
imagery (Table 1).

Flight UAVs plans were developed with the software
Pix4DCapture (Pix4D, Prilly, Switzerland) using the
following parameters: 1. Flight height: 85 m, 2.
Front overlapping: 75 %, 3. Side overlapping: 80 %
and, 4. Flight time: 3-5 minutes. Before UAVs

flying, 4 reference marks were placed in the vertices
of the plots. When UAVs flights were completed
and, imagery files were downloaded, observed and
depurated. The following basic photogrammetric
processing was realized with the software Agisoft
PhotoScan version 1.3 (Agisoft LLC, St. Petersburg,
Russia) to produce the following products: image
orientation, dense point cloud, mesh and texture,
tessera model and orthomosaic. Subsequently, the
post-processing to extract the thematic information
of interest was carried out. This methodological step
was repeated to all images obtained in each of the
three studied stages.

Table 1. Drones (UAVs) and sensors used and, flight dates.

Milpa UAV Sensor Plot (day of flight)

Stage

bS&B DJI Phantom 3 Standard RGB! Plot1 and Plot2 (19/04/2019)

bB DJI Phantom 4 RGB! Plot1 (06/05/2019), Plot2 (7/05/2019)

DJI Phantom 4 NIR? Plot2 (7/05/2019)
DJI Matrice 600 IRT? Plot2 (7/05/2019)

aS&B DJI Phantom 4 RGB! Plotl and Plot2 (22/05/2019)
DJI Phantom 4 NIR? Plot2 (13/05/2019)
DJI Matrice 600 IRT? Plot1 (13/05/2019)

bS&B= before slash & burn, bB= before burn, aS&B= after slash & burn.
1= Active Pixel Sensor; 2= MAPIR Survey3W with Orange + Cyan + NIR filter; 3= Zenmuse XT 640
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Before slash & burn (bS&B) stage

Prior capturing and analyzing the multispectral
images, the woody vegetation in each plot was
characterized. Ten 10 x 10 m quadrants (100 m?)
were made to obtain a sampling area of 1000 m? (0.1
ha). In each quadrant, the height, coverage and
diameter at chest height (DCH) of all woody
individuals with a DCH >1 cm were measured, with
these data basal area (BA) was calculated.

This stage represents the current vegetation status,
before  agricultural  activities  start.  The
Geoinformatics procedure used started exporting the
RGB orthomosaics of the 2 plots to the software
Quis version 3.6, Noosa. A visual identification of
land covers was done, recognizing three classes:
Green Biomass (photosynthetic tissue), Dry biomass
(Non-photosynthetic tissue) and naked soil (no
organic matter). Then a supervised classification was
run, using the SCP plugin and the Spectral mapper
angle Qgis algorithm, to obtain the spatial zoning
and its correspondent statistics.

Before burn (bB) stage

This stage represents a moment where vegetation has
been slashed to prepare the site for burning. In this
stage RGB, NIR and TIR images were obtained.
RGB images were used to calculate the land covers,
NIR imagery was used to calculate the NDVI and
TIR imagery was used to assess the surface soil
temperature.

a. Land cover: RGB Orthomosaics were exported to
Qgis and cut to fit the plot size. A visual
identification of land covers was done followed by a
non-supervised classification. Spatial zoning and its
correspondent statistics were obtained.

b. OCN-NDVI: this index was used to analyze the
status of the biomass through its reflectivity power
using different electromagnetic spectrum bands.
Categories were segmented using the spectral values
of the OCN filter, which according to the fabricant
providing more contrast compared to the RNG filter
by reducing the soil interference
(https://www.mapir.camera/pages/ocn-filter-
improves-contrast-compared-to-rgn-filter). To
calculate the index an adaptation of the equation
used by Manrique (1999), Diaz (2015) and Fortes et
al. (2015) was used as indicated in the following
expression:

NDVI = (pR — pN)/ (pR + pN)

Where:

pR is the reflectance value of the electromagnetic
spectrum red band

pN is the reflectance value of the electromagnetic
spectrum orange band
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For the calculation of the OCN-NDV!I, the red band
(660 nm) was substituted by the orange band (615
nm), whereas the infrared band (850 nm) was
substituted by a lower one at 808 nm). The
calculations were done by using the bands calculator
available in Qgis to obtain a gray tones raster image.
Finally, a five categories classification and a Look
Up Table (LUT) were generated.

