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Abstract 
Fluviogeomorphologic processes such as bank erosion and deposition affect and change the shape and condition 
of river and stream channels. Erosion and deposition rates are dependent on many natural (e.g. climate, 
geology, vegetation, topography) and anthropogenic (e.g. dams, bridges, gabions, straightening, wildfires etc.) 
factors. Alterations to these factors disrupt the rivers/streams dynamic equilibrium and they respond by altering 
their shape, formation or even location. These changes might be slow or rapid but can cause serious problems 
to infrastructures and lead to loss of human lives. For the more effective and sustainable management of rivers 
or stream and in general watersheds, new innovative methods are needed to monitor and understand these 
fluviogeomorphologic processes. Remote sensing tools can be utilized to monitor, predict and measure such 
changes in rivers and streams. Free satellite images and ortho-maps generated by airplanes have been used 
worldwide to map geomorphologic changes through time. Ortho-images captured by drone flights are more 
effective because their higher spatial resolution they provide compared to satellite or airplane images can 
provide more details on the river or stream. The use of drone images can be low cost, thus provide an effiecint 
way to map riverbank changes in targeted reaches that face erosional or depositional problems. This study used 
remote sensing tools to identify river banks changes by combining free satellite, aerial and low flight drone 
images. The study areas were reaches along Aggitis River in northern Greece. Firstly, free satellite and Google 
Earth images were utilized to map the entire watershed and find at a large scale the potential riverbank reaches 
that have had changes (erosion and/or deposition). Secondly, drone flights were executed to acquire high 
resolution images at a specific location (having erosion). Through these images, it was determined more 
accurately if accelerated bank erosion or deposition were occurring. Overall, these remote sensing tools proved 
to be a quick and low-cost methodology that allows identifying and measuring stream bank changes over many 
years but also over short periods of time (e.g. after a flood event). In addition, the methodology enables us to 
locate the areas with the greatest potential of erosion and deposition where nature-based solution should be 
implemented to stabilize stream banks, reduce erosion or deposition rates and mitigate nonpoint source 
pollutants. This paper was presented at the MONITOX International Symposium “Deltas and Wetlands”, 
Tulcea, Romania, 15-17 September, 2019. 
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1. INTRODUCTION 
 

The river and stream channels of watersheds change constantly in order to maintain their dynamic 
equilibrium [1]. Typically these changes depend on the watershed characteristics (e.g. climate, geology, 
vegetation, topography). If these characteristics are not modified, these fluviogeomorphologic processes 
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are within natural limits [2]. But anthropogenic changes (e.g. dams, bridges) and disasters (e.g. 
wildfires) can exacerbate these changes [3, 4]. 

Erosion and deposition are two of these main fluviogeomorphologic processes that are expressed 
either at the watershed scale or in the stream channels. Natural stream bank erosion and deposition can 
enhance biodiversity (e.g. increase plant diversity) in riparian areas [5]. In contrast, accelerated stream 
bank erosion and deposition due to anthropogenic activities can increase sedimentation downstream that 
degrades aquatic habitats, reduces water quality and increases flood risk, leading to substantial losses of 
agricultural land and adjacent structures and is considered a hazard since floods can cause loss of life 
and property [6-8]. Increasing stream bank stability has been a major priority for decades with large 
amounts of money spent on watershed conservation and stream channel restoration projects [9]. 

To evaluate and monitor the impacts of anthropogenic activities on stream bank erosion, site-
assessments and in-situ measurements have traditionally been used [10., 11]. These types of approaches 
can be laborious, resource demanding and time consuming, especially when examining lengthy reaches 
of rivers or streams. The technological and methodological advancements in the field of Earth 
Observation (EO), has contributed to the widespread increase in the use of satellite remote sensing 
approaches that have enhanced the monitoring of the Earth’s surface [12]. Today there is a readily 
available large collection of imagery in Google Earth, including satellite, aerial, but even 3D, and Street 
View images. The latest developments in the field are the Unmanned Aerial Vehicles (UAVs). UAVs 
also known as drones are flying machines that are not equipped with any pilot on board and are 
controlled by a person on the ground [13]. For this reason, drones provide safe but also low cost high 
spatial resolution images [14]. Drones have been used in natural environments such as rivers or streams 
for hydrologic purposes to estimate water velocity and discharge [15]. These tools are now starting to 
be utilized to their full potential in regard to fluviogeomorphologic processes and stream bank erosion 
and deposition.  

Another advantage of utilizing these tools is to enable land managers to identify “hot-spots” of 

stream bank erosion and deposition. Limited financial resources require focusing the implementation of 
management practices in the hot spots that are the major sediment sources. Diebel et al. [16] found that 
by targeting the areas that produce the highest 10% of sediment, the watershed stream sediment loads 
were reduced by 20%. The objective of this study was to assess the use of remote sensing and UAV 
images in order to identify and measure stream bank changes over short period of time and to locate the 
areas of stream bank erosion and deposition where nature-based solution should be implemented to 
stabilize the stream banks. 

