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Abstract: Unmanned aerial vehicle (UAV) photogrammetry has recently become a widespread
technique to investigate and monitor the evolution of different types of natural processes. Fluvial
geomorphology is one of such fields of application where UAV potentially assumes a key role, since
it allows for overcoming the intrinsic limits of satellite and airborne-based optical imagery on one
side, and in situ traditional investigations on the other. The main purpose of this paper was to obtain
extensive products (digital terrain models (DTMs), orthophotos, and 3D models) in a short time, with
low costs and at a high resolution, in order to verify the capability of this technique to analyze the
active geomorphic processes on a 12 km long stretch of the French–Italian Roia River at both large
and small scales. Two surveys, one year apart from each other, were carried out over the study area
and a change detection analysis was performed on the basis of the comparison of the obtained DTMs
to point out and characterize both the possible morphologic variations related to fluvial dynamics
and modifications in vegetation coverage. The results highlight how the understanding of different
fluvial processes may be improved by appropriately exploiting UAV-based products, which can thus
represent a low-cost and non-invasive tool to crucially support decisionmakers involved in land
management practices.
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1. Introduction
Unmanned aerial vehicles (UAVs), commonly named drones, have recently become
widely used to study and monitor several earth surfaces processes. The increasing interest
is mainly due to the wide variety of devices that can be carried on drones alongside
their affordability, which results in remarkable products obtained in reasonable time and
costs. This is particularly true for the use of UAV-acquired imagery, processed with digital
photogrammetry technique, that allows for the reconstruction of topographic information
and the obtaining of orthophotos, by using light and low-cost optical cameras.
Fluvial geomorphology is one of the main fields where aerial imagery has been increasingly used in combination with traditional techniques, since it can have a fundamental
role in understanding processes that shape the landscape [1,2]. Former observations on
the behavior of dynamic river channels were performed mainly through detailed withinchannel traditional analysis [3,4], and more recently several studies have highlighted
the direct monitoring of channel topography as a useful tool to better comprehend the
relationship between river forms and processes for flood protection and river management purposes [5–7]. Remote sensing techniques such as UAV photogrammetry have
started to be a well-suited alternative to the conventional in situ activities, especially for
multitemporal investigations. Similarly, satellite-based optical imagery has been applied
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in fluvial systems modeling and monitoring. However, these space-based systems have
significant drawbacks in monitoring small areas that have dynamic changes and require
highly detailed information [8]. Furthermore, their temporal resolution can be extremely
low (since same areas are not frequently revisited by satellites), limiting the possibility to
perform multitemporal analysis in short periods [9,10]. Satellite optical imagery remains
an optimal solution for the monitoring of wide areas, for which highly detailed spatial
resolution is generally not required. On the other hand, UAV-based photogrammetry
allows for the acquisition of data at sufficient resolution to represent channel geometry
in fully three dimensions [11,12], and the low cost and easiness of the surveys make it
possible to frequently investigate the area of interest [13]. This led to a wide use of this
technology in fluvial geomorphology, and several studies pointed out its suitability for
both quantitative and qualitative analysis on channel dynamic changes [14–17], as well as
riverbed sediment [18–22]. Chandler et al. (2002) [6] demonstrated the value of oblique digital photogrammetry for monitoring planform, topography, and changes in braided river
channels, and used it as an input for computational flow models. Marteau et al. (2017) [1]
used photogrammetry to identify the geomorphic changes that occurred in a river channel
in northwest England over time and proved its suitability to assess the effectiveness of
river restoration measures. Riparian and riverbed vegetation are a pervasive feature of all
river landscapes, providing habitat, aesthetics, and food and erosion control. It reduces
flow velocity close to the banks increasing geomorphic stability [23] and increases bank
material strength via root reinforcement [24,25]. Vegetation in a fluvial environment can
both promote deposition of coarse sediment and localized erosion due to piping and local
turbulent scour [26]. It can also impact flooding due to bridge occlusion and increased
flow resistance [23,27]. Watanabe et al. (2016) [7] carried out UAV photogrammetry before
and after a man-made flood occurred in a Japanese river, showing the potentiality of their
survey in morphological mapping and observing the dependency of vegetation density on
the accuracy of the obtained models.
By means of both large- and small-scale analysis, this paper addresses the question of
