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Pluvial flood detection using satellite remote sensing and machine learning techniques for the evaluation
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* Pluvial floods (PFs, or Surface Water Floods, SWFs): floods happening independently of an

overflowing water body, as opposed to fluvial floods (FFs)

« Caused by extreme overland flow of rainwater after short-term high intensity precipitation events

* PFs account for half of all flood damage claims each year, equally with FFs

* Need to comprehensively evaluate PF susceptibility models using observational data

* But PFs can appear anywhere and take many different forms: in-situ data are thus scarce

=> With both very high spatial
resolution (VHR) and frequent
revisit, satellite remote
sensing now offers a new
opportunity to automatically
and exhaustively detect PFs
after heavy weather events,
allowing for evaluation of
runoff models
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3 study sites in the South of France and on the Eastern shore
of South Africa during 4 flash-flood events (2018 — 2022)
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Idea: Combine post-event satellite (or airborne
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instruments  for
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Sentinel-2 satellites

Optical (R, G, B, NIR, SWIR)
5 days revisit time
10 m spatial resolution
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SPCD (Sentinel Plot-based
Change Detection)
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* Object-based Gaussian Process classifier
* Plot statistics on the time variations of
spectral indices (= NDWI, SAVI, WV etc.)

Overall accuracy 2 85 %
False discoveries < 13%

Radar (VWW/VH)

o FuSVIPR (Fusion of Sentinel-2 and Very high
resolution Imagery for Pluvial Runoff)
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IRIP© model evaluation & improvement

(i) The greater the IRIP susceptibility scores, the more PFs detected by SPCD
Even larger proportions of damaged plots for areas with heavier precipitations
(i) Negative relationship between mean IRIP accumulation scores and intensity of rainfall
among damaged plots: intense runoff is triggered at lower rainfall intensity
over more areas

Detection rates 2 75 %
False positives < 2%

(iiii) Higher weight of upstream topography and uphill runoff production areas compared
to local topography for explaining PF occurrence - towards improvements to IRIP©

Conclusions

This PhD overall confirms the performance and transferabilit
methods called SPCD and FuSVIPR. It also highlights IRIP’s relevance to map susceptibility

towards intense surface runoff.
Perspectives:

(i) Downscaling of extreme
precipitations from radar
measurements by informing
rainfall stochastic simulators
on the distribution of PFs.

(ii) Definition of PF-triggering
rainfall thresholds according
to local susceptibility.

(iii) Improvements to IRIP©

of 2 satellite-based PF detection
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