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Abstract:    This paper presents the monitoring of an extremely eroding phenomenon 
(ravine) near Ciurila, Cluj County, Romania, using UAV (Unmanned Aerial Vehicle) and 
GNSS (Global Navigation Satellite System) technologies, taking into account the 
objectives of SDG 15 of the UN resolution, which refers to life on earth. In this sense, the 
results of a monitoring through sustainable and non-invasive technologies are 
presented, following three cycles of observations, carried out between June 2019 and 
April 2021.The paper aims to present the advantages and limitations of such a study , as 
well as the importance of monitoring erosion phenomena (in this case, ravines) for the 
ecosystem, but also for the nearby inhabitants. Software and technologies are used that 
allow the automatic calculation of the volume of the ravine and the displacements 
between the different measurement cycles, which allows obtaining objective conclusions 
and proposing further measures. 
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1. Introduction 
The purpose of this article is to bring to attention the importance of monitoring 

landforms created in the aftermath of the erosion process and the risk that it presents to 
the nearby community, as well as the effect it has on agriculture in the area. The land-
form that this study focuses on is a ravine, the largest landform created by erosion. The 
deep erosion process is due to the water that results from rain or from snow melting.  
Furthermore, this study will also be looking at the surveying methods and at the data 
processing and analysis. The UN’s SDG 15 deals with life on land, with increased atten-
tion to the phenomena of erosion and desertification, so the authors wanted to choose 
some non-invasive and sustainable methods of surveying the details from the field.     

The development of geomatics technologies now allows for the high fidelity as-
sessment of this aspect. These include Global Navigation Satellite System (GNSS) Total 
Stations + Levels precision, terrestrial and aerial photogrammetry, laser scanners with 
fixed stations, for each presenting technical data and products analyzed sequentially and 
corroborated-complementary[1]. 

It has been decided that the surveying will be done using modern technologies, 
such as Global Navigation Satellite System (GNSS) receivers and Unmanned Aerial Ve-
hicles (UAV) – drones.   

The erosion caused by water is the cause for many damaging events, such as:  loss 
of organic matter in the soil, degradation of soil structure, compaction of soil, reduced 
infiltration of water, reduced supply in the underground water, loss of the upper layer 
of soil, loss of nutritional substances from the soil, the creation of trickles that can lead to 
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the apparition of ravines, uprooting plants and reducing soil productivity [2]. “Land 
degradation here primarily refers to the loss of life-supporting land resources through a 
mix of processes that include soil erosion, soil compaction, destruction of soil structure, 
loss of soil organic matter, loss of vegetation cover, desertification, salinization, and 
acidification” [3]. The quality of the soil suffers the most from erosion, with repercus-
sions affecting the fauna and flora and, in the end, affecting the quality of human life. To 
better understand the term soil quality and the implications it has in this research, the 
term must be firstly defined: “The notion of “soil quality” (often known as “soil health”) 
is the ability of soil to work as a “living system”, since it plays an active role in shaping 
the interaction between the biotic component (such as animals and plants) and the abiot-
ic component (e.g., light, rocks, water, and air) of ecosystems. Soil quality is intended as 
“the capacity of a soil to function, within land use and ecosystem boundaries, to sustain 
biological productivity, maintain environmental quality, and promote plant, animal, and 
human health”. Preserving soil quality is therefore essential to guarantee the balance be-
tween human intervention and the resilience of natural systems. Soil conditions not only 
affect the overall functioning of the ecological infrastructure they belong to, but also 
food and hydrogeological safety, the protection of biodiversity, the effects of climate 
change, and trade deriving from ecosystem services” [4]. The study, prevention and 
amelioration of soil erosion is an issue of sustainable development. Humans have the 
duty to protect the existing ecosystems, therefore making sure that the flora and fauna 
are not damaged or destroyed by erosive events, as well as paving the way for future 
generations, so that they can continue living on our planet. It is already agreed by the re-
search community that “sustainability” must be present in our studies, our policies and 
our behavior as humans. “. Sustainability is essential for a straightforward reason: the 
quality of life and the Earth’s ecosystems’ prosperity cannot be maintained if it is not 
addressed. Therefore, sustainability is one of the world’s fundamental objectives, driv-
ing the vision and establishing the policies and treaties for sustainable development 
worldwide” [5].   

