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Multi-temporal UAV based repeat monitoring of rivers sensitive to flood
Orkan Özcan a and Okan Özcan b

aEurasia Institute of Earth Sciences, Istanbul Technical University, Istanbul, Turkey; bDepartment of Civil Engineering, Akdeniz University,
Antalya, Turkey

ABSTRACT
Multi-temporal repeat monitoring of flood-vulnerable rivers is crucial due to rapid alteration of
morphological properties of in-channel landforms. Besides, the characteristics of the river
crossing bridges may deteriorate due to flood induced scouring around bridge piles or due
to flood loads. Thus, in this study high-resolution topography of the study region was
acquired during two consecutive years by unmanned aerial vehicle (UAV) based surveys
using Structure-from-Motion (SfM) processing. Following the extraction of digital elevation
models (DEM), repeat data that were obtained at each UAV survey were compared using
Geomorphic Change Detection (GCD) to calculate volumes of deposition and erosion via
DEM of difference (DoD) algorithm. Thus, detailed high-resolution maps of the river channels
can be rapidly and efficiently generated by low cost UAV based measurement methods in
order for continuous tracking of stream channel morphology for the rivers sensitive to floods.
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1. Introduction

River topography measurement is a major concern of
fluvial geomorphology since topography is the most
basic descriptor pertinent to geomorphology and geo-
morphic process (Woodget et al., 2014). For the hydro-
logic applications with high spatial resolution, proper
scaling should be considered due to the increment of
data both in space and time. Herein, unmanned aerial
vehicles (UAVs) provide an effective solution to this
issue that depend on scale in hydrologic applications
while supplying imaging and sensing equipment
mounted on the platforms which constitute an
unmanned aerial system (UAS) (Dyer et al., 2020;
Ozcan & Ozcan, 2019; Rusnák et al., 2018; Tamminga
et al., 2015; Woodget et al., 2014). Since the UAV based
measurement methods procure data at extremely high
spatial resolution (centimeter scale), the measurement
precision is comparable to traditional surveying tech-
niques (Carrera-Hernández et al., 2020). The direct
applications of UAV-based measurement methods
related to elevation, aspect, and stream distribution
was useful in surface investigations and in analyzing
hydrologic response by means of river mapping and
floodplain characterization (Rusnák et al., 2018), river-
bank and floodplain surveying (Tamminga et al., 2015),
scour monitoring in bridges (Ozcan & Ozcan, 2018;
Ozcan & Ozcan, 2019), and DEM generation over var-
ious scales and landscapes (Gafurov, 2018). UAV-
based measurements provide a data collection platform
between the point (i.e. terrestrial measurements) and

regional scale (i.e. spaceborne measurements) with a
spatial extent and resolution (Pajares, 2015). Thus,
UAVs can be used for rapid and low-cost monitoring
of surface characteristics, features, and processes in
hydrologic and geomorphological applications such
as large-scale mapping of flood plains or river basins,
especially for the regions with limited or no access.

Regarding three-dimensional (3D) dense point
cloud generation by Structure fromMotion (SfM) tech-
nique via UAV derived images, the accuracy was
demonstrated to be comparable to traditional high-res-
olution topographical survey methods for the regions
having different geomorphic properties (Javernick
et al., 2014; Ozcan, 2019). This technique is shown as
reliable and efficient for collecting surface data for
streams and rivers (Micheletti et al., 2015). For river
bathymetry modeling, the bathymetric data acquired
from high-resolution UAV-derived images at shallow
water were verified with real data and high correlation
was obtained (Flener, 2013; Ozcan &Ozcan, 2018, 2019).

