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Introduction 

 
The prevention of natural hazards related to hydrological and geomorphological processes requires a better 

understanding of sediment transfer and the detailed knowledge of the effect of control structure measures (e.g. 

check dams) on sediment connectivity and dynamics, especially in active debris flow catchments. Although 

the study of geomorphological processes in such catchments is clearly justified, there are still few studies 

monitoring the sediment budget in steep debris flow catchments and the consequences on land planning. In 

debris flows basins, the geomorphic changes can be considerable and can occur with a high frequency. 

Accordingly, the monitoring of changes induced by these processes require almost continuous high-resolution 

surveys with a suitable cost-quality ratio. Recent photogrammetric techniques, such as Structure from Motion 

(SfM) and Multi-View Stereo (MVS) represent a low-cost opportunity for acquiring high-resolution 

topography. However, these techniques need important steps of data processing and uncertainty estimate to 

identify and filter erroneous or unwanted data, especially within debris flow catchments, where the 

morphological changes can be quite large and may have a significant effect on the estimates.  

 
 

1. Aim of the STSM 
 

The purpose of this STSM consisted in developing a methodological and standardized workflow for data-

acquisition, post-processing and uncertainty analysis to obtain usable and accurate products as Digital Terrain 

or Elevation Models (DTMs or DEMs; note that both terms are used indistinctly in this report) and Aerial 

Photographs. The gained accuracy in topographic data sets would surely contributes to improve the sediment 

connectivity estimates performed using a geomorphometric index of connectivity. Moreover, by examining 

the changing pattern of erosion and deposition over time through DEM-differencing technique (DEMs of 

Difference or DoD), it was possible to understand the effects of torrent control works on sediment dynamics 

and consequently to provide relevant information to improve management strategies and torrent control 

planning. 

In particular the objectives of the STSM were: i) To evaluate the workflow used to obtain field data and extract 

point clouds from photogrammetric surveys taken from the ground and using an UAV (Unmanned Aerial 

Vehicle) by means of Digital Photogrammetry (Structure from Motion (SfM) and Multi-View Stereo (MVS), 

hereafter SfM) ); ii) To review all data post-processing and filtering routines to develop Digital Elevation 

Models (DEM) and DEMs of Difference (DoD) through uncertainty analysis; iii) To develop and apply the 

established workflow to investigate the changing pattern of sediment connectivity in the Moscardo catchment 
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(Eastern Italian Alps) in which several torrent control works have been built in the last years; iv) To apply the 

Index of Connectivity (Borselli et al., 2008 and Cavalli et al., 2013) on multi-temporal DTMs to assess changes 

on connectivity in relation to the check dams. 

 

For the development of the workflow, photogrammetric data have been used. These data were collected during 

repeated surveys carried out by University of Udine in a specific area of the Moscardo Torrent (Italy) in which 

two new check dams were built. The available surveys concern the following periods: December 2015, June 

2016, July 2016, August 2016, and October 2016. 

 

2. Description of the work carried out during the STMS 

 
During the STSM, in accordance with the previous discussed and established objectives, we developed a 

methodological workflow used to extract point clouds from SfM survey and then to realize DEMs and DoDs. 

The software used to carry out this work were:  

- Agisoft Lens (license available) to obtain the camera calibration parameters  

- Agisoft Photoscan Pro (license available) for the data processing and SfMs model preparation 

- Cloud Compare (open source) for filtering, cleaning and aligning of point clouds 

- Esri ArcMap (license available) with the TopCat tool (routine included in the Geomorphic Change 

Detection software GCD, freely available at http://gcd.joewheaton.org/) for DEMs and DoDs 

generation. 

 

In the following section, the specific questions and tasks for each component or block of the workflow are 

described. 

 

A. Preparation  

Specific Task: To identify the most important factors and considerations to plan a 

photogrammetric survey.  

 

B. Data acquisition 

Specific Task: To identify the main objects that must be detected in line with pre-defined 

objectives 

 

C. Pre-processing steps 

Specific Task: To assess whether there is a significant difference between camera calibration 

parameters obtained through the Auto-calibration of Agisoft Photoscan Pro or using the 

Calibration of Agisoft Lens. 