 
2. MATERIALS AND METHODS 

 
2.1. The Study Area 

 
The study focused on a reach of Aggitis River. Aggitis River is the main tributary of the 

transboundary Strymonas River (Bulgaria, Greece and FYROM) [17]. Aggitis Basin covers an area of 
2234 km2 [18] and it is surrounded to the north by the Falakro mountain, to the east by the Falakro and 
Lekani mountains, to the south by the Paggaio Mountain and to the west by the Paggaio and Menoikio 
mountains. The study reach was located near Draviskos Village in North Greece (Lat. 40.940597, Lon. 
23.836533). The specific reach was selected because it provides easy accessibility since the riparian 
vegetation on one side of the riverbank is very low and the road network pass nearby it. There are two 
bridges before and after the specific reach (Figure 1). During high water discharges, soil erosion is very 
intense that causes even tree removals (Figure 2). The trees are transported by the river and deposited 
near the banks or in places where they meet obstacles. The bridges also act as such obstacles for the 
larger debris. The continuous debris flow creates a great number of trunks, brunches and other natural 
or even man-made debris (Figure 2) to be collected behind the bridge. 
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Fig. 1. Aggitis River IN Greece (left) and the studied reach of Aggitis with the neighbouring 
road network (right) (source: Google Earth). 

 
 

.  
 

Fig. 2. Tree debris due to soil erosion by high water discharge (left) and debris accumulation 
at one of the bridges (right). 

 
2.2. The satellite images 
 

Satellite images are used widely in remote sensing applications [19] since they provide high 
spatial resolution but are typically costly. Free satellite images such as Landsat satellites provide 
valuable information especially where the study area is extensive at lower spatial resolutions. When the 
study area covers some square meters or even a few square kilometers, it is difficult to acquire free 
high-quality images by Landsat.  

The following images captured by Landsat satellite (Figure 3) show the differences between two 
different periods: a) 30-04-2013 and b) 30-04-2018. During the first period (2013) there was a peak 
discharge in both Strymonas and Aggitis Rivers (right image of Figure 3). The impact of the peak 
discharge among the two periods is especially visible in Strymonas River; the larger river of the area. 
For such areas and/or rivers it is possible to use free satellite images as a first step to compare between 
different time periods. Changes in Aggitis River are not visible for a non-specialist although there is 
also a difference of its width and consequently the water discharge. 
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Fig. 3. Satellite images of Strymonas and Aggitis Rivers that depict the changes of different 
time periods, 30-4-2013 (left) and 30-4-2018 (right). The squared area is the studied cross 

section of Aggitis (source: Landsat Images). 
 
2.3. The Google Earth images 

 
The Google Earth images were also captured during two different time periods. There are many 

different dates stored in Google Earth Database, but these specific images were selected as they are 
fully visible (no cloud cover) and represent major geomorphologic changes. The images were captured 
by airplanes, with the left one depicting the study area at 26-3-2010 and the right one at 1-10-2014 
(Figure 4), with both at the same scale. The vegetation is different because of its growth in the second 
image (2014). Another visible characteristic is the high discharge during the 2010 image. The river 
banks are wider in 2010 than in 2014, and highly noticeable at the lower part after the bridge but also at 
the channel over the bridge and at the pipe barrier where waves are generated because of the barrier and 
the large stones. Another significant change is the appearance of the small island in the 2010 image that 
was situated at the central part of the reach as depicted by the images and its union to the right bank. 
The flow of the water is divided into two separate flows because of the low elevation at this location 
that creates a small island as depicted in the left figure (2010) (Figure 4). The right sector flow is 
covered by the dense vegetation of trees. The right image (2014) due to the lower discharge (typical 
baseflow discharge of Aggitis River) did not reveal this island. 
 

 
 

Fig. 4. Images of Aggitis Cross Section that depict the changes of different time periods, 26-
3-2010 (left) and 1-10-2014 (right) (source: Google Earth).  
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 2.4. The drone images 
 

In addition, a drone was utilized in order to acquire higher image quality compared to the 
satellite and google earth images. The DJI Spark mini drone was selected as a low-cost tool 
able to acquire images in stable mode and in the proper altitude. Table 1 provides the 
specifications of the DJI Spark, both its drone and camera. The images were taken during three 
different days with excellent weather conditions (sunny day with no wind) that had different 
stream flow conditions. On 8-5-2018 was the first day of acquiring images. On 14-5-2018 that 
was the second day, since the river discharge increased after many rainy days that resulted in 
the “muddy” water due to high concentration of soil particles (erosional processes). The third 
day of flying the drone was 20-7-2018 to depict the discharge and water level change as well 
as any changes on the river banks after a hotter period that the previous two during the second 
summer month. 

