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PURPOSE OF THE STSM
The aim of grantee’s PhD is to assess and analyse morphological changes that have occurred in the last
60 years of the Santerno River (northern Apennines). These morphological changes are the response of a
stressed environment, mainly by human interventions (gravel mining, flood control works, bank protection
and land use changes) which likely have altered sediment (water) transfer regimes. It is worth to mention that
grantee’s project has a strong field work component, mainly the acquisition of multi-temporal Topographic
Surveys in order to study topographic changes, and apply the inverse or morphological approach to derive
bed material fluxes.
This STSM has represented an opportunity to improve grantee’s skills in analysing historical aerial
photographs through the experience of the Fluvial Dynamics Research Group at the University of Lleida (RIUS-, www.fluvialdynamics.com). The group, and in particular the projects lead by the supervisor of the
STSM (Dr. Vericat), is applying a series of remote sensing techniques in human-impacted fluvial systems of
the Southern Pyrenees (see for instance www.morphsed.es). Additionally, the group is monitoring long-term
topographic changes of a series of highly erodible Badlands located at the Soto catchment (Upper River
Cinca, Central Pyrenees, see https://sites.google.com/site/badlandscan/).
Within this context, the main objectives of this STSM were: (a) to analyse multitemporal aerial photographs
with the aim to study changes on (i) river channel width, (ii) channel sinuosity and (iii) land uses in the
floodplain of a 25 km river segment of the 103 km long Santerno River (Italy). Additionally, as stated in the
motivation letter, a second objective was (b) to evaluate the feasibility to extract water depth data form ancient
imagery using spectral depth correlations. Finally, the last objective of the STSM was
(c) to learn how to compare Digital Elevation Models to study changes on topography between the period
1970 and 2011. Moreover, the grantee has participated in several field work campaigns where she was able
to learn different survey techniques to acquire topographic data sets. All these analyses are fundamental to
understand how human actions (embankments, weirs, land use changes, etc) affect changes on connectivity
and, consequently, changes on river channel morphology through time (from 1954 to 2014). Each of these
objectives have been executed by means of different tasks as will be further develop in the next sections.

DESCRIPTION OF WORK CARRIED OUT DURING THE STSMS
We describe the main tasks carried out in relation to each objective stated above.
(a) Multitemporal analysis of aerial orthophotos with the aim to study changes on (i) river channel
width, channel sinuosity and (ii) land uses in the floodplain of a 25 km river segment of the 103 km
Santerno River.
The available material to conduct these objectives were the aerial orthophotos from the year 1954 to the year
2014. The scale of these images range between 1:33.000 to 1:10.000. Preliminary, it has been conducted a
georeferencing evaluation error of all aerial orthophotos used for the multitemporal analysis. These results
allowed to critically evaluate the quality of the ortophotomaps that will determine the uncertainty of all
planimetris analyses will be performed based on these. In terms of the planimetric analysis:
(i)

the active channel width and channel sinuosity have been chosen as main channel form
variables. These will help to describe historical channel changes, since they are the most
sensitive channel variable to changes in external forcing that can be suitably mapped by means
of remotely-sensed historical data. It is considered as active channel width a zone that is made
up of a single or more low-flow channel plus that of unvegetated or sparsely vegetated bars that
are representative of the contemporary flood regime (Surian et al., 2009). In terms of sinuosity,
we consider this the ratio between the thalweg length and the valey length.

(ii)

Image classification of historical aerial orthophotos to identify different features (e.g. bars) and
land uses (e.g. riparian vegetation) and their evolution through time (1954-2014). Supervised
Image Classification has been independently applied on the floodplain (dry zone) and active
channel (wet zone) around the studied valley segment.