Method: Agisoft Photoscan software provides information on the error associated with the 

registration process. In addition, it is possible to produce an estimate of the quality of the point 

cloud by using some of the Ground Control Points (GCPs) as Check Points (CPs). The 

differences between the real coordinates of the CPs and their estimated coordinates (provided 

automatically by the software) was used as an indication of the measurement quality. One third 

of the GCPs were used as CPs, while the rest were used as markers (for the registration or 

georeferencing process). A bootstrapping resampling technique was used within Agisoft to 

randomly select CPs and calculate the errors for all GCPs (e.g. Marteau, et al., 2017). After 

1000 reiterations, the absolute standard deviation of CPs residuals was defined as the 

measurement precision, while the absolute mean of the CPs residuals was considered as the 

accuracy. Moreover, it was possible to calculate the residuals of GCPs: the differences between 

the real coordinates of the GCPs and their estimated coordinates. The GCPs residuals were 

used as an indication of the registration errors of point clouds. The bootstrapping resampling 

technique was applied both to SfM-MVS Photoscan point cloud obtained through Auto-

calibration both the one with the Calibration of Agisoft Lens to compare the different in terms 

of precision, accuracy and re-projection error in the available photogrammetric surveys. 

 

 

 

http://gcd.joewheaton.org/
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D. Data processing I: SfM models preparation 

Specific Task: Analysis of the best steps in the Photoscan workflow to obtain a sparse point 

cloud with less error as possible in terms of uncertainty and then filter erroneous or unwanted 

data.    

Method: Agisoft Photoscan software provides some information in terms of the error 

associated with the single process steps, therefore it was possible to make different tests. Then 

the analysis of some parameters allowed to choose the best workflow solutions.  

 

 E. Data Analysis I: SfM measurement quality 

Specific Task: Assessment of the markers quality in terms of precision, accuracy and re-

projection error. Moreover, the identification of markers with the highest errors to remove 

them. 

Method: The bootstrapping resampling technique, previously described, was also applied to 

assess the related error of each marker used as CP or as GCP. For each marker was calculated 

mean, max and min error to assess the trend in the point cloud. This allowed to evaluate the 

error quality of the points obtain by Photoscan software and then to do some considerations 

about the marker location in the study area. This is very important to plan the best GCPs 

position in the interest area and it will have a direct implication in the design of data acquisition 

surveys.    

 

 F. Data processing II: MVS model preparation 

Specific Task: Analysis of the best steps to obtain a georeferenced dense point cloud, an 

Orthphoto and to clean erroneous or unwanted data in the Photoscan software.  

 

G. Post processing outputs I 

Specific Task:  Filtering, cleaning and further alignment of the point clouds.  
Method: Identify the best solution to filter, clean and align point clouds in terms of available 

software. Then we choose Cloud Compare (open source software) and we made same 

aforementioned tests to select the best tools and workflow solutions. 

 

H. Data analysis II: Accuracy and precision  

 Specific Task:  

 To compare the multi-temporal point clouds in terms of precision and accuracy. 

 Uncertainty estimates of each point cloud as a function of the errors in each 

surface typology. 

 To obtain a variable error for each DEM and to propagate errors and compute 

DoDs and thresholded DoDs. 

Method:  

 The assessment of point clouds precision and accuracy was made through the 

calculation of the cloud-to-cloud distance in the stable zones of study area. We 

used the M3C2 tool of Cloud Compare, which allow to compute distances directly 

between two point clouds. The distance between two clouds in stable area can be 

considerate an uncertainty estimate where data are available. In particular, the raw 

standard deviation of distance was evaluated as the measurement precision, while 

the absolute mean of distance was considered as the accuracy between two clouds 

in a stable surface. Moreover, the comparison between the previous Z errors 

obtained by bootstrapping technique for the CPs of each clouds and the raw 

standard deviation of distance, should roughly estimate the order of magnitude of 

the data errors. This allows to assess the finally precision of areas where there are 

surveyed data.  