The study area is located in Romania, in Cluj County, near the village Ciurila. Cluj 
County is situated in the north-western part of Romania, in the Hill Depression of Tran-
sylvania. Going into further detail, the area of interest is located on the southern side of 
the Feleacu Hill, in the Hășdate Depression. The studied ravine spreads out over an 1170 
square meters area, with the following linear dimensions: the valley floor of approxi-
mately 64 m long, the width ranging from 1 m at the top to 29 m at the mouth and the 
height ranging from 0.2 m to 12 m, from top to mouth. This study area has been chosen 
based on the next criteria: the ravine should be active, there should exist accessibility up 
to the ravine and to muster the necessary conditions for using a GNSS receiver and a 
drone.  The area has been surveyed in a time range of almost two years (from June 2019 
to April 2021). The ravine has 3 big parts, as follows: the top of the ravine (where the wa-
ter trickles concentrate and facilitate the process of dislocation of materials), the guiding 
channel (the materials are transported through this channel, and where new materials 
are dislocated from the flanks of the ravine, up to the mouth of the ravine) and the allu-
vial cone (the place where the materials are deposited).   

There are plenty of studies whose purpose is to monitor landslides and try to model 
their behavior, but there are only a few that do the same for ravines. A landslide and a 
ravine have a lot of common characteristics and some that tell each other apart. The im-
portance of monitoring such hazards is very well put in many research papers on land-
slides. “Geological disasters are responsible for the loss of human lives and for signifi-
cant economic and financial damage every year. Considering that these disasters may 
occur anywhere—both in remote and/or in highly populated areas—and anytime, con-
tinuously monitoring areas known to be more prone to geohazards can help to deter-
mine preventive or alert actions to safeguard human life, property and businesses” [6] 
We will try to conduct a comparison between the two hazards in an attempt to empha-
size the importance of monitoring ravines and preventing further land degradation and 
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economic losses. One of the key differences between a ravine and a landslide is the trig-
ger causing them. Landslides appear when the soil is replete with water and the weight 
of the landmass is big enough that it can be moved by gravitational forces. Ravines, on 
the other hand, are the result of many trickles and streams of water carving the upper 
layers of the soil, detaching and transporting sediments towards the alluvial cone. The 
semblance between landslides and ravines comes from the effect they have on the envi-
ronment and from the complexity of factors contributing to the evolution of these haz-
ards.  “There are many factors affecting landslides, such as topography, lithology, hy-
drology, rainfall, vegetation, and human activity. Such factors are known as causative or 
conditioning factors that have complex and nonlinear relationships” [7]. The same fac-
tors should be considered in the study of ravines.  

The preliminary study of the area of interest has given us some insights about its 
topography and the causes that have led to the apparition and the expansion of the ra-
vine. The ravine has emerged on a ground consisting of clay, sandy clay and sand, da-
ting from the Sarmatian Era. The soil in the area is brown eu-mesobasic and brown lu-
vic. From a geomorphologic point of view, the ravine has appeared on a differential ero-
sional depression with hillocky aspect. It is located north of the Hășdate Valley and the 
Ciurila Lake Complex. The vegetation is that of a hill and plateau meadow and the cli-
mate is continental temperate, with specific local phenomena, such as thermal inversion 
and the apparition of the föehn from the Apuseni Mountain. [8,9] 

2. Materials and Methods 
Since the object of this study is the monitoring of the erosion phenomenon, we have 

used recurrent surveys for data acquisition, specific to the land monitoring discipline. 
Ideally, the surveys would be planned every 3-6 months, but in practice, this has not be 
possible due to the COVID-19 pandemic and the restrictions that came along. Therefore, 
there is a one year gap between surveys, but the results have still been surprising none-
theless. 

Table 1. The programming of the surveys and drone flights 

Name and code Date Instrument 
Cycle 0 – C0 28.06.2019 GNSS Receiver 
Cycle 1 – C1 23.09.2019 GNSS Receiver 
Flight 1 – F1 18.10.2019 UAV 
Cycle 2 – C2 15.09.2020 GNSS Receiver 
Flight 2 – F2 15.09.2020 UAV 
Cycle 3 – C3 06.04.2021 GNSS Receiver 

 
The surveying methods used for data collection are modern topographical meth-

ods. These methods present many advantages compared to classical methods, in terms 
of time, economy, and precision. The methods used for monitoring our ravine are the 
same that can be used for landslide monitoring, another similarity that can be associated 
with both landslides and ravines.  

