
   
                      

   

 

A volcanic landscape experiences extremely 

dynamic changes, which is reflected in the shape of  
the volcano today. The EVoLvE project aims to 

systematically quantify the morphometry of  

composite volcanoes at different erosional stages 

from different volcanic arcs using a range of  

morphometric indicators. 

                

   Quantifying the morphometric evolution of stratovolcanoes through erosion 
         Assessment of the edifice delineation and digital elevation models (DEMs) 

van Wees, R., Tournigand, P-Y., O'Hara, D., Grosse, P., Kereszturi, G., Campforts, B., Lahitte, P. & Kervyn, M. 

The DEM comparison was carried out on twelve volcanoes (Fig. 3). Four DEMs with 30m spatial resolutions: ALOS (AW3D30), 

ASTER GDEM 003, SRTMGL1 and TanDEM-X are compared against the TanDEM-X 12m DEMs. For each volcano, one single 

edifice outline was used and together with the DEM used as input to obtain different morphometric parameters, generated via 

MorVolc (Grosse et al., 2012) adapted to run in MATLAB and expanded with drainage parameters by D. O’Hara. Eight of  these 

parameters (5 morphometric and 3 drainage parameters) are shown in this poster (Fig. 4 & 5).  

The results show that some parameters are 

more sensitive than others. Two of  the least 

sensitive parameters are peak count of  the 

summit and the irregularity index (Fig. 5: D, 

E & H). Some of  the more sensitive 

parameters are the maximum volume,  minimum eroded volume and the Best-Fit Hack’s Law Exponent (Fig. 5: B, C & G). There is 

great variability in the performance of  the DEM sources per parameter and per volcano. The DEM source that in most parameters 

showed the closest resemblance to the reference is the TanDEM-X. 

4. DEM comparison  1. Introduction 

The MBOA and NETVOLC algorithms have been 

proposed for automatic delineation of  volcano bases 

(NETVOLC by Euillades et al. (2013); MBOA by Löbel 

(2004); Bohnenstiehl et al. (2012)). After a comparison of  

the hand-drawn and algorithm edifice delineation, drawing 

by hand was preferred as it does not exclude important 

erosional features lower on the flank (Fig 1).  

After initial tests, there was determined that the volcano 

delineation by hand should be supported by shaded relief, 

slope and slope aspects maps, as well as an identification of  

the slopes ≤3° after applying a low pass filter at 300m scale. 

These maps were provided for eight different volcanoes to 

eight researchers with varied experience in volcano 

geomorphometry. 

A comparison was made between the area that overlapped 

more than 50% of  the resulting edifice outlines (reference) 

and the edifice per researcher (see formula below), the 

mean of  all the researchers’ Jaccard similarity coefficients 

was calculated to present 

a value per volcano 

(Table 1). 

The lowest Jaccard coefficients are the Tanggamus and 

Cotopaxi volcanoes, hence the hardest to consistently 

delineate by hand (Table 1). This was due to surrounding 

older deposits that are difficult to distinguish from the 

volcano from satellite data. The slope contours indicate a 

clear boundary on a gradually decreasing slope but do not 

when topography with similar relief  borders the volcano of  

interest (Fig. 2).  

Fig. 1. Shaded relief maps of the Sawal and Aracar volcanoes 
(TanDEM-X 12m) with three delineated cone bases. This illustrates 
the discrepancy between the hand-drawn edifice delineation (GIS 
environment) and the edifices produces by algorithms  

Fig. 2. The Tultul volcano, one of the 8 volcanoes delineated 
by multiple researchers (1-8), the area delineated by at least 
five researchers (>50%) was extracted and used as the 
reference for the calculations of the Jaccard Index. 
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 Drawing edifices manually is preferred over 

automatic volcano base delineation algorithms 

within the EVoLvE project. 

 Identifying low frequency slope ≤3° helps to 

delineate the slope boundary, except when the 

volcano of  interest borders other dissected 

topographies. 

 There is great variability between the best 

performing DEM source per parameter and 

volcano.  

 Overall the TanDEM-X shows the closest 

similarities to the reference DEM.  

 5. Conclusions 

Fig. 3. Slope map of the 12 volcano bases used in the DEM comparison, the area outside the 
base is not depicted.    

Fig. 5. Eight parameters showing their absolute difference between the respective 30 m DEM and the reference 12 m TanDEM X DEM for all twelve 
volcanoes. Within the boxes the black ’x’ indicates the mean and the black line the median. B) The EMV is calculated between the lowest boundary 
elevation and the highest peak. C) The MEV is the volume difference between the actual topography and reconstructed volume using a convex hull based 
on contours, illustrated in the figure below from O’Hara and Karlstrom (2020). D & E) Number of contour-based peaks in the edifice summit region and on 
the lower flank. F) Drainage density, calculated by the cumulative length of channels and the entire drainage area of the edifice. G) Hack’s Law exponent 
illustrates the relationship between drainage area and length. H) Irregularity index, shape descriptor of elevation contours as explained in Grosse et al. 
(2012). F, G and H are supported by illustrations below of one volcano (Cikuray) generated by the adapted version of MorcVolc by D. O’Hara.  

Table 1. Jaccard Indexes from all eight volcanoes. 

Tul 
Tul 

Tangga-
mus Cotopaxi Pasochoa Iwate-

san Lizuna Yoteizan Ungaran 

0.90 0.68 0.79 0.94 0.88 0.88 0.89 0.84 

 What delineation method does best represent the 

most consistent basal extent for volcanoes within 

the EVoLvE project? 

 

 How do different DEM sources compare when fo-

cusing on the extraction of  the volcano morpho-

metrics and drainage parameters? 

 2. Research Questions 

Formula of the Jaccard Index  

The proposed method of  edifice delineation 

and DEM source will be used for all volcanoes 
within the EVoLvE project. The following 

analysis of  natural stratovolcanoes and their 

pristine morphology (ShapeVolc; Lahitte et 

al., 2012) lends the opportunity to retrieve the 

erosion volume, rate and patterns. This pro-

vides for a comparison between natural stra-

tovolcanoes and controlled lab experiments re-
producing the degradation of  pristine volcanic 

cones. Furthermore, the characterization, pat-

terns and trends will be used to calibrate a nu-

merical volcano evolution model.     

 Future Research 

Fig. 4. On the left the absolute difference in 
number of basins counted at the 10th percentile 
of elevation of all volcanoes is shown, the  right 
figure illustrates how the number of basins is 
distributed for the whole edifice of the Cikuray 
volcano. This figure gives an insight in what 
extend DEMs can impact the analysed drainage 
basins on the volcano flank. 

3. Volcano base delineation 
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