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 Gully erosion is recognized as an important process of land degradation. Continuous 
monitoring of gully erosion is important to determine the damage caused to the land. 
Terrestrial imaging systems such as handheld cameras are inadequate for monitoring gully 
erosion damage. Aerial surveys by Unmanned Aerial Vehicles (UAVs) play an important role 
in monitoring gully erosion. The aim of this paper is to monitor gully erosion with digital 
photogrammetry technique using UAV data. In this study, Digital Elevation Model (DEM) and 
orthophoto were produced with UAV data and the directions of gully erosion were 
determined. This study is also a preliminary study to determine the multi-temporal change of 
gully erosion.   

 
 
 
 
 

1. Introduction  
 

Erosion is an important phenomenon that accounts 
for 9% of disasters in the world (Galli et al., 2008). 
Erosion is defined as the movement of soil by wind, rain, 
floods, etc. and is most common in hilly and mountainous 
areas (Cruden and Varnes, 1996; Roy and Saha, 2019). 
Gullies are a typical form of erosion in semi-arid and arid 
landscapes where high morphological activity and 
dynamics can be observed (Marzolff and Poesen, 2009). 
Semi-arid and arid climatic conditions increase the risk 
of soil erosion through low rainfall regimes, low 
vegetation cover and recurrent heavy rainfall. Low 
rainfall and irregular rainfall frequency and distribution, 
deforestation and low biomass lead to very high amounts 
of runoff. In addition, the transition from traditional 
agriculture to a more irregular land use accelerates soil 
runoff, increasing the risk of erosion. In these areas, 
gullies are the source and carrier of sediment connecting 
slopes and channels. Poesen et al. (2002) reported that in 
semi-arid and arid regions gullies contribute between 
50% and 80% to sediment production.  

A detailed knowledge of landform and topography 
allows for various geomorphometric characterizations, 
calculation of different indices, and understanding of the 
processes that shape the earth's surface (Tarolli et al., 
2019).  Various new technologies used in geomorphology 
have developed a new perspective for field research and 

visualization of findings. Digital photogrammetry and 
Structure from Motion (SfM), accurate and cost-effective 
Digital Elevation Model (DEM) production (Uysal et al., 
2015), and high-resolution orthophoto generation (Akca 
and Polat, 2022) have enabled real-scale and 
photorealistic visualization of terrains and 
geomorphological structure in a digital environment 
(Piegay et al., 2015; Viles, 2016; Polat, 2023). DEMs and 
orthophotos derived from UAV imagery are used in 
various earth observation surveys due to their sub-meter 
resolution and relatively high accuracy in representing 
the terrain structure (Vanmaercke et al., 2016; 
Passalacqua et al., 2015). High-resolution DEMs and 
orthophotos are also frequently used to study gully 
erosion processes (Nagasaka et al., 2005; Niculiță et al., 
2020; Wang et al., 2022). Gong et al. (2019) used SfM 
technology with UAV data to study gully erosion in an 
open-cast coal mine dumpsite. In the study, they 
produced high-resolution orthophotos and DEMs and 
determined the slopes in the gully erosion zones. Kou et 
al. (2019) examined the erosion of typical gully heads 
with UAV data to determine rill erosion. They 
determined the slopes of upland slope, hill slope and 
vegetation slope using Digital Surface Model (DSM).  

In this study, gully erosion in a region northeast of 
Şanlıurfa city center was monitored with UAV data. The 
study provides preliminary information for future multi-
temporal gully erosion analysis. 
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2. Methods  
 

UAV technology has been used frequently in landslide 
(Kuşak et al. 2021), rockfall (Yakar et al. 2023) and 
cultural heritage studies (Şasi and Yakar, 2017; Alptekin 
and Yakar, 2021; Karataş et al. 2022; Kanun et al. 2022) 
in the last decade. 

In the region selected as the study area, a flight was 
performed from a height of 110 m with a DJI Mavic 2 Pro 
UAV. The flights were performed in automatic grid mode 
and a total of 251 photographs were taken for the entire 
study area. In addition, Ground Control Points (GCPs) 
homogeneously located in the study area were 
established to produce high resolution orthophotos and 
DEMs. The photographs obtained from UAV flights and 
GCP coordinates were evaluated using Agisoft Photoscan 
software. One of the most important steps of the 
photogrammetry method is the determination of camera 
calibrations. In this study, the photographs were 
calibrated with the self-calibration method using the 
parameters in the Agisoft software. In order to process 
the images at a scale of 1:1, the align photos step was 
performed at high quality. Afterwards, the model was 
georeferenced by matching the points collected from the 
field with the points appearing in the software. Since the 
quality of the DEM is affected by the dense point cloud 
produced, the dense point cloud was produced with high 
accuracy. Then the orthomosaics and DEMs of the terrain 
were exported in high quality. The obtained orthophotos 
and DEMs were combined in Virtual Surveyor software 
and flow directions were determined. 
 

3. Results 
 

In this study, point cloud and dense point cloud were 
produced by evaluating 251 photographs obtained with 
UAV and 6 GCPs together. The parameters of the DEM 
and orthophoto produced in the study are given in Table 
1, orthophoto in Figure 1 and DEM in Figure 2.  
 

 
Figure 1. Orthophoto 

 
Figure 2. Digital Elevation Model 
 

 
Figure 3. Flow directions, a) General view, b) gully 
erosion area 
 

Flow directions were determined in Virtual Surveyor 
software using high resolution orthophoto and DEM 
(Figure 3). 

When Figure 3b is examined, more gully erosion is 
observed where the flow lines show common 

a

b
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orientation. The flow lines have a greater slope in windy 
areas.  
 
Table 1. Flight and model parameters 

Parameter Value 
Flight Area 0.288 km2 
Overlap 80 
Camera Angle 90° 
Average Altitude 112 
Number of Photos Taken 251 
Number of Photos Used 251 
Planned GSD (cm/pixel) 2.46 cm/pix 
DEM Resolution (cm/pixel) 4.91 
Point density (points/m2) 414 
Point Cloud Number 4 972 675 
Dense Point Cloud Number 135 284 980 

 

4. Conclusion  
 

In this study, monitoring of the erosion zone in the 
gully erosion region was carried out with UAV 
photogrammetry. In the study, high resolution DEM and 
orthophotos were produced from UAV data evaluated 
together with GCPs. The produced orthophotos and 
DEMs were visualized in Virtual Surveyor software and 
flow directions were determined. Since the region is a 
windy and rainy region, gully erosion is intensely 
observed in the region. This study includes the first stage 
of multi-temporal gully erosion analysis. In future 
studies, the amount of erosion will be determined with 
measurements made in different seasons and different 
years and the causes of erosion will be investigated. This 
study emphasizes the importance of using UAV data in 
gully erosion areas.  
 

References  
 

Akca, S., & Polat, N. (2022). Semantic segmentation and 
quantification of trees in an orchard using UAV 
orthophoto. Earth Science Informatics, 15(4), 2265-
2274. 

Alptekin, A., & Yakar, M. (2021). 3D model of Üçayak 
Ruins obtained from point clouds. Mersin 
Photogrammetry Journal, 3(2), 37-40. 

Cruden, D. M., & Varnes, D. J. (1996). Landslides: 
investigation and mitigation. Chapter 3-Landslide 
types and processes. Transportation research board 
special report, (247). 

Galli, M., Ardizzone, F., Cardinali, M., Guzzetti, F., & 
Reichenbach, P. (2008). Comparing landslide 
inventory maps. Geomorphology, 94(3-4), 268-289. 

Gong, C., Lei, S., Bian, Z., Liu, Y., Zhang, Z., & Cheng, W. 
(2019). Analysis of the development of an erosion 
gully in an open-pit coal mine dump during a winter 
freeze-thaw cycle by using low-cost UAVs. Remote 
Sensing, 11(11), 1356. 

Kanun, E., Alptekin, A., Karataş, L., & Yakar, M. (2022). 
The use of UAV photogrammetry in modeling ancient 
structures: A case study of “Kanytellis”. Advanced 
UAV, 2(2), 41-50. 

Karataş, L., Alptekin, A., & Yakar, M. (2022). Detection and 
documentation of stone material deterioration in 
historical masonry structures using UAV 

photogrammetry: A case study of Mersin Aba 
Mausoleum. Advanced UAV, 2(2), 51-64. 

Kusak, L., Unel, F. B., Alptekin, A., Celik, M. O., & Yakar, M. 
(2021). Apriori association rule and K-means 
clustering algorithms for interpretation of pre-event 
landslide areas and landslide inventory 
mapping. Open Geosciences, 13(1), 1226-1244. 

Marzolff, I., & Poesen, J. (2009). The potential of 3D gully 
monitoring with GIS using high-resolution aerial 
photography and a digital photogrammetry system. 
Geomorphology, 111(1-2), 48-60. 

Niculiță, M., Mărgărint, M. C., & Tarolli, P. (2020). Using 
UAV and LiDAR data for gully geomorphic changes 
monitoring. In Developments in earth surface 
processes (Vol. 23, pp. 271-315). Elsevier. 

Passalacqua, P., Belmont, P., Staley, D. M., Simley, J. D., 
Arrowsmith, J. R., Bode, C. A., ... & Wheaton, J. M. 
(2015). Analyzing high resolution topography for 
advancing the understanding of mass and energy 
transfer through landscapes: A review. Earth-Science 
Reviews, 148, 174-193. 

Piégay, H., Kondolf, G. M., Minear, J. T., & Vaudor, L. 
(2015). Trends in publications in fluvial 
geomorphology over two decades: A truly new era in 
the discipline owing to recent technological 
revolution?. Geomorphology, 248, 489-500. 

Polat, N. (2023). An Investigation of Ancient Water 
Collection and Storage Systems Near the Karahantepe 
Neolithic Site Using UAV and GIS. Environmental 
Archaeology, 1-13. 

Roy, J., & Saha, S. (2019). Landslide susceptibility 
mapping using knowledge driven statistical models in 
Darjeeling District, West Bengal, India. 
Geoenvironmental Disasters, 6(1), 1-18. 

Şasi, A., & Yakar, M. (2017). Photogrammetric modelling 
of sakahane masjid using an unmanned aerial 
vehicle. Turkish Journal of Engineering, 1(2), 82-87. 

Tarolli, P., Cao, W., Sofia, G., Evans, D., & Ellis, E. C. (2019). 
From features to fingerprints: A general diagnostic 
framework for anthropogenic geomorphology. 
Progress in Physical Geography: Earth and 
Environment, 43(1), 95-128. 

Uysal, M., Toprak, A. S., & Polat, N. (2015). DEM 
generation with UAV Photogrammetry and accuracy 
analysis in Sahitler hill. Measurement, 73, 539-543. 

Vanmaercke, M., Poesen, J., Van Mele, B., Demuzere, M., 
Bruynseels, A., Golosov, V., ... & Yermolaev, O. (2016). 
How fast do gully headcuts retreat?. Earth-Science 
Reviews, 154, 336-355. 

Viles, H. (2016). Technology and geomorphology: Are 
improvements in data collection techniques 
transforming geomorphic science?. Geomorphology, 
270, 121-133. 

Wang, R., Sun, H., Yang, J., Zhang, S., Fu, H., Wang, N., & Liu, 
Q. (2022). Quantitative evaluation of gully erosion 
using multitemporal UAV data in the southern black 
soil region of Northeast China: A case study. Remote 
Sensing, 14(6), 1479. 

Yakar, M., Ulvi, A., Yiğit, A. Y., & Alptekin, A. (2023). 
Discontinuity set extraction from 3D point clouds 
obtained by UAV Photogrammetry in a rockfall 
site. Survey Review, 55(392), 416-428 

 


