DLR * e e

-
-

living planet|sonn

23-27 May

symposium|2022

TAKING THE PULSE
OF OUR PLANET FROM SPACE

@ EUMETSAT CECMWF ( ZUSPALE

Monitoring of tempo}rary inundations .
using Sentinel-1 and -2

Boudewijn van Leeuwen, Zalan Tobak,Ferenc Kovacs, Balazs Kajari
Department of Geoinformatics, Physical and Environmental Geography,

University of Szeged, Hungary

- om i E EENE ETE=EEE®NEBEBEMPMDPECE T*F=FE B E N + THE EUROPEAN SPACE AGENCY




Inland excess water background

» Definition? ,,Floods that occur when — due to limited runoff,
> Factors infiltration and evaporation — superfluous water remains

on the surface, or at places where groundwater — flowing
> Temporal distribution towards lower areas — appears on the surface by leakage

through porous soil.”
Inland excess water, excess water, inland water, surface

> |mpaCt ponding, standing water, sitting water, areal flood,
surface water flood.

» Spatial distribution
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Management of IEW

IEW is a problem or an opportunity?

Key reason for IEW mapping/monitoring:
> to locate inland excess water I@

> to understand the formation of the inundations

» to find the possibilities for intervention <:£|

N Il =N 411 = 1111 O S e e O b Bl 2R 22 = B m vl » THE EUROPEAN SPACE AGENCY



Methods of IEW mapping

In situ measurements

Hazard mapping
Hydrological modelling

Remote sensing based mapping

(RGB/NIR aerial photographs, multi- and hyperspectral aerial
and satellite imagery, radar satellite images, drone images)
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Continuous monitoring of inland excess water {esa

> AIms:
Operational (not just for science)
National (or at least regional)
Detailed (high spatial resolution)
Timely (high temporal resolution)
Completely automated (no user interference)
Accurate (better than what?)

Affordable (how much is it allowed to cost?)

> Since about 2016, continuous incremental
Improvements

> |In collaboration with actual users
> [Teamwork
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Study areas
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» Multispectral satellite data

Sentinel-2

> Radar satellite data

Sentinel-1

5100000 5120000 5140000 5160000

» Auxiliary data
Soil texture data

Mask for training

Mask for non-water areas

(water, permanent wetlands,
transportation infrastructure, built-
up areas)
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Monitoring framework
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Integration of
= individual [EW
workflow results

Weekly IEW map
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Index based workflow

ISODATA workflow

Radar workflow

Integration
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Automation

E File Edit View Mavigate Code Refactor Run Jools VCS Window Help belviz_scripts [D:\data\cik inability\behviz_s s] - WaRBelviz1.py - m} x
= H S <« WaRBelvizl + B # F Q
belviz_scripts ‘WaRBelviz1.py
E Project « [ - - PrePrn(S_Z‘.J\"_a.tR__SA.F)fm | .?e-n.tl-n?IFl_n\_Nj.l.n_ad\_'\'_atR__?l.\.f}_t_ PreProc51Wa WaRBelviz1.py
i belviz_scripts [ cikiSustainal if not chkDskSpace.enough_diskspace(out 10 ¥ 23 ~ ~ # Step 2B2: Mosaic S2 8 A2 251 ~ v
gs1 behizNEW_V2_GPT_testxml print "Not enough disk space" # icS2WatR 2(start + + £
chkDskSpace.py sys.exit()
cleanupdata.py -
tewstervectors, o . o -
_UEE EW_E Sreecerspy datelist = build_datelist(start_date, end_date) #PreP LeWatR Pref L8(start_date, e te, inf
integrationatR SApy for datum in datelist:
LeIndexprocWaR _SA.py - ) o o .
L8ISOprocWatR_SA.py 1= 1 - 7 : o EmeaiE e -
license.py 71 to get all files in infolder if tum 4 radarthresholdnum = "38" # Ld value given as
maskaml if os.path.exists(infolder): S$1ThresholdWatR_SA.calcSlbelviz(start_date, end_date,
o :
2 mask2xml for subdirs, dirs, files in os.walk(infolder)
metadataWriter.gy for infile in files: # Step 3B: Processing 52 I
MosaicS2WatR_SA.py if infile[len(infile) - 3:len(infile) #S21 tR lcS2belviz(start _dat t
postproc\WatR_SA.py if datum in infile:
PreProcL8WatR_SA.py if infilel[@:2] == "s2": # St jC: P ssing S2 I
PreProcS1WarR_SA.py #print(st tetime tef. thresholdnum = "2.5" # Ltiplicati fact for 1
PreProcS2WatR_SA.py print(infile) #52Inde R_SA.calcSz2I tart_dat t
runGPT.py inputfile = "-Pinputl=" +
S1ThresholdWatR_SA.py outfile = "-Poutputl=" + # Step 30: Soil moist
51ThresholdWatR_SA_backup.py outname = outfolder + "\\ #52moist i _Somoist P, + +
S2indexprocWaR SA.py if not os.path.exists(outl
52150procWatR_SA.py # itdi Lifii # St i+ Integrati
S2moistureindex_SA.py args = [gpt_exe_Toldel end_date = '04/04/2021'
sentinelDownlosdWatR py # print(args integration_threshold = ©.20 # Threshold value t
sentinelDownloadWatR_daily.py 5 o 1le #int +i . int PP, ¥ .
tinelDownlosdWatR_SA. - i - : B o
:entme oumeetia ARy p = subprocess.Popen(i
esL,
Py (output, err) = p.com # step 5 Postproessi
test2.py
test3.py print("errors:", err) #post, t st T tput t
WaRBelvizl.py print(outfile + ' pru endAll = time.time()
wget-log else: print ('All (selected) calculations finmished in %.2T
waet-log.1 print("File already e
° wget-log.2 i+=1 F ST 11 T - r T T
E > wget-log.3 PreProcs2()
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" Microsoft Windows [Version 16.8.19842.928]
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Preprocessing

> ESA SNAP software — gpt tool

» Multispectral data:

Level 2A: Band selection, resampling to 10 meter,
cloud masking and mosaicking

» Radar preprocessing

Read |———=Remove-GRD-Border-Noise ———== ThermalNoiseRemowal == Apply-Orbit-File
Write |je——— Terrain-Correction [ Speckle-Filter = Calibration
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Processing - Radar

Radar threshold:

uthr, = x +k * o,

lthry, = Xpmin + (3 * (X — Xpmin )/5)
b: VV /VH band, -
uthry, lthr, : upper/lower threshold in db, ;
X : mean backscatter of training samples in db,
o . standard deviation of training samples in db,
Xmin - MiNiMum of training samples in db,
K: user defined constant

Fqw

Water pixels:

water pixel = lthr, <xVV ,,; < uthr,
X: value of an individual pixel in both bands

->» Adapted for sandy areas )
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Processing - Multispectral

A.ISODATA (Ball & Hall 1965)

> lterative clustering

» ArcGlS/arcpy implementation

> Statistics of resulting classes are compared with statistics of reference water class

» Classes with the smallest spectral angle distance to the reference class are labeled as water

B. Modified Normalized Difference Water Index (Xu et al. 2006):

Pgreen — PSWIR B3 — B11
MNDWI = -2 =
Pgreen T PSWIR B3 +B11

, where B3 and B11 Sentinel-2 bands (10 meter)

MNDW lipreshoia = MNDW Lpean — k * MNDW g
where

MNDW L, .., : Mmean index value of the reference pixels,
MNDW I, : standard deviation of the reference pixels,
K: multiplication factor
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Integration
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Results 2019 e o0t

5 weeks in May-June 2019
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Results 2021
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Validation

Based on:
» Drone images
» Aerial photographs

» Very high resolution multispectral
satellite data
(Planet, Spot, Worldview-3)

0 10 20 km

Accuracy Assessment
Bl False positive

i 0 250 500 m | False negative .
Sentinel-2 RGB432 - B e positve | __A_\u’lal RGB321

. Producer's Omission User's Commission
# pixels nowater  water Total
Acc. error Acc. error
no water 4454908 7807 4462715 99.92 0.08 99.83 0.17
water 3494 4513 8007 36.63 63.37 56.36 43.64 16
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New data sources
Calibration + validation based on high resolution satellite data of large areas
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New algorithms (Al)

Geographic area specific
parameters

Include dynamic data
Conversion to open source
Data publication

17

Il c= — W 4= 1 = D11 11 O 02 - =m e Bl 2R 2= E = B m vl » THE EUROPEAN SPACE AGENCY



A\'Fe

medu;m resoluf on data -

o~

— - l'
oy 3 =

L 1, T

Acknowledement R 2 e ,_ -
Sentinel for Hungarian INIarl cess Wal
(SINEXT, ESA 4000124050/1 8/I BG )

WATERatRISK projekt (HUSRB/1602/11/0057)

=

Boudewijn van Leeuwen, leeuwen@geo.u-szeged.hu



	Slide Number 1
	Inland excess water background
	Management of IEW
	Methods of IEW mapping
	Continuous monitoring of inland excess water
	Study areas
	Data
	Monitoring framework
	Automation
	Preprocessing
	Processing - Radar
	Processing - Multispectral
	Integration
	Results 2019
	Results 2021
	Validation
	Possibilities for further development
	Thank you for your attention

