
 
 

  

   As important volcanic products, lava flows represent a persistent 

geohazard to human activities and to the environment. A strong interest 

therefore exists in mapping and characterizing historical lava flows, which 

has benefited considerably from recent advances in Earth observation 

techniques. The thesis aims at understanding the spectral evolution of lava 

surfaces in contrasted environmental conditions and at developing 

strategies for dating and mapping lava flows with remote sensing techniques 

from using satellite images to field spectroscopy. 

   Spectral reflectance measurements of lava surfaces on Tenerife Island 

(Spain), obtained through field spectroscopy, show that oxidation and lichen 

growth are two major processes affecting the spectral reflectance of lava 

flows in a semi-arid environment. Two spectral indices are accordingly 

proposed and applied to satellite imagery to quantify oxidation degree and 

lichen coverage, respectively. In tropical climates, vegetation grows fast and 

impacts lava spectra as well. Through linear spectral mixture analysis, one 

vegetation endmember and three lava endmembers, corresponding to old-, 

intermediate- and young-aged lava, are extracted from lava flows of 

Nyamuragira volcano (DRC). It is demonstrated that the spectral unmixing 

technique is capable of characterizing volcanic fields, of discriminating 

between different types of lava surfaces and also of enabling a timeline for 

vegetation recovery. 

   Based on the understanding that vegetation recovery is jointly governed by 

multiple factors, including time, topographic and climatic conditions, 

statistical models for dating lava flows are constructed for three African 

volcanoes: Nyamuragira, Mt Cameroon (Cameroon) and Karthala (the 

Comoros). The site-specific models prove to be robust and can serve as a 

tool for age prediction of undated lava flows. In addition to dating lava 

flows, remote sensing is also effective in mapping lava flows. From moderate 

spatial resolution satellite imagery, both pixel-based and object-based 

random forest classification is used for automated mapping and 

classification of lava flows. The object-based classification results in 

homogenous and continuous lava flow maps, in good agreement with the 

physical characteristics of lava flows.     

   In conclusion, the thesis contributes to an improved understanding of lava 

flows from a remote sensing point of view. It not only demonstrates how 

remote sensing techniques can be applied to date and map lava flows in the 

context of hazard management and mitigation, but also provides insights 

into the spatial pattern of vegetation recovery in volcanic regions. 
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