Two widely spread methods have been used for the survey: using GNSS for survey-
ing detail points and using photogrammetry for acquiring a larger set of data that com-
plements the detail points. The same methods can be successfully used for mapping 
landslide hazards: “Field surveys and visual interpretation of aerial photographs are the 
prevailing methods to map landslides. However, the mentioned approaches are limited 
because of the accessibility to remote areas for field surveys. Moreover, these approaches 
depend on the visual interpretation of expert experience and knowledge” [10] 

GNSS is used to define all the navigation systems that are based on satellites. To-
pographers use GNSS receivers to determine the coordinates of one or more points lo-
cated on Earth’s surface with precision, in a given coordinate system. “Since 1990, global 
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navigation satellite systems (GNSS) have been frequently used to monitor landslides, 
enabling researchers to determine landslide kinematics, by measuring displacements of 
a few centimeters working in differential mode. GNSS surveys are usually carried out 
with a given frequency (i.e., monthly, weekly) and results are discontinuous over time, 
and related to the cumulative movements of surface points” [11]. GPS techniques are 
widely used in Romania for the monitoring of hill stability and landslide hazards, but 
research shows some limitations to using this technique. “Many traditional monitoring 
techniques, such as the Global Positioning System (GPS) and leveling techniques, are 
implemented on potentially unstable hillslopes in order to obtain surface deformation, 
which can partially decrease economic losses and human casualties. However, limited 
ground monitoring equipment still hardly meets the demand of landslide warnings, es-
pecially in mountainous regions where numerous sudden landslides occur.” [12] 

Therefore, new methods need to be developed and used, methods that have fewer 
limitations and better efficacy. Airborne photogrammetry is such a method. Though 
photogrammetry has existed as a method for the past 150 years, only recently has it be-
gun to be widely used in various fields. “Photogrammetry, as its name implies, is a 
three-dimensional coordinate measuring technique that uses photographs as the funda-
mental medium for metrology or measurement. The fundamental principle used in pho-
togrammetry is triangulation. By taking photographs from at least two different loca-
tions, so-called ‘lines of sight’ can be developed from each camera to point on the object. 
These lines of sight, sometimes called rays owing to their optical nature, are mathemati-
cally intersected to produce the three-dimensional coordinates of the points of interest” 
[9].  The apparition and development of UAVs and numerous cameras and sensors that 
can be attached to them and the accessible price of such technology, UAV photogram-
metry has taken on a very large palette of topographical works, hazard monitoring be-
ing one of them. It has been used in plenty of studies on landslides, therefore it is worth 
using on the monitoring of a ravine. “Airborne photogrammetry has also been frequent-
ly used in landslide studies to analyze both individual ground movements and wider 
regions. In these studies, after block orientation based on conventional techniques of aer-
ial triangulation and block adjustment, digital terrain models (DTMs) or digital surface 
models (DSMs) are calculated using automatic correlation techniques” [13].  

The GNSS receiver used was GeoMax Zenith10, accompanied by the Getac PS236 
PDA. The drone used was DJI Mavic 2 Enterprise, a UAV that has a photo-video camera 
and a built-in GNSS receiver.  

The topographical method used for the ground survey was the section method. 
This method has been chosen after studying the landform in the land exploration phase. 
Because the ravine has a transversal V-section, we have decided that we could recreate it 
best using multiple sections in key points. The key points have also been chosen during 
exploration. They were the points in the valley floor where we identified falls. In order 
to render the valley floor and its development, we have also surveyed points in the val-
ley floor and later created its longitudinal section. The points chosen for both the trans-
versal and the longitudinal sections are slope-changing points.  

For processing the data obtained, multiple software has been used, such as : Auto-
CAD, TopoLT, Agisoft Photoshape Professional, Global Mapper, Microsoft Excel. Auto-
CAD is a computer assisted drawing software created by Autodesk. TopoLT is an exten-
sion to AutoCAD created for topographers that helps automatize some of the stages of 
survey data processing. AutoCAD and TopoLT have been used for processing the data 
collected by the GNSS receiver: inserting the points at the right coordinates in the na-
tional coordinate system (STEREO70), creating the 3D surface and the contour lines, cre-
ating the outline of the ravine and drawing the sections.  
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Figure 1. 3D Model obtained from GNSS survey 

Agisoft Photoshape Professional is the software that we used to process the images 
collected by the UAV, to create products that have been used in data analysis: the point 
cloud, the orthomosaic, the Digital Elevation Model (DEM) and to export them in other 
formats. Global Mapper has also been used for data analysis based on the orthomosaic 
and the DEM obtained in Agisoft Photoshape Professional. We have created a watershed 
map to strengthen the conclusions derived from the mathematical analysis regarding the 
most affected by erosion areas of the ravine.   