During the burning (dB) stage
Surface temperature

During burning, thermal imagery was taken. Then it
was exported to Qgis were interpretation was done
by using the rendering tools to create a color lookup
table with values from 0-255, where 0 represents the
lowest intensity temperature value and 255 the
higher intensity temperature value. The temperature
readings from the TIR sensor in Plot2 during fire
were used to link the highest temperatures to the
highest pixel values, temperature of the lowest pixel
values (unburnt spots) were assumed equal to the
environmental temperature (35°C). All other
temperature values were interpolated to build the fire
intensity scale.

After slash & burn (aS&B) stage

This stage is right after the burning of vegetation
finished. UAV flights where done a few hours after
the fire subsided and fumes were naturally
dissipated. RGB and NIR imagery were obtained.
RGB imagery were used to calculate land cover
whereas NIR imagery were used to calculate the
spectral NDVI and surface temperature as it was
done in previous stages.

RESULTS
Before slash & burn (bS&B) stage

The species composition in the two plots was similar
with 27 species being shared between plots. Trees in
Plot2 had a total basal area (BA) 2.7 times greater
than Plotl. The species with the largest BA in both
plots was Piscidia piscipula with 3.29 and 12.97 m,
for Plot 1 and Plot2, respectively (Table 2). In Plot2
there are 4 species with BA greater than P. piscipula
in Plotl. In general, shared species between plots
have greater BA values in Plot2 compared to Plot1.

The supervised classification shows that green
biomass percentage in Plotl occupied a surface
twice as much as that in Plot2, while dry biomass and
naked soil covered a greater surface in Plot2 with a
more homogeneous distribution compared to Plotl
(Figure 2).
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Table 2. The 20 species with the largest basal area in the studied plots in a hectare.

Plotl (10-15 years)

Plot2 (20-25 years)

Specie Basal area Specie Basal area
(m2) (m2)

Piscidia piscipula (L.) Sarg. 32.9 Piscidia piscipula (L.) Sarg. 129.7

Caesalpinia gaumeri (Britton & Rose) 21.7 Bursera simaruba (L.) Sarg. 72.5

Greenm.

Psidium sartorianum (O. Berg) Nied. 17.0 Sabal yapa C. Wright. ex Becc. 45.7

Eugenia foetida Pers. 16.8 Haematoxylum campechianum L. 36.0

Diospyros tetrasperma Sw. 15.2 Acrocomia aculeata (Jacq.) Lodd. ex 28.3
Mart.

Pithecellobium dulce (Roxb.) Benth. 14.5 Luehea speciosa Willd. 25.9

Zuelania guidonia (Sw.) Britton & Millsp. 13.2 Leucaena leucocephala (Lam.) de 25.4
Wit. ssp. leucocephala

Diphysa carthagenensis Jacq. 08.2 Psidium sartorianum (O. Berg) Nied. 23.9

Bursera simaruba (L.) Sarg. 06.9 Zuelania guidonia (Sw.) Britton & 215
Millsp.

Caesalpinia yucatanensis (Britton & 06.1 Lonchocarpus rugosus Benth. 20.6

Rose) Greenm.

Hyperbaena winzerlingii Standl. 05.0 Diospyros tetrasperma Sw. 17.4

Colubrina arborescens (Mill.) Sarg. 05.0 Ehretia tinifolia L. 17.3

Leucaena leucocephala (Lam.) de Wit. 04.9 Pithecellobium dulce (Roxb.) Benth. 17.0

ssp. leucocephala

Swartzia cubensis (Britton & Wills) 04.8 Eugenia foetida Pers. 16.2

Standl. var. cubensis

Esenbeckia pentaphylla (Macfad.) Griseb. 03.6 Diphysa carthagenensis Jacq. 14.7

Harpalyce rupicola Donn. Sm. 03.5 Chloroleucon  mangense  (Jacq.) 12.9
Britton & Rose. var. leucospermum
(Brandegee) Barneby & Grimes.

Rehdera trinervis (S.F. Blake) Moldenke. 03.4 Guazuma ulmifolia Lam. 12.3

Ficus crocata (Mig.) Mig. 03.2 Machaonia lindeniana Baill. 12.1

Lonchocarpus punctatus Kunth. 03.1 Havardia albicans (Kunth) Britton & 10.1
Rose.