 The point cloud obtained from each photogrammetric surveys could be 

heterogeneous in terms of point density due to different problems as shadows, 

reflective surface or obstacles that can compromise the survey result. Therefore, 

it was important to identify main surface typologies that can presented different 

uncertainty values in the point cloud. Three main typologies were identified in the 

point clouds: “Data”, “No Data” and “Water”. The “Data” typology included 
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areas of cloud where the point density were high while the “No Data” typology 

involved zone where the point density were too low or there were shadows or 

holes in the survey. Finally, the “Water” typology considered the wet areas where 

the water surface produced high re-projection errors due to high reflection that 

represent a significant problem for photogrammetry software. Then it was 

possible to assess the uncertainty of each surface typology by evaluating the 

potential survey errors on these.   

 Once the error measurement of each surface typology (Data, No data, Water) was 

assessed, the errors can be combined and a minimum Level of Detection 

(minLoD) can be also calculated. This minLoD allows to distinguish what is 

considered as real topographic change and what could be inherent noise according 

the error assessment and confidence interval considered. This statistical minLoD 

can be calculated as: 

 

𝑚𝑖𝑛𝐿𝑜𝐷 = 𝑡 √(𝜀1)2 + (𝜀2)2  

 

Where the variables are errors (ε), depending on the surface typologies of each 

survey, and the t-score (e.g. 1.28 for 80% confidence interval (CI), 1.96 for 95% 

CI). 

 

I. Post processing outputs II: Decimation 

 Specific Task: To assess the role of the grid-size for data decimation and definition of optimum 

grid cell size in this process using TopCat (e.g. Brasington et al., 2012). 

Method: To choose a zone in the study area characterized by a natural surface (e.g. not the 

check dams surface in the Moscardo study area) to assess the features of micro/macro 

topography. To decimate of the subset point cloud at different TopCat grid-size (e.g. 0.05 m, 

0.10 m, 0.15 m, 0.25 m, 0.35 m, 0.50 m, 1 m, 3 m, 5 m, 6 m) and to realize for all the decimated 

point cloud the respective DEMs with the same resolution (e.g. 0.05 m). This last choice was 

made to keep the same number of cells in the different DEMs.  

To use the DEM surface tool of ArcGIS (software freely available at 

http://www.jennessent.com/arcgis/surface_area.htm) to realize the surface Rugosity at 

multiple grid sizes. Rugosity is a 3-D measure of the topographic roughness or complexity and 

the analysis of this parameter, on degraded progressively DEM from 0.05 m to 6 m, can give 

a lot of information in terms of losing topographic complexity. Moreover, the relationships 

between the average and standard deviation of Rugosity with DEM resolution, can indicate 

the boundary between the micro to macro topography and it allows to define the optimum 

TopCat grid-size in line with the aim of the study. 

 

L. DEM generation:  

Specific Task: To realize DEM with data fusion between check dam breaklines and decimated 

point clouds.  
 

M. DoD generation: 

Specific Task:  

 To realize raw DoDs  

 To realize thresholded DoDs based on spatially variable error surfaces and statistical 

minLoD. 

 

N. Results: 

Specific Task: To analyse and assess the results for each multi-temporal survey. 

 

O. Comparative Analysis: 
Specific Task: to compare the patterns of erosion and deposition get from DoD with the Connectivity 

Index (Borselli et al., 2008 and Cavalli et al., 2013) in the study area to assess the sediment dynamic 

in relation to the check dams. 

http://www.jennessent.com/arcgis/surface_area.htm
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3. Description of the main results obtained 
 

In the following section, the specific results for each component of the developed workflow are summarized 

and described. 

 

A. Preparation 

 

 

Figure 1: the most important factors and considerations to plan a photogrammetric survey. 

 

B. Data acquisition 

 

 

Figure 2: Main object that must be detected in line with the pre-defined objectives. 

 

C. Pre-processing steps 

 

The bootstrapping resampling technique, previously described, was applied both to SfM Photoscan point cloud 

obtained through Auto-calibration both the one with the Calibration of Agisoft Lens to compare the differences 

in terms of point cloud precision and accuracy. The standard deviation (SD) of CPs residuals was defined as 

the measurement precision, while the absolute mean of the CPs residuals was considered as the accuracy. The 

table I shows the uncertainty and the accuracy for the SfM-MVS Photoscan point clouds obtained from 

photogrammetric survey of the July 2016. 