 
Figure 2. The plan resulted from drone flight above surveyed area 

The mathematical analysis has been done using Microsoft Excel, TopoLT and the 
coordinate files obtained from the GNSS receiver and the drone and its purpose was to 
identify and quantify the relevant factors in the evolution of a ravine. “Identifying the 
factors that destabilize the slope and lead to the triggering of a possible event can be 
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used to assess and mitigate the hazard. Accordingly, effective policies and strategies 
may be proposed and implemented to stabilize the displaced material. Numerical mod-
eling of slopes makes use of mathematical equations to solve the mechanical response of 
the unstable mass.” [14]. In order to identify the parts of the ravine where there have 
been significant clusters or diggings of materials, we have calculated the slopes between 
our detail points and the average slope for each profile. “The slope is the angle between 
the plane of the Earth’s surface and the horizontal plane. The effects of gravity that de-
termine the water flows and the materials removed vary depending on the slope (on 
higher slopes, the gravity and the speed of materials are more significant). This combina-
tion causes erosion, water and material transportation, and the induction of stress on the 
slopes, thus increasing the likelihood of landslides” [15]. 

The formulas used for calculation are the following: 

 
 

Where:  
 p% - slope, in percentage 
 ΔH – height difference between two consecutive points in the profile 
 D – distance between two consecutive points in the profile 
 pm – average slope 

3. Results 
Using both the results from the mathematical calculations and the graphical results 

obtained from TopoLT and Agisoft Photoshape Professional, we have done the follow-
ing analyses: volume analyses, the correlation of volumes of materials and the quantity 
of precipitation and the correlation of the watershed with the most active areas of the 
ravine. The meteorological data used in this article has been downloaded from 
www.meteoblue.com. The data acquired from MeteoBlue is based on simulations and 
not on measurements, because measured data could not be obtained for the desired time 
period.  

3.1. Analysis of measured volumes 

 We have started this analysis by considering the volumes a linear function of time. 
We have analyzed the values obtained from consecutive cycles and the period of time 
between the two cycles considered and compared them to the values obtained from 
comparing the first and the last cycles. 

 

 
Figure 3. Volume comparisons between consecutive survey cycles: left – comparison between C0 
and C1; middle: comparison between C1 and C2; right – comparison between C2 and C3 (red sig-
nifies clusters of materials and blue signifies diggings of materials)  
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Figure 4. Volume comparisons between C0 and C3  

Between C0 and C1 we can identify the following regions where significant clusters are 
located: the top of the ravine and the middle of the right flank. On the opposite flank, an 
area of digging has been identified. Between C1 and C2, the most significant clusters are 
identified on the left flank, while the right flank is characterized by general digging. This 
changes between C2 and C3, where the right flank is characterized by clusters, while on 
the left flank, the areas of clusters and digging are opposed to the previous comparison, 
showing exactly how and where the materials have moved.  

The guiding channel suffers the most radical changes between cycles, as it is continually 
modeled by the trickles of water and the materials transported. The valley floor is char-
acterized by holes and falls, succeeded by clusters of materials. This changes can be best 
assessed by comparing the longitudinal profiles. 

  

Figure 5. Comparison between the valley floor obtained from C0 (red) and C1 (blue)  

The results shown in Figure 4 are based on the heights of points surveyed in C0 and C3, 
but after analyzing the results, they should also reflect the summing of height differ-
ences and volumes from all the surveying cycles. However, we have identified differ-
ences between the volumes obtained by summing the volumes obtained from every cy-
cle and the volumes obtained from C0 and C3.  