Sideroxylon persimile (Hemsley) 03.0 Cordia alliodora (Ruiz & Pav.) 09.6

Pennington ssp. Persimile Oken.

Sum of all other 23 species 33.2 Sum of all other 26 species 67.5

TOTAL 232.4 636.7

Before burn (bB) stage
Land covers

Four classes of land cover were identified in each
plot but being distinct from each other (Figure 3). In
Plotl identified classes were: 1) Green biomass
(alive not cut vegetation), 2) Dry biomass (mostly
leaves and branches), 3) Trunks (cut-down trunks)
and, 4) semi-dried biomass (not completed dry
leaves and branches). In Plot2 the identified 5 classes
were: 1) Naked soil (no biomass atop), 2) Green
biomass, 3) Dried biomass; 4) Semi-dried biomass y
5) Trunks. The classified images show two times
more surface occupied by green biomass in Plot2
with a more uniform distribution than Plot1. The dry
biomass occupies a third of the surface in Plot2 with
a distribution concentrated in the northern part of the
plot. In Plotl dry biomass occupies almost 50% of
the plot with a more uniform distribution. Green
Biomass (representing uncut vegetation) was 3 times
greater in Plotl compared to Plot2. Plot2 had 6%

more trunks than Plotl. Semidried biomass was
similar in both plots.

Vegetation index

The calculated OCN-NDVI for Plot2 shows values
ranging from -0.25 to 0.54 (Figure 4). Values for this
index range from -1 to 1, where -1 represent dead
plants or inanimate objects and 1 represents very
healthy vegetation (Viana-Soto et al., 2017). Lowest
values are located in the north, whereas the highest
values are located in the south part of the plot. NDVI
not was calculated for Plot1.

During the burning (dB) stage

Surface temperature

Surface temperature values in Plot1 ranged from 35-
455°C, the first value corresponding to unburnt sites

and the last one to the maximum intensity fire sites
(Figure 5). The majority of the plot reached values
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greater than 86°C but some scattered regions of low
and high temperatures are present.

The TIR image of Plot2 shows that burn was not
distributed homogenously (Figure 6). The higher fire
intensities were only reached in 22% of the plot
surface, 52% of the surface had low fire intensities
and the rest had intermediate intensity values.
Contrary to our expectations, this pattern was not
related to the pattern observed for the OCN-NDVI
index. Factor such as level of biomass dryness and/or
wind currents during burning could explain this.

Ponyert-Delisles Batista et al., 2021
After slash & burn (aS&B) stage
Land covers

The non-supervised classifications of both plots
show a non-uniform burning event with a great
surface of un-burnt trunks and branches (Figure 7).
In Plot2 the burnt surface and the surface with burnt
trunks and branches were 1.4 times and 2.3 times
greater than in Plotl. In Plotl, 5 categories were
identified, while in Plot2 only 4. In Plotl 20% of the
land cover was green biomass and 25.2% was
unburnt naked soil, suggesting areas were burning
was not effective. A bigger ash surfaces presented on
Plot2 supports this idea.

Maoters

100
Color Land cover class Plot 1 Plot 2
plot Surface (m?®) Percentage surface (m?) Percentage
(%) (%)
- Green blomass 107923.37 03.7 1348931 319
Dry blomass 30907.68 217 11205.16 28.6
Naked soll 38711.07 14.0 1233930 319
Total 20354413 100 39234.03 100

Figure 2. Land covers of Plotl (10-15 years of fallow) and Plot2 (20-25 years of fallow) before slash & burn. Up:
RGB image and supervised classification of Plotl. Middle: RGB image and non-supervised classification of Plot2.
Down: land cover statistics of both plots according to their classifications.
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o 250

Meatars

0 100 200
. Metery
Plot 1 Plot 2
Color Land cover class Surface Percentage Color Land cover class Surface Percentage
plot (m?) (%) plot (m?) (%)
Green biomass 15891.71 6.03 Naked soil 94162 24
Dry biomass 130586.09 49.55 | Green biomass 5296.59 135
Trunks 30096.74 11.42 Semi-dried biomass 12358.72 315
Semi-dried biomass | 86969.56 33.0 Dried biomass 13771.14 35.1
Total 263544.13 100 Trunks 6865.96 175
Total 39234.03 100

Figure 3. Land covers of Plotl (10-15 years of fallow) and Plot2 (20-25 years of fallow) before burn. Up: RGB
image and supervised classification of Plotl. Middle: RGB image and non-supervised classification of Plot2.
Down: land cover statistics of both plots according to their classifications.

