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1.

PURPOSE OF THE STSM

The purpose of this STSM were i) to extract reliable topographic models from available data sets in two
different study areas (i.e. total station point surveys, close range photogrammetry), and ii) to evaluate the
accuracy of DEMs created. Work was concentrated in two study areas: a) Grigno and Tolvà Creeks, and b)
Val Ussaia Creek. This STSM has provided the opportunity to develop a series of workflows that are of great
interest for Connecteur, specifically for WG2. A detailed description of these and the results obtained
during the STSM is provided in the next sections.

2.

DESCRIPTION OF THE WORK CARRIED OUT DURING THE STSM

In this section we describe the research questions, specific questions and tasks for each of the study areas.
STUDY AREA 1
Grigno and Tolvà Creeks
Research questions: (RQ1) Can we extract reliable topographic models form the available data sets? (RQ2)
What is the accuracy of the resultant surface model? (RQ3) Based on the best model, what are the main
topographic characteristics/features of these reaches?
Objectives: (1) Evaluate field surveys: close range photogrammetry and conventional topographic surveys;
(2) Elaborate a Digital Elevation Model of each study site; (3) Assessment of DEM accuracy
Specific tasks
Objective 1 & 2
•
•

calculate point density of TS survey
create a boundary polygon for the surveyed points

•

•

•

•
•

create a buffer of ≈5m along the boundary polygon in order to extract available LIDAR data to
characterize the channel/floodplain not surveyed and link the close surroundings of the channel to
the investigated reach
Creation of DEMs based on TINs or other interpolation methods (see interpolation m methods used
by Heritage et al., 2009) based on surveyed Total Station (TS) points (longitudinal profiles). A data
set of 783 points (Grigno creek) and 529 points (Upper Tolvà creek) is available and form
LONGITUDINAL PROFILEs (center, left and right long prof). Extraction of 5% of database population
to obtain a significant subset for statistical validation of the obtained models; check points array
have been randomly selected within the entire population.
DEMs are based on mass points obtained in the field (longitudinal) and the LiDAR observations
obtained above. The objective is to have a continuous surface where flows can be routed
downstream.
Validation and, if possible, selection of reliable close range photogrammetry data.
Extracting aerial photography (if possible)

Objective 3
•
•

•

Estimating DEM accuracy based on test points.
Highlighting different characteristics among the DEMs is crucial to the correct evaluation of the
best model. For the evaluation of DEM accuracy, surveyed and modelled (DEMs) elevations will be
compared.
Intersection of DEMs and test points to calculate the following error metrics (Williams et al.,
2013):
o Mean Error
o Standard deviation of error
o Mean absolute error
o Root mean square error

Compare surveyed elevation with the elevations derived from the DEMs at the same location. What is
the value of elevation under and overestimated by the DEMs? Data fusion of a)Lidar data (1m
resolution) with b) interpolated DEM comparing homologous morphologies clearly discernible on the
models and further refinement of data matching based on the statistical comparison of the pathanalysis of water flow on both a and b.

STUDY AREA2
Val Ussaia Creek
Research questions: (RQ1) Can we extract reliable topographic models form the available data sets? (RQ2)
What is the accuracy of the resultant surface model? (RQ3) In terms of comparison of the DEMs produced
in two different periods, how adequate indexes can predict the coherence of the structure of the models to
be compared? (RQ4) Are the DEMs of Differences providing reliable signatures of topographic changes for
the study reach?
Objectives: (1) Evaluate field surveys: close range photogrammetry and conventional topographic survey;
(2) Elaborate a Digital Elevation Model from multi-temporal datasets; (3) Assessment of DEM accuracy; (4)

Rough comparison (by subtraction) of the two surface models, obtaining a Dem of Differences (DoD); (5)
Extract error metrics and indices from DEMs in order to analyze the spatial coherence of the models,
evaluated as the minimum level of detection of the datasets; (6) Creation of a thresholded DoD and
analysis of the reach-scale changes in elevation distribution.
Specific tasks
•

•

Creation of a database of Ground Control Points (GCPs) linked to pictures to add the
metrics in the scene reconstructed from digital images acquired with close range
photogrammetry
Creation of DEM from point clouds derived from a multi-temporal dataset (images
acquisition: 3/11/2014 and 14/11/2014)

Elaboration of a Dem of Differences (DoD) obtained comparing multitemporal DEMs. The errors present at
different times and incorporated in the models are analyzed through evaluation of the minimum Level of
Detection (minLoD) (see Wheaton et al., 2010; Wheaton et al., 2013) of the two elevation models. The
spatial coherence of the two models is evaluated, and the threshold is applied to the DEMs to obtain a
thresholded DoD. This analysis is applied to evaluate changes in topographic elevation within the studied
reach, comparing two datasets of close range photogrammetry representing the evolution of a steepchannel after severe rainfall events in the Eastern Alps (Trentino, Italy).

3.

DESCRIPTION OF THE MAIN RESULTS OBTAINED

In this section we present main results in relation to the objectives for each of the study areas.

STUDY AREA 1
Grigno and Tolvà creeks
Grigno Creek
Objective 1
The evaluation of field surveys lead to distinct results. Points surveyed with the total station have been
inserted into a database, allowing the reconstruction of a DEM of the bed channel. Oblique pictures taken
have been imported in AGISoft for alignment. As a unique dataset, the alignment resulted not possible.
Hence, the dataset has been splatted into 11 chunks for independent image alignment. In a single chunk
the images are overlapping and the alignment is provided, whereas the alignment of the chunks has not
been possible due to the lack of a good control.

Objective 2
Areal density of points surveyed with total station (figure 1.1)

Figure 1.1 – Areal density of mass points surveyed with total station

Interpolation of surveyed data to extract the DEM of the channel bed
After importing total station point database in ArcGIS, the TIN has been created using the hardclip option
provided to obtain a network of nodes enforced within channel boundaries and survey extent. The DEM of
channel bed has been created through interpolation of TIN using different methods (Figure 1.2 and 1.3)
(see Heritage et al., 2009).
Figure 1.2 – DEMs created through TIN interpolation
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Figure 1.3 – Longitudinal profile across different interpolators; clearly evident the differences characterizing the inverse distance
weighted interpolator.

Objective 3
Comparison surveyed and modeled topography comparison: error metrics descriptors
DEMs created has been evaluated extracting 5% of the surveyed points dataset (figure 1.4), used as
independent points to assess the accuracy of each interpolator using metrics error indices (figure 1.5)
(Williams et al., 2013).

Figure 1.4 – Points used as test for Z elevation values of the constructed DEM

Figure 1.5 – Error metrics of the Z elevation values for different interpolators.

•
•
•
•
•

5% of population ( ≈800 )chosen as test points
Errors are lower than the D50 of the surveyed reaches
Consistency of magnitude of errors among different models
According to previous literature (e.g. Heritage et al., 2009), linear interpolation of TIN and kriging
interpolation give the best results
Linear interpolation is the best interpolator, due to its lowest RMSE value

Data fusion
Data fusion of LiDAR (grid size 1m) and selected DEM (grid size ≈0.30m) has been achieved comparing the
paths of water flow accumulation within the two different models (figure 1.6).

Figure 1.6 – Data fusion of constructed DEM and Lidar furnished by local authorities .

Objective 4
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Analysis at reach scale of the topographic signature distinctive of each morphology, characterizing the step
height and the pool depth for the whole surveyed reach (figure 1.7). These values are characterizing the
main bedforms offering resistance to the flow, hence having direct influence on the hydraulic and sediment
connectivity at subreach scale.
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Figure 1.7 – Step height and pool depth distribution in the Grigno study site

Tolvà Creek
Objective 1
The evaluation of field surveys lead to distinct results. Points surveyed with the total station have been
inserted into a database, allowing the reconstruction of a DEM of the bed channel. Oblique pictures taken
have been imported in AGISoft for alignment. As a unique dataset, the alignment resulted not possible.
Hence, the dataset has been divided into 11 chunks for independent image alignment. In a single chunk the
images are overlapping and the alignment is provided, whereas the alignment of the chunks has not been
possible.
Objective 2
Areal density of points surveyed with total station (figure 1.8)