We have calculated the volume that should have accumulated or been dug and com-
pared it to the value obtained from the C0-C3 comparison.  
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The mean has been calculated with the formula:  

 

The difference between volumes has been determined as: 

 

The results are presented in the following table: 

Table 2. Volume comparisons  

Comparison between Cluster (m3) Digging (m3) 
Number of months be-

tween surveys 
C0-C1 99.82 -74.58 3 
C1-C2 61.63 -139.46 12 
C2-C3 91.23 -53.11 6 

Calculated volume 75.54 -105.52  
C0-C3 (Measured volume) 54.42 -78.16  

Difference -21.12 27.36  

The differences between the calculated and the measure volumes could be explained by 
a multitude of factors and we have considered the most suggestive of them depending 
on the type of volume. For the clusters, the negative difference is mostly owed to us not 
knowing the exact quantity of materials going from the ravine to be deposited in the al-
luvial cone. That value cannot be precisely evaluated in this case because the alluvial 
cone serves two ravines. In the case of diggings, the positive difference comes from the 
materials originating from outside of the ravine that are accumulated at a faster rate than 
the rate with which they can be dug.  

3.2. The watershed analysis 

Using the plans obtained from the drone flights, we have generated the watershed of the 
studied area. 

 
Figure 6. The watershed map 
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The areas where the water trickles are denser are the areas where the ravine is most ac-
tive, meaning that in those areas the clusters and the diggings will be more prominent 
compared to other areas of the ravine. As can be observed, there are few trickles con-
verging at the top of the ravine, but on the left flank their density increases. Up to the 
middle of the left flank, these trickles reach a maximum of density in an area that has al-
ready suffered major erosion (the ravine has a v shape, but goes outside of the V-shape 
in this massively eroded area). Furthermore, trickles are dense closer to the mouth of the 
ravine, due to the very big slopes of the flanks in these areas (slopes of 80-85°). These ar-
eas can also be identified as the areas that change the most between cycle comparisons.  

3.3. The correlation between volumes of materials and the quantity of precipitation 

We have looked further into the matter and tried to correlate the measured volumes 
with the quantity of precipitation. We have considered precipitation as the most promi-
nent factor in the expansion of the ravine. The importance of rainfall in geological haz-
ards has been previously emphasized in other research papers: “Rainfall usually in-
creases the pressure heads in the slope and leads to a groundwater flow pattern change 
and a groundwater table rise” [15]. Therefore, we considered the quantity of materials 
dislocated a direct result of the quantity of precipitation in a period of time. Based on the 
measured volumes and the monthly quantity of precipitation, we have determined a 
mean value of materials clustered or dug for every l/m2 of precipitation. The results of 
this analysis are presented in the following: 

 

 

Table 3. Volume and precipitation correlation 

 C0-C1 C1-C2 C2-C3 
Cluster volume (m3) 99.82 61.63 91.23 

Dug volume (m3) -74.58 -139.46 -53.11 
Time interval Δt (months) 3 12 6 

Quantity of precipitation for period 
of time Δt (l/m2) 

49.40 526.80 242.25 

Mean quantity of precipitation per 
month (l/m2) 

16.47 43.90 40.38 

Monthly cluster volume for mean 
quantity of precipitation (m3) 6.06 1.40 2.26 

Monthly digging volume for mean 
quantity of precipitation (m3) 

-4.53 -3.18 -1.32 

Graph 1. Volume and precipitation correlation 
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 The hypothesis on which we have started working was that there was a propor-
tionality relation between the quantity of precipitation and the volumes (e.g. the bigger 
the quantity of precipitation, the bigger the digging and the smaller the cluster). Howev-
er, this hypothesis has been proven wrong by the calculus and has left us to discuss the 
reasons behind this result and the impact the other factors have on the evolution of the 
ravine.  

4. Discussion 

 As the calculations have shown, modeling the ravine based on only two major fac-
tors does not lead to satisfying results. More factors must be integrated in the calculation 
process in order to refine the results. What these factors are must be determined and the 
proportion in which they influence the erosion process must be assessed beforehand. In-
ternational research papers on landslides and hill stability monitoring can show us new 
methods that we can try to integrate in the study of the erosion process. Different meth-
ods have been used in other research papers, as follows: “Owing to the complex nature 
and inconsistent mechanism of landslides, understanding the major triggering factors 
underlying their occurrences and modeling their spatial probability have been challeng-
ing tasks, mainly researched through statistical, deterministic, and heuristic approaches” 
[16]. “The statistical methods are usually constructed using linear correction analysis be-
tween historical landslides and predisposing factors. On the other hand, deterministic 
methods require the estimations of quantitative measures of stability factors across given 
a region and several necessary parameters (e.g., soil strength and layer thickness). In 
heuristic approaches, expert opinions are employed for predicting landslide hazards by 
using predisposing factors, substantially involving the expert knowledge system and 
analytical hierarchy process. A given hazard is rated considering the professional judg-
ment of the analyst conducting the investigation” [17]. 