(b) To evaluate the feasibility to extract water depth data form ancient imagery using spectral depth
correlations.
This objective still a work in progress and requires further development for a correct analysis. During the
STMS it was carried out a review of a series of examples that the host institution has developed in terms of
how to extract depth-spectral correlations. Additionally, the STSM supervisor provided a series of articles
where this methodology is fully explained and applied. In the particular case of my study area, there are
certain limitations that need consideration mainly attributed to the resolution of the images, including that in
the majority of the images the bed of the riverbed cannot be observed, a fact that limits the application of
method.
(c) To learn how to compare Digital Elevation Models to study changes on topography between the
period 1970 and 2011.
Two Digital Elevation Models (DEMs) were analysed in order to study long-term topographic changes in the
study reach.
Finally, the grantee has participated in 3 field campaigns carried out by the host institution, and has
participated in different lectures in the Master course Soil and Water Management, so the grantee has learn
theoretically and practical aspects in terms of methods and techniques to quantify channel topography, flow
discharge, flow hydraulics and sediment transport.
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DESCRIPTION OF THE MAIN RESULTS OBTAINED
This section illustrates, through a series of figures, the principal results obtained during the STSM period.
Figure 1 shows as the objectives of this STSM are linked to different of the key components of the grantee’s
PhD thesis.

Figure 1. A schematic view of the PhD aim: Historical morphological analysis of the Santerno River
over a period of 60 years (1954-2014, Northen Appennines) in relation to changes on connectivity.
Figure 2 shows the results of the gereferencing errors. This analysis was performed using Check Points
(ChPs) extracted from the most accurate ortophoto. A series of ArcGIS tools were applied to estimate the
RMSE of the ChPs. The RMSE of the errors vary between 3 and 7 meters, between the 8 and 11 % of the
mean active width. This value will determine the minimum cartographic unit.
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Figure 2. Georeferencing Error Estimation of all aerial orthophotos used in the study.
Figure 3 shows the methodological workflow developed and applied during the STSM in order to investigate
changes on channel width and sinuosity. Channel widening is typically interpreted as a result of increased
sediment flux through a channel reach, as opposed to channel narrowing, for which a reduction in sediment
transport or connectivity is inferred, together with vegetation encroachment due to changes on flood
frequency and magnitude (water connectivity). It was created a cross section shapefile with the cross section
tool of the River Bathymetry Toolkit (RBT), moreover it was chosen a distance of 200 m between each cross
section. The active channel width in each section was calculated together with the thalweg length between
successive sections. These data was used to analyses spatio-temporal changes of both variables.
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Figure 3. General methodological workflow designed and applied during the STSM in order to carry one the
historical morphological analysis for the entire period.
Changes in land use are analysed through a Supervised Image Classification (Figure 4), the user decides
the classes to represent through a definition of training areas. The spectral properties of these classes will be
assessed and used to classify entire image. As described, above, the wet and dry parts of the channel and
floodplain were classified independently. The principal classes used in this study were: water, sediment or
bedrock, vegetation, crops and bare slopes. Figure 4 shows an example for two years where spatio-temporal
changes on the area occupied by the wet channel and sediments/bedrock can be analysed, being interfered
by the degree in which water and sediment connectivity has been altered at multiple spatial scales (e.g. due
to river regulation, lateral des-connectivity due to embankments or flood control works, gravel mining impacts
and land use changes).
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Figure 4. Example of supervised Image Classification of the active channel (wet channel) for the 1954 and
2014 years.
Figure 5 shows some preliminary results of the topographic changes obtained by comparing the LIDAR of
the year 2011 and the DTM of the year 1970 along the Santerno River segment. A simple DEM of Difference
operation was performed using map algebra in ArcMap. The old DEM was subtracted from the new DEM,
where negative values indicate erosion and positive sedimentation. This still a work in progress since now it
will be necessary to take into account the errors of each DEM, their propagation and also the limitations in
the wet channel.

Figure 5. Compare between the LIDAR of the year 2011 and the DTM of the year 2014
to study topography changes along the investigated Santerno River segment.
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Finally, Figure 6 shows some photos taken during the participation in one of the field campaigns in the Soto
Experimental Catchment, Upper River Cinca, Central Pyrenees (https://sites.google.com/site/badlandscan/).

Figure 6: Long-term topographic changes monitoring of a series of highly erodible Badlands (Soto
catchment, Upper River Cinca).

FUTURE COLLABORATIONS (if applicable)
As indicated above, different tasks still work in progress and this means that future interactions between the
grantee, the supervisor of the STSM and the PhD’s supervisor are evident. Additionally, these three
members already discussed about the possibility to prepare a scientific peer-reviewed international
publication out of the results of the STSM (and future progress). Therefore, this STSM has been enormously
helpful in shaping part of the objectives of the grantee’s PhD thesis.
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