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Motivacia Ciele studie Zaujmové uzemia

Motivacia a uvod do problematiky

—Z Predoslé studia na sledovanie zdravotného stavu lesov pomocou ¢asovych radov
(Stych et al. 2019a; Stych et al. 2019b; Lastovicka et al. 2020)

7 Spracovanie velkého mnozstva dat DPZ na desktopu - Casové a vykonnostné
problémy - rieSenia na cloudovych platformach, napr. Sentinel Hub, GEE

— Optické data = obla¢nost = nedostatky pri sledovani lesov v horskych oblastiach

— Radarové data — prenikaju cez obla¢nost, snimanie v dni a noci
Odlisnosti v geometrii:

—Z Bocny pohlad = horské oblasti
— orientdcia a sklon terénu -
iné odrazivosti = najvyraznejsie
pri kombinovani dat z r6znych
drah - periodicka fluktuacia
radarového spatného rozptylu
(6°) v éasovych radach

“aeor7  Potreba elimindcie vplyvu
/) topografie




Vysledky

Data a metodlka

Motivacia Ciele studie Zau1move uzemia

° 7 e Vs ° Optlka
Motivacia a uvod do problematiky >
Radar

7 Predoslé studia na sledovanie zdravotného stavu lesov pomocou @

(Stych et al. 2019a; Stych et al. 2019b; Lastovicka et al. 2020) \ angle

: .y v , v , , YR

—Z Spracovanie velkého mnozstva dat DPZ na desktopu - asové a vyk

problémy = rieSenia na cloudovych platformach, napr. Sentinel Hi
—Z Optické data = oblacnost = nedostatky pri sledovani lesov v horsk II"

LI

— Radarové data — prenikaju cez oblaénost' snl'manie v dni a noci

Odlisnosti v geometrii:

—  Boény pohlad = horské oblasti { \
— orientacia a sklon terénu = | g
iné odrazivosti = najvyraznejsie R %
pri kombinovani dat z r6znych |
drah - periodicka fluktuacia
radarového spatného rozptylu
(6°) v éasovych radach

SAR
Antenna

topografie Foreshortening

SO Y Shadow Shadow
‘oge7  Potreba eliminacie vplyvu ]
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Déta a metodika

Motivacia a uvod do problematiky

7 Terrain Flattening (Small, 2010) a iné metddy

7 Google Earth Engine (GEE) — absencia metddy pre odstranenie zavislosti
radarového spatného rozptylu (¢°) na LIA v cloudovém prostredi

—Z Lokalny dopadovy uhol (LIA) — uhol
v sebe zahrna vplyv topografie (sklon a
orientaciu terénu), geometriu
vyslaného signdlu (radarovy dopadovy
uhol a azimut vyslaného signalu)

cosf, = cosfcosa —sinasinb cos (y — )
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Motivacia

B

Zaujmové uzemia Data a metodika

Ciele studie

—Z Navrhnut metddu pre odstranenie zavislosti radarového spatného rozptylu (o°)
na lokdlnom dopadovom uhle (LIA) v prostredi GEE pre Uzemia pokryté lesmi

7 Zameranie sa na horské oblasti, kde zavislost ¢° — LIA je najvacsia

—7 Statistické testovanie presnosti a vhodnosti navrhnutej metddy na ¢asovych
radach lesov s réznymi charakteristikami

7 Vytvorit ,,plugin” v GEE, ktory budi moct pouzivat ostatni uzivatelia
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Zaujmové Uzemia

Déta a metodika

V

ysledky

Zaujmové uzemia (study areas)