 Using different data acquisition methods can also improve the results of our study, 
in order to reduce the time spent in the field, without reducing the quality of the data. 
For example, remote sensing techniques have been successfully used in studies of land-
slides and could be applied to our study of the ravine: “Traditional methods of landslide 
detection are commonly based on field surveys, in situ measurements, and visual analy-
sis produced by an expert. Pedestrian tracking of potential collapse sites located in areas 
with difficult terrain is hazardous and time-consuming and does not provide a complete 
picture of the condition of the slope. To a certain degree, the results obtained are highly 
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influenced by the knowledge and qualification of an expert. The adoption of remote 
sensing techniques for landslide detection has great advantages compared to field sur-
veys. At the regional level, to solve problems associated with mudflow hazards, Earth 
Remote Sensing (ERS) data from satellites (multispectral and radar) are often used, the 
advantage of which is accessible to any territory, and the absence of the need for terres-
trial field research” [18]  

 There are also different analyses that we can perform and compare to our results. 
For example, we could use “modern techniques encompassed morphometrical analysis 
of DEMs and interpretation of aerial photographs, orthoimages and hillshade models in 
a GIS environment, along with analysis of terrain 3D models to extract virtual measure-
ments and better observe the morphological features” [19].  

 A ravine is not an independent landform and cannot be studied without the rela-
tions it establishes with the neighboring landforms. That is why the behavior of the ra-
vine cannot be precisely modeled, either mathematically, or graphically. The water trick-
les originate from outside of the ravine and only converge in the ravine, bringing along 
with them alluvial deposits from their course. That is how materials that are not original 
to the ravine’s body end up being transported in the ravine. The quantity of these mate-
rials cannot be precisely evaluated.  

 The quantity of precipitation alone cannot be correlated precisely with the dislocat-
ed and accumulated volumes. For example, knowing at what point the ground is satu-
rated with water would prove very useful for further analysis. There are other unquanti-
fiable factors related to precipitation that we consider factor in the behavior of the ra-
vine, such as the intensity and direction of precipitation. Other meteorological factors 
that are hard to quantify are the effect snow has on the terrain (the number of days in 
which there is snow, its mass or how much of the snow infiltrates the ground and satu-
rates it) and the freeze-unfreeze phenomenon, which results in rock disaggregation. An-
other possible factor can be the type of weather preceding the rains, as has been ob-
served in a study in Northern Italy: “The erosive events characterized by low cumulated 
rainfall were always preceded by dry periods (at least a week). In such conditions, we 
observed that even a limited rainfall amount triggered soil erosion, probably due to the 
extremely low soil moisture that made it more vulnerable to detachment and transport” 
[20].  

5. Conclusions 

 A ravine is a fast-changing landform, suffering drastic changes in short periods of 
time. This destructive character of the form can prove to be a danger, both for the agri-
culture in the neighboring area and for the village located a few hundred meters from 
the ravine. A geological study of the area of interest can be recommended to increase the 
precision of this study, but also for identifying solutions to ameliorate the affected land.  

 Speaking from a topographic point of view, the methods used are modern for our 
country, but there are better methods used worldwide. However, using GNSS and UAV 
photogrammetry saved us time and money. The field measurements have taken up a 
small amount of time (a few hours for the GPS and approximately 30 minutes for the 
UAV), compared to the time we would’ve spent if we had to use a total station. The 
number of operators has also been reduced, from minimum 2 for the total station to one 
for both GPS and UAV. The post processing time has, too, been reduced, as we already 
had the coordinates from the GPS and UAV, whereas with a total station we would’ve 
had to calculate the coordinates before introducing them in the analysis. Another reason 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 December 2021                   doi:10.20944/preprints202112.0251.v1

https://doi.org/10.20944/preprints202112.0251.v1


 12 of 13 
 

why using a total station would’ve been close to impossible is because of the steep 
slopes and the low stability of the terrain.  

 In conclusion, traditional topographical methods have plenty of limitations in the 
study of deep erosion. We have used the most modern methods available to us and the 
results have been satisfying for the amount of data that we had available. However, 
there exist better methods that can be used and further analyses that can improve the 
quality of this study. Moreover, the monitoring of a ravine is a long-time endeavor and 
can be done continuously, combining the already used methods with the newer ones, 
giving us insights into the precision of these methods. 
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