Geomorphic change detection (GCD) analysis
method was implemented with the DEM of Difference
(DoD) algorithm in order to estimate quantitative
landform alterations, in various environments (Hicks,
2012; Wheaton et al., 2010). The geomorphic changes
can be determined by in-channel landform change
monitoring (Clapuyt et al., 2016; Cook, 2017; Javernick
et al., 2014) and by morphometric measurements
(Gómez-Heras et al., 2019) via UAS technologies.
Further, the implementation of high-resolution
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topographic survey methods (Vericat et al., 2017)
induced spatial investigation of topographic changes
at multiple temporal and spatial scales. Hereby, despite
the reliable quantification of landform change rates, the
magnitude of the changes relating the main geo-
morphic processes, morphometric characteristics, and
spatial and temporal distribution was not quantified
(Llena et al., 2020). The alterations in geomorphic fea-
tures can be quantified via two DEM data sets that were
obtained for two different periods. The estimated
amounts of erosion and deposition in a vast area
should be verified through field measurements. Thus,
in this study, in-channel morphological changes of a
flood-vulnerable river in Bogacay plain were evaluated
by UAV based repeat monitoring via DoD algorithm.

2. The study region

Bogacay plain of lagoon origin, which is located south-
west of the city of Antalya, Turkey is the subject of this
study (Figure 1). Antalya is located at the southern
margin of the Western Tauride Belt and the region
includes platform-type carbonate sediments that were
deposited between the Late Cambrian and Eocene.
Bey mountains comprise platform-type carbonate sedi-
ments of Jurassic to Miocene age (Akay et al., 1985).
The Bogacay Plain evolved during the Quaternary

concerning eustatic sea-level changes and tectonic
activity by which bays in the west of Antalya was com-
prised. In the region, river-bed and other fluvial depos-
its include coarse gravels and medium to fine sands for
which the material sources were Cretaceous limestone
and ophiolitic mélange (Dipova, 2020).

Since the TanDEM-X (DLR, 2016) having 12.5 m
resolution has shown to have the highest effective topo-
graphic detail compared to other DEMs (i.e. SRTM,
ASTER, AW3D) (Boulton & Stokes, 2018), Red Relief
Image Map (RRIM) (Chiba et al., 2008) (Figure 1a),
derived from the TanDEM-X was used as the base
map to extract the watershed. The Bogacay basin is
located at the western region of Antalya city center
with a watershed of about 4072 km2 (Figure 1a). Agri-
cultural areas and villages in Bogacay plain have been
plagued by flooding in the past due to instantaneous
precipitation and high slope behind the plain (Figure
1b). In the Bogacay basin, approximately 14% of the
watershed is above 1500 m altitude which increases
to 2000 m for an extent of 27 km away from the sea.
Herein, the slopes along the Guver and Candir
branches are higher than that of the other branches
(Doyran and Karaman branches) as shown in the
profiles given with the slopes ranging from 0.1% to
2.0% (Figure 1b). In Antalya city center, 54% of annual
average precipitation of approximately 1200 mm

Figure 1. (a) RRIM of Bogacay watershed, study region (b) floodplain with branch profiles, and (c) previously obtained flood hazard
map showing bridge water level and damaged bridge due to the flood occurred in 2003 (Ozcan & Ozcan, 2020).
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occurs in winter season. The peak discharge rate and
relevant sediment volume is reached in January and
February however, discharge and sediment flow con-
tinuously reduce between March and August, and neg-
ligible rates are observed between September and
November (Oğuz, 2001).

Further, the highway bridge located at Bogacay estu-
ary was heavily damaged due to flood induced scour in
bridge substructure during the December 2003 flood
that corresponded to a 50-year return period with a
measured discharge of 1940 m3/s, while all of the
260 m wide river channel was observed to be filled
with sediments (DSHW, 2018). The water level was
observed to reach the girder level for the nearby bridge
located at the north and water was observed to partly
overflow the river channel while inundating the zoning
areas. Herein, UAV generated point clouds were used to
obtain the river DEMs via SfM algorithm and relevant
hydraulic analyses were conducted based on flood/
scouring by using the HEC-RAS software and the
multi-hazard bridge performance under flood and seis-
mic loads was previously evaluated (Ozcan & Ozcan,
2020) (Figure 1c). Preliminary results verified the sig-
nificant impact of flood on bridge performance in
2003 that induced substantial amount of scour around
bridge piles. Besides, seasonal hydrogeomorphological
changes between 2016 and 2018 in the Bogacay estuary
have been evaluated by using high-resolution UAV-
derived orthophotos and DEMs, as well (Ozcan &
Ozcan, 2019). The landform changes were determined
to have the utmost influence on the multi-hazard per-
formance of the bridges at the study region. Since the

lagoon part of the Bogacay recreation project started
to retain water in September 2018, the Bogacay estuary
region was not considered in this study.