DISCUSSION
Before slash & burn (bS&B) stage

The characterization of the vegetation showed
greater basal area values in Plot2, suggesting a
bigger amount of accumulated biomass in the 20-25
years old forest and therefore, a better stock of fuel
for burning compared to Plotl. Analyses of RGB
imagery  allowed the identification and
quantification in detail of the land covers in this stage
by using mapping units smaller than those usually
obtained from high-resolution satellite images.
Hernandez Gomez et al. (2020) had good results on
identifying logging impacts in a forest by using
LANDSAT 8 images but concluded that a greater
imagery resolution is needed for better accuracy. In

this study, the greater resolution of the images
allowed a clearly distinction of features, the selection
of training seeds and the use of supervised
classifications.

Regarding the methodology to study the slash &
burn agriculture by using multispectral imagery, two
phases (basic photogrammetric process and
information extraction) and three transversal
moments were observed (before slash & burn, after
slash & burn and post burn). A long-term study is
desirable and should include the crop growth and
yield as well as the vegetation growth analyses over
the fallow period. This approach can also be applied
to other similar situations such as forest fires just
changing the moments of study.
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NDVI value Surface Percentage
(m?) (%)
-0,25-0,02 11150.30 28.42
0,02-0,04 8937.51 22,78
0,04 -0,06 10867.82 27.70
0,06 -0,09 3687.99 9.40
0,09-0,54 4590.38 11.70
Total 39234.03 100

Figure 4. NDVI image of Plot2 built with NIR sensor.

The greater surface of green biomass observed in
Plotlis related to the age of the vegetation presenting
young trees with a canopy not well developed,
promoting a denser vegetation coverage compared to
Plot2 where trees are bigger and more disperse
(Melo-Cruz et al., 2012; Hernandez et al., 2013).
This dispersion also explains the greater amount of
naked soil spots in Plot2. The greater biomass (green
+ dry) surface in this plot, suggests better
opportunities to have a more intense fire here.
However, still the quantification of the biomass in

plots is needed; since thickness of biomass layer can
vary across the plots.

Before burn (bB) stage

RGB imagery analyses allow identifying land cover
classes but not biomass volumes. In this sense, other
methods or processing techniques are needed to
obtain this important parameter associated to the
available amount of fuel. Recently, d’Oliveira et al.
(2020) published a methodology to estimate
aboveground biomass in dense forests by using
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UAVs imagery and the dense point clouds approach;
authors found similar aboveground biomass results
to those obtained by using LANSAT imagery. The
high resolution of the UAV images not only allow
the clear identification and measurement of trunks
but also the distinction between green biomass and
semidried biomass. In this stage, non-supervised
classifications were used because the overlapping of
the different plant tissues make difficult to separate
their spectral firms. In this case, the high resolution
of the images was not useful as they had too many
different pixel levels causing the identification of too
many covers. To solve this problem, the use of
sample selection methods should be investigated to
achieve more accurate classification at sub-pixel
levels (Pu, 2008).

Ponyert-Delisles Batista et al., 2021
Land covers

The fallow period in each plot explains the different
land cover categories found. In Plot2 where
vegetation is older, more uncut trees were left in the
field; this is a common practice among farmers to
save important tree species to be used in the future.
The green biomass in Plot2 was greater because the
slashing of the vegetation was done later here than in
Plotl; besides older vegetation in Plot2 showed
thicker branches, which takes a longer time to dry.
In Plot2 the distribution of the different land cover
classes was related to the presence of located tree
stands, whereas in Plotl the vegetation distribution
was more homogeneous.

z

Color | Temperature Surface Percentage

plot (°C) (m?) (%)

386 - 455 7041899 26.72

321 - 385 42584.05 16.31

201-320 31546.23 1197

86-200 67309.17 25.54

35-85 51285.69 19.46
Total 263544.13 100

Figure 5. Surface temperature in Plotl. Up: Thermic image. Down: Identified temperature levels and surfaces.
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Figure 6. Thermic image of Plot2 and levels of temperature. Red color is the highest level of Surface temperature.