Figure 1.8 – Areal density of points surveyed with total station

Interpolation of surveyed data to extract the DEM of the channel bed
After importing total station point database in ArcGIS, the TIN has been created using the hardclip option
provided to obtain a network of nodes enforced within channel boundaries and survey extent. The DEM of
channel bed has been created through interpolation of TIN using different methods (figure 1.9 and 1.10)
(see Heritage et al., 2009).
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Figure 1.9 - DEMs created through TIN interpolation
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Figure 1.10 – Longitudinal profiles across different interpolators; clearly visible the differences characterizing the minimum
curvature and inverse distance weighted methods

Objective 3
Comparison surveyed and modeled topography comparison: error metrics descriptors
DEMs created has been evaluated extracting 5% of the surveyed points dataset (figure 1.11), used as
independent points to assess the accuracy of each interpolator using metrics error indices (figure 1.12)
(Williams et al., 2013).

Figure 1.11 - Points used as test for Z elevation values of the constructed DEM

Figure 1.12 - Error metrics of the Z elevation values for different interpolators

•
•
•
•
•

5% of population (≈530) chosen as test points
Errors are lower than the D50 of the surveyed reaches
Minimum curvature interpolation shows the highest values of errors among the various models
According to previous literature (e.g. Heritage et al., 2009), linear interpolation of TIN and kriging
interpolation give the best results
Ordinary kriging is the best interpolator, due to its quasi zero mean error value and lowest RMSE
value

Data fusion
Data fusion of LiDAR (grid size 1m) and selected DEM (grid size ≈0.30m) has not been possible due to the
absence of GPS surveyed data.
Objective 4
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Analysis at reach scale of the topographic signature distinctive of each morphology, characterizing the step
height and the pool depth for the whole surveyed reach (figure 1.13). These values are characterizing the
main bedforms offering resistance to the flow, hence having direct influence on the hydraulic and sediment
connectivity at subreach scale
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Figure 1.13 - Step height and pool depth distribution in the Tolvà study site

STUDY AREA 2
Val Ussaia creek
Objective 1
Evaluate field surveys close range photogrammetry and conventional topographic survey (Table 2.1)
GCP
S1

X
0

Y
30.624

Z
933.742

S2

0

0

928

S3
S4

-20.3592 -47.6727
-12.2259 -77.3327

920.671
916.825

S5

-12.4647 -112.628

911.732

MEGASTEP -11.2085 -126.958

908.987

FILE 03/11/2014
FILE 14/11/2014
NOT VISIBLE IN THE PICTURES DSCN_3075; DSCN_003076; DSCN_3077; DSCN_3078;DSCN_3079;DSCN_3080
DSC_0061;
DSC_0062;DSC_0063;DSC_0244;
BURIED BY SEDIMENT
DSC_0246
DSC_0117;DSC_0118
BURIED BY SEDIMENT
NOT VISIBLE IN THE PICTURES
NOT VISIBLE IN THE PICTURES
DSC_0194;DSC_0195;DSC_0196;
DSCN_3312;DSCN_3313;DSCN_3314;DSCN_3315;DSCN_3316;DSCN_3317;DSCN
DSC_0197;DSC_0198;DSC_0199;
_3318;DSCN_3319;DSCN_3321;DSCN_3322;DSCN_3323;DSCN_3324;DSCN_3325
DSC_0200;DSC_0201;DSC_0202;
;DSCN_3326;DSCN_3327;DSCN_3328;DSCN_3329
DSC_0203;DSC_0204
DSC_0215;DSC_0216;DSC_0217;
DSCN_3350;DSCN_3351;DSCN_3352;DSCN_3353;DSCN_3354;DSCN_3355
DSC_0218

Table 2.1 – GCPs for Ussaia Creek

Figure 2.1 - GCP location and control points errors for 3-11 and 14-11-2014 survey