 

Table I: Model precision and accuracy of the July 2016 point cloud obtained using Auto-calibration camera parameters. 

 

 

 
         

               *Accuracy estimated as absolute mean value of the CP residuals.  
          **Precision assessed as the standard deviation (SD) of CP residuals.  

                 

Table II: Model precision and accuracy of the July 2016 point cloud obtained using Agisoft Lens calibration camera parameters. 

 

 

 
               

              * Accuracy estimated as absolute mean value of the CP residuals.  

          **Precision assessed as the standard deviation (SD) of CP residuals.  

 

The results indicate that there was not a significant difference between camera calibration parameters obtained 

using Auto-calibration of Agisoft Photoscan Pro or using Calibration of Agisoft Lens. 

CPs residuals X (m) Y (m) Z (m) 

Absolute Mean* 0.020 0.026 0.015 

Absolute SD**  0.016 0.031 0.014 

CPs residuals X (m) Y (m) Z (m) 

Absolute Mean* 0.018 0.023 0.017 

Absolute SD** 0.013 0.020 0.013 
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However, the calibration parameters obtained with Agisoft Lens, allowed to realize more precise and accurate 

point clouds (although differences are not very high). This was also confirmed by the residuals of GCP that 

represent an indication of the registration errors of point clouds. 

 

Table III: Registration errors of the July 2016 point cloud obtained using Auto-calibration camera parameters. 

 

 

 
 

                   

            *Accuracy estimated as absolute mean value of the CP residuals.  

            **Precision assessed as the standard deviation (SD) of CP residuals.  

 

Table IV: Registration errors of the July 2016 point cloud obtained using Agisoft Lens calibration camera parameters. 

 

 

 

 
               *Accuracy estimated as absolute mean value of the CP residuals.  

              **Precision assessed as the standard deviation (SD) of CP residuals.  

 

 

D. Data processing I: SfM models preparation  

 

 

Figure 3: The best identified steps in the Agisoft Photoscan software to obtain a sparse point. 

 

 

E. Data Analysis I: SfM measurement quality 

 

As described in section 3 (E), for each marker was calculated mean, max and min error to assess the quality 

and to identify the markers with the highest errors.  

The Figure 4 shows the CP errors (residuals) of each marker for the X, Y and Z components.  This allows to 

evaluate the uncertainty and accuracy for the different markers used in photogrammetric survey of the July 

2016.  

 

GCPs residuals X (m) Y (m) Z (m) 

Absolute Mean* 0.0159 0.0221 0.0105 

Absolute SD**  0.0119 0.0268 0.0094 

GCPs residuals X (m) Y (m) Z (m) 

Absolute Mean* 0.0145 0.0187 0.0108 

Absolute SD**  0.0104 0.0161 0.0076 
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Figure 4: CPs errors for each marker used in the photogrammetric survey of the July 2016. 

 
For example, in this study case, the markers X02 and X07 present relatively high errors in each coordinate. 

The survey analysis show that the marker X02 was located close to wet areas. Therefore, the water surface 

produced high re-projection errors due to high reflection that represents a significant problem for 

photogrammetry software. Furthermore, the marker X07 was placed in a point where the elevation component 

changed a lot in a small space consequently this produce high errors of marker placement by the software. So 

there are significant differences between the real coordinates of the CPs and their estimated coordinates by the 

Photoscan software. 

 

The Figure 5 shows the GCP errors (residuals) of each marker for the X, Y and Z components.  This allows to 

evaluate the re-projection error for the different markers used in photogrammetric survey of the July 2016.  
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Figure 5: GCPs errors for each marker used in the photogrammetric survey of the July 2016. 

 

Also here, the re-projection errors are significant for X02 and X07 markers due to the same reasons mentioned 

above. These analyses are very important to improve the placement of markers in the future surveys and to 

reduce the resulting errors.  