3. Methods

3.1. Stream and watershed generation

The implemented watershed extraction method
includes three steps following the preprocessing of
DEM and the definition of stream flow steps namely
generation of accumulated grids, stream network, and
watershed boundaries. Arc Hydro Tools were used in
order to acquire watershed features and delineated
watersheds (Maidment, 2002). The Bogacay basin
boundary was extracted from TanDEM-X digital
elevation data as mentioned above (Figure 1a). Herein,
the flow network was identified by flow directions and
the flow accumulation regions. The basin boundaries
were attained by revealing the sub basin boundaries
and the adjoint basins.

3.2. UAV surveys and data processing

In this study two field surveys were conducted on July
2018 and May 2019 which were compared with one
another to identify changes in the stream channel
from one year to the next. The DEMs of the river
basin was acquired by a UAV via 152 GCPs taken
along the river region (Figure 2). Aerial photographs
were collected using DJI Mavic Platinum Pro
equipped with a 12 MP camera mounted on a

Figure 2. (a) UAV survey flight plan with bridge locations, (b) GCP locations on a dense point cloud, and orthomosaics with DSMs for
(c) July 2018 and (d) May 2019.
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stabilized gimbal and internal GPS. While covering a
stream channel area of approximately 18 km2 during
the flights, 1969 and 1696 images were collected at
an average altitude of 330 m in July 2018 and in
May 2019, respectively (Figure 2a). Prior to each
flight, GCPs were laid out in the study area along
the banklines and inside the river channel to ensure
proper geolocation of the SfM model. GCP sets
were surveyed with an RTK enabled Leica GS09
GPS where data quality (3D quality, i.e. horizontal
and vertical) was 0.020 m on average (Figure 2b). In
model generation, following the camera alignment
and referencing processes, the accuracy of the gener-
ated point cloud was evaluated. Moreover, the nonvi-
sual DEM regions that were located below bridge
decks were derived by manual designation of the
flight heights with varying camera angles (i.e. inset
in Figure 2a,b). Thus, the overlapping ratios for aerial
images were optimized as 85% both in direction of
motion and in lateral direction. For bridge modeling,
approximately 150 images were acquired for each
bridge and ground sampling distance (GSD) was
obtained as 1–2 cm/pixel while satisfying high spatial
resolution. Each bridge was processed separately and
then merged with the entire model using appropriate
manual tie points.

In data processing after each UAV survey, SfM
photogrammetry was implemented using standard
workflow of Agisoft Metashape Professional 1.6.
Herein, concerning the simultaneous solution of
model geometry, position and orientation data, the
relation between the images, the sensed features
were monitored between the images. Then, the 3D
location of the object was estimated by feature tra-
jectories and camera movement (Javernick et al.,
2014). Initial SfM processing resulted in a sparse
point cloud with 1348800 and 1228006 points for
July 2018 and May 2019, respectively. The high-res-
olution dense point clouds were created with mild
filtering that resulted in a model with approximately
690 and 600 million points for July 2018 and May
2019 surveys, respectively. Point clouds were filtered
to remove outliers and vegetation manually. Mean-
while, the orthomosaics and DEMs were generated
for July 2018 and May 2019 for geomorphic detec-
tion analysis (Figure 2c,d).

