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Abstract 

Landslides are one of the most dangerous geological hazards worldwide, posing threats to 

human life, infrastructures and to the natural environment. Consequently, it is important to 

monitor active landslides in order to reduce the risk of damages and casualties. With this in 

mind, this work presents a procedure to compute landslide displacements through time, by 

exploiting the availability of open high quality multispectral satellite images. The developed 

procedure produces maps of displacement magnitude and direction by means of local 

maximum cross-correlation of Sentinel-2 images. The Ruinon landslide, an active landslide 

in Upper Valtellina (Northern Italy), was analysed with the developed technique during two 

different time windows (yearly analysis between 2015 and 2020, monthly analysis in July, 

August and September 2019). This procedure was designed to be entirely based on free 

and open-source GIS software and to rely exclusively on open data. These characteristics 

allow the analysis to be easily replicated, customized, and empowered. 
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INTRODUCTION 

In the last years we have witnessed a huge increase in the availability of free and open 

multispectral, multitemporal and global coverage satellite imagery. At the same time, new 

open software tools for exploiting these images have arisen. Given the availability of short-

revisiting time open satellite images, this study focuses on the analysis of satellite imagery 

using free and open source GIS software to identify displacements of single landslides. 

In particular, the Ruinon landslide was selected as the subject for this analysis. It is situated 

in Northern Lombardy, Italy, and it is one of the most active landslides of the Alps. The 

landslide is situated at the base of a Deep-seated Gravitational Slope Deformation, that 

affects the entire slope up to the summit at 3000 m a.s.l. Two major scarps can be identified: 

the upper one is a sub-vertical rock cliff of about 30 m in height, while the lower one is 

characterized by a more widespread debris cover. Over the years, a large lobe of chaotic 

debris has propagated towards the valley bottom, giving origin to secondary mass wasting 

processes in the form of rockfalls, debris flows, and shallow slumps (Carlà et al., 2021). 
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METHODOLOGY 

The general strategy employed in this work for obtaining landslide displacements in terms 

of direction and magnitude is to apply a local maximum cross-correlation on a multitemporal 

images stack. This was achieved using GRASS GIS and custom Python scripts. The 

reasoning behind the preference of GRASS GIS among other GIS applications was mainly 

the high synergy between GRASS and Python programming. The source codes can be 

found at https://github.com/lorenzoamici/Sentinel_landslide_monitoring. 

The main preprocessing steps are: creation of a suitable multi-temporal stack, clipping the 

satellite images to the selected AOI and applying cloud masking and an atmospheric 

correction; image co-registration to ensure that the images become spatially aligned so that 

any feature in one image overlaps as well as possible its footprint in all other images in the 

stack; histogram matching to transform one image so that the cumulative distribution 

function (CDF) of values in each band matches the CDF of bands in another image (Fig. 2). 

 

Fig. 1. Preprocessing steps of Sentinel-2 images 

c) Clip to AOI 

b) Co-registration 

d) Histogram match 

a) Original image 
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The main processing is based on the Maximum Cross-Correlation method implemented on 

couples of images. The first image of the couple will be refererred to as reference image, 

and the second one as secondary image. This algorithm was previously applied to land 

cover changes (You et al., 2017) and to the movement of desert sand dunes (Oxoli et al., 

2020). In the developed procedure, the processing phase starts by placing a window in the 

same position of both images. The window on the secondary image is then shifted in all 

directions, and a cross-correlation coefficient is computed for each of the shifts. The shifted 

window with the highest cross-correlation coefficient is selected, and a displacement vector 

is computed between the center pixel of the reference image window and the center pixel of 

the new shifted window of the secondary image. 

 

Fig. 2. Maximum Cross-Correlation method example (reference image on the left, secondary image on the 

right) 

The approach therefore needs an optimal moving window to test whether a location (pixel) 

from reference image is at the corresponding location (pixel) in the secondary image image, 

or it is displaced in the boundaries of the search window. In the case of this work, the optimal 

window size was found to be 7x7 pixels. The outputs are shifts (in pixels) in X and Y 

directions which are actually the distances required to register the window of the secondary 

image with the one of the reference image.  

It is important to note that the smallest displacement that can be identified by this procedure 

is a displacement of 1 pixel, i.e. a displacement of 10 m. Therefore, smaller movements 

cannot be sensed by because of the native resolution of input satellite data. Secondly, errors 

can arise from the images having differences in terms of co-registration and histogram 

distribution, since this process highly relies on the images being as aligned and similar as 

possible. 

RESULTS 

For monitoring the activity of the Ruinon landslide, two different sets of images were 

considered. The first one consists of one image per year in the period 2015-2020, with the 

idea to track the evolution of the landslide throughout the last few years. Since the landslide 

is situated in a mountainous region, it is often covered by clouds, and in the winter months 

by snow. Because of this, only the best image for each year was selected for the analysis. 
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The other set is composed of three images, one per month, in the period July 2019 - 

September 2019, aiming at highlighting a large movement that took place in the summer of 

2019. Fig. 3 illustrates an example of the obtained results. 

 

Fig. 3. Maps of displacement magnitude (left) and directions (right) for each pixel that has been identified as 

moving by the procedure between 2019 and 2020 

To provide an overview of the obtained results, windrose diagrams were produced in order 

to plot the obtained displacements as oriented histograms, therefore giving information 

about the direction of the movement, the quantity of pixels moving in that direction and the 

magnitude of those displacements (Fig. 4). From the windrose diagrams, it is clear that the 

majority of moving pixels is sliding towards South; this is partially consistent with the real 

movement, even though in reality the Ruinon landslide is mostly moving along the South-

West diagonal. 

 

 

Fig. 4. Windrose diagrams for the yearly analysis (left) and the summer 2019 (right) 



GIS Ostrava 2022 – Earth Observation for Smart City and Smart Region March 16 - 18, 2022 

VALIDATION 

To compare and evaluate the performances of the cross-correlation approach, data coming 

from UAV surveys (provided by the local environmental agency ARPA Lombardia) of the 

landslide were used. At first, the results obtained with Sentinel-2 images were compared 

with the output given by the procedure when applied to RGB images obtained from the 

surveys, which have a resolution of 1m. The two outputs were found to be very similar, both 

for the displacement magnitudes and directions. Secondly, photogrammetric point cloud 

comparisons created from the UAV observations in periods close to the considered ones for 

satellite monitoring were investigated. In particular, the displacement along the vertical axis 

was inspected, and accumulation zones were found in correspondence to the largest 

movements of the landslide detected from the algorithm. Because of this, the results were 

considered consistent with the data of the surveys. 

CONCLUSIONS 

The increased availability of high-resolution multitemporal satellite imagery promotes the 

use of these images for monitoring purposes. While on the field monitoring can produce very 

accurate results, a procedure like the one applied in this work has the advantage to be more 

flexible, scalable and cost-effective than an analysis on the field. The experimental 

procedure developed in this work led to promising results, despite being a first stage 

approach to landslide monitoring applying the maximum cross-correlation method. Many 

approaches were considered, varying the main parameters of the procedure (adding or 

removing a classification phase, considering different intervals between satellite images, 

modifying the size of the moving window and others), and the whole process was 

progressively improved and refined until satisfactory results were achieved. 
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