 

 

F. Data processing II: MVS model preparation 

 

 

Figure 6: The best steps to obtain a georeferenced dense point cloud and Orthphoto in the Photoscan software. 
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G. Post processing outputs I 

 

For the filtering of the dense point cloud the “SOR filter tool” of Cloud Compare was chosen. The SOR filter 

computes first the average distance of each point to its neighbours and then it rejects the points that are farther 

than the average distance plus a define number of times the standard deviation. In this way, the outlier points 

can be filtered. Moreover, if there is the need, it is possible to remove unwanted elements with the “CANUPO” 

point cloud automatic classifier that can separate specific parts from point cloud.  

If multi-temporal point cloud are available, it is possible to register (or align) them with ICP (Iterative Closest 

Point) algorithm that can automatically register two clouds. First it is important to apply ICP on a subset point 

clouds of stable areas and then to adopt the rigid transformation for the all original data cloud.  

If fixed elements of interest, like breaklines of check dams, in the study area are available they could be 

exported from the point cloud with Cloud Compare. Then, they could be used for DEM generation. 

The figure 7 summarize all the possible steps.  

 

 

Figure 7: The steps to filter, cleaning and aligning of the point clouds in Cloud Compare software. 

 

H. Data analysis II: Accuracy and precision  

 

The comparison of the multi-temporal point clouds in terms of precision and accuracy was made through the 

computation of the cloud-to-cloud distance in the stable zones of study area, as described in the section 3.H. 

We used the M3C2 tool of Cloud Compare and the table V shows the obtained results.  

Table V: Cloud-to-cloud distance values in the stable zones of Moscardo study area.  

M3C2 Distance 
Distance (m) 

Clouds:  

December - June 

Distance (m) 

Clouds:  

June – July  

Distance (m) 

Clouds:  

July - August 

Distance (m) 

Clouds:  

August - October 

Distance (m) 

Clouds:  

December - October 

Absolute Mean 0.0441 0.0338 0.0155 0.0207 0.0419 

Raw SD 0.0812 0.0688 0.0315 0.0323 0.0368 
 
  *Accuracy estimated as absolute mean value of distance.  

 **Precision assessed as the standard deviation (SD) of distance.  

 

The precision errors, between two clouds in stable areas, can be compare with the previous Z precision obtained 

from bootstrapping technique for the CPs of each clouds (Table VI). This comparison should roughly confirm 

the order of magnitude of the data errors and allow to assess the finally precision of areas where there are 

typology surfaces definite as “Data” in the 3.H section. 

Table VI: Z residuals obtained from bootstrapping technique for all Moscardo point clouds. 

CP residuals Z (m)  

December Cloud 

Z (m) 

June Cloud 

Z (m) 

July Cloud 

Z (m) 

August Cloud 

Z (m) 

October Cloud 

Absolute SD* 0.0285 0.0134 0.0134 0.0158 0.0143 
 

*Precision assessed as the standard deviation (SD) of CP residuals. 
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Indeed, once the point cloud features were assessed in terms of point density and quality, it was important to 

identify main surface typologies and their uncertainty values (Figure 8) for each one in the study area.  

- For the typology “Data”, the raw SD of the M3C2 distance values can be used as error in relation 

to the pair of clouds that you want to analyse.  

- For the typology “No Data” was chosen an appropriate error value in line with the topographic 

characteristics of the study area (e.g. largest particle size) and congruent with the precision of the 

survey. 

- For the typology “Water”, the error was evaluated through the depth estimate of the water present 

at the survey time.  

The Figure 9 shows examples of raster error surfaces for the October and August surveys. 

 

 

Figure 8: Example of surface typologies identification for the October survey in the Moscardo study area. 

 

 

Figure 9: Examples of raster error surfaces for the October and August surveys. 

 

Then, the errors propagation can combine the uncertainty estimates and the topographic changes were 

thresholded by applying a statistical minLoD (Figure 10) as described in the “Data analysis II” section. In this 

case we used t = 1.96 (i.e. 95% CI) for a conservative approach. A low value of t = 1.28 (i.e. 80% CI) could 

be also applied to see how changing the confidence interval affected the results. By taking a more or a less 

conservative t value, the number of cells considered as real changes, as well as the estimate of net change, 

could varied appreciably. 
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Figure 10: Example of statistical minLoD raster for the October and August surveys in the Moscardo study area. 

