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Abstract

SAR earth observation data can provide high quality flood maps and information to
better assess the flood risk accordingly planning as well as to support civil protection
authorities during emergency phase. The scope of this paper is to create flood extent
maps from a series of SAR scenes of the Evros basin which represents a transboundary
floodplain. The study uses time series SAR images of Sentnel-7 ESA’s Copernicus
satellite system covering the period October 2014 to May 2015.

The methodology tries to identify the flood that occurs in three main land cover
classes, such as urban areas, bare or poorly vegetated soil and vegetated areas, taking
advantage of co- and cross-polarized SAR backscattering channels, and the InSAR
coherence to better characterize the landscape. Dual-pol SAR data provides the
opportunity to have a better understanding and interpretation of flood detection due
to way different land cover react to different polarizations. Thus, with the
implementation of InNSAR coherence estimation we may achieve a better record and
knowledge of the flooded areas, over time, in the specific region.
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Hepidnyn

To SAR dedousvo. mopotipnons e I'ng umopovy vo, Ipoopepovy XapTeg TANUUDPIKNG
EKTOONG KO TANPOYOPIDYV VYNANG TOIOTHTAS VIO, TRV KOADTEPY EKTIUNGH TOV KIVODVOD
TANUUDPAS KOTG GOVETELD. TO TYEOIOOUO, KAOMS Kal YLo. THY DTOCTHPLEN TWV TOATIKOY
POV VTEP THG TPOTTATIOS KOTA TH PaoH EKTokTHG avaykns. To medio epapuoyng tov
TOPOVTOG EYYPAPOD EIVAL VO, ONUIOVPYHOEL YOPTES TANUUVPIKNG EKTOONS A0 U1 OEIPC,
etkovwv SAR g Aexavng tov Efipov, mov avumpoowmedel uio d1060vopLaxy Koity
mAnuuopadv. H pelétn ypnoonoiei ypovoloyixés oeipég eucovav SAR tov Copernicus
dopvpopikod cvotiuetog Sentinel-1 wov kaldrrer v mepiodo Oxtafpiog 2014-Mdaiog
2015.

H peBodoloyio epoomabei vo mpoodiopioel v minpudpo wov ovufaivel o€ Tpels KOPIeg
KOTHYOPIES KAADWNS VNG, OTWS €IVOL 01 AOTIKES TEPLOYES, YOUVA 1] KaKk®S PAdotnon
£0GPOVS KL TEPLOYES e PAGaTNON, EKUETALAEVOUEVOL TO. Evallaoaduevy Toiwan SAR
kavdiio backscattering, xor 1 ovvapeia ovufolopetpioc yia oV KaADTEPO
XOPOKTHPLOUO TOV ToTiov. Xpnoworoidvias evollaocoouevy wolwon SAR dedouéva
TOPEYEL TV EVKOIPLO, VO DTOPYEL UI0, KAADTEPT KATOVONOH KOL EPUNVELQ THG OVIYVEDTHG
TAQUUDPAS AOYW TOD J10POPETIKOD TPOTOV TOV OVTIOPG. 1] KGAVWN VNG O€ OLOWYOPETIKES
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rwolwoeig. Etol, pe v epopuoyn e ektiunons g oVUPOAOUETPIKNG TUVAPELAS
UTOPOVUE VO ETITOYOVUE EVO. KOADTEPY KOTAYPOPH KO YVOOH TWV TANUUOPIOUEVWY
TEPIOY DV, OTH TAPOIO TOV YPOVOD, OTH GOYKEKPIUEVY TEEPIOYT].

Aé&eig Kherdrd: Xaptne xaraypapic minuuvpaov, SAR, Ydpoloyia.

1. Introduction

Presently, the most common approach for using EO data for flood mapping is based on SAR images.
SAR is characterized by a good sensitivity to water and is able to provide data day and night,
regardless of cloud cover. Several past studies demonstrated that SAR systems are suitable tools for
flood mapping so that the use of SAR data is presently well-established in operational services for
flood management. For the purpose of a timely and effective flood management, a humber of
algorithms published in the literature are available to produce near real time (NRT) flood maps
(Chini et al., 2013; Pulvirenti et al., 2011; Chini et al., Under Review). In spite of this progress in
the development of NRT flood mapping procedures, the detection of inundation in vegetated and
urban areas still represents a critical issue (Chini et al., 2012; Pulvirenti et al., 2013; Pulvirenti et
al., 2016). This is due to the fact that radar signatures of such targets are often ambiguous. As a
matter of fact, there is clearly a necessity to make use of the enhanced observational capabilities of
Sentinel-1 in order to find better ways for detecting floodwater in vegetated and urban areas. Indeed
the dual-pol acquisitions mode, the medium spatial resolution (20m) with a huge swath width (250
Km), the high repeat cycle (small temporal baseline) and relative narrow orbit tube (small
perpendicular baseline in case of interferometric acquisitions) are all characteristics that make
momentum for the development of new automatic flood mapping algorithms in more complex land
cover environment.

In the present work, the high sensitivity of the interferometric coherence to detect small changes has
been exploited to detect the presence of water in urban area, but also to reduce possible false alarms
caused by soil moisture effects in case of base soil and also to extract information about land cover,
replacing in this respect optical data features such as Normalized Difference Vegetation Index
(NDVI). Instead, the polarimetric characteristics of Sentinel-1 have been used to detect flood in
vegetated area, since the cross- and co-polarized backscattering behave differently respect to the
double-bounce between vertical structures and the water on surface. All these effects have been
taken into account making use of a change detection approach where changes of the backscattering
at the different polarizations, co- and cross-, and the interferometric coherence respect their dry-state
have driven the detection of flooded pixels in a statistical based framework. The test case is the
Evros River, the second largest river in Eastern Europe after Danube River, flowing through
Bulgaria, Greece and Turkey discharging into the north Aegean Sea.

2. Methods

The approach tries to identify the flood that occurs in three main land cover classes, such as urban
areas, bare or poorly vegetated soil and vegetated areas, taking advantage of co- and cross-polarized
SAR backscattering channels, and the INSAR coherence to better characterize the landscape.

In a SAR image, the amplitude and phase of the backscatter field depends on the physical (i.e.,
geometry, roughness) and electrical (i.e., dielectric constant) properties of the target. The presence
of floodwater changes these properties because the ground roughness tends to become smoother and
the real part of the dielectric constant becomes considerably larger than that of both dry and moist
soils. As a result, the surface reflectivity increases.

In bare soil the decreased roughness let the backscattering decrease and this behaviour is the same
in both co- and cross-polarized channel, thus we identify the insurgence of flood taking into account
just the backscattering intensity.
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In urban area, the double bounce effect is typically represented in SAR images by a very bright line
that appears on the side of the wall that is illuminated by the radar (Franceschetti et al., 2002). It is
worth mentioning that double bounce paths all have the same length as the range of the intersection
between the ground and the front wall of the building. In this case, even if the building is surrounded
by smooth asphalt surfaces, so that the change in soil roughness may be negligible, the increase of
reflectivity due to the increase of the dielectric constant implies, in principle, a considerable increase
of the double bounce effect. If we consider the angle between the flight direction and the street
alignment, the increase is high for small angles while is reduced for higher angles. As a consequence,
even in an ideal situation of an isolated building surrounded by a homogenous ground surface, the
increase of the double bounce due to the presence of floodwater is not very high if buildings are not
parallel to the SAR flight direction. This increase can be hardly detected using only the backscatter
intensity in a complex urban environment. Hence, the idea is to integrate intensity data with the
INSAR coherence, which is basically a measurement of the degree of correlation between two
complex SAR images. It is defined as the normalized cross correlation between the images and it is
related to the change in the spatial arrangement of the scatterers within a SAR image pixel (Chini et
al., 2015), and thus to geometric changes in the scene. An interferometric pair can be built using
two images taken before and after the flood, and it is expected that flooded areas exhibit low
coherence, typical feature to distinguish the presence of water, especially in urban areas where this
feature is usually very high regardless the images temporal baseline.

Concerning vegetated areas, which are more complex environment, are usually characterized by low
coherence due to changes in plant growing stage. Subsequently, coherence can help distinguishing
increases of backscatter due to soil moisture variations, in case of bare soil, from those due to the
presence of water beneath vegetation, double-bounce phenomenon, where coherence is considerably
lower. In this case the coherence plays basically the role of replacing optical data to detect vegetation.
Furthermore, we can take advantage of the two polarization available. Indeed the cross-polarized
backscatter is more sensible to volume scattering, while is the co-polarized one the more sensible to
the double bounce. As a matter of fact, in vegetated areas we should detect a sensible backscatter
increase in the V'V polarization and not in the VH one (Hess et al., 1990).

3. Results

As already mentioned in the introduction, the test case is the Evros River, which flows through
Bulgaria, Greece and Turkey discharging into the north Aegean Sea. The river has a total length of
about 515 km of which 218 flowing along the Greece - Turkey border and the rest in Bulgaria. The
Evros river catchment, of 52,900 km? is one of the most intensively cultivated areas in the Balkans
with a high socioeconomic and environmental (Evros Delta is protected under Ramsar Convention)
importance. Although the last fifty years significant hydraulic works have been constructed several
severe floods events struck the catchment and particularly the southern part the most severe of them
happen during 2004, 2005, 2006, 2009 and during the current year causing severe damages to
agriculture, transport and water supply networks. In particular, in the period between October 2014
and August 2015 have been collected more than twenty dual-pol Sentinel-1 images (VV/VH)
making possible to monitor the flood evolution. The flood is present in almost all images, except
two, which have been taken as reference, the images acquired on October 13 and 25, 2014.

The available SAR data have been calibrated and geocoded by means of the ESA-SNAP Toolbox
software to derive the backscattering coefficient (co). For this purpose, the SRTM 3sec DEM has
been used (Farr et al.). The products have been multilooked, 5 looks in range and 1 in azimuth, as
well as a pixel size of 20x20 m? has been chosen for the Sentinel-1A calibrated data. As for the
coherence, it has also been extracted through the ESA-SNAP Toolbox software considering a
moving window size of 7x7 pixels. All products have been co-registered as a first step of the data
processing.
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In Figure 1 is shown an example of the detection of flood in bare soil and vegetated areas, such as
marshes. In particular it is highlighted the advantage of using dual-pol data (VV/VH). It is worth to
note how in base soil areas the decrease of the backscatter occurs for both polarizations (red areas)
while for the vegetated ones the increase is evident only in VV (light blue areas).

In Figure 2 is shown an example of the role of the coherence for detecting flood in urban and
vegetated areas. There are highlighted two different RGB colour composition representations:

- Left: coherence between images pre-flood (October 25, 2014) and post-flood (November 6, 2014)
(R), intensity VV pre-flood (G) and intensity VV post-flood (B). White areas are representative of
unchanged areas, while green and blue regions are where the flood occurred in bare soil and
vegetated areas respectively.

- Right: coherence pre-flood (October 13, 2014-October 25, 2014) (R), and coherence post-flood
(October 25, 2014-November 6, 2014) (G and B). Red areas represent where the coherence is high
in the pre-event coherence map while the light blue ones those ones where the coherence is higher
in post-flood one.

Moreover, in Figure 2 the examples of bare soil (upper panel), vegetated areas (central panel) and
urban areas (lower panel) are shown.

In the bare soil class the flood is depicted in green (left, low coherence and higher backscattering in
the pre-event image), the pre-event coherence is higher as well (right).

In the vegetated areas the flood is highlighted in blue (left, low coherence and higher backscattering
in the post-event image), while in this case the pre-event coherence is low as well (right, dark areas).

Finally, urban areas, that fortunately were not affected by flood, are quite bright (left, high coherence
and high intensity in both images), and as well high coherences in the pre- and post-event maps

(right).
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Figure 1 - RGB combination involving the October 25, 2014 intensity image (R), the March
3, 2015 intensity image (G and B), VV (left) and VH (right polarization. The red areas in the
image represent bare soil which are flooded in both polarizations in the second date. Light
blue areas represent the flooded vegetation, the increase of backscatter is quite evident in the
VV polarization (left). In the lower panel a detail of the upper one is shown in both
polarizations, VV (left) and VH (right).
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Figure 2 - RGB colour composition. Left: Coherence between image pre-flood (October 25,
2014) and post-flood (November 6, 2014) (R), intensity VV pre-flood (G) and intensity VV
post-flood (B). Green and blue regions are where the flood occurred in bare soil and vegetated
areas respectively. Right: Coherence pre-flood (October 13, 2014-October 25, 2014) (R), and
coherence post-flood (October 25, 2014-November 6, 2014) (G and B). Red areas represent
where the coherence is high in the pre-event coherence map while the light blue areas those
ones where the coherence is higher in post-flood one.
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