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A B S T R A C T

Climate change projections foresee an increasing number of intense precipitation events with consequent flash
and riverine floods. An accurate and rapid mapping of these phenomena is a key component of effective
emergency management and disaster risk reduction plans. Earth Observation big data such as the ones acquired
by the Copernicus programme, are providing unprecedented opportunities to detect changes and assess eco-
nomic impacts in case of disasters.

This paper presents an innovative flood mapping technique based on an index which is computed using multi-
temporal statistics of Synthetic Aperture Radar images. The index compares a large amount of reference scenes
to those acquired during the investigated flood and allows an easy categorization of “flooded” areas; either areas
solely temporarily covered by water or areas with mixed water and vegetation. The method has been developed
specifically to exploit Sentinel-1 data but can be applied to any other sensor. It has been tested for the 2010 flood
of Veneto (Italy) and the floods of 2015 in Malawi and Uganda. Extensive qualitative analysis and cross-com-
parison with other state-of-the art methods, proved the proposed approach highly reliable and particularly ef-
fective, allowing a precise, simple and fast flood mapping. Compared to the maps produced for emergency
management for the event analyzed, we obtained an overall agreement of 96.7% for Malawi and an average of
96.5% for Veneto for the 5 maps presented.

1. Introduction

New satellite constellations, such as the European Space Agency's
(ESA) Sentinels, have started the era of Earth Observation (EO) big data
(Hua-Dong et al., 2015; Ma et al., 2015; Yang et al., 2017) allowing to
entering a new paradigm for disaster monitoring and EO data ex-
ploitation. Sentinel-1 (S1), a constellation of two radar satellites op-
erational since October 2014, can monitor the entire Earth every 6 days,
giving an unprecedented opportunity to access a large number of ar-
chived scenes (Potin et al., 2015; Torres et al., 2012). This allows sta-
tistical analysis to be performed on long time-series of data and new
approaches in change detection (CD) analyses to be developed for
mapping floods, assessing their economic impacts and managing
emergency responses.

With a foreseen increase in the number of extreme precipitation
events due to climate change and consequent flash and riverine floods
(MunichRE, 2014), rapid and accurate mapping of floods is of key
importance. Firstly, rapidity is key in emergency management (EM),

with new cloud computing tools (Yue et al., 2013; Li et al., 2015; Yang
et al., 2013) such as Google Earth Engine (GEE) (Google Earth Engine,
Google, n.d) starting to play a fundamental role (Karamouz et al.,
2013). Secondly, accuracy is required not only in EM, but also for better
planning urban areas, for saving lives, for reducing economic losses and
building more resilient livelihoods (de Moel et al., 2015; Mysiak and
Luther, 2013; UNISDR, 2015). The big EO data of ESA's Copernicus
programme is helping to move towards an improved flood risk assess-
ment for both EM and better infrastructure planning (Twele et al.,
2016).

The capability of near-real time flood mapping by means of EO data
has already been demonstrated in the past (Horritt et al., 2001; Matgen
et al., 2007; Brisco et al., 2011; Henry et al., 2006; Cossu et al., 2009;
Martinis et al., 2015) and it is now regularly used by operational
emergency response centers (Bessis et al., 2004; Mahmood, 2012) such
as the European Copernicus Emergency Management Service
(Copernicus EMS) or the International Charter on Space and Major
Disaster (International Charter, n.d).
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