how we can best use high resolution UAV-based photogrammetry to model and monitor a
river helping decision makers to correctly maintain it. One of the novelties consist of the
rarity in obtaining high-resolution models that allow for the identification of processes on
the order of centimeters in vast areas. Furthermore, the possibility to realize a complex
survey in a short time with a single drone entirely designed, patented, and constructed
form a university is discussed. Different photogrammetric techniques such as the nadiral
and oblique perspectives have been compared to assess the optimal approach in a complex
environment as here presented. Finally, both channel dynamic and riparian vegetation
changes are recorded.
This study arises from an Interreg Alcotra “Concert Eaux” project, wherein a multitemporal survey on the Roia river was carried out. The river is a French–Italian river
characterized by a torrential regime that evolves in a wide riverbed in its last stretch. The
survey, repeated twice one year apart, focused on the last 12 km to the mouth, which is the
Ligurian Sea.
Study Area
The Roia River is a 59 km long French–Italian river that originates at Colle di Tenda
(FR (France), 1908 m) and flows into the Ligurian sea in Ventimiglia (IT (Italy)). Its first
stretches are characterized by a steep riverbed carved in deep canyons that gives origin to
suggestive shapes such as the famous Saorge Gorges, which contribute to increased water
turbulence. The major part of its flow resembles a mountain torrent, but once in Trucco (IT),
it flows in a valley and it creates a wide riverbed that becomes even larger when it meets
the Bevera Torrent, its major tributary [28,29]. Hence, it crosses the city of Ventimiglia
until it flows into the Ligurian Sea. Even though it shows a certain consistency of flow
even during the dry season, the river has a markedly torrential regime, with significant
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Over years, due to rapid urban development along with the proliferation of illegal
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to overcome some drawbacks of traditional drone configuration. The patented Saturn
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The drone GNSS receiver is a multi-constellation, single frequency, non-RTK capable
device. All these characteristics have contributed to electing the Saturn drone as the best
performing and most economically advantageous solution in such an extended survey in
a mixed urban and critical area—several bridges cross the river (railway, highway, high
traffic street), and the banks are surrounded by buildings and streets.
The flight time of Saturn Mini is enough to cover the vast areas of the Roia River in a
few flights. A fixed-wing drone could perform the same survey in 1 or 2 flights, but its use
in an urban context is strongly limited by the regulations of the national and international
aviation safety agency. In several countries, including in Italy, fixed-wing drones cannot
cross primary transportation infrastructures—the survey must be divided in several flights,
and often the same take off area cannot be used for two adjacent flight plans. Moreover,
the flight speed and flight altitude of fixed-wing drones are not compatible with a narrow
“buffer area” between the operations area and critical areas (buildings, streets, people, etc.)
required by the regulations. The “buffer area” is a space that surrounds the operations area
and is the last safe place where the drone must be killed if it is out of control—the extension
of this area is dependent on speed and altitude and for a fixed plane can be wider than the
same riverbed. A multi-rotor can fly slow and at low altitude, and the buffer area can be
very narrow and variable in precise sectors of the flight plan.
Saturn Mini was developed to optimize the remote sensing capabilities in types of
scenarios where it is crucial to complete the survey in the shortest time in order to have a
temporal snapshot of the area. Fast deployment and takeoff in any terrain conditions thanks
to the tripod landing gear and high wind resistance increase the daily operation time.
The camera of the drone is actively stabilized with a 2-axis gimbal completely developed by the Civil Protection Centre. The gimbal without camera weighs less than 80 g and
is tailored for each camera used. The axes are moved by 2 digital servo motors that can
achieve a fluidity and rate of rotation (1 ms/degree of rotation) comparable to a brushless
motor gimbal but offer more wind resistance at a high torque level. As a result, images are
acquired in a stable pointing direction at all speeds and in all wind conditions.
All cameras used in the survey (Table 1) with the Saturn Mini have a global shutter
that avoids the typical distortion of the rolling ones—the entire image is taken in the same
moment when the shutter opens. Rolling shutters are mainly used by low-cost and light
cameras with complementary metal oxide semiconductor (CMOS) sensor that are mainly
designed to acquire video footage. The image is read continuously line by line and not all
parts of the scene are taken in the same instant introducing distortion as wobble, skew, and
spatial and temporal aliasing that can affect the precision of the photogrammetric survey.
Table 1. Characteristics of the UAV photogrammetric surveys.

Camera model
Camera matrix
Camera resolution (Megapixel)
Focal length (35 mm equivalent)
Frames
Flight plans
Survey area (km2 )
Minimum overlap
Minimum sidelap
Ground control points (GCPs)
GCPs 3D accuracy

2017 Survey

2018 Survey

Canon IXUS 240 HS
4608 × 3456
16.1
24 mm
1860
16
2.35
≈70%
≈55%
97
<3 cm

Canon IXUS 160
5142 × 3864
20
28 mm
3367
18
5.20
≈70%
≈55%
148
<3 cm

2.2. The UAV Surveys
Multiple aerial surveys were performed over the study area to carry out a multitemporal analysis based on 3D modeling of both the riverbed morphology and the vegetation coverage. In particular, 2 photogrammetric surveys were made 1 year apart, using the
Saturn Mini drone. The first, carried out on 1–4 August 2017 using a 16.1 Megapixel Canon
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digital camera, required a preliminary planning phase according to which the total area
was covered in 16 different flights, which were carried out by setting acquisition streaks
parallel to the course of the river. For each flight, an optimal trajectory was planned using
the ArduPilot Mission Planner software (version 1.3.48) considering strategic image points
to obtain an optimized overlap between the images, which was set as no less than 70%
along the flight direction (overlap) and no less than 55% between frames belonging to contiguous flight lines (sidelap). During the flight phase, mainly nadiral frames were acquired
at a constant altitude of approximately 60 m a.g.l. In addition, to optimize the survey
near bridges, we took some shots with an oblique geometry. Given the flight altitude, the
height of the structures from the riverbed, and the strong contrast between shaded
Remote Sens. 2021, 13, x FOR PEER REVIEW
6 ofareas
17
(under the bridges) and directly illuminated areas, the technique allowed only a partial
reconstruction of surfaces under the main bridges and overpasses.
The 2018 survey was carried out between 6 and 10 August 2018 using a 20 Megapixel
The 2018 survey was carried out between 6 and 10 August 2018 using a 20 Megapixel
Canon digital camera. In this case, the survey was expanded to cover a wider area and
Canon digital camera. In this case, the survey was expanded to cover a wider area and
improve the coverage of riverbanks and partially hidden areas, especially below road
improve the coverage of riverbanks and partially hidden areas, especially below road
overpasses and bridges. To achieve this, 18 flights were carried out and the number of shots
overpasses and bridges. To achieve this, 18 flights were carried out and the number of
with oblique geometry was considerably increased. Furthermore, differently from what
shots with oblique geometry was considerably increased. Furthermore, differently from
was done in 2017, the entire river mouth area was covered, making the terminal portion of
what was done in 2017, the entire river mouth area was covered, making the terminal
the Roia River in correspondence of the town of Ventimiglia, whereas the flight altitude
portion of the Roia River in correspondence of the town of Ventimiglia, whereas the flight
remained unchanged and equal to 60 m AGL.
altitude remained unchanged and equal to 60 m AGL.
Since the camera system does not have an RTK-GPS module, the GNSS campaigns
Since the camera system does not have an RTK-GPS module, the GNSS campaigns
were carried out with an Emlid Reach RS GPS in a base-rover configuration with RTK
were carried out with an Emlid Reach RS GPS in a base-rover configuration with RTK
correction via Italpos service less than 8 km from the base to measure the coordinates of 97
correction via Italpos service less than 8 km from the base to measure the coordinates of
Ground Control Points (GPCs) in 2017 and 148 in 2018, respectively (Figure 3). Such GCPs
97 Ground Control Points (GPCs) in 2017 and 148 in 2018, respectively (Figure 3). Such
were used for the georeferencing and validation of the three-dimensional models obtained
GCPs were used for the georeferencing and validation of the three-dimensional models
from the aerial photogrammetric surveys and to assess the accuracy of the resulting data.
obtained from the aerial photogrammetric surveys and to assess the accuracy of the reThe
main characteristics of the 2 surveys are summarized in Table 1.
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classification process was obtained with the automatic dense cloud multi-class classification
available in the software used, setting a confidence parameter of 0.25. However, the
automatic classification is affected by some errors, and therefore, once classified, the
3D point clouds were entirely rechecked. All the automatic classification errors were
corrected, and classes were manually re-assigned. This second step ensures the reliability
of the classification and an optimal reconstruction of the DTMs (that requires only ground
points as opposed to DSMs), consequently avoiding the underestimation and/or the
overestimation of volumes involved in the following change detection analysis. In this
phase, deep water (i.e., deeper than 20 cm) was also manually classified, since it generated
strong noise in the 3D point clouds and would thus have created artifacts in the threedimensional models. The DTMs and DSMs were therefore generated interpolating points
by means of the inverse distance weighting (IDW) method and in particular:
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DTM: points classified as vegetation, buildings, deep water, or cars were not considered. The resulting holes were filled through interpolation.

3. ResultsThese
andoperations
Discussion
have also undergone a second phase of manual control to prevent
the presence of vegetation as well as artifacts in the DSMs.

The extension improvement of about 45% of products obtained in 2018 (Figures 4 a
5) was
due toand
theDiscussion
increase of shots with oblique perspective, as discussed in Section 2
3. Results
Thanks toThe
this
technique,
it was of
also
possible
to reachobtained
new portions
of the4riverbed
and
extension
improvement
about
45% of products
in 2018 (Figures
and 5)
was
due
to
the
increase
of
shots
with
oblique
perspective,
as
discussed
in
Section
2.2.
Thanks
avoid several shadowed areas (Figure 6). Firstly, the higher quality of the areas reco
to this
technique,
it was alsomade
possible
to reach new
of the riverbed and
to avoid such
structed
under
the bridges
it possible
to portions
obtain fundamental
information
several shadowed areas (Figure 6). Firstly, the higher quality of the areas reconstructed under
the actual
span between pillars. Furthermore, the acquisition of shots from multiple dir
the bridges made it possible to obtain fundamental information such as the actual span
tionsbetween
also allowed
more complete
reconstruction
the densely
vegetated
areas (Figu
pillars. for
Furthermore,
the acquisition
of shots fromofmultiple
directions
also allowed
6). for more complete reconstruction of the densely vegetated areas (Figure 6).
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and
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(B);
Figure 3D
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(A) and
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bridge crossing
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River
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2017 (A)
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the Roia
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and2018
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Figure 7 shows the distribution of the GCPs. The related mean error is less than 3
in almost the entire survey area, with only some spots with an error higher than 8 c
Compatibly with the morphology of the area, the accessibility of private properties, a
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As a consequence, the difference between DTMs generated in 2017 and 2018 did not
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showed interesting results (Figure 8). Firstly, the perfect overlap between stable areas
On
the other hand, the comparison between the two surveys in the remaining are
(such as bridges and streets) pointed out the reliability of the survey. The areas where the
showed
interesting
results
8). Firstly,
the
perfect
overlap
between
stable are
differences
of the two
DTMs(Figure
were between
0.2 and −
0.2 m,
compatible
with the
sum of the
(sucherrors
as bridges
pointedand
outforthe
of the survey.
The areas
related and
to thestreets)
used technique
thisreliability
reason comparable
to unchanged
areas,where t
covered
54%
of
the
total
riverbed
surface.
Moreover,
since
the
difference
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differences of the two DTMs were between 0.2 and −0.2 m, compatible with the sum of
carried out between the DTMs obtained in 2017 and 2018 (therefore keeping out the
errorswas
related
to the used technique and for this reason comparable to unchanged are
vegetation), the areas showing higher differences were areas that underwent erosion or
covered
54% of theAs
total
riverbed
surface.
Moreover,
since
the
difference
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w
sedimentation.
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previous
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deep
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carried
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between
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in 2017 and
(therefore
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The2018
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therefore
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etation),
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showing
were
areas
that underwent
erosion
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The
percentage
distribution
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the
range
of
elevation
differences
is
shown
in
mentation. As explained in the previous paragraphs, deep water (i.e., deeper than
20 c
Table 3.
was not considered for the DTM generation. The remaining shallow water was therefo
compatible with the error (±20 cm) and did not compromise the reliability of the analys
The percentage distribution of the range of elevation differences is shown in Table 3.
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Figure 8. Differences between the digital terrain models (DTMs) obtained in 2018 and 2017. Details of the areas in the red
Figure 8. Differences
the digital
terrain
models
(DTMs) obtained in 2018 and 2017. Details
frames are presented
in Figure 9. between
At this stage,
vegetation
is not
considered.
of the areas in the red frames are presented in Figure 9. At this stage, vegetation is not considered.
Table 3. Elevation changes across the riverbed. At this stage, vegetation was not considered.
Table 3. Elevation changes across the riverbed. At this stage, vegetation was not considered.
Range of Elevation Change (m)
Range of Elevation
Change (m)
>1
>1
1–0.2
1–0.2
0.2–−0.2
0.2–−0.2
−0.2–−1
−0.2–−1
<−1
<−1