 
Table 1. DJI Spark Specifications (from https://www.dji.com) 

 
Drone Specifications Camera Specifications 

Takeoff  weight: 300 gr Sensor: 1/2.3" CMOS 
Dimensions: 143×143×55 mm Lens: FOV 81.9° 25 mm 
Max flight time: 15-16’ ISO range: Video: 100-3200 
Satellite positioning: GPS/GLONASS Video: Resolution: 1920×1080 

30fps 
Hover accuracy range: Vertical +/- 0.1 m 

Horizontal +/- 0.3 m  
Format: MP4 (MPEG-4 

AVC/H.264) 
Max transmission Wi-
Fi distance: 

100 m distance 
50 m height 

Stabilization:  2-axis mechanical (pitch, 
roll) 

 
2.5. The software utilized 
 

Firstly, the images captured by the drone were processed in PhotoScan (Agiosoft LLC) 
software. Agisoft PhotoScan combines digital images in order to create high resolution, scaled and 
georeferenced 3D models. In addition, Agisoft PhotoScan Professional has functions to generate aerial 
triangulation, polygonal models (plain/textured), set a coordinate system, georeference DTMs and 
georeference orthomosaic maps [20]. Agisoft PhotoScan also allows the user to build 3D models and 
Digital Surface Model (DSM) with different resolutions. The workflow is fully automated and enables 
a non-specialist to get familiar with it very quickly. Based on the latest multi-view 3D reconstruction 
technology, it operates with arbitrary images and is efficient in both controlled and uncontrolled 
conditions [21]. Photos can be captured from any position, providing that the studied object or area is 
visible on at least two different photos [22]. The total amount of processed images was around 50, for 
each day that had drone flights. The combination of these 50 images produced the orthomosaics of the 
studied area. Finally, the produced orthomosaic maps were inputted and edited in ArcGIS 10.4 in order 
to detect and digitize the changes of river banks among the three different periods. 

 
3. RESULTS AND DISCUSSION 

 
Figure 5 depicts the orthomosaic maps created in Agisoft PhotoScan by the combination of the 

50 images taken by the drone each day. The left figure of Figure 5 was created by the images captured 
at 8-5-2018 while the right image represents the conditions at 14-5-2018. In Figure 6, the left image 
illustrates the orthomosaic at 20-7-2018 while the right one reveals the digitized riverbank changes. The 

https://www.dji.com/
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blue line depicts the riverbank of 8-5-2018, the red line shows the riverbank of 14-5-2018 and the dark 
red line represents the riverbank of 20-7-2018. There is only one set of lines (right riverbank) because of 
the dense vegetation on the left riverbank. 

 
Fig. 5. Orthomosaic maps of the study area from different time periods, 8-5-2018 (left) and 

15-5-2018 (right). 
 

Based on the above images, there are visible changes during these three periods. Even a few 
days later (during the month of May), the high precipitation resulted in a high discharge event that led to 
a high stream water level. During June and July of 2018 there were also frequent and intense 
precipitation events but the high temperature caused increased water evaporation and resulted to a lower 
water level and the revealing of a small island. This island was visible only during the third 
measurement (20-7-2018), although the clear water (sediment free) during 8-5-2018 also reveals that 
the depth is low at that location. More intense changes could have been expected if the summer of 2018 
was drier (unusually wet). 

In addition, the spatial measurements of these changes are very easy to be implemented through 
the GIS software and to compute the riverbank changes in meters or even square meters. Riverbank 
changes ranged from 0.2 to even 5 m at this specific studied location. Of course, the width changes are 
highly related to the topography. Wider changes were depicted in the hot-spots where the elevation was 
flatter such as those close to the revealed island. These changes could be better depicted with a 3D 
model if the images were captured in all angles and at different heights in order to incorporate the 
elevation information. Although this was not achieved during the specific measurement dates (most 
images captured by the drone had a parallel view to the surface), a low quality 3D model was possible 
to be extracted in order to show the capabilities of the Agisoft software by using images captured by a 
small drone (Figure 7). These 3D images could be utilized in order to locate vulnerable areas and 
probably combine the results by using other expert software (e.g. AutoCAD) for bioengineering models 
and works. 
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Fig. 6. Orthomosaic map of the study area from 20-7-2018 (left) and the riverbank changes 
among the three different periods (right) (edited in ArcGIS). 

 
 

 
 

Fig. 7. The 3D model of the study area (20-7-2018) produced in Agisoft Photoscan. 
 
 

4. CONCLUSIONS 

Remote sensing products such as free satellite and Google images can be the first step in order to 
identify riverbank changes over short periods of time (e.g. after a flood event) or over many years. Low 
cost drones can be utilized as a second step to provide higher accuracy and analysis in larger scale of 
these specific locations. The images can be combined in order to create the orthomosaic maps and 

Island 
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further be edited in GIS software to reveal the riverbank changes but also to measure the width and 
depth. Through these drone images, where accelerated bank erosion or deposition was occurring was 
determined more accurately. This methodology is user-friendly, low cost (free and low cost 
tools/software), quick as images can be captured in 10 minutes or less (depending on the area) and the 
results can be produced in a few hours (depending on the hardware capabilities) but also providing 
safety as the user can hover the UAV remotely from a distance from the riverbanks and channel. 
Finally, the methodology enables us to locate the areas with the greatest potential of erosion and 
deposition where nature-based solution [23] should be implemented by land managers in order to 
stabilize stream banks, reduce erosion or deposition rates and mitigate nonpoint source pollutants.  
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