 

The Figure 11 summarize all the steps of Data analysis II.  

 

 

Figure 11: the steps of Data analysis II. 

 

 

I. Post processing outputs II: Decimation 

 

As described in the section 3.I, a zone for the Rugosity analysis must be chosen in the Moscardo study area 

(Figure 12). Then the subset point cloud for this zone was decimated at different TopCat grid-size to achieve 

various DEMs. The cross section, shown in Figure 12, was extracted for each DEM obtained after the 

decimation process to analyse the topographic profile. The Figure 13 displays the resulting cross-sections 

obtained through the progressive degradation from 0.05 m to 6 m of the TopCat grid size. Already in these 

images, you can see visually the loss of topographic information. Moreover, also the Figure 14, in which some 

examples of shaded relief map of DEMs are presented, show the change in terms of complexity. Finally, the 

DEMs was used to calculate the surface Rugosity at multiple grid sizes to statistically demonstrate the loss in 

terms of topographic complexity.  
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Figure 12: The Rugosity analysis zone in the Moscardo study area. 

 

 

 

Figure 13: Example of degradation of cross-sections (shown in Fig. 12) plotted with TopCat grid size increasing (from 0.05 m to 6 m) 

for the July and October survey in the Moscardo study area. Moreover, these two example of profiles showed also the evident evolution 

of the channel over the October-July period. 

A

B

A

B

A

B
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Figure 14: Examples of shaded relief map of DEMs at 0.05 m, 0.25 m and 1 m of resolution for the October survey in the Moscardo 

study area. 

B

B
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The relationships between the average and standard deviation of Rugosity with the TopCat grid size, plotted 

in Figure 15, underline as expected a clear scaling pattern. The Rugosity falling rapidly from 0.05 m to 1 m 

cell size, followed by a break in slope and more gradual loss of Rugosity from resolutions between 1 to 6 m. 

Therefore, when the resolution changes from 0.05 to 1 m a loss of topographic complexity can be observed 

while increasing the size from 1 to 6 m leads the trend to get flatter, indicating that details are not significantly 

lost with the same rate as resolutions < 1m. Consequently, in this case, the value of 1 m can indicate the 

boundary between the micro to macro topography and this aspect must be taken into account in the study. 

These assessments allow to define the optimum TopCat grid-size and have important consequences for change 

detection by DoD because the loss of fine-scale topography could actually reduce the surface volume. In this 

case, the select TopCat grid-size was 0.05 m to conserve the maximum available topographic complexity.   
 

 

 

Figure 15: The relationships between the average and standard deviation of Rugosity with the TopCat grid size for the October survey 

in the Moscardo study area. 

 

L. DEM generation:  

 

The chosen resolution for the DEMs generation was 0.20 m. This choice was based on the Rugosity analysis, 

the precision and accuracy assessment of surveys, the uncertainty analysis and the characteristics of the 

features  in the Moscardo study area. The Figure 16 summarize all the steps of DEM generation. Five DEMs 

were made (Figure 17), one for each photogrammetric survey: December 2015, June 2016, July 2016, August 

2016, and October 2016. 

 

 

 

Figure 16: The DEM generation steps. 
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Figure 17: Shaded relief map of DEMs at 0.20 m of resolution for the available survey in the Moscardo study area:  December 2015, 

June 2016, July 2016, August 2016, and October 2016. 

 
M. DoD generation: 

 

The DoDs were produced for all the five DEMs to assess topographic changes in multi-temporal surveys. The 

raw DoDs (e.g. Figure 18-A), obtained with a simple difference of DEM elevation values, through Raster 

calculator, were used to compare the result of topographic changes with a thresholded DoD. The DoDs were 

thresholded using a spatially variable minLoD based on errors typology surfaces, as described in the Data 

Analysis II section.  