% of the Riverbed Area
% of the Riverbed
Area
5
5
25
25
54
54
13
13
3
3

Figure 9 shows the detail of some areas where erosion and deposition were more
Figure 9 shows
of some
erosion
andover
deposition
evident.the
In detail
all of them,
bothareas
areaswhere
showing
changes
time andwere
spotsmore
with no differences
evident. In all were
of them,
both
areas
showing
changes
over
time
and
spots
with
no differdetectable.
ences were detectable.
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Figure 9. Some details of the differences between DTMs. Letters A−F specify the area and refer to
Figure 9. Some details of the differences between DTMs. Letters A−F specify the area and refer to Figure 8. The second and
Figure 8. The second and the third columns show the 2017 and 2018 orthophotos, respectively. The
the third columns
show the
2017
andorthophoto
2018 orthophotos,
respectively.
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about
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cm).cm).
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changesover
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changes
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most
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(Figure
(Figure
11).11).

Figure 10.
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Figure
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(Figure 9)
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DTMs.
TheThe
representation
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evidenceevidence
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retreat
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thethe
leftleft
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overlapping
theDTMs;
two DTMs;
difference
of the riverbank
retreat
side).The
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thethe
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±20 cm).

Even if these processes are known, thanks to the drone survey and therefore to the
Even
if these processes are known, thanks to the drone survey and therefore to the
DTM differences, riverbank retreat can be quantified and can be controlled with mitigation
DTM
differences, riverbank retreat can be quantified and can be controlled with mitigameasures.
tion measures.
Analyzing the differences between the DTMs throughout the survey, we were also
able to observe the behavior of the river in proximity of bridges, identifying areas that
could require maintenance (Figure 9B,C) due to erosion or deposition.
As an example, focusing on Figure 9B, the accumulation of sediments between the
pillars could reduce the cross sectional area, increasing the flood risk of the area. Conversely,
Figure 9C points out the riverbed erosion under the infrastructure, showing possible
weaknesses in the bridge supports. This spot is also the closest to the point where the
Bevera Torrent flows into the Roia River. There, material exchanges typically occur, and a
change detection analysis may be strategic. Sedimentation was clearly visible along the flow
direction, followed by the migration of the river (as observable in the orthophotos) and the
consequent erosion of the riverbed on the southern bank. Please note that red points that
mark the bridge’s borders (corresponding to the guardrails) were caused by some outliers
of the 3D point clouds from which the DTMs were originated. Due to their irregularities,
these kinds of structures can indeed produce some noise in the photogrammetric process
(Figure 9B,C).
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Throughout
river, it is interesting
noteDTMs
the general
trend of deposition
(about we
30% were a
Analyzing
the the
differences
betweentothe
throughout
the survey,
of the riverbed surface), in contrast with small areas of erosion. The accumulation occurred,
able to
observe the behavior of the river in proximity of bridges, identifying areas th
sometimes generating thick deposits where river flow direction changes (Figure 9D,E), and
couldsometimes
require maintenance
to erosion
oronly
deposition.
in a slighter way,(Figure
shown in9B,C)
Figuredue
9F, where
sediment
filled old depressions
formed
during floodfocusing
periods. on Figure 9B, the accumulation of sediments between
As
an example,
In all reduce
the river the
area,cross
heightsectional
vegetationarea,
growth
was observed,
shown
in Figure
pillars could
increasing
theasflood
risk
of the12,area. Co
where the elevation values of the vegetated areas in the DSMs from 2017 and 2018 were
versely, Figure 9C points out the riverbed erosion under the infrastructure, showing p
compared. An average value higher than 1 m of growth on the overall area was measured.
sible weaknesses
in the
bridge supports.
This spot
is also
the closest
to the
wh
Nevertheless,
the photogrammetry
technique
had some
intrinsic
limitations
duepoint
to
the Bevera
Torrent
theand
Roia
River. There,
exchanges
typically occ
the Structure
From flows
Motion into
method
the non-static
nature material
of the tree branches
and bushes
by the
wind. For
these reasons,
volumes
reconstruction
of the vegetation
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and amoved
change
detection
analysis
mayabe
strategic.
Sedimentation
was clearly
visible alo
holes
and
gaps
that
affect
the
possibility
of
an
accurate
distributed
volumetric
calculation.
the flow direction, followed by the migration of the river (as observable in the orthoph
A possible quantitative calculation minimally affected by these factors is the perimeter
tos) and
the consequent
erosionbodies.
of theExploiting
riverbedthe
onclassification
the southern
bank.
Please
note that r
reconstruction
of the vegetated
of the
3D points
cloud
points
that mark
the bridge’s
borders
(corresponding
the guardrails)
identified
as Vegetation,
and carefully
controlled
by a manualto
process,
we extracted were
a maskcaused
the vegetated
bothclouds
the 2017from
and 2018
surveys.
In this way,
information
someofoutliers
of theareas
3D for
point
which
the DTMs
weremore
originated.
Due to th
about
the
vegetation
coverage
spread
in
the
riverbed
area
was
obtained,
showing
that
the
irregularities, these kinds of structures can indeed produce
some noise in the photogra
vegetated area grew about 33% from 2017 (about 270.00 m2 ) to 2018 (about 360.000 m2 ).
metric process (Figure 9B,C).
Throughout the river, it is interesting to note the general trend of deposition (abo
30% of the riverbed surface), in contrast with small areas of erosion. The accumulati
occurred, sometimes generating thick deposits where river flow direction changes (Figu
9D,E), and sometimes in a slighter way, shown in Figure 9F, where sediment only fil
old depressions formed during flood periods.
In all the river area, height vegetation growth was observed, as shown in Figure
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Figure
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height
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2017
and
2018
surveys.

This information can be very important in congested points, where the riverbed area
Nevertheless, the photogrammetry technique had some intrinsic limitations due to
is smaller and the vegetation denser, in order to plan the time of river cleaning from
the vegetation.
Structure From Motion method and the non-static nature of the tree branches and

bushes moved by the wind. For these reasons, a volumes reconstruction of the vegetation
4. Conclusions
has many
holes and gaps that affect the possibility of an accurate distributed volumetric
The advent
of UAVs
has recentlycalculation
transformedminimally
the way to investigate
various
calculation.
A possible
quantitative
affected by
thesenatural
factors is the
processes.
The
high-resolution
products
achievable
with
this
technique
let
it
overcome
perimeter reconstruction of the vegetated bodies. Exploiting the classificationthe
of the 3D
limits that characterize satellite and airborne-based optical imagery such as temporal and
points cloud identified as Vegetation, and carefully controlled by a manual process, we
spatial resolution. The success is largely dependent on the sensor used as well as the UAV
extracted
a mask
the vegetated
areas Mini
for both
the 2017
andUniversity
2018 surveys.
In this way
features.
In thisof
study,
the drone Saturn
(developed
by the
of Florence,
moreItaly)
information
about flights
the vegetation
coverage
spread
in due
the riverbed
area was
obtained
allowed optimal
in maximum
security,
essential
to the proximity
of the
2
area
with
urban
structures
in
compliance
with
the
Italian
flight
regulations.
Moreover,
showing that the vegetated area grew about 33% from 2017 (about 270.00 m ) to 2018
the 360.000
drone optimization
allowed us to carry out the survey of a 12 km long stretch of the
(about
m2).
French–Italian
Roia
River
in only
days, despite
the area extension
the the
number
of
This information can be
verytwo
important
in congested
points, and
where
riverbed
area
flight plans required (Table 1). These characteristics (large extension, high resolution, high
is smaller
and the vegetation denser, in order to plan the time of river cleaning from vegexecution speed) and a multi-temporal survey provided key information on the riverbed
etation.
morphometry evolution of the Roia River.
The activities were appropriately prepared with a strategic positioning of GCPs and

accurate flight plans, analyzing the effect of shots with oblique perspective to cover shadow
4. Conclusions

areas. These allowed the reconstruction of shadow areas out of reach for satellite and
The advent of UAVs has recently transformed the way to investigate various natural
airborne-based techniques (such as under bridges), among the key zones for risk analysis
processes.
high-resolution
overcome the
studies.The
By means
of a changeproducts
detection achievable
analysis, wewith
werethis
abletechnique
to observe let
theitchannel
limits
that
characterize
satellite
and
airborne-based
optical
imagery
such
as
temporal
and
changes of some significant segments, such as zones in proximity of bridges or close to
spatial
resolution.
The
success
isriverbank
largely dependent
the sensor
used
wellunder
as the UAV
a river
confluence
area.
There,
erosion andon
several
channel
bedas
areas
erosion
or
sedimentation
were
identified
quantitatively
through
the
DTM
difference.
Only
features. In this study, the drone Saturn Mini (developed by the University of Florence

Italy) allowed optimal flights in maximum security, essential due to the proximity of the
area with urban structures in compliance with the Italian flight regulations. Moreover, the
drone optimization allowed us to carry out the survey of a 12 km long stretch of the
French–Italian Roia River in only two days, despite the area extension and the number of
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deep water (deeper than 20 cm) was excluded in the analysis since the shallow areas were
comparable to the error and allowed the interpretation of some of the identified processes.
The drone method can be applied even at a smaller scale and with a higher resolution,
aimed for example at inspections.
The extension of the same procedure to vegetation showed a strong increase in its
growth, highlighting the feasibility of the methodology for the monitoring of a river in all
its aspects. Therefore, the photogrammetric technique allowed for the identification of the
vegetation and the possibility to manage it separately, helping in the identification of the
areas needing maintenance or most at risk.
New surveys conducted at regular intervals could play a key role in monitoring, understanding, and maintaining the river in order to support decisionmakers, thus avoiding
predictable natural disasters.
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