The figure 2.1 shows as the number of control points is very low for both datasets and GCPs are not in
common within both datasets. In the first survey (3/11/2014), the distribution of GCPs spans across the
entire channel, with one point at the upstream and downstream end, and one point at the center. For the
second survey there is one point at the upstream end of the reach and two points located at the
downstream end. This spatial distribution of GCPs (and density) leads to incorrect registration of the
images/point clouds. The results are uncertain and the accuracy can be very low.
A workflow illustrating field procedures related to GCPs installation is provided (figure 2.2). GCP are
required when the purpose of the work goes beyond simple graphic visualization, and a registration to a

given coordinate system is required. Two sets of network need to be installed in the field: the primary
network, composed of fixed benchmarks that are bounding the study area. The floating network, composed
of common plastic stripes or discs, with a bright color, sharply visible in the images acquired, that ensures
image registration.

Figure 2.2 – Workflow illustrating relationships among image acquisition process and GCPs distribution as function of the study
site (images taken from Micheletti et al., 2014)

In order to develop the workflow to post-process the images and to analyze topographic changes, some
tests were carried on an overlapping portion of the scene, placed in the downstream end of the surveyed
reach.
A second workflow (figure 2.3) has been developed to a) map channel primary structures on a resultant
accurate orthophotomap, and b) to obtain SfM-based DEMs considering aerial imagery or a hybrid DEM by
coupling SfM data with topographic surveys.

Figure 2.3 – Workflow illustrating the inputs, the processes and the outputs of SfM procedures.

Objective 2
Elaborate a Digital Elevation Model from multi-temporal datasets
The DEM for both datasets has been created refining the point cloud extracted by the AGIsoft procedure.
The point cloud contained elements not pertinent to channel structure and boundaries, such as external
portions covered with bushes and trees. The areas covered by water have been polygonised. Point clouds

within these polygons have been eliminated. Such operation is done to ensure that wrong elevations
associated to the presence of the water (e.g. high turbulent flows does not allow to extract ground
elevations) are not included in the DEM.
From the original point cloud, a refined subset is obtained to evaluate the statistics of the values of
elevations Z associated to each point. Statistics are evaluated within user defined grid cells. Iterative
assignment of grid cell size provides the order of magnitude of detrended standard deviation of elevation
values.
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Figure 2.4 – Standard deviation of Z elevation values compared with grid cell size

The figure 2.4 shows as increasing the grid resolution lowers the detrended standard deviation of Z values.
Such differences help in the assignment of the cell size used to create the refined DEM.

Objective 3
Assessment of DEM accuracy
At the current stager the assessment of DEM accuracy cannot be performed, but will be lately
implemented. A dataset of random points will be independently surveyed by the means of total station to
evaluate the accuracy of DEM applying statistical parameters describing the errors between modeled DEM
and surveyed random points.
Objective 4
Preliminary comparison of multi-temporal DEMs
Preliminary comparison (by subtraction) of the two surface models, obtaining a Dem of Differences (DoD).

To compare multi-temporal DEMs, raster algebra provides useful tools to highlight patches of
erosion/deposition. Values are derived from raw models of the elevation without any correction applied to
the original models.
In the portion overlapping between the two datasets, the DEM of differences has been calculated (figure
2.5).

Figure 2.5 – DoD of 3/11 and 14/11/2014 close range photogrammetry surveys

High values in differences of elevations are due to the presence of a missing data zone within the
3/11/2014 survey, while the same area in the survey of 14/11/2014 was covered by images.
Objectives 5 & 6
(5) Extract error metrics and indices from DEMs in order to analyze the spatial coherence of the models,
evaluated as the minimum level of detection of the datasets; (6) Creation of a thresholded DoD and
analysis of the reach-scale changes in elevation distribution is explained in the workflow.

Two main methodologies might be applied; one involving the raw comparison of wet and dry areas of a
multi-temporal dataset, the second and more accurate analyzes the possible sources of errors within the
creation of a DEM assigning a weight to each error class (figure 2.6).

Figure 2.6 – Workflow illustrating the main procedures involved to create a DoD

4.