Dense point clouds with an average point density
of approximately 24 points/m2 was obtained for
both surveys while registering SfM datasets by the
GCP network. According to the Agisoft processing
report, GSD was acquired with an average of
10.2 cm/pixel for both surveys. The validation metrics
that were used to analyze the quality differences were
the mean error (ME) as a measure of the accuracy
and the standard deviation of the elevations (SDE)
as a measure of the precision (Equations (1) and
(2)). Herein, n, zmod, zobs denote the number of

points, DEM elevations, and height of GCPs
measured with RTK, respectively.

ME =
∑n

i (zmod − zobs)
n

(1)

SDE =
����������������������������∑n

i ((zmod − zobs)−ME)2

n− 1

√
(2)

RMSE =
�������������������∑n

i (zmod − zobs)
2

n

√
(3)

For the measurements in July 2018, GCP total accu-
racies were obtained as 10.8, 10.5 and 28.7 cm with a
total root mean square error (RMSE, Equation (3)) of
31.3 cm in the x, y and z directions, respectively. How-
ever, for May 2019, GCP accuracies were calculated as
11.2, 10.1 and 27.3 cm with a total RMSE of 30.6 cm in
the x, y and z directions respectively. For bridge mod-
eling, the accuracy of UAV-derived orthomosaics was
found not to exceed 0.055 and 0.082 m in the horizon-
tal and vertical, respectively.

3.3. Bridge deck removal

In order to procure more spatial detailing of the river
bed bathymetry under the bridges and to fully rep-
resent the basin area in the DEMs, point clouds were
filtered by manually removing the points inside the
point clouds for the decks of each bridge (Figure 3).

In order to generate the main map, UAV-derived
DEM at 20-centimeter resolution (i.e. cell size) and
TanDEM-X with a 12.5-meter resolution were com-
bined. The higher resolution data at the river bed
(UAV-derived DEM) and the lower resolution data
for the remaining watershed (TanDEM-X) were
fused with the given expression in Equation (4)
which was applied with ArcGIS 10.3 raster calcula-
tor. Consequently, the UAV derived surface models
were combined with resampled TanDEM-X digital
surface model which may be used in detailed
hydraulic modeling.

Con(IsNull(``UAV− derivedDEM}),

``resamapledTanDEM− X}, ``UAV−DEM})
(4)

3.4. Geomorphic change detection

The volumetric calculations using DEMs were per-
formed by tracking the height changes in the overlap-
ping pixels for measurement intervals on the same
surface. In order to compare the volumetric changes
of the periodically obtained data, DoD method was
used in which the volumetric variations between topo-
graphic surfaces were calculated on pixel-by-pixel basis
regarding two different DEMs. This method is widely
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used to monitor the sizes of geomorphological changes
and spatial patterns such as tectonic movement, ero-
sion, sediment transport and deposition (Williams,
2012). The GCD analysis incorporates DoD algorithm
processed using Geomorphic Change Detection Tool –
GCD v7.2 (Wheaton et al., 2010) to estimate the volu-
metric landform changes. The DoD algorithm com-
putes the pixel value differences of two DEMs
(Equation (5)), where δE is the output DEM indicating
volumetric changes (m3); Z1 is the DEM of earlier
period (i.e. UAV-derived DEM acquired on July
2018), and Z2 is the DEM of later period (i.e. UAV-
derived DEM acquired on May 2019). Herein, negative
values indicate surface lowering or erosion, and posi-
tive values indicate surface raising or deposition. Mini-
mum level of detection (LoDmin) threshold was used as
0.20 m in order to distinguish the natural noise occur-
ring on the surface, which must be detected while iden-
tifying surface alterations. In the study region, since
both field surveys were conducted in the summer
time when the surface runoff was minimum, the chan-
nel bed was considered as dry. Thus, the water induced
errors (i.e. refraction) were neglected during DoD pro-
cessing.

dE = Z2 − Z1 (5)