Vegetation Index

Low OCN-NDVI values in Plot2 are associated to
areas with accumulations of dry biomass or naked
soil (no photosynthetic activity); in this sense, values
under 0.04 represent the areas with the greater
combustion potential (Nieto et al., 2017). OCN-
NDVI values ranging from 0.04 to 0.06 represent the
transition  between photosynthetic and no
photosynthetic activity. OCN-NDVI values higher
than 0.06 represent mostly alive vegetation although
cut branches with alive leaves could be also been
represented.

Surface temperature

Although the lack of homogeneity of the burning in
Plot2 can be related to the distribution of the

vegetation and biomass on the surface, there was a
coincidence between the highest temperature points
with the presence of trunks and dry branches. Other
factors such as the surface of naked soils, amount
and level of the biomass dryness and, changes in
wind direction during the burn, could have influence
on surface temperature.

After slash & burn (aS&B) stage

The high contrast of the RGB imagery allowed to
classify the land covers after burning. Burnt features
were clearly separated from the matrix. However, it
was not possible to assess the volumes of incinerated
materials. In order to improve this a 3D image
processing approach is suggested (Escalante et al.,
2016; Botello et al., 2019).
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o 250

Plot 1 Plot 2
Color Land cover class Surface Percentage Color Land cover dass Surface Percentage
plot (m?) (%) (m?) (%)
Burnt trunks and 29780.49 113 Soil with branches and 6826.72 17.4
branches burnt trunks
Green biomass 52708.83 20.0 Unburnt soil with 12201.78 311
Naked soi £6413.12 252 Demnches s trunks
Calcined soi 6931211 263 - S:‘;::;:““ wd A )
Ashes 45329.60 17.2 Ashes 365157 T
Total | 20354413 100 Total 39234.03 100

Figure 7. Land covers on Plotl and Plot2 after burning. Top: RGB image (left) and non-supervised classification
(rigt) of Plotl. Middle: RGB image (left) and non-supervised classification (right) of Plot2. Down: land covers
statistics of both plots according to the non-supervised classification.

The highest fire intensity values were related to areas
with high rates of combustion. However, contrary to
our expectations, these values do not match with
NDVI low values which are normally related to areas
where low photosynthetic activity is present (i.e.
burnt biomass). We suspect of an incorrect
calibration of the camera.

This is one of the first studies in Mexico were slash
& burn agriculture is studied by analyzing
multispectral drone images. We utilize the visible
(RGB), infrared (NIR) and thermic (TIR) sensors.
Other sensors are recommended in order to be able
to calculate indexes such as the Normalized Burn
Ratio —NBR-, Normalized difference moisture
index-NDVI-, etc.) (Mustafa et al., 2017). A
thermographic sensor is also desirable to record
surface temperatures during burning events. In the
future, it is probably that commercial drones have all

11

these sensors on board. In fact, DJI just release a 5
multispectral camera drone for agriculture purposes
(https:/iwww.dji.com/p4-multispectral).

The bigger burnt surface identified in Plot2 is related
to the presence of thick fallen trunks and the higher
number of branches observed, this represent a better
quality fuel biomass. However, in some parts of the
plot many not-well burnt trunks were also observed
suggesting that intensity of fire was not enough. In
Plotl the lower burnt surface is related to areas with
naked soils, thin layers of litter and low amounts of
trunks and branches. Litter and weeds burned easily
but branches and trunks were only partially burned.
One week before burning there was a light rain event
that although did not influence the dryness of the
biomass it could influence the soil moisture,
preventing a better burning.
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During burning (dB) stage
Surface temperature

There is no relation between the soil surface with
land covers observed in RGB image, high
temperatures (321 and 455 °C) are related to areas
with more surface of dry biomass and trunks. Areas
with values between 35 and 40 °C correspond to
areas where there was no burning al all, mainly
naked soil. Images show that fire was similar in both
plots following a patchy pattern with no apparent
relation to the biomass present in the plots. However,
green biomass and/or outcrops can be features
limiting the even burning in the plots.

CONCLUSIONS

The imagery collected by means of VANTSs allowed
to analyze the state of land covers to visually assess
the quality of fuel and its influence on the intensity
of an agricultural fire in a Milpa agrosystem. The
RGB and NIR imagery obtained by UAVS can be a
good tool to predict the intensity of an agricultural
fire, TIR imagery could be used to find mathematical
relations between land coverages to fire intensity.
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