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Conclusions
The Geomorphic Flood Index represents a simple methodology for the swift delineation of flood-prone areas (e.g. with pre-process-
ing accomplished, the Danube River Basin took approx. 7 min on a 2.3 GHz Intel® Core™ i7 with 16GB of RAM). The methodology 
reveals the potential for water conveyance from the main source of hazard to all hydrologically connected cells. It implies that the 
two main driving factors of riverine flooding are channel flood water heights (obtained from a hydraulic scaling relation) and eleva-
tion difference. We have demonstrated how such methodology is useful in the identification of flood-prone areas for three distinct 
European basins, even at an early stage of development where other driving factors are neglected. We have derived for the first 
time, comprehensive large scale flood extent maps for the whole Danube, Po river and Severn river basins with high prediction ac-
curacy 94-98%. The advantages of this methodology are clearly its cost-effectiveness and easiness of application, minimum knowl-
edge and data requirements, comprehensiveness of the results, high-resolution and virtually unlimited scales of application; but 
also, its potential suitability for application in data-scarce regions, for the use in a machine learning framework and for effortlessly 
plug in more features. We envision that a step forward would be to factor-in water losses, particularly through infiltration, presence 
of hydraulic infrastructures and effects of land use and land cover. But even more crucially would be to find a way to spatially quan-
tify hazard; essential for the assessment of flood risk.

Acknowledgements
The authors would like to thank Dr. David Tarboton (Utah State University) for TauDEM tools, the Python Software Foundation and the support from the European 
Union’s Horizon 2020 research and innovation programme under the Marie Skłodowska-Curie System-Risk ETN (www.system-risk.eu) grant. This publication reflects 
only the authors’ view and the Union is not liable for any use that may be made of the information contained therein.

References
Alfieri, L., Salamon, P., Bianchi, A., Neal, J., Bates, P., & Feyen, L. (2014). Advances in pan-European flood hazard mapping. Hydrological Processes, 28(13), 4067–4077. 

https://doi.org/10.1002/hyp.9947
Bates, P. D., & De Roo, A. P. J. (2000). A simple raster-based model for flood inundation simulation. Journal of Hydrology, 236(1–2), 54–77. https://doi.org/10.1016/

S0022-1694(00)00278-X
Degiorgis, M., Gnecco, G., Gorni, S., Roth, G., Sanguineti, M., & Taramasso, A. C. (2012). Classifiers for the detection of flood-prone areas using remote sensed 

elevation data. Journal of Hydrology, 470–471, 302–315. https://doi.org/10.1016/j.jhydrol.2012.09.006
Dottori, F., Alfieri, L., Salamon, P., Bianchi, A., Feyen, L., & Lorini, V. (2016).  Flood hazard map for Europe, 500-year return period. European Commission, Joint 

Research Centre (JRC) [Dataset] PID: http://data.europa.eu/89h/jrc-floods-floodmapeu_rp500y-tif
European Environment Agency (2016). Flood risks and environmental vulnerability - Exploring the synergies between floodplain restoration, water policies and 

thematic policies. EEA Report No 1/2016. Luxembourg: Publications Office of the European Union. https://doi.org/10.2800/039463
Manfreda, S., Leo, M. Di, & Sole, A. (2011). Detection of Flood-Prone Areas Using Digital Elevation Models. Journal of Hydrologic Engineering, 16(10), 781–790. https://

doi.org/10.1061/(ASCE)HE.1943-5584
Samela, C., Troy, T. J., & Manfreda, S. (2017). Geomorphic classifiers for flood-prone areas delineation for data-scarce environments. Advances in Water Resources, 

102, 13–28. https://doi.org/10.1016/j.advwatres.2017.01.007
Van Der Knijff, J. M., Younis, J., & De Roo, a. P. J. (2010). LISFLOOD: a GIS-based distributed model for river basin scale water balance and flood simulation. 

International Journal of Geographical Information Science, 24(2), 189–212. https://doi.org/10.1080/13658810802549154

Table 2: Cut-off values and error metrics for the Danube, Po and Severn river 
basins resulting from the linear binary classification of the GFI.

Danube Po Severn

Cut-off 33.8% 33.5% 34.2%

Hit rate 84.5% 79.1% 91.9%

Specificity 95.1% 96.0% 97.7%

Accuracy 94.4% 94.7% 97.6%

Figure 2: Receiver Operating Characteristic (ROC) and Area Under the 
ROC curve (AUROC) for the Danube, Po and Severn river basins.

Validation
In this section, we summarize some of the validation results for each case study. In Figure 2, the Receiver Operating 
Characteristic (ROC) curve and respective Area Under the ROC curve (AUROC) resulting from the calibration stage are 
presented. The closer the curve is to the top-left corner of the box, or the AUROC is to 1, the better is the prediction. In 
Table 2, we present some measures of uncertainty, obtained by comparing the final delineation of the flood-prone areas 
to the reference flood hazard map (Dottori et al., 2016). The hit rate is the percentage of flood-prone areas correctly 
predicted, while the specificity is the percentage of areas not prone to flood correctly rejected.

Methodology
The complete workflow is composed of a pre-processing stage, calibration of a cutoff value and the final classification of 
flood-prone areas. The Geomorphic Flood Index pre-processing, as proposed by Samela et al. (2017), requires a set of static inputs 
extracted from a DEM by terrain analysis: slope, flow direction and upslope contributing area. The calibration stage is then per-
formed using whole basins by comparing a reference flood hazard map (e.g. Dottori et al., 2016) to several Geomorphic Flood Index 
cutoff values to determine the optimal one (Degiorgis et al., 2012). In our case the optimal cutoff maximizes an objective function: 
the Youden’s index. The final stage is a binarization of the Geomorphic Flood Index using the optimal cutoff, its output represents 
the final delineation of the flood-prone areas showed in Figure 1.

Figure 1: Comparison of flood-prone areas resulting from the linear binary classification of the Geomorphic Flood Index and flood extent derived from the 
EC JRC flood hazard map for a return period of 500 years (Dottori et al., 2016). Cyan colour corresponds to an optimal geomorphic classification, 
with reference to the EC JRC map, while dark blue and magenta  correspond to overestimation and underestimation, respectively. a) Danube River 
Basin and zoomed inset of Vienna region (incl. EGU venue); b) Po River Basin; c) Severn River Basin. Note that different map scales were used.

Danube Po Severn

Area ~804303 km2 ~75399 km2 ~11381 km2

#pixels 66856x33916 ~2B 18776x11368 ~213M 7348x6404 ~47M

File size ~9 Gb (BigTIFF) ~500 Mb ~75 Mb

Table 1: Raster details of the Danube, Po and Severn river basins.

The 3 Case Studies
Within the European context, the Dan-
ube, the Po and the Severn river basins 
were selected for three distinct scales of 
application of the geomorphic classifi-
cation, as shown in Table 1. Each case is 
different in area, which, along with reso-
lution, influences pre-processing times. 
Each basin Digital Elevation Model (DEM), 
at 25 m resolution, was obtained from 
the Copernicus data and information, 
funded by the European Union – EU-DEM 
layers. The Catchment Characterisation 
and Model layer (Vogt, J.V. et al., 2007) was 
used as clipping mask.

Investigate how machine learning techniques may be 
used to evaluate flood risk (incl. ungauged basins)

Identify challenges and limitations of such a simplified 
methodology, applications and the way forward

Implement a pattern recognition technique for large 
scale delineation of flood-prone areas
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Objectives

Introduction
According to the European Environment Agency (EEA Report No 1/2016), a significant share of the European population is estimat-
ed to be living in, or near to, a floodplain, with Italy having the highest population density in flood-prone areas among the countries 
analysed. This tendency, tied with event frequency and magnitude and the fact that river floods may occur at large scales and at a 
transboundary level, where data is often sparse, presents a challenge in the management of flood-risk. The availability of consist-
ent flood hazard and risk maps during prevention, preparedness, response and recovery phases is a valuable and important step 
forward in improving the effectiveness, efficiency and robustness of any evidence-based decision making process. In this work, 
we test and discuss the usefulness of pattern recognition techniques based on geomorphic indices (Manfreda et al., 2011, 
Degiorgis et al., 2012, Manfreda et al., 2016; Samela et al., 2017) for the simplified mapping of riverine flood-prone areas at 
large scales. Results are compared to the Pan-European flood hazard maps derived by Alfieri et al. (2013) using a set of distribut-
ed hydrological (LISFLOOD, van der Knijff et al., 2010, employed within the European Flood Awareness System, www.efas.eu) and 
hydraulic models (LISFLOOD-FP, Bates and De Roo, 2000). This work is developed under the System-Risk project (www.sys-
tem-risk.eu).
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