In the Figure 18, the preliminary results of thresholded DoD (Figure 18-B, C, D, E, F) show an evident pattern 

of deposition upstream the check dams in the period from December 2015 to October 2016 suggesting that the 

check dams effectively stored sediment transported by the debris-flow events. Therefore, the sediment 

outflanked the upstream check dam on the right wing that had been already damaged in the past for this reason. 

Furthermore, large erosion patterns can be observed after the events downstream the check dams. This could 
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cause stability problems in the hydraulic control works. We can argue that, once the check dams will be 

completely filled, they will lose their functionality. Moreover, debris-flow lobes deposited upstream of the 

check dams could act as sediment sources further increasing downstream debris-flow magnitude.  

 

 

 
 

Figure 18: (A) Example of raw DoD at 0.20 m of resolution for December 2015 and October 2016 surveys. (B, C, D, E, F) The 

thresholded DoD at 0.20 m of resolution for the available survey in the Moscardo study area:  December 2015, June 2016, July 2016, 

August 2016, and October 2016. Note that raster cells with topographic changes below the minLoD are not coloured and are defeated 

as “Uncertain chahge”.  

 

Also volumes of erosion and deposition, together with the net volume change, show important morphologic 

changes (Table VII) in the study area in the time. These estimates were used to characterize the magnitude of 

the events in the area and they could be useful to improve the check dam buildings.  

 

A
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Table VII: Volumetric changes extracted from the thresholded DoD presented in Figure 18-A, B, C, D, E and from raw DoD showed 

in Figure 18-F. For thresholded DoD a levels of statistical minLoD has been applied, with t-scores (t = 1.96; 95% Confidence Interval). 

Thresholded DoD Estimate Volumetric (m3) 

 DoD Erosion Deposition 
Net Volume  

Difference 

December 2015 - June 2016 238 ± 45 331 ± 70 93 ± 84 

June 2016 - July 2016 119 ± 25 451 ± 83 332 ± 87 

July 2016 - August 2016 177 ± 29 174 ± 31 -3 ± 43 

August 2016 - October 2016 76 ± 19 196 ± 30 119 ± 36 

December 2015 - October 2016 358 ± 43 975 ± 125 617 ± 132 

 

Raw DoD Estimate Volumetric (m3) 

DoD Erosion Deposition 
Net Volume  

Difference 

December 2015 - October 2016 391 1077 686 

 

 
N. Results and O. Comparative Analysis 

 

By examining the changing pattern of erosion and deposition over time through the DoD, it was possible to 

understand the effects of torrent control works on sediment dynamics to provide relevant information to 

improve torrent control planning. Moreover, extending the analysis to the whole catchment, it is possible to 

apply the Index of Connectivity on multi-temporal DEMs to assess changes on connectivity in relation to the 

check dams at the catchment scale. Finally, the most interesting aspect could be compare the results obtained 

from the Connectivity index with the DoD. We are expecting to get a close correlation between pattern of 

erosion and deposition and IC, because the erosion areas should have high values of sediment connectivity 

whereas the opposite should happen for the deposition areas. 

 

 

4. Description about how the results contribute to the Action aims  
 

The outcomes of this STSM contributed to the Action ES1306 in different forms. One of the results was to 

create a methodological and standardized workflow for data-processing and for uncertainty analysis to 

transform photogrammetric surveys into usable and accurate products as topographic models that are of great 

interest for WG2 (Measurements). Moreover, in relation to WG2, this STSM could help to understand how 

the estimate of errors and uncertainties may interfere on the assessment of Connectivity. In terms of WG4 

(Indices), the study of changes on sediment connectivity overtime, could be a practical and useful approach to 

use the IC as a tool to improve the torrent control planning. This can facilitate the decision makers to identify 

vulnerable places. The following Figure 19 present a workflow summarizing all the aspects and the main 

contributions analysed during the STSM.  
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Figure 19: The whole workflow realized during the STSM. 
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5. Confirmation by the host institution of the successful of the STSM 
 

The letter of confirmation by the host institution of the successful execution of the STSM is attached in the 

email. 

 

6. Authorization to post the report at the Action website 
 

This report may be posted on the Action website. 
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