DESCRIPTION ABOUT HOW THE RESULTS CONTRIBUTE TO THE ACTION AIMS
The results of this STSM contributes to Connecteur in different forms. It is worth to mention that
this STSM has provided some general workflows that are of great interest for WG2. Following we
present a summary of main contributions:
•

•

•

The workflows and methods applied during the STSM allow the characterization (extension and
the distribution) of channel morphologies at multiple scales (from patches to reach scales). This
characterization is of great interest to determine indices of structural connectivity and the
influence of the scale on these. In the particular case of our study sites, the Structure from Motion
technology have been applied, following standardized protocols for data-processing to overcome
the systematic and random errors associated to data acquisition. Uncertainty analysis has been
applied to the study cases, for example testing the DEM values of elevation, providing a degree of
uncertainty of the models. Fostered by this STSM, the future researches of the candidate is the
application of multiscale topographic procedures to detect the topographic boundary conditions at
coarse scales (i.e. >0.5 m) in bedload monitoring sites, poorly explored in steep-gradient alluvial
reaches (Brasington et al., 2012).
Frictional resistance is dependent from discharge and streambed roughness. The capacity of the
channel to mobilize sediment is hence a function of submergency ratio H/D, (where H is the flow
depth and D is the obstacle characteristic dimension) . The relative submergence is defined as
H/D84, but notably, there are several difficulties to a correct field evaluation of D84 (Baewert et al.,
2014). The evaluation of D through a multi-scale topographic approach is a promising method. In
this case, using both random field approaches and oblique digital photogrammetry, D has been
evaluated throughout the studied reaches. Recorded water levels allow to evaluate the relative
submergence in different patches and how this index affects mobilization patterns and sediment
transport, and the connectivity between sediment source and sinks (in the channel).
The methods learnt and the workflows developed during the STSM can be applied to study the
connectivity between flow, hydraulics and sediment. Connectivity can be considered as a sum of
processes acting at different scales. Having considered this, the present work investigates the
connectivity at basin scale and at reach scale. At basin scale, the connectivity can be considered
from the hydrological point of view, linking precipitations and discharge patterns in a selected
section. Reach scale connectivity investigates how channel morphologies are conditioning sediment
transport paths. In the particular case of this study, sediment transport paths are referred to step
lengths and rest periods of geomorphic tracers used to link channel topographic signatures and
water flow properties.

5.

CONFIRMATION BY THE HOST INSTITUTION OF THE SUCCESSFUL EXECUTION OF THE STSM

I can confirm the successful execution of the STSM performed by Matteo Toro. Matteo realised an excellent
STSM following what we agreed in his original application and going a step further in some of the tasks. We
met several times during his stay, identifying imminent tasks and agreeing in the appropriate methods.
Matteo has learnt numerous new methodologies of data post-processing. Mainly those relate to
topographic data but he also learnt several aspects in relation to field data acquisition based on the
experience of the host institution. In this particular case, he has design a clear workflow to improve the
acquisition of imagery to apply SfM photogrammetry to obtain high resolution point clouds. In terms of
post-processing, he could create different DEMs from their study sites. The DEMs were critically elaborated
taking into account the uncertainty of these. A simple test of accuracy has been performed in order to
objectively choose the best interpolation method. Finally, Matteo put together two more workflows. The
first one is related to the acquisition of regularized topographic data from point clouds obtained from SfM
photogrammetry (or Terrestrial LiDAR), and the construction of hybrid topographic models combining
different data sources; in the particular case of his study: SfM for dry landforms and conventional surveys
(rtk-GPS or Total Station) for wet channels. The second workflow is related to the comparison of DEMs to
study geomorphic changes. In this case he put together different methodologies to estimate DEM
uncertainty and propagate errors on the topographic change estimates to depict real changes from those
that can be, statistically, uncertain (noise). These workflows are of great interest for the Connecteur
community, specifically for people involved in WG2. Therefore, I can confirm, again, the successful
execution of this STSM.

6.

AUTHORIZATION TO POST THE REPORT AT THE ACTION WEBSITE

I authorize to post the report at the Action website
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