4. Topographic changes

The DoD results obtained for the Bogacay Plain were
given in Figure 4a and close-up views for the selected
regions on the Candir branch, Doyran branch, and
Bogacay are presented in Figure 4b–d, respectively.
Herein, change maps on TanDEM-X hillshade were
given at each selected region with the detailed
RRIM maps obtained on July 2018 and May 2019.
Surface lowering was mainly located at the areas hav-
ing relatively higher slopes (1.0–2.0%, Figure 1b) and
at the main channels. Yet surface raising was mainly
observed in the deposition zones that are located at
the toe of the slopes near the main channels and in
the main channels themselves, as well. In all maps,
red indicates surface lowering (erosion) while blue
represents surface raising (deposition) which were
significant up to 1 meter of change in the river chan-
nel. For the region located on the Candir branch, the
change map given in the Figure 4b indicates stream
induced deposition on the lower course due to winter
precipitation. Similar landform change pattern was
observed for the region at Doyran branch, however
bankline erosion was present in downstream (Figure
4c). In contrast, at the connection region of Karaman
and Candir branches which forms Bogacay main

Figure 3. The bridge locations and the related point clouds only with bridge piers. Inset shows the DEMs with removed decks for
the bridges I, II, and III.
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Figure 4. DoD results for the (a) selected regions on the branches of (b) Candir, (c) Guver, and (d) Bogacay.

Figure 5. DoD quantification regarding (a) longitudinal breakdown, (b) cumulative volume change, and (c) total percentages.
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channel the significant river bed erosion was
observed for all branches. The bankline deposition
at Bogacay indicates that the amount of sediments
transported from Candir branch was more pro-
nounced compared to other.

4.1. Quantification of morphological changes

As a result of GCD analysis, the amounts of eroded and
deposited materials were quantified for all branches
both separately (Figure 5a) and cumulatively (Figure
5b). Accordingly, the total percentage of volumetric
changes in the flood plain are given in Figure 5c con-
cerning all branches. Regarding the longitudinal break-
down of the landform changes (Figure 5a), the Candir
branch has maximum volume of erosion and depo-
sition with the highest standard deviation among
others as shown in the box plots. As expected, erosion
exceeds deposition where the slope is steep (i.e Guver
branch), however in the other branches except Doyran,
the higher amount of deposition exists due to lower
slope. Likewise, the cumulative volume change graph
(Figure 5b), which indicates the difference between
the eroded and deposited materials, showed that
Guver and Candir branches have the maximum eroded
and deposited volumes, respectively. As shown in
Figure 5c, Candir branch was observed to carry
approximately 65% of the entire sediments throughout
the floodplain. The other branches could reach at most
17% at Karaman branch concerning the deposited sedi-
ment volume (Figure 5c).

5. Discussion and conclusion

Accurate extraction of high-resolution DEMs are criti-
cal for many flood sensitive rivers regarding landform
change monitoring (i.e. erosion and deposition),
hydraulic modeling, sediment transport tracking, and
evaluation of river channel morphodynamics. Thus,
repeated high-resolution topography of the Bogacay
basin, Antalya, Turkey was obtained in this study by
means of UAV based SfM photogrammetry which
was used to monitor topographic changes across mul-
tiple temporal scales. The acquired topography during
two consecutive years allows analysis of the relations
between the main geomorphic processes related to
landform alterations and their role in sediment trans-
fer. The results indicated that the alterations in the
river channel by means of erosion and deposition
after an expected flood event, allowed reliable evalu-
ation of riverbed morphodynamics, while verifying
that UAV SfM and DoD are useful tools in geomor-
phological dynamic mapping and in change monitor-
ing studies. Further, future studies can be conducted
on UAV-mounted bathymetric Lidar solutions to over-
come the limitations of image-based measurements in
underwater regions.

Software

RRIM was produced with SAGA GIS. Hydrologic
information extracted by using ESRI ArcGIS AddIn-
ArcHydro. UAV data were processed using Agisoft
Metashape Professional V1.6. Topographic changes
were calculated by DoD algorithm based GCD analysis
using ESRI ArcGIS AddIn-Geomorphic Change Detec-
tion Tool GCD v7.2. The main map was prepared by
using Quantum GIS v 3.12.
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