7 10ihlicnatych lesov, 5 listnatych v

- Study Coordiates of the Mean elevation Mean slope Description
’ / area central point (x. y) (m a.s.l.) (degrees)
CeSku' POISku' M ad a rSku a na 1 20.0088. 48.9569 1098.24 18.44 Coniferous forest in the Low Tatras NP (SK)
S I ovens k u 2 13.4776. 49.0457 1044.99 9.17 Com:femus forest m the Sumava NP (CZ)
3 19.6625. 48.9596 1133.66 22.54 Coniferous forest m the Low Tatras NP (SK)
. | 4 13.5026. 49.0347 1058.60 8.77 Coniferous forest in the Sumava NP (CZ)
7 20x20 km boundin g box 5% 214618, 48.4200 334.76 1161 Broadlcaf forest in Zempléni mountains PLA (HU) | o
6% 22.4873. 49.0644 714.49 15.94 Broadleaf forest in Poloniny NP (SK) 15
. v . . .
4 P0d|e| |eSOV > 50% (Vyn im ka pre 7+ 17.2490, 48.3916 357.66 9.12 Broadleaf forest in Malé Karpaty PLA (SK)
8% 21.9982. 47.6490 148.47 2.73 Broadleaf forest m Hajdusagi PLA (HU)
I e .
stu dy area 8 — 26% -nizina v H U ) 9* 18.9683, 47.7215 276.74 9.34 Broadleaf forest in Duna-Ipoly NP (HU)
10 13.8272, 49.7284 597.96 6.31 Coniferous forest in Brdy PLA (CZ) gt
’ ’ 11 16.0196. 49.6786 679.14 5.69 Coniferous forest in Zd'arské vrchy PLA (CZ)
7 N a ro d n e p a rky a Ie b O C H KO 9 :1 12 14.9671. 48.9217 508.58 4.35 Coniferous forest m Tteborisko PLA (CZ)
. 7 . Ve vz 13 18.5186. 49.4805 722.35 15.27 Coniferous forest m Beskydy PLA (CZ) VOLYN
mOtlvaCIa V naSICh predOSIVCh P 14 22.4457, 50.6717 287.31 3.01 Coniferous forest in Lasy Janowskie PLA (PL) m .
v, 7 e s p% v v c 15 23.6494. 53.1920 52.83 2.66 Coniferous forest in Knyszyn Forest NP (PL)
StUd IaCh StyCh et aI- 2019; LaStOVICka au e B sﬁ:;ndrab: SLiberec ;»A,";“':‘Wa'}"mh Oopgle 3 Srabil Zamosc® pfiov
37 Vg amobrzeg
b4 SWIETOKRZYSKIE o 1
et al. 2020; Stych et al. 2019 ~ i
PKarlovy Vary 3 » sybnik, - Katowice JKrakow Lk X Ls\g[\;ss‘y
R A H 4 d k 4 P g P”d",;’;’ JOttava  iclkoBida MA LoFoLSKIF Liviv
—~ Rdzne priemerné nadmorské g 0 Ly g e
s v . . (CZECHIA) ; R o Rk
vysky a sklonitosti \ =
sburg -
7 Pre testovanie presnosti
N
. 7 A4 7 A
navrhnutej metddy v ¢asovych ‘ 2o
OBEROSTERREICH, I‘é& - & : Miskolc Nyiregyhaza
4 4 ' w5 AT el "
radach — centralne body WA BN, e WA 2%
Za, uj m Ovyc h l:| Ze m II 1’ 4’ 6 a 1 2 Szrsthely AN &;jg:;;z%%’&%;‘%:%;.iﬁigj:hrgl(?:E‘ijlNEP—WCMC, USGS, NASA, ESA: METI,
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Zaujmové Uzemia

Déta a metodika

Vysledky

Zaujmové uzemia (study areas)

7 10ihlicnatych lesov, 5 listnatych v

- Study Coordiates of the Mean elevation Mean slope Description
’ / area central point (x. y) (m a.s.l.) (degrees)
CeSku' POISku' M ad a rSku a na 1 20.0088. 48.9569 1098.24 18.44 Coniferous forest in the Low Tatras NP (SK)
2 13.4776. 49.0457 1044.99 9.17 Coniferous forest in the Sumava NP (CZ)
S I Ove n S k u 3 19.6625. 48.9596 1133.66 22.54 Coniferous forest m the Low Tatras NP (SK)
. | 4 13.5026. 49.0347 1058.60 8.77 Coniferous forest in the Sumava NP (CZ)
7 20x20 km boundin g box 5% 214618, 48.4200 334.76 1161 Broadlcaf forest in Zempléni mountains PLA (HU) | o
6% 22.4873. 49.0644 714.49 15.94 Broadleaf forest in Poloniny NP (SK) 15
. 0 V4 . ) . ,
4 P0d|e| |eSOV > SOA) (Vyn|mka pre 7+ 17.2490, 48.3916 357.66 9.12 Broadleaf forest in Malé Karpaty PLA (SK)
8% 21.9982. 47.6490 148.47 2.73 Broadleaf forest m Hajdusagi PLA (HU)
o IV e . et N
stu dy area 8 — 26 A) -nizina v H U ) 9* 18.9683, 47.7215 276.74 9.34 Broadleaf forest in Duna-Ipoly NP (HU)
10 13.8272, 49.7284 597.96 6.31 Coniferous forest in Brdy PLA (CZ) gt
’ ’ 11 16.0196. 49.6786 679.14 5.69 Coniferous forest in Zd'arské vrchy PLA (CZ)
7 N a ro d n e p a rky a Ie b O C H KO 9 :1 12 14.9671. 48.9217 508.58 4.35 Coniferous forest m Tteborisko PLA (CZ)
. 7 . Ve vz 13 18.5186. 49.4805 722.35 15.27 Coniferous forest m Beskydy PLA (CZ) VOLYN
mOtlvaCIa V naSICh predOSIVCh P 14 22.4457, 50.6717 287.31 3.01 Coniferous forest in Lasy Janowskie PLA (PL) m .
v, 7 e s p% v v c 15 23.6494. 53.1920 52.83 2.66 Coniferous forest in Knyszyn Forest NP (PL)
StUd IaCh StyCh et a I . 2019; La StOVICka au e B sﬁ:;ndrab: .?,Lilr*m;‘ ."»_A,“’;‘":‘Wa'ﬁ'mh Oopgle 3 Tama‘"m’- Zamosc® pfiov
Y SWIETOKRZYSKIE 4" d
et al. 2020; Stych et al. 2019 ~ i
PKarlovy Vary 3 » sybnik, - Katowice JKrakow Lk X Ls\g[\;ss‘y
. Prague Pardubice ; £ P, 4
A A A 10 JObfrava  Bielsko-Bidla MALOFOLSKIE Lviv
7 Ro6zne priemerné nadmorské g carodd SR P e S
s v . . (CZECHIA) ) S e
vysky a sklonitosti \ b 0 Nl
sburg ' €Budejovic 3 % Ies 7 Y ‘) A
. . i 9 g ‘ e y
7 Pre testovanie presnosti -1 A R tbarog) A S
2 Passau 7-*;,3 ¢ . L 20 M ‘xﬁi 0
. ’ v s 7 Pt 3 i o - ZAI(?\RPA".TS"K‘»‘
navrhnutej metddy v Casovych AL W o
OBEROSTERREICH, - 73 Bratislava Miskolc Nyiregyhaza
3 A f i i M ¢ " » G
radach — centralne body ol e i nicf” T G
Za, uj m Ovyc h l:| Ze m II 1’ 4’ 6 a 1 2 Szrsthely AN &;jg:;;z%%’&%;‘%:%;.iﬁigj:hrgl(?:E‘ijlNEP—WCMC, USGS, NASA, ESA: METI,
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Data — Sentinel-1
7 Druzicové snimky — Sentinel-1 SAR GRD
—7 Pasmo C(A=5.5cm —5.405 GHz)

7 Dvojica druzic Sentinel-1A a B

7 Pouzité snimky v modu IW (250 km) s
dopadovym uhlom 31°-46°

7 GRD produkty = bez fazovej informacie, priestorové rozliSenie 10 m

J

Pasma VV, VH a radarovy dopadovy uhol

7 Pred-procesované Sentinel-1 data v GEE

DMT SRTM

Land Cover databazy
- Corine Land Cover (CLC) 2018
- Hansen Global Forest Change database, verzia 1.6 (do 2018)




Pouzity nastroj — GEE
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Obrovsky kataldg dat + moznost analyzy
Viac ako 30 rokov historickych satelitnych snimok a databaz. Viac ako 20 PB dat.
Jednoduché, ale silné API (Python alebo JavaScript)

Web based code editor (JavaScript)

Pouzitie vlastnych dat a algoritmov, volné zdielanie vyskumnych metdd

Rychlost

S. I 7 k -t 180 Go g[e Earth Engine  Search places and datasets m (7} : | :
Iro a Olllunl a Scripts el Guunk I I N 3 | nseector (270 Tasks
m 210 // Create x,y arrays from lists of values a  Use print(...) to write to this console. &
211 var WHxLIA = LIA.zip(VH);
~ Owner (1) 212 var WxlIA = LIA.zip(W);
v " ” 213 43.01415316818315
users/danielp/Radar_Vegetation_indexTet try 214 // Add regression values and number of used points to the image pr Reference angle
B 00_LIA vs backscatter for individual images 215 var VHregressionValues = VHxLIA.reduce(ee.Reducer.linearfit());
%00_dB 216 var WregressionValues = WxLIA, reduce(ee.Reducer. linearFit());
W Cloud Free $-2 Collection + NDVI +100% data 217 var VHscale = ee.Dictionary(VHregressionValues).get('scale’); 1 11 g
117 | Cloud Free for S.2 image 218 var VHoffset = ee.Dictionary(VHregressionValues).get( o :
g 219 var Vscale = ee.Dictionary(VVregressionValues).get('sc
I Compute LAI for radar image 220 var Woffset = ee.Dictionary(VVregressionValues).get( offset’);
Ik Create mask of forest cover - Hansen + mdm p. 221 var numpts = pointsWithValue.size();
95 B Create mask of forest cover over ImageCollect 222
DG Clima - 2018 Composite 223 return ing.sethulti({Wscsle: Wacale, Woffset: Woffset, Wscale
| DG Clima - IMAGE_Selection and masking 255 1. -
NG Clima - NDVI diffaranca. = L > hd
Bysta 3 Rusks | Rus'
D9 G Imports Rate Mapa
o y ' Velke il Komapiay
g ] Steme e
tén Ti6
bt nys
|- 8 sss Priuk 7
36 2
b Z ' Vi _
¢ GOSNy = OGO e A gl Drehyr cl
lz $ Mala T,
8 o
0 1 0 1 0 \ Zemp} ” /|
\ Svituse Keflovsky
N _ N N @\ Chimec
20010 20011 2012 2013 2014 2015 20016 2017 2018 2019 2020
i @ Somot
Year Satoraljadihely  Borsa. AMCKY. - Maly Hofes
& ; 5

Prebraté z Amani et. Al 2020 (Mdj 2020) DD g b P LA

Why is Google working on Earth Engine?
Google strives to make the world a better place through the use of technology.
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20x20 km bounding
box
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.
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Reproject and
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resampling
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Calculation of LIA
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random points
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Forest mask
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analysis (6° vs LIA)
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Short-term time series
analysis

Before-after
comparison
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Metodika

Go gle Earth Engine Search places and datasets... m

om g

Bl &) Docs  Assets LC-SLIAC * Get Link vI Save v. Run vI Reset vI Apps E [0 G Console [REE €

Filter scripts... m (:) . 378 // Add corrected values to the Sentinel-1 ImageCollection
379~ var addCorrectedValues = function(img) {
R— 31 W = ing.select('W')
; : var = img.select('W"),
: users/dan!elp/DGChma 38> VH = g, selectlv).
users/danielp/LC-SLIAC 383 VHscale = ee.Image(ee.Number(img.get('VHscale'))),
¥ Other-DEMs 384 VVscale = ee.Image(ee.Number(img.get('VVscale'))),
B Available-DEMs 385 angleDiff = (img.select('LIA').subtract(referenceAngle)),
_ ; 386 radarAngle = img.select('angle'),
B LGS HBC.It-ALOS 387 LIA = img.select( LIA');
B LC-SLIAC_with_ALOS_example 388
B LC-SLIAC_with_EU-DEM 389 var corrected_VV = VV.subtract((VVscale).multiply(angleDiff))
i LC-SLIAC_with_NASADEM 390 .rename('corrected_VV');
i i ] 391
2 B L6-SHAC Wb SREEM1Om 392 var corrected_VH = VH.subtract((VHscale).multiply(angleDiff))
Other_methods 393 .rename('corrected_VH');
B Vollrath2020 394
W LC-SLIAC 395 return img.addBands([corrected_VH, corrected_VV]);
B LC-SLIAC_example e b
~ users/danielp/LIA_Correction 398 // Add corrected bands to the Image Collection
» LC-SLIAC_NEW 399 var correctedvalues = ImgCollWithRegression.map(addCorrectedvalues);
¥ TestOfOtherMethods 400
B AndreasVollhartMethod 401 return correctedValues;
B Correlation_test igg }:
I DifferentSlopes test of AndreasVollr... 404
B Statistics and graphs22 for TF! 405 // export the function

B TESTING with TF and Gammametho.. 496 exports.LCSLIAC = LC_SLIAC;

K Tact nf Andranal/allrath mathad

a Use print(...) to write to this
console.

» ImageCollection (225 elements) 3Json

Time-series of corrected and
uncorrected data
— VH o\ 1/3 P

Band mean
)
=]

-30
September 2018 May 2019
Image (labeled by system:time_start)

cosf, = cosbcosa —sinasinf cos (y — )

0
Orer = O-g —b (6 — TE'f)
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Korekcia LIA

—

Negativna linearna
zavislost

Statistické testovanie
vyradenie extrémnych hodno6t (lower and upper fence)

LIA (degrees)
N 8 58 3 3 2 8

=]
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+++%%+l+#
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9

10 "

12 13 14 15

Najvys$sie znizenie: Uzemia s vy$$im rozpatim LIA a IQR >17° = zniZenie rozpatia ¢°

0 >50 % pre uzemia, Rozptyl vyse 80% znizenie

Najmensie zniZenie rozpatia pre LIA IQR <5° a LIA rozpatie <32° (8,11, 12, 14 a 15)

Po korekcii = vyssi rozptyl = vyssia heterogenita lesov vo vyssich nadmorskych
vyskach
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Korekcia LIA

7 Negativna linearna
zavislost

— Statistické testovanie
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Korekcia LIA

7 Negativna linearna
zavislost
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— Statistické testovanie N A
vyradenie extrémnych hodno6t (lower and upper fence)

— Najvyssie znizenie: Uzemia s vys$im rozpatim LIA a IQR >17° = zniZenie rozpatia ¢°
0 >50 % pre uzemia, Rozptyl vyse 80% znizenie
7 Najmensie zniZenie rozpatia pre LIA IQR <5° a LIA rozpatie <32° (8, 11, 12, 14 a 15)

7 Po korekcii =2 vyssi rozptyl = vyssia heterogenita lesov vo vyssich nadmorskych
vyskach
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Korekcia LIA

7 Negativna linearna
zavislost

+++%%+l+#

=z
=

o
=

W
=

LIA (degrees)

(]
=

=]

0

— Statistické testovanie S T TR T R TR
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— Najvyssie znizenie: Uzemia s vys$im rozpatim LIA a IQR >17° = zniZenie rozpatia ¢°
0 >50 % pre uzemia, Rozptyl vyse 80% znizenie
7 Najmensie zniZenie rozpatia pre LIA IQR <5° a LIA rozpatie <32° (8, 11, 12, 14 a 15)

7 Po korekcii =2 vyssi rozptyl = vyssia heterogenita lesov vo vyssich nadmorskych
vyskach
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c) case study 6 (LIArange 22°)
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b) case study 4 (LIArange 36°)
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d) case study 12 (LIArange 13°)
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fl u kt u é C I e —VH —W corrected VH —corrected W
7 Fluktuacia po korekcii 2 kratkodobé ° °
zmeny (environmentalne faktory, ako | Ly | |
zvy$enie vlhkosti), ind odrazivost kvéli  © - "
¢asu snimaniu (5 A.M.vs 5 P.M.) 2 vz
teplota (Olesk et al. 2015) ;: Il; :
Case study 1 Case study 4 Case study 6 Case study 12 *25% i 0
Var. |range |Stdev |Var. |rance |Stdev |Var. |range |Stdev |Var. |ranee |Stdev &

Original VH 43.63| 18.42| 6.61] 9.39| 10.89| 3,07| 4,59 9.29| 2,14 1.59| 4.85] 1.26

Corrected VH 1.88] 5.27| 1.37]2.29 6.77| 1.51)2.71| 8.23 1.65] 1.39] 4.57| 1.18
Origimal VV/ 46,47| 18.87| 6.82] 9.76] 9.65| 3.12| 4,20 8.35] 2.05] 1.95| 7.74] 1.40

Corrected VV | 2.28] 5.24| 1.51]2.09] 6.55| 1.45|1.98| 6.78] 1.41|1.84] 6.91| 1.36
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fl u kt u é C I e —VH —W corrected VH —corrected W
7 Fluktuacia po korekcii 2 kratkodobé ° °
zmeny (environmentalne faktory, ako | Y | |
zvy$enie vlhkosti), ind odrazivost kvéli  © - "
¢asu snimaniu (5 A.M.vs 5 P.M.) 2 vz
teplota (Olesk et al. 2015) ;: Il; :
Case study 1 Case study 4 Case study 6 Case study 12 —25% i 0
Var. |range |Stdev [Var. |rance |Stdev |Var. |range |Stdev |Var. |rance |Stdev &

Original VH 43.63] 18.42] 6.61]9.39| 10,89 3,07/ 4,59] 9.29| 2.14| 1.59| 4.85] 1.26

Corrected VH 1.88] 5.27| 1.37§2.29| 6.77, 1.51]2.71| 8.23| 1.65]1.39] 4.57] 1.18
Original VV/ 46.47| 18.87| 6.82)9.76/ 9.65 3.12) 4.20] 8.35] 2.05] 1.95] 7.74] 1.40

Corrected VV | 2.28] 5.24] 1.51§2.09] 6.55| 1.45] 1.98] 6.78] 1.41|1.84] 6.91| 1.36
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7 Fluktuacia po korekcii 2 kratkodobé ° °
zmeny (environmentalne faktory, ako | Ly | |
zvy$enie vlhkosti), ind odrazivost kvoli - | "
¢asu snimaniu (5 A.M.vs 5 P.M.) 2 vz
teplota (Olesk et al. 2015) ;: Il,r :
Case study 1 Case study 4 Case study 6 Case study 12 —25% i 0
Var. |range |Stdev |Var. |range |Stdev |Var. |range |Stdev |Var. range |Stdev &

Original VH 43.63] 18.42] 6.61] 9.39| 10.89| 3,07/ 4,59] 9.29| 2.144 1.59| 4.85] 1.26

Corrected VH 1.88] 5.27| 1.37)2.29| 6.77, 1.51]2.71| 8.23| 1.65] 1.39] 4.57] 1.18
Original VV/ 46.47| 18.87| 6.82] 9.76] 9.65| 3.12) 4.20] R8.35| 2.05) 1.95| 7.74] 1.40§
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Ciele studie Zaujmové Uzemia Data a metodika

Zaver a diskusia

Vysledky

7 Inovativna a volne dostupna metdda pre analyzu ¢asovych radov, kde su
kombinované snimky s r6znou geometriou
https://code.earthengine.google.com/31f7f395ba64c7bc6bbede34eaf7d49c

7 Vyrazna korekcia vplyvu topografie v miestach velkého rozpatia LIA ziskanych z
roznych drah (az 95% v pripade rozptylu)

J

Rychlost a dostupnost oproti desktopovému rieseniu

Limitacie:

J

- vplyv heterogenity lesnych porastov

- Moiné skreslenie odlahlymi hodnotami (nelesné oblasti) zahrnuté v regresii =2
preto pouzitