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OpPEernicus

Kokkuvote

Oppematerjal koosneb harjutustest fiitoplanktoni pinnaditsengute kohta, kasutades kaugseire
meetoditega saadud infot klorofiill a (Chl a) kohta suures madalas Peipsi jarves
(Eesti/Venemaa), kasutades Maa-ameti satelliidiandmete to6tlemise portaali ESTHub ja
rakendusprogrammi SNAP. Peamine eesmark on pilditootlus ESTHUB-is ja SNAP-is (vOttes
aluseks versiooni 9.0.0), maskide rakendamine ditsenguala arvutamiseks ja 3. taseme
tootlemisvdimaluste kasutamine ruumilisteks ja ajalisteks anallitisideks. Lisaks antakse
[Ghitutvustus sinivetikate e. tsiianobakterite ditsengutest, Peipsi peamistest ditsengu
tekitajatest ja levinumate ditsengutega seotud probleemidest.

Tanuavaldused

Oleme tanulikud ESA Copernicuse programmile ja EUMETSATIle satelliidiandmete eest, Maa-
ametile portaali ESTHubi t66tlemisvdimaluste eest ning Brockmann Consult’ile SNAP
programmi eest.

Selle 6ppematerjali valmistamist toetas projekt FPCUP, mida rahastas Euroopa Komisjon (FPA
no.: 275/G/GRO/COPE/17/10042, Action No.: 2021-2-11 Tailored downstream
applications/products—from Copernicus to coastal and inland water monitoring).
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Sissejuhatus

Fltoplanktoni esinemine jarvedes on loomulik nahtus ja flitoplankton moodustab veekogude toiduahela
aluse. Jarvesid ja veehoidlaid kasutatakse sageli joogiveevarudena ning need on olulised puhkamise
kohad, turismiobjektid ja vajalikud tarbevee votmiseks. Probleemid tekivad siis, kui liigsed toitained ja
soe ilm toetavad tstianobakterite massilist arengut ning ditsengud hairivad veekogu tavaparast
kasutamist, nt. kui pinnaditseng koondub madalasse kaldavette, ei ole tark ujuma minna. Sinivetikate
mass toodab paeval hapnikku ja tarbib seda 66sel, ka pdhjustab setetes anaeroobseid tingimusi
vetikamassi hilisem lagunemine. Hapnikusisalduse kdikumine vees pdhjustab kaladele stressi, ning
soojade ilmadega voib esineda kalade massiline suremine. Mirgiste ditsengute esinemine voib viia
tOsise joogiveekriisini (Backer, 2002, Steffen et al., 2017).

Oitsengute intensiivistumine on eriti murettekitav siseveekogudes (Brooks et al., 2017, Malthus et al.,
2019), kuna puhta magevee puudusega seotud probleemid kipuvad suurenema kogu maailmas (WHO,
2022). Muutuva kliima ja temperatuuri toustes kasvab sinivetikate Gitsemise sagedus, ulatus ja kestus
globaalses mastaabis (Taranu et al., 2015, Huisman et al., 2018, Paerl et al., 2020).

Oitsengu definitsioon

Alati pole lihtne eristada, mida &itsengu all mdeldakse. Uldiselt on &itseng:
¢ fitoplanktoni kontsentratsiooni kiire ja markimisvaarne tdus

¢ flitoplanktoni biomass, mis on antud veekogu jaoks ebatavaliselt kdrge

® vee varvuse muutus

¢ ndhtav heljum veepinnal
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¢ vetikate suur biomass, mis on lle antud jarve tavaparase flitoplanktoni biomassi, mis hairib selle jarve
Okoslisteemi teenuseid ja toimimist.

Ibelings jt.(2016) markisid, et Gitsengu maaramisel ei ole oluline mitte sinivetikate esinemine koosluses,
vaid nende hulk. Naiteks WHO (2021) soovituste jargi kui sinivetikad domineerivad vetikakoosluses ja
klorofiill a kontsentratsioon on > 12 pg/l, peaks olukorda pidama ohtlikuks ning tuleks anda hoiatus.
Peipsi jaoks on WHO pakutud vaartus liiga madal, seega arvutati ditsengu iseloomustamiseks iga
eraldiseisva jarveosa mediaanvaartus ja 6itsemise alguse tahistamiseks valiti 5% vorra Uletatud
mediaanvaartus (tabel 1). See meetod eeldab pikaajalise andmestiku olemasolu, mis Peipsi puhul pole
takistuseks.

Tabel 1. Qitsengu lavivaartus Peipsi jarve erinevate osade jaoks.

Jirveosa Pikaajaline keskmine +5%
Peipsi Suurjirv 17,1 pg/L 18 pg/L
Limmijarv 34 png/L 35,7 pg/L
Pihkva jarv 44 4 pg/L 46,6 pg/L

Tavalised ditsengu tekitajad

Peamised planktonis laialdaselt levinud ja toksiine tootvad ditsengutekitajad on N, fikseerivad
perekonnad Dolichospermum (endine Anabaena), Aphanizomenon, Cylindrospermopsis, Nodularia, N,
mittefikseerivad perekonnad Microcystis ja Planktothrix (Paerl & Paul, 2012). Sinivetikad on véimelised
veesambas vaga kiiresti paljunema ja on gaasivakuoolide tottu véimelised vertikaalselt liikuma, mille
tulemusel moodustub veepinnale vaikse ilmaga vetikamassi kiht (Paerl & Huisman, 2009, Vaiciiteé et al.,
2021, Wynne et al., 2013). Pinnaditsenguid on nende ebalhtluse tottu regulaarse seire raames raske
uurida, sest laeva voi paadiga liikumine pShjustab ditsengumassis muutusi. Kaugseire véimaldab
Oitsemist kvantifitseerida, leida alguse kuupdeva ja jalgida ditsengu horisontaalset liikumist.

Peipsi jarv —uuritav ala

Peipsi jarv on suur piirililene veekogu (pindala 3555 km?), mis jaguneb Eesti (44%) ja Venemaa (56%)

vahel. Jarv koosneb kolmest osast — pohjapoolsest ja suurimast Peipsi Suurjarvest (Peipsi sensu stricto
(s.s.)), [dunapoolsest Pihkva jarvest ja Lammijarvest, mis neid kahte tihendab (Joonis 1, Tabel 2). Peipsi
jarvel on 240 sissevoolu, neist suurim on Velikaja jogi (Peipsi, 2008), ainsaks valjavooluks on Narva jogi.
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Joonis 1. Peipsi jarveosade kujufailid.

Tabel 2. Peamised jarveosade omadused.

Pindala (km?) 2611

Ruumala (km?3) 21,79 0,6 2,68
Keskmine sligavus (m) 8,3 2,5 3,8
Suurim stigavus (m) 12,9 16,3 5,3
Troofsus Mesotroofne Eutroofne Eutroofne

Peipsi jarves esinevad tavalised sinivetikad on ndhtavad joonisel 2. Peipsis on sinivetikaditsengud
tavaline nahtus juba alates esimestest kirjalikest markustest jarve vetikakoosluste kohta, aga
domineerivaid Oitsengu tekitajaid on aastate jooksul muutunud. Algul mainiti perekonda
Aphanizomenon, seejarel pShjustas tugevat Sitsengut koloniaalne tslianobakter Gloeotrichia echinulata
(mesotroofsete eelistustega liik (Laugaste et al., 2013)) ning viimastel aastatel on levinumad
Dolichospermum lemmermannii ja vett sinakasroheliseks varvivad sinivetikaliigid perekonnast
Microcystis.
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Naiteks (https://www.terviseamet.ee/et/uudised/peipsi-jarves-vohab-sinivetikas). Osa tstianobakterite
populatsioonist on vdimeline siduma Shulammastikku heterotsiistide kaudu, sdltudes ainult fosforist ja
lisades oma elutegevusega vette taiendavat lammastikku.

Joonis 2. Tavalisemad sinivetikad Peipsi jarves: A- Gloeotrichia echinulata, B- Dolichospermum
lemmermannii, C- Microcystis wesembergii, D- Microcystis flos-aquae, E- Aphanizomenon sp., F-
Dolichospermum sp. Fotode autor K. Maileht.

Enne 6ppematerjali [abimist:

1) ESTHubi konto loomine (vajalik riiklik ID number). Rohkem infot
https://geoportaal.maaamet.ee/eng/Spatial-Data/National-Satellite-Data-Centre-ESTHub-
p654.html

2) SNAP programmi allalaadimine

See Oppematerjal kasutab ESTHubi to6tlemisplatvormi (sisselogimine:
https://ehcalvalus.maaamet.ee/calest/calvalus.jsp) ja programmi Sentinel Application Platformi (SNAP).

ESTHub on satelliidipiltide toé6tlemisplatvorm, mida haldab Maa-amet ja mis hdlmab Eesti territooriumi
ja selle imbrust. Sentineli rakendusplatvorm (SNAP) 9.0.0. on programm Maa vaatluste t66tlemiseks ja
analUisimiseks, allalaaditav aadressilt https://eo4society.esa.int/resources/snap/.

Ulesanded selles 8ppematerijalis:

1) ESTHubi kasutamine Chl a arvutamiseks thelt satelliidipildilt, seejarel ditsengumaski loomine ja
oitsenguala leidke SNAP-tarkvara abil.

2) Mitmelt pildilt ditsenguteabe hankimine SNAP-is pakett-tootlust kasutades.
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3) ESTHubis 3. taseme arvutused ruumilis-ajaliste analtitiside jaoks (valitud ajaperioodi keskmine).

1. Oitsenguala otsimine 1 valitud pildilt

Esimene harjutus kasitleb 1. taseme andmete kasutamist ja klorofiill a kontsentratsiooni leidmist
maksimaalse klorofiilli indeksi ja regionaalsete koefitsientide abil lle Peipsi jarve, et saada jarveosa-
spetsiifilist ditsenguala.

ESTHubis valige vasakpoolselt paanilt , L2 Processing” ja Input File Set ,,Sentinel 3 OLCI EFR Level 1“.

Processing Service

Input File Set

s sstnly, Show predefined file sets
Match-up Analysis O Show my outputs | and of other users
STTIITTCTE T o
= | Name: Sentinel 3 OLCI EFR Level 1
Regional Statistics Sentinel-1 GRD .y 53 OLGI L1B EFR
Sentinel-1 OCN YPe- _OLCLLIB
L3 Processing Sentinel 3 OLCI EFR Level 1 StartDate:  2016-04-26
Sentinel 3 OLCI LFR End Date 2024-12-31
Sentinel 3 OLCI WFR Region name: Baltic
Sentinel 3 SLSTR RBT Level 1 Geo Inventory: Yes

Sentinel 3 SLSTR LST

L oo T

Regions

Show Help

I"

Temporal filter: vali nditeks kuupdev 12.07.2023. Spatial filter voib olla “global” voi midagi
spetsiifilisemat. Regiooni saab ise valida “Add and manage user regions”, suumige
huvipakkuvasse piirkonda, joonistage uus hulknurk ja salvestage see uue kasutajapiirkonnana.
Tagasi L2 Processing ja ruumilise valiku Spatial filter all saab valida enda poolt defineeritud ala
vOi joonistada uue piirkonna ja salvestada selle uue alana.

Temporal Filter Spatial Filter

O No filter O No filter (global) @ By region
FaTauHa’ Ki
OBy date range " [ EstHuB . < . ®
Start . i Map  Satellite i |
. 2017-06-01 [ training
date: s\
Velik:
End  5017-06-30 ¥ @ user 92 Novgorod
date: Estonia V% 5 S _._.-"’?enukww
. TIOR8 S H O — " =%
@ By date list Viljandi ra;rtu ;
2023-07-12 1 Staraya Russ
CTapa% Pycc
P Valmiera
e}
1 days )
Show Help G? ag.lﬁ - @8 Map data ©2024 Google | Terms

Add and manage user regions

Valikust Level-2 Processor vali Maksimaalse klorofilli indeks (Maximum chlorophyll index
(MCl)):
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Level-2 Processor Level-2 Parameters

Processors of other users K Highest version
Matching input type

My processors
System processors

<none=
Case 2R/CoastColour Processor for OLCI with Idepix v1.91
Case 2R/CoastColour Processor for OLCI with Idepix v1.91
Case 2R/CoastColour Processor for S3 OLCI v1.91

Case 2R/CoastColour Processor for 83 OLCI v1.91

Cloud screening with SNAP Idepix for OLCI v7.0.0

ICOR atmospheric correction processor for S3 OLCI v3.0

<parameters=
<lowerBaselineBandName=0a12_radiance</lowerBaselineBandName:
<upperBaselineBandName=0a10_radiance</upperBaselineBandName>
<signalBandName=0a11_radiance</signalBandName=
<maskExpression=(lquality_flags.land or quality_flags.fresh_inland_water) and |
quality_flags.invalid</maskExpression=
=slope=true</slope=
<slopeBandName=MCI_slope</slopeBandName=
<lineHeightBandName=MCl</lineHeightBandName=
=cloudCorrectionFactor=1.005</cloudCorrectionFactor>
<invalidFihMcivalue=NaN=/invalidFlhMcivalue>

UNIVERSITY or TARTU
Tartu Observatory

Maximum chlorophyll index (MCI) from EFR v7.0.0
Polymer L2 v4.16.1.forscientificuse

SNAP generic BandMaths v1.1

SNAF generic Subset v1.2

</parameters=

e

Edit Parameters

Input Types: S3_OLCI_L1B_EFR
Bundle: s3tbx-flnmci v7.0.0
Owner: System

Choose File | No file chosen

P Processor description:

Show Help

Good-pixel expression lubab kirjeldada, milliseid piksleid kasutada. Siin saab 6elda, et dra kasuta
heledaid vdi vigaseid piksleid - NOT quality_flags_bright and NOT quality_flags_invalid

Output Parameters Luba mdningal maaral ebadnnestumist (naiteks 20%), maara nimi, mis
toodeldud produktile pannakse ning vali netCDF4 format, seejarel kidpsa Order Production.

Output Parameters

[1207 |

Production name:

Provide a name for the production to identify it later on. If left empty, a name will be generated from the given parameters.

O Process to Cluster-Intemal-Format
@® User product

Product file format: | NetCDF4 v

Mote that the available product file formats may depend on the selected processor

Perform staging step after successful production

Percentage of allowed failing prcducts:
Request queue:

If you are entitled for several queues

e queue for the project you are processing for

Check Request Save Request Order Production

,Productions” all (ESTHubi vasakpoolsel paanil) on vahekaart, mis nditab t66tlemise edenemist
(ja vigade olemasolu) ja toodeldud failide loendit, mille saab péarast téotlemise IGpetamist alla
laadida.
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Processing Service

O ¥ Production User Processing Stati
L2 Processing 20240124003307_L3_Tadcb0ZechfecO :
et u A O 2022 average _pe kersti kangro COMPLETED
atch-up Analysis
P Y D 20240124085241_L3_Ta3chiZecbfebf k ti ki COMPLETED
Regional Statistics ZLPE) VR (T SEange
20240124084225_L3_Tad3ch f )
L3 Processing O 2023 ps kersti. kangro COMPLETED
O ;ﬁfg;62g5§32*6;—3-35:3¢33*”‘3” kersti kangro COMPLETED
rea O f&j;ci'ﬂ""”‘—-B—"EBc': kersti kangro COMPLETED
egions _
TS O FEE Zr{e‘ngjes—-” FELIEREEE RN kersti kangro COMPLETED
. 20240122121852_L2Flus_Talcbl2eckisba )
0O 1307._regio kersti. kangro COMPLETED

Alla saad produkte laadida, kldpsates Download. Tulemuseks on mitu faili, laadi alla S3A fail,
[6puga 1980.nc.

Analiiiis jatkub SNAPis.

Ava SNAP ning ava ka allalaaditud fail — kas sikuta produkt vasakule darde aknasse, voi (File ->
Open Product -> otsi sealt, kuhu alla laadisid, tles fail L2_of_S3A....nc)

File Edit View Analysis Layer Ve
&  Open Product...

Recpen Product ¥
% Product Library

Close Product

Close All Products

Close Other Products

Save Product

Save Product As...

Session ]
Projects ¥
Import ]
Export b
Exit
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File Edit VWiew Analysis Layer Vector Raster Optical Radar Tools Window Help
b oo-o b
a% AREATe X oA v R 9@

Product Explorer X | Pixel Info ]
ER=W1] .2 of 53A OL 1 FFR___ 20230717T033253_20230712T083553_20230713T091837_0179_101_064 1980 P51 0O NT 003
-3 Metadata

|:| Flag Codings

|:| Vector Data

-3 Tie-Point Grids

E}a Bands
- - maI (708.75 nm)
MCI_slope
quality_flags
lat

B —

=

lon

& 3 Masks

Vali MCI band (Valiku Bands all, kldpsa +, topeltklops MCI (708.8 nm)) ja ava pildiaken.

A R ELSRXE oA ATNTEQ@R = H o
roduct Explorer X |Pixelinfo | —@mme <]

-8 [1]L2.0f 534 OL_L EFR__ 20230712T083253_20230712T083553_202307157091837_0179_101_064_19
32 Metadata
(@ Flag Codings
(30 Vector Dats
330 Tie-Point Grids
& Bands
¢ [ ™1 (708.8 nm)
o i[E mci_slope
o[ quality_fiags
LA et
i lon
3 Masks

~

ayer Editor | Quickiooks | Navigation - 1] ... [ Colour Mani... X [Uncertainty Vis...

Editor: (@ Basic () Siders () Table

o

5]

Scheme

<

=

Palette

unnamed

[ Load exact values Reverse

<

Kui pildiala on liiga suur, saab tekitada vadiksema pildi valikust “subset” — parema klahviga kldps
pildi peal ja tekkinud valikust valida “Spatial subset from View”, mis laseb pildi peal vihendada
suuruse ainult Peipsi jarveni, vajuta OK. See vahendab t66deldava faili suurust ning lisab
tootlemiskiirust.

10
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5 Band Subset  Tie-Point Grid Subset Metadata Subset
L v
£ ¢ o :.-‘:.\ &
o ) &
: |:| nooeo Pixel Coordinates  Geo Coordinates
S . Scene start X: 147215
% Scene start ¥: 1056 15
Scene end X: 23361
Scene end ¥: 219415
Scene step X: 1
Scene step Y: 15
Subset scene width: 865.0
Subset scene height: 1089.0
Source scene width: 4865
Source scene height: 4090
[ Fise full width
Use Preview
[ Fisx full height
v
Estimated, raw storage size: 69.6M
Cancel Help
T TR —
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Pilditlikk avaneb uue failina originaalfaili alla. Vali vdiksem fail (subset_0_of ...) ja ava selle MCl
pildiaken.

Arvuta klorofill a sisaldus MCI abil (Alikas et al. 2010), kasutades Ulalt valikut Raster ->Band
Maths:

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

e IR X

Product Explorer X | Pixel Info |

[

=2 [1]L2_of S3A_OL_1 FFR___ 2023
G- (3 Metadata

I:l Flag Codings

I:l Vector Data

G- (23 Tie-Point Grids

E}E Bands

[ MCI (708.75 nm)
MCI_slope
quality_flags
lat

lon

i 23 Masks
-84 [2] subset 0 _of L2 of 534 OL_1 |

&3 Metadata
I:I Flag Codings

Band Maths...

Geo-Coding Displacement Bands...
Subset...

DEM Tools
Geometric
Masks

Data Conversicn
Image Analysis
Classification
Segmentaticn
Export

Bands extractor

11
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Raster -> Band Maths -> avaneb dialoogiaken. Seal saab anda uuele kanalile nime, valikus Name
naiteks Chl a. Valemit saab kirjutada Edit Expression -> Expression aknas-> sinna saab sisestada
valemi. Triki valem MCI*10.9+15.3 ja vajuta OK.

B —

=

¥ Band Maths hd
Target product:

[2] subset D of L2 of 534 OL_1 EFR___ 20230712T083253_20230712T083553_20230713T091837_0179_101 064 1980_PS1 O_NT 003 “
Mame: Chla

Description:

Unit:

Spectral wavelength: 0.0

Virtual (save expression only, don't store data)

Hal

Replace NaM and infinity results by

[[] Generate assodiated uncertainty band

Band maths expression:
MCI*10.9+15.3

Load... Save... Edit Expression...

Cancel Help

Klorofill a pilt ilmub ekraanile. Kui ei ilmu, siis kldpsa Bands alt viimasele kanalile Chl a ja Open
Image Window.

Kasuta Colour Manipulation akent, et Chl a produktile varve lisada. Valikus Palette voib valida
naiteks “oceancolour_standard.cpd”, kus varvidel on pidev tileminek. Valiku ,, More options” alt
vOib valida ka ,,discrete colours”, mis voimaldab maarata kindlad vaartused, millest alates varvi
vahetatakse. Vaartusvahemik vdib olla kas andmepdhine voi paletipdhine, ning varvid
muutuvad olenevalt valikust.

avigation - [8] Chl a | Colour Manipulation - [8] Chla X ‘ Uncertainty Visualisation World View

v

Editor: (@) Basic (O Sliders () Table
Scheme Logyy

--nong -

Palette
derived from oceancolor_standard,cpd

e B @

B

Load exact values Reverse

Range
Min: 1.0952443 Max: 110.0

- T . —

12
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Vaartustele saab varve valida kas tabelipOhiselt vOi modda skaalat libistades, tehes soovitud kohas
topeltklGpsu. Arvesta, et klorofiillisisaldus saab varieeruda alates nullist.

Name: Chla
Unit: null

Min: -75.05
Max: 100.524
Rough statistics!

K 3

Muudetud varvipaletti saab salvestada uueks cpd failiks = ning kasutada edaspidi samal kujul

B

teiste failide puhul, valides soovitud faili “Import colour palette”

Tulemus sellise varvipaletti puhul:

13
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Varvilegendi saab eksportida kas nagu faili (Fail) vdi nagu pilti (Image). KIGpsa pildil ja vali
Export Colour Legend as Image. Valides Properties, saab varvilegendi infot muuta (pealkirja
teksti, paigutust jmt.)

Vaata saadud klorotiillikaarti — kus on madalamad klorofiillivdartused? Kas klorofiill on Peipsi
jarves lihtlaselt jaotunud? Saad kasutada Colour manipulation véimalusi ja muuta varve.

Oitsengu kirjeldamine:
Impordi Peipsi jarve kolm kontuurfaili (faili nimi tuleb valida Product explorer aknas) Vector->

Import -> ESRI shapefile (enne peab kaust olema lahti pakitud) -> vali k&ik kolm kontuurfaili ->
vali koordinaatide siisteem Use target CRS -> WGS84.

E [2] subset_ 0_of L2 of S3A_OL_1_EFR___ 20230712T083253_20230712T083553_20230713T091837_0179_101_064_1380_PS1_O_NT_003 - [not saved] - SNAP
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

& % %} \Ij% % ,\E‘% Mew Vector Data Container @% /C_"_ GC_';_ \+ ;\7 |:|'_ <-D @ \E|r5 g N |:|:|:| g HH

Product Explorer X | PixelInfo| ~ G€ometry from WKT - .
o @ MCI (708.75 nm) -
@l mC1_siope Import 2 SeaDAS 6.x Track
: lity_f
g IC.I:HW_ - Export 2 Vector from CSV
[ lon MERMAID Extraction File
[ (23 Masks ESRI Shapefile
=W[2] subset_0_of 12_of 53A_OL_I_EFR___20230712T083253_202307 1 [Fe R RO Ny s
-2 Metadata
Kisida voidakse Coordinate Reference System i tapsustusi, sinna voib jadda esialgne valik
(default).
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B import SHAPEFILE Data ¥

B —

=

The vector data are not associated with a coordinate reference system (CRS).
Please specify a CRS so that coordinates can be interpreted correcthy.

Coordinate Reference System (CRS)
WGS34{DD)

() Custom CRS

Geodetic datum: | World Geodetic System 1984
Projection: Geographic Lat/Lon (WGES 84)

Projection Parameters. ..

() Predefined CRS Select...
Cancel Help

Kujufailid ilmuvad nagu maskid: Mask Manager (View-> Tool Windows->Mask Manager).
Maskitlitip: Type on Geometry. Nii kihi nimi, varv, kui labipaistvus on muudetavad vastavalt

soovile.
Tee kujufaili ette linnuke, kui tahad, et see nahtav oleks.

"
AN TE9Ee R s IEED

S Tl TCil TEErel TEPRT L el T

Oitsenguala kirjeldamiseks tuleks luua uus mask klorofiill a sisalduse piirmairade (Tabel 1
sisejuhatuses) jargi.

15
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Arvutame uue maski esmalt Peipsi Suurjarve jaoks — vali Mask Manager, kldpsa ) , et
vorrandit sisestada. KI&psa valikud Show masks ja Show bands. Vali Peipsi_suurjarv mask,
kirjuta "and” ja vali Chl a kanal, ning lisa piirvaartus Tabelist 1.

&b New Logical Band Maths Expression X
Data sources: Expression:
quality flags_saturated Oal3 ~ @ and @ Peipsi_suurjarv and Chla>=13§)
gquality flags saturated 0aZd

= = = @ or @
quality flags_saturated_ Call
Peipsi_suurjarv === (3
Lammi_jarwv 3]
FElETE JEeT Constants. . . w
o el o Operators. . . e
s5_mask w

Functions. . . w

Show bands

Show masks

[] show tie-point grids
[] Show single flags

Ok, no errors.

Cancel Help

Pane uuele loodud maskile nimi, ning korda sama Lammijarve ja Pihkva jarvega, vaadates
piirmaarasid tabelist 1.

Uhenda 3 maskitud ala — vali kolme ala c")itsengum_g_skid ja klopsa G, et maske Uhendada.

Maske saab eksportida ja hiljem importida % . Vali vdlja mask, sellele kldpsates. Ekspordi
kombineeritud Gitsengumask terve Peipsi jarve kohta. Kui suur on ditsengu alune pindala
koigis jarveosades?

B snap
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
N y Gl v o
SR G0 Y e rNvEQe B
Product Explorer | Pixel Info |
9@ [1]L2_of S3A_OL_1_EFR 2023 7_0179_101_0&4_1980_PS1_O_NT_003
- [E3 Metadata
- [E3 Flag Codings
[}-l:l Vector Data
[ [E3 Tie-Point Grids DEM Tools >
E—}'a Bands Geometric ¥
[ MCI {708.75 nm,
: § - (slope ) Masks > Land/5Sea Mask
. ..... ¥ qualﬁ:y_ﬂags Data Conversion * Terrain Mask
, ,,,,, B =t Image Analysis > Mask Area...
“- lon Classification 2 Fractional Land,/Water Mask
B3 Masks Segmentation G LandCover Mask
B8 [2subset 0of 12 0f S OL1|  peport > P e=e, NT_003
- [C3 Metadata

Bands extractor
[ 23 Flag Codings

=H4Z8 Vector Data
:--\Dr\ pins

16
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Seda saab teha Raster -> Masks -> Mask area. Vali nimekirjast valja sobiv mask ja leia pindala

kmZ.

Peipsi Suurjarve maski pindala (Peipsi_suurjarv) on 2881.3 km?.

B —

=

l
ﬁ Compute Mask Area - [2] Peips... X

Mumber of Mask pixels: 33523

Mask area: 2881.345 | km"2

Mean pixel area: 0.086 | km*2
= Minimum pixel area: 0.015 | km*2
| Maximum pixel area; 0,123 | km"2
_| Mean earth radius: 6378.137 | km
Zh
i3

Oitsengu maski pindala on (geometry mask Peipsi_suurjarv and Chl a > 18 pg/L) 2426 km?Z.

E Compute Mask Area - [2] Peips.. X

Mumber of Mask pixels: 28259

Mask area: 2426.251 | km2
Mean pixel area: 0.086 | km*2
Minimum pixel area: 0.016 | km=2
Maximum pixel area: 0.122 | km*2
Mean earth radius: 6378.137 | km

o

Kui suur on Gitsengu pindala a) Lammijarves b) Pihkva jarves c) terves Peipsi jarves?
Sulge produkt ja salvesta fail.

Valikiilesanne: tee sarnane protsess labi Soome lahe kohta, vottes aluselt sama pdeva pildi.
Arvuta klorofill a MCl-st, pane peale oma varviskeem ja vaata Soome lahe ala. Kas ka seal on
Oitsengut naha?

2. Graph Builder ning Batch Processing Tool SNAPis

17
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See (ilesanne Opetab tootlema SNAPis mitmeid pilte korraga. Lisaks on ndidatud ara voimalus,
kuidas luua ajaliste keskmiste vaartustega pilte, kasutades L3 Binning véimalust ESTHubis.

Kasutame ESTHubi, valige L2 Processing, Sentinel 3 OLCI EFR pilte koos MClga, jargides esimese
Ulesande juhiseid, aga seekord valides 3 padeva pildid (naiteks 15., 16. ja 22. september 2023).
Vali User -> region 1, mis hdlmab Peipsi jarve. Laadi alla Giks S3A pilt igast kuupdevast, vali
[6puga _1980.nc

SNAPis saab mitmeid pilte panna paraleelselt to6tlema, kasutades Graph Builder * " ja Batch

OO0

[= )

oo
L]

Processing Tool | *** ‘'vGimalusi. Graph Builder lubab panna jarjekorda tegevused, mida soovime
koigile piltidele rakendada.

Ava SNAP ja loo Graph Builder skeem edasiseks t66tluseks. Parem kldps ekraanil, ning vali
processing tool. Esmalt lisa Subseti tegemine (Add-> Raster->Subset), et paremini Peipsi jarvele
keskenduda.

E Graph Builder X

File Graphs

Add ? | &d  Input-Output >

Connect Graph wul Optical
Radar IEI

>
>
wal Raster > ||l Change Detection
>
»

wa Tools Classification
wa Vector wa Data Conversion
ws DEM Tools
Geometric
wul Image Analysis
Masks

¢ BandMaths

L

< ¢ BandMerge >

-

Read Write —

Image-Filter
Name: . Subset

-
-
-
Source Product -
-
% TemporalPercentile

Data Format: v

18



)

UNIVERSITY oF TARTU
Tartu Observatory

e
—

M Gotl¥ |

Siis lisa BandMath abil klorofiill a kihi arvutamine Chl a (Add-> Raster-> Band Maths). Siis parem
klikk ja vali Connect graph. Iimuvad tihendavad jooned. Salvesta valmis skeem, naditeks
MyGraph.xml

E Graph Builder X
m Graphs
Load Graph ~
‘ Save Graph ‘
View Graph XML

< >
-~

Read write Subset BandMaths
Source Product
Name:

Data Format: v

Advanced options

Product Explorer: ava kolm septembrikuist L2 produkti SNAPis.

B snap

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
AP INIECLASBENE NI AINTR P

Product Explorer X |Pixelinfo | -

@& [1L2.0f 534 OL_1 EFR___20230915T084743_20230915T085043_20230916T093246_0175_103_221_1980_PS1 O]
@& [2L2.0f 534 OL_1 EFR___ 20230916T082138_20230916T082438_20230917T085911_0178_103_235_1980_PS1_O)]
& [31L2.of S3A_OL_1 EFR___20230922T090631_20230922T090931_20230923T094800_0175_103_321_1980_PS1_O)]
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Vali Batch processing..***  Kasuta , et k&ik 3 faili sinna laadida. Laadi varasemalt
salvestatud skeemifail, kasutades nuppu Load Graph.

E Batch Processing X

File Graphs

File Name Type Acquisition Track Orbit
L2_of S3A_OL_1 EFR___ 2...|org.esa.s3tbx....
L2 of S3A_OL_1 EFR____ 2...|org.esa.s3tbx....
L2 of S3A_OL_1 EFR___ 2...|org.esa.s3tbx....

FRee>H 1 4 +

3 Products

Run remote Load Graph Close Help

Valikud ilmuvad I/O Parameters k&rvale, ning neid saab tdiendada ja muuta. Subset valiku all
vali MCI kui kasutatav kanal ning margi dra ka Geographic Coordinates.
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1/O Parameters Subset BandMaths Write

Soucesens: T

MCI_slope
quality_flags
lat

lon

Copy Metadata

(O Pixel Coordinates (@) Geographic Coordinates

Reference band: MCI

®
/3

Fg '
Kasuta ikooni i , et margistada hiirega ara huvipakkuv ala — ilmub kollane kast punase

poliigoni sees. Vajuta Update. Nii toimub uue ala valimine. Kuna see vdib votta pikemalt aega,
tdida vahepeal dra Band Math saki alune osa.

(O Pixel Coordinates (®) Geographic Coordinates

\eference band: MCI

Band Math valiku all margi ara Target Band, milleks on Chl a ja lisa valem Chl a arvutamiseks.
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I/O Parameters Subset BandMaths \rite

Target Band:

Chla

Target Band Type: float32

Band Unit:
No-Data Value:

Expression:

0.0

)

e

=
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MCI*10.9+15.3

Edit Expression...

WRITE saki all margi ara kaust, kuhu productid tekitatakse ning salvesta need NETCDF4-CF

failina.

File Graphs

1/O Parameters Subset BandMaths Write

Target Product

Name:

Subset_L2_of S3A_OL_1_EFR 20230915T084745_20230915T085045_20230916T093246_0179_103_221_1980_PS1_O_NT_003_BandMath

C:\Wsers\kiti\L3_subsetist

Siis vajuta RUN.
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E Batch Processing : myGraph3.xml X
File Graphs

Processing 2 of 3L2_of 53A_OL_1_FFR___ 20230916T082138_20230916T082438_20230917T085911_0179_103_235_1980_PS1_O_NT_003.nc

IO Parameters Subset BandMaths Write
Target Product

Name:
'Subset_Lz_of_SSA_OL_l_EFR 20230916T082138_20230916T082438_20230917T085911_0179_103_235_1980_PS1_O_NT_003_BandMath

Save as: NetCDF4-CF v
Directory:
C:\Wsers'kiti\L3_subsetist

Computing raster data...

Estimated 2 seconds remaining Run remote Load Graph

Luuakse 3 uut faili.

Product Explorer X | Pixel Info -

@& [1L2.0f S3A_OL_1_EFR___20230915T084749_20230915T085049_20230916T093246_0179_103_221_1980_PS1 O,
@& [2]L2_of S3A_OL_1_EFR___20230916T082138_20230016T082438_20230917T085911_0179_103_235_1980_PS1_0
@& [3112.0f S3A_OL_1_EFR___20230922T090631_202309227090931_20230923T094800_0179_103_321_1980_PS1_O,
-8 [4) Subset L2 of S3A_OL_1 EFR___20230915T084749_20230915T085043_20230916T093246_0179_103_221_1980
@& [5]Subset L2 of S3A_OL_1 EFR___20230916T082138_20230916T082438_20230917T085911_0179_103_235_1980
& [6] Subset L2 of S3A_OL_1 EFR___20230922T090631_20230922T090931_20230923T094800_0179_103_321_1980

Product explorer -> ava ihe subseti Chl a kanal.
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B 4] Chla - Subset 12_of S3A_OL_1_EFR__20230915T084749_20230915T085049_20230916T093246_0179_103_221_1980_PS1_O_NT_003_BandMath - C:\Users\kiti\L3 _subsetist\Subset L2 of S3A_ OL 1 EFR__20.. — g
file Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- s

aB IRBLSETE rOAARINTVEOR Z |

Product Explorer X | Pixel Info — @ [Hcha x v
W [1]L2.0f S3A_OL_1 EFR___20230915T084749_20230915T085049_20230916T093246_0179_103_221_1980_PS1 A
@ [J12.0f S3A_OL_1 EFR___20230916T082138_20230916T082438_202309177085911_0179_103_235_1980_PS1
@ (3]12.0f S3A_OL_1 EFR___20230922T090631_20230922T090931_202309237094800_0179_103_321_1980_PS1
& (4] Subset L2 of S3A_ OL_1 EFR___20230915T084749_20230915T085049_20230916T093246_0179_103_221_1¢
© 0 Metadata
#- (@3 Vector Data

Navigation - [4] Chla X Colour Manipulation - [4] Chia Uncertainty Visualisation World View

TERLALLP| Y,

Kasutades L3 binning t66tlust (Raster->Geometric -> Level 3 Binning), et leida keskmine
klorofullivaartus kolme septembrikuu pildi alusel.

w | Raster Optical Radar Tools Window Help

E,' Band Maths... ,: £ ;:7 ]1 g} O t}a

Geo-Coding Displacernent Bands...

Subset...

DEM Tools »

Geometric L Level-3 Binning

Masks b Mesaicking

Data Conversion 2 Reprojection

Image Analysis * Resampling
Classification L GeFalki Co-registration
Segmentation ) Multi-size Mosaic
Eport ’ Collocation

Bands extractor

Uus aken avaneb. KIdpsa * , Add product(s) ning vali 3 subset produkti -> OK. Configuration

valiku all kldpsa T _> Edit Aggregator vali Chl a kui Source band name ning AVG (keskmine)

kui editing aggregator. Klpsa OK.
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Edit Aggregator X
AVG ~
Source band name: Chla Y.

Target band name prefix (optional): E

| Weight coefficient: 1.0

I [[] Output counts
[] output sums =

oK Cancel

LB

Muuda ruumiline lahutus Spatial resolution (km/px) 0.3. KI&psa RUN. Kolmanda taseme
produkt ilmub Product Exploreri aknas. Vali Bands, tee topeltklops Chla_mean peal ning
keskmistatud vaartuste pilt ilmub paremal aknas.

Vaata seda pilti:

W [T level3

# (3 Metadata
# (O vector Data
=@ Bands

TERLPLL Y,

m.42:1 1 e 2@

Laadi varasemalt tehtud varviskeemi fail -> vali Range, From Palette, ja siis saad vaadata
varvilist pilti.
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MNavigation - [7] Chl_a... | Colour Manipulati... ® | Uncertainty Visualisa... | Work

Editor: () Basic (_) Sliders (®) Table

Colour Value

Leia, kui suurel alal oli kogu Peipsi jarvest Chl a >46.6 pg/L? (mask Chl a >= 46.6). See on ditsengu
lavivaartus Pihkva jarves — kui korged on vaartused teistes jarve osades?

Lisalilesanne:

Arvuta keskmine Chl a sisaldus Peipsi jarves, kasutades SNAPi L3 binning protsessorit 3
juulikuu pildi jaoks (12., 13., 14. juuli, 2023). Selleks tootle 2 lisakuupdeva L2 to6tlusega
vastavalt skeemile esimeses llesandes. Good-pixel expression valikus triiki: NOT
quality_flags_bright and NOT quality_flags_invalid.

Processing Service

Input File Set

Show predefined file sets

() Show my outputs | and of other users

Sentinel 3 OLCI EFR Level 1 ~| Name: Sentinel 3 OLCI EFR Level 1
Sentinel 3 OLCI LFR Type: s3 OLCI L1B EFR
Sentinel 3 OLCI WFR Start Date:  2016-04-26

Sentinel 3 SLSTR RBT Level 1

Sentinel 3 SLSTR LST End Date:  2024-12-31

Sentinel 3 SLSTR WST Region name: Baltic
ENVISAT MERIS FSG L1B (Examples) Geo Inventory: Yes
ENVISAT MERIS RR L1B (Examples)

Show Help
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Temporal Filter Spatial Filter

O No filter (global) @ By region

O No filter
® By date range * [ EstHUB | M
a
dsig?g |2023'07'12 ] * [ training P
End v user
dote:  2023-07-14 |
©By date list region 2 ic Sea
2017-06-01
2017-06-02
2017-06-03
%
3 days
Show Help

Add and manage user regions

/Slt Pe:tersbu| A
C H 'k d

GO g|e| ithiniania Keyboard shortcuts | Map Data ' Terms.

SNAPis kasuta L3 Binningut ning vali 3 produkti juulikuust, anna produktile uus nimi ning

salvesta kui netCDF4 enda poolt maaratud kohta.

E Binning
File Help

/O Parameters Filter Configuration
Source Products

[3] L2_of S3A_OL_1_EFR 202307141074031_20230714T074331_20230715T082513_0179_101_092_1%

[5] L2_of S3A_OL_1_EFR___ 20230712T083253_20230712T083553_20230713T091837_0179_101_064_1!
[6] L2_of S3A_OL_1_EFR___ 20230713T080642_20230713T080942_20230714T085100_0179_101_078_1!

Binning window Filtreerimist saab teha koordinaatide jargi - Filter > margi Specify region voi

kasuta tervet sisendfaili.
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E Binning X
File Help

1/O Parameters Filter Configuration

Spatial Filter / Region

(® Compute the geographical region according to extents of input products

() Use the whole globe as region
(O Enter WKT:
N
v |
() Specify region:
North: 75.0 | [rad
e 5.0 ad? Eas 3 ad
Sout 35.0| [rad
Temporal Filter
Time filter method: NONE v

tart Astes nrrv-MM-Adl HHmmrece
tart date: -MM-d iH:mm:ss

e

f
Q
Q.
C
o
=
Q

Kui valid koordinaatide jargi, Filter > margi Specify region ning lisa koordinaadid (North 59.271,
West 26.085 South 57.721, East 28.31); valikus Configuration, vali +, ja keskmistamine (AVG)
ning aluskanaliks MCIl. Muuda Spatial resolution 0.3 km/px ja vajuta RUN.

Target product — genereeritakse kombineeritud L3 produkt. Ava see, arvuta MClst klorofiill a
sisaldus kasutades Band Math (Raster->BandMaths) (MCl_mean*10.9+15.3).

Maara varvikombinatsioon ja vaata saadud klorfillivaartusi — Millises jarveosas on juulikuus
klorfiill madalaim? Kas klorofiillisisaldus on kdrgem kui septembrikuus?

3. Kolmanda taseme (L3) to6tlus ESTHubis

See harjutus dpetab, kuidas ESTHubis valitud ajaperioodi keskmistatud pilti saada. Naiteks 14-paeva
keskmised pildid on aluseks Gitsengu hindamisel (Joonis 3).
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SENTINL 3/OLCI taislahutus

esimese tasandipildid
2016-2022

l EstHUB

Maksimaalse klorofulliindeks

(Gower et al., 2008)

MCI = Ly = Legy = 0.389%(Lys3 -
Les1)

Margendid:
*paiksehelk
*heledad pikslid

Klorofiill a Peipsi jaoks
Alikas (2010):
Chl a=10.9-MCI+15.3

Aasta Oitsenguparameetrid:

keskmine ile

PR 14 paeva kestus, maksimaalne
vegetatsiooni- komposiitpildid katvus

perioodi

Joonis 3. Skeem pinnaditsengute kirjeldamiseks satelliidiandmetest.

=)

e
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ESTHubis, vali L3 processing ja pildiks Sentinel 3 OLCI EFR Level 1. Siis vali Temporal Filter ja By
date range vali 14 pdevane periood, nditeks 24.07 - 06.08.23. Vali Spatial filter, sealt kasutaja

user alt region 1, kus on ka Peipsi jarv.

Temporal Filter Spatial Filter

No filter (O No filter (global) @ By region
@® By date range » [ EstHUB [
3:1?2 |2023'0_""24 | ® [ training
End v user
date:  12023-08-06 |
O By date list mregion_Z q
2017-06-01
2017-06-02
2017-06-03
p
14 days
Show Help

Add and manage user regions

Siis vali Level-2 Processor Maximal Chlorophyll Index (MCI).
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Level-3 Parameters, kldpsa Add, Variable Name on MCI.

Level-3 Parameters

Variable Name Expression

[met | = |

Please define either variables by a band arithmetic expression or declare band names that already exist in the product. These variables can be used in the aggregator definitions below.

m#Remave

Aggregator parameters AVG, siis vajuta Edit — aggregator parameters, maara varName = MCl,
targetName MCI_ave; teised véljad vbivad jadda muutmata. Siis vajuta OK.

‘ Edit '8V &' aggregator parameters

varMame: |MCI | The source band used for aggragation.

targetName: |M.¢|_E,._,E | The name prefix for the resulting bands. If
empty, the source band name is used.

weightCoeff: | 0 | The number of spatial observations to the
power of this value will define the value for
weighting the sums. Zero means observation
count weighting is disabled.

outputCounts: [ If true, the result will include the count of all
valid values

outputSums: [l If true, the result will include the sum of all

values.

An aggregator that computes an average.

"

Aggregator sakil ilmub parameetrite kohta info Parameters all.

[ -

Level-3 Parameters

Variable Name Expression
[mc | = [

Please define either variables by a band arithmetic expression or declare band names that already exist in the product. These variables can be used in the aggregator definitions below:

m#ﬁemave

Aggregator Parameters

AVG v Edit varName=MCI; targetName=MCI_ave
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Good-pixel expression all triiki NOT quality_flags_bright and NOT quality_flags_invalid.

Muuda Stepping period 1 paevaks ning Compositing period 14 paevaks. Vali Binning kui
Compositing, ja vali ruumiline lahutus 0.3, sest Sentinel 3 piksel on 300x300 m.

Aggregator Parameters

AVG hd varName=MCI; targetName=MCI_av

Good-pixel expression: |NOT quality_flags_bright and NOT quality_flags_invalid

Stepping period: days Compositing:
Compositing period: days  Spatial resolution: km/pixel
Number of periods: 0 Supersampling: pixels
Target width: 1,406 pixels
Target height: 702 pixels
Show Help

Output parameters: Vali ja triki Production name, muuda failiformaat NetCDF4, luba 20%
ebadnnestumisi ja siis telli t66tlus (order the production).

Output Parameters

Production name: 240706082023 _pe |

Provide a name for the production to identify it later on. If left empty, a name will be generated from the given parameters.

O Process to Cluster-Intemal-Format
@ User product

Product file format: | NetiCDF4 hd

Mote that the available product file formats may depend on the selected processor.

Perform staging step after successful production

Percentage of allowed failing products:
Request queue

[T you are entitled for several queues select the queue for the project you are processing for

Show Help

Check Request Save Request Order Production

Tootluse edenemist on ndha Productions sakil (vali vasakult paanilt EstHubis). Laadi
genereeriud .nc fail alla, paki lahti ja ava SNAPis.

Ave pilt MCl_ave_mean: KIGpsa Bands->topeltkldps MCl_ave_mean -> avaneb pilt paremal
aknas. Kasuta Raster -> Band Maths ja arvuta Chl a hulk MCl_ave_mean, Alikas et al. (2010)
valemi jarvi: MCl_ave_mean*10.9+15.3. Kasuta Colour Manipulation Scheme Chl a sisalduse

vaatamiseks — vota sobiv palett, naiteks enda poolt varem salvestatud . Kui kasutad sama
varviskeemi, saad jargmise klorofull a pildi.
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Navigation - [12] chla | Colour Manipulation -... X | Ung

Editor: (C)Basic () Sliders (@) Table

Colour Value

Lisa 6itsengu mask (nii kujufail kui Chl a lavivaartuste maskid tuleks uuesti luua) — Kui suur on
keskmine Gitsenguala pindala eri jarveosades selle 2 nadalase perioodi jooksul?

Lisalilesanne

Arvuta vegetatsiooniperioodi keskmine klorofiillipilt maist oktoobrini 2023 aasta jaoks ja
vordle seda 2022 aasta vegetatsiooniperioodi keskmisega.

Seda saab jallegi teha, kasutades L3 Processing to66tlust ESTHubis, esmalt 2022 ja siis 2023 aasta
vegetatsiooniperioodide jaoks. Seega niild on ajaperiood (time period) t66tluse jaoks 01.05-
30.10 molemal korral, aga aastad on erinevad. stepping period on 14, ja compositing period is
184. Kasuta saadud faile L3_2023-05-01_2023-10-30.nc and L3_2022-05-01_2022-10-30.nc for
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comparison.
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=

Aggregator Parameters

AVG b

Good-pixel expression: |NOT quality_flags_bright and NOT quality_flags_invalid

Stepping period: days Compaositing: | BINNING v|
Compositing period: days Spatial resolution: km/pixel
Number of periods: 1 Supersampling: pixels

Target width: 1,406 pixels

varName=MCI; targetName=MCI_av

Target height: 702 pixels
Show Help

Millisel aastal oli keskmine ditsengu pindala suurem? Kui suur % jarvest oli keskmiselt
Oitsengust mojutatud?
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