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ABSTRACT

Riparian vegetation is important in ecological maintenance along river banks. Vegetation Indices (VIs) and Leaf Area
Index (LAI) are indices that can be indirectly correlated with plant development and health. Therefore, this study
aimed to test the effectiveness of using Remotely Piloted Aircraft (RPA) in acquiring multispectral images for creating
Vls and indirectly obtaining LAI. Orthoimages were obtained of 3 sample areas along the Pardo River Hydrographic
Basin (PRHB), which comprises 3 classes of vegetation, the forest at the source of the Pardo River, a grassland
vegetation area and a forest area. The sampling areas were cut into 9 plots of 9 x 9 m and distributed across the
orthoimages. An RPA of DJI's Phantom 4 Multispectral model was used to obtain multispectral images. From the
orthoimages, VIs were generated, such as NDVI (Normalized Difference Vegetation Index) and SAVI (Soil Adjusted
Vegetation Index), then the corresponding LAl was generated. The results show that simple linear correlation analyzes
identified LAl as a regression-dependent variable, demonstrating a high significance with the independent variables
NDVI and SAVI. It was possible to verify that the vegetation classes and their structural heterogeneities influenced
the adjustments of the LAls. It is concluded that the images obtained by multispectral RPA presented very high
spectral, spatial and temporal resolution, being suitable for the management and constant monitoring of permanent
preservation areas (PPA).

KEYWORDS: Drone, NDVI, Leaf Area Index, Rio Pardo River.

1 INTRODUCTION

Over the years, there has been an increase in attention to PPA areas, to which many
environmental monitoring, protection and management projects have been directed. In this
context, photogrammetry and Remote Sensing (RS) techniques are being used to monitorareas
of environmental interest and agricultural production in recent decades. Recently, images
obtained by drones or Remotely Piloted Aircrafts (RPAs) have been significantly integrated into
research related to these themes (FELIPETTO et al., 2023).

Monitoring riparian areas through vegetation mapping, providing information about
their distribution, quantity and quality of the various plant species presentin a given area, has
become one of the main focuses of river basin management (PIROLI, 2022). However, it is only
recently that solutions based on high spatial, temporaland spectral resolution technology have
begun to be implemented in operational monitoring to overcome the typical problems of
surveying wetlands and difficult-to-access areas, such as high cost, time consumption and low
accessibility (FUSTINONI, 2021). RS using RPAis an ally that can quickly provide qualitative and
guantitative information on the imaged feature, and is a technology widely used for monitoring
vegetated areas, which allows various types of assessments, such as plant growth and health
status (ELIAS, 2019). Furthermore, it can be integrated with the GeographicInformation System
(GIS) torefine the analysis from a spatialand temporal point of view. RS and GIS make it possible
to carry out assessments of wetlands in various scenarios, studying in detail changes in
vegetation in space and time. Therefore, they are effective tools for decision-making and for
designing monitoring programs (ADAM et. al, 2010).

According to Husson (2017), Unmanned Aerial Vehicles (UAVs) bring advantages such
as obtaining images with centimeter resolution. Thus, they make UAV-based photogrammetry
and RS tools fundamental for mapping and monitoring terrestrial and aquatic ecosystems, such
as PPAs at a fine scale, even allowing the structural recognition of individual plant species.

409



FA \ Periddico Eletronico “Forum Ambiental da Alta Paulista”

j
AP Electronic Journal “Environmental Forum of Alta Paulista”

/
(
|
\

X
b

ISSN 1980-0827 — Volume 20, Number 2, Year 2024

With the use of RPAs in RS, many image processing practices could be implemented
for the quantification and qualification of an immense range of vegetation biophysical
parameters, such as Leaf Area Index (LAl), biomassand its productivity, percentage of soil cover,
photosyntheticactivity and the characterization and monitoring of vegetation areas (LIMA et al,
2017). According to Ferraz et al. (2013), in principle, these estimates are made using the so-
called Vegetation Indices (VIs) and other variables extracted from RS images, presenting the
great advantage of providing not only accessibility of information in remote and difficult-to-
access locations, but also savings, in terms of field work, when compared to traditional methods.

One of the most used Vs for monitoring soil cover is the Normalized Difference
Vegetation Index (NDVI) (ROUSE et al., 1973). NDVlis widely used to carry out LAl (ALMEIDA et
al., 2015) and aerial biomass (FERRAZ et al., 2013) calculations.

Seeking to minimize the action of soil reflectance on NDVI, Huete (1988) incorporated
the Lfactor into the NDVI equation, giving rise to the Soil-Adjusted Vegetation Index (SAVI). The
L factor promotes an adjustmentaccording to the soil cover, seekingto minimize the effects of
its color on the index results. According to the characteristics of the soil and the type of cover,
the L factor can vary between 0 (dense vegetation) and 1 (sparse vegetation) (WASHINGTON-
ALLEN etal., 2004). The Lvalue equal to 0.5 has been used in most cases, regardless of the type
of soil and intermediate density vegetation cover. In denser areas, the constant L = 0.25 is
adopted. When L is equal to 0, SAVI is equal to NDVI (HUETE, 1988; MENESES and ALMEIDA,
2012).

Otherfactors can influence Vls. According to Zhanget al. (2014) leaf pigments, mainly
chlorophyll and carotenoids, are important compounds for photosynthesis, dissipation of light
radiation and other biological functions. Therefore, variation in the amount of these pigments
may be indicative of changesin plant development, senescence orstress.

According to Galvincio et al. (2020), the Leaf Area Index (LAI) can be considered an
environmentalvariable influenced by climate, which reflects the seasonality of vegetation, and
it is one of the necessary parameters for understanding the physiological processes of plants.

Therefore, one of the challenges and hypotheses of this research is to demonstrate
that by obtaining multispectral photogrammetric images from RPAs it is possible to generate
Vegetation Indices (VI) capable of generating essential information for the conservation
management of riparian vegetation areas. Furthermore, from the vegetation indices it is
possible to obtain Leaf Area Indices (LAl) that can demonstrate the biomass situation of these
vegetations.

Due to environmentalissues and sensitivity to climate change and the effects of land
use, permanent preservation areas are under environmental protection, requiring regular
monitoring and effective management actions, where RPAs can be great allies in these
interactions (FUSTINONI, 2021).

2 OBJECTIVE
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This research aimed to analyze the vegetation conditions of some riparian areas of the
Pardo River Hydrographic Basin (PRHB), based on aerialimages obtained by RPA, in orderto test
the effectiveness of using this platform in the acquisition of multispectral orthoimages, as well
as how to prepare Vs and indirectly obtain the LAI. The results should serve as input for the
planning, handling and environmental management of PRHB and others that present similar
conditions.

3 METODOLOGY

Surveys of the sample areas were carried out along the Pardo River Hydrographic Basin (PRHB),
which is located in the central-southern portion of the State of Sdo Paulo and covers areas of 20
municipalities as shown in Figure 1.

In this research, a DJI P4 Multispectral drone model (Figure 2) with a rotating wing (has
propellers like helicopters — vertical takeoff and landing) was used, being the aircraft most
suitable for the proposed project, as it does not require space for launch and landing ( ELIAS,
2019). The P4 Multispectral is equipped with six imaging bands such as integrated RGB, blue
(450 nm wavelength), green(560nm), red (650 nm), Red edge (RE) (730 nm) and Near-infrared
(NIR) (840nm). Figure 3 shows the P4 Multispectral camera. The weight of the aircraft is 1,487
g, with a maximum flight autonomy of approximately 27 min, maximum speed of 14 m/s, with
a 3-axis gimbal. The aircraft's positioning is obtained from an external GNSS sensor, capable of
capturing signals from NAVISTAR-GPS, GLONASS, Galileo and Beidou.

Figure 1 - Location of the Pardo River Hydrographic Basin.
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Figure 2 - DJI P4 Multispectral drone model.

Source: https://www.dji.com/br/p4-multispectral.

For the surveys, it was necessary to carry out flight plans for the sampling areas
separately. The dimensions of the imaged areas were planned taking into account not only the
platform's maximum autonomy, but also a safety margin for in-flight emergencies, which was
approximately 12 minutes of total survey time.

Figure 3 - Multispectral camera.

Near Infrared Green (G):560
Red Edge (NIR): nmz16nm
(RE): 730 nm = 840 nm £26
16nm nm

Red (R):
Visible light 650nm 16 Blue (B):450
(RGB) nm nm=16nm

Source: https://www.dji.com/br/p4-multispectral.
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Flight time could also change, even at the time of carrying out the survey, as the higher
the wind speed, the greater the battery consumption and the shorter the flight range. Wind,
rain and other adverse weather conditions can even cause the aircraft to crash in an extreme
situation. Therefore, the field activity was planned and carried out on days when the weather
conditions were suitable. The flights were carried out between 10 am and 2 pm, in order to
minimize shadows on the vegetation. The flight plan configurations were: Flight height 51 m,
side strip with coverage of 55% and frontal with 60%, Flight speed of 33 km/h and Ground
Sample Distance (GSD) of 2.7 cm/pix.

The GSDis a fundamental calculation in flight planning, as it presents the resolution of

the aerial photo on the ground (MIKHAIL, 2001), the GSD can be defined by Equation 1 below:

h.s

GSD = - (Equation 1)

Where h is the flight height, s is the pixel size and f is the focal length.

The flight plans were created using the DJI GS Pro, which is DJI's official program for
surveys with the P4 multispectral. The GS Pro features a pre-programmed flight line plan, with
a graphical flight path plan overlaid on a Google Mapsimage base (www.dji.com).

Three areas were selected along the basin with different vegetation classes, but all
belonging to the Pardo River permanent preservation area (PPA), with the survey carried out
from upstream to downstream, as described below:

Source (area= 1 ha) with secondary tree vegetation;

Forest (area= 0.78 ha) with riparian vegetation;

Grassland (area = 0.36 ha) with field vegetation.

Orthomosaics were processedusing Agisoft Metashape Professional 1.6.5 build 11249
(64 bits) 3D reconstruction from multiple views (www.agisoft.com). Obtaining vegetation
indices and data analysis were carried out using QGIS 3.16 (www.qgis.org). The reference system
adopted was SIRGAS 2000, UTM Zone 22 S, central spindle -51 W.

The aerial images were selected and cropped into areas of interest (Sample). Also,
procedures were carried out to generate colored composition (RGB) for better visualization and
spatial location of the different features of interest (individuals and vegetation species).
Subsequently,the RGBimages, fromthe red and near infrared bands, were processedto create
the Vegetation Indices (VI)NDVI(ROUSE et al., 1973), SAVI (HUETE, 1988) and LAI (ALLEN, 2002),
presented by Equations 2, 3 and 4 respectively. Still in QGIS, shapefiles were created for the
sample polygons of the plots (9 x 9 meters), where the images of the vegetation indices were
cut using the shapefiles and determining the average values of these indices for each plot, and
these values were used in the regressions linear. The statistical procedures referring to the
shapefiles of the sample polygons of the plots were carried out using the QGIS statistical tool.

NDVI = (NIR-RED)
(NIR+RED)
Where NIRis the nearinfrared band and RED is the red edge.
SAVI = (1+L)x(NIR—RED)
(L+NIR+RED)

(Equation 2)

(Equation 3)

Where Lis constantreferringto the degree of soil coverage and can varyfromOto 1
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n (0.69—SAVI

LAI = —ng— (Equation 4)

Where SAVlis the Soil-Adjusted Vegetation Index.

The relationships between the dependent variables LAl and the independent variables
NDVIand SAVI, which were calculated based on the image samples obtained in this study, were
subjected to normal distribution tests of the statistical model. To this end, the F testand t —
Studenttestwere applied at a significance level of 5% probability and subsequently applied to
determine the result of the regression models (FONSECA, 2009). Regression analysis was carried
out using the simple linear regression modeling method, where all calculations were carried out
in Microsoft Excel (License from the author). The RGB orthomosaics were produced with the
sample polygons of the 9 x 9 meter plots and the NDVI, SAVI and LAl maps for all vegetation
classes studied.

4 RESULTS AND DISCUSSION

In the RGB orthomosaics (bands 3, 2 and 1) obtained by aerophotogrammetric
processing, itis possible to observe the vegetation classescalled Source (Figure 4), Forest (Figure
5) and Grassland (Figure 6) with high spatial resolution, making it possible to enlarge the images
digitally to the point of identifying individuals and in some cases, plant species (BOOM et al.,
2006; ZWEIG et al., 2015; HUSSON et al., 2017; ELIAS, 2019).

Figure 4 - Orthomosaic in RGB of the Source sample.
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Source: The authors, 2023.
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Figure 5 - Orthomosaic in RGB of the Florest sample.
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Source: The authors, 2023.

Figure 6 - Orthomosaic in RGB of the Grassland sample.
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Source: The authors, 2023.

Amongthe VI maps, it was observed that the NDVI maps (Figures 7, 8and 9) presented
lower rates compared to the SAVImaps. NDVlis an index widely used in monitoring agricultural
crops due to its high characteristics regarding plant growth. NDVI values close to 1 represent
denserareas of photosynthetically active vegetation, while values close to -1 represent surfaces
with less active vegetation (ROSENDO, 2005).
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Figure 7 - Map of NDVI samples from the Pardo River Source.
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Figure 8 - Map of NDVI samples from anarea of the Pardo River Forest.
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Figure 9 - Map of NDVI samples from anarea of the Pardo River Grassland.
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Source: The authors, 2023.
The SAVI maps (Figures 10, 11 and 12) were produced with L=0.5, and they presented
higher values in relation to the NDVI, proving the reduction of the soil effect (HUETE, 1988;
WASHINGTON-ALLEN etal ., 2004; MENESES and ALMEIDA, 2012).

Figure 10 - Map of SAVIsamples from the Pardo River Source.

MAP OF SAVI SAMPLES - THE PARDO RIVER SOURCE
770060 770080 770100 770120
§ - & LEGEND
8 = Ty N — g
3 ? f 3 [ SAMPLES (9X9 M)
'3 .
g ‘ A A SAVI VALUES
5 padt iy -3
# g 3 -06
¢ o M 5 LS 01
o :
08
. 15
L. ~$
g A - e J, ey s %
3 o : k 2 3
o é. 3 0 5 10m
3 }; Sl
4 eran
01
. g ;.
1 vr %
£ g
H -5 3
B4 s i
J
' REFERENCE SYSTEMS: SIRGAS 2000
bt 3 PROJECTION SYSTEM: UTM 225
Pb : : DATA SOURCE: Orthomosaic obtained with
5 ! TR Y 4 RPA DJI P4 Multispectral, on 01/27/2023.
2 Date: 09/12/2023
770060 770080 770100 770120 |

Source: The authors, 2023.

417



Periédico Eletronico “Forum Ambiental da Alta Paulista”
Electronic Journal “Environmental Forum of Alta Paulista”

ISSN 1980-0827 — Volume 20, Number 2, Year 2024

Figure 11 - Map of SAVIsamples from an area of the Pardo River Forest.
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Figure 12 - Map of SAVIsamples from an area of the Pardo River Grassland.
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Table 1 presentsthe average values of the VI and LAI, with the LAl used as a basis for

Source: The authors, 2023.

orderingthe table, that is, from highestto lowestvalue.
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Table 1 - Average values of the VINDVI, SAVIand LAl samples.

Source Grassland Florest

NDVI 0,455 0,17 0,345
SAVI 0,683 0,213 0,518
LAI 1,715 1,689 -0,148

Source: The authors, 2023.

The highest average NDVI can be observed in the Source class, in the Ortomosaic of
Figure 4 and in the VI of Figure 7. The Source class presented the highest NDVI/SAVIindex and
the highest LAI (Figure 13), indicating that the site is healthy and preserved with mature and
leafy species. These results reflect plants with excellent vegetative vigor, with SAVI presenting
the highest average with a variation between plants in an excellent state of vegetative activity
(JENSEN, 2009; BORATTO, 2013). The higher SAVI average can be explained by the lesser
influence of the soil on the Vlvalues (HUETE, 1988).

Figure 13 - Map of LAl samples from the forest of the Pardo River Source.
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Source: The authors, 2023.

The Forest class presented the second highest average of NDVI/SAVI, which also
demonstrates healthy vegetation in full development. However, as can be seen in Table 1, the
LAl of the Forest class presented the lowest average in relation to the other samples, which can
also be seenin Figure 14. Itis observed that this result was influenced by the low density of leafy
trees and with a greater incidence of reflectance from the wet and muddy soil due to the
abundantrain in the period prior to the aerial survey, as can be seenin the graph in Figure 15,
which shows that the month of January reached an accumulated rainfall of 197.5 mm. Another
factor that influenced the low LAl value was the presence of leaves with light tones and flowers
in several species (Figure 5), resulting in a reduction in chlorophyll and, consequently, the
NDVI/SAVIvalues are lower (HUETE, 1988; BORATTO, 2013; ZHANG, 2014).
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Figure 14 - Map of LAl samples from an area of the Pardo River Forest.
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Figure 15 - Monthly accumulated rainfall at station V0437, Ourinhos-SP.
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Source: https://tempo.inmet.gov.br/PrecAcumulada.

The means of the Grassland class samples presented the lowest NDVI/SAVI values
(Table 1), these values can be explained by the moisture present in the soil. However, the LAl
was the second highest, being close to the value of the source class (Figure 16). The high LAl can
be attributed to a large amount of broadleaf vegetation and abundant biomassin the samples.
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Figure 16 - Map of LAl samples from an area of the Pardo River Grassland.
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The results presented by the Grassland class are in line with similar studies carried out
by Lima (2017), where the characteristics of this vegetation class favored the NDVI/SAVI to
obtain Agriculture / Field / Soil typology values.

In addition to the qualitative analyses of the images, statistical analyses were also
carried out, where, based on correlation tests, the LAl was identified as the dependent variable
of the regression, as it has significant statistical correlations with the independent variables NDVI
and SAVI (FIGUEIREDO FILHO and SILVA JUNIOR, 2009). In Table 2 it is observed that the
regression analysis of the dependent variable LAl with the independent variables NDVI and SAVI
resulted in significant positive relationships for all tested variables.

Table 2 - Statistics and coefficient of determination (r2) of the linear regression of VI x LAI.

Dependent Statistics Independent variable Vegetation class
variable
NDVI (valor P) SAVI (valor P) NDVI (r2) SAVI (r2) According to LAl
Table 1
LAI 4,3423E-34 1,75028E-15 1 0,9999928 Source
LAI 8,96184E-40 7,92465E-17 1 0,999979603 Grassland
LAI 1,82876E-20 1,0253E-18 0,999995093 0,999984494 Forest

Source: The authors, 2023.

The graphs represented by Figures 17, 18 and 19 show the correlations between
NDVI/SAVI x LAl of vegetation classes in the same ordering sequence presented in Table 1
(according to LAl values). Observe the adequate distributions along the straight lines of simple
linear regression values.
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Figure 17 - NDVI/SAVI x LAI Linear Regression Graphs of the forest of the Pardo River Source.
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Source: The authors, 2023.

Figure 18 - NDVI/SAVI x LAl Linear Regression Graphs of an area of the Pardo River Grassland.

Source: The authors, 2023.
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Figure 19 - NDVI/SAVIx LAI Linear Regression Graphs of an area of the Pardo River Forest.

Source: The authors, 2023.
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Analyzing the data from the vegetation class plots, it is possible to verify that in areas
where the vegetationis lower and with sparse tree canopies, the soil exerts a greater negative
influence on the VI results and consequently on the LAI. This influence can be observed in all
maps referringto Vland LAl The positive regression indicates that the higherthe VISAVI values,
the higher the LAI. It is also possible to verify that the higher the LAI, the greater the height of
the canopy in the forest, as well as its distribution and overlapping of leaves, which corroborate
the decrease in the influence of the soil on the spectral results (SILVA, 2018). The exceptionto
this analysis was the forest class, which presented high SAVI values, but due to the factors
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exposed previously, it obtained a LAl below expectations in relation to the other vegetation
classes.

5 CONCLUSIONS

The results obtained in this study, under the conditions under which the experiment
was carried out and with the method applied, allow us to conclude that:

RGB orthoimages acquired by drones have high spatial resolution that enable various
analyses of vegetation classes, such as analysis of species identification, distribution and
differentiation of vegetation, mapping of clearings or deforestation, amongothers.

The images obtained from the NDVI showed good results, but in places where there
were gaps, spacing and non-uniform distribution of vegetation, the NDVI values were low due
to the influence of the moist soil. On the otherhand, the images produced with SAVI presented
highervalues, making it possible to reduce the influence of soil reflectance and humidity on the
substrate.

The simple linear regression analysis between the response variable LAl and the
predictor variable SAVIshowed that the higher the SAVI, the higher the LAl and the higher the
height of the vegetation canopy.

NDVI or SAVI surveys carried out during rainy or flowering periods interfere with
vegetationindices, due to the increase in humidityin the soil and, in the case of flowers, there
is a decrease in chlorophyllin the leaves of the vegetation.

The plots of the source class presented higher density and higher average LAl value,
and the higher LAl contributed to reducing the influence of the soil on the spectral response.
This characteristic can be observed in all images of the source class, as there is a good
development of vegetation, with a homogeneous canopy, favoring a good adjustment of the
data.

The images obtained by drones presented very high spatial, temporal and spectral
resolution, thus, it is concluded that drones are great platforms for the management and
constant monitoring of permanent preservation areas (PPA).

Finally, there is a need for special care when obtaining multispectral images, as these
images require appropriate methods to be obtained and depending on the sensor, there is a
need for radiometric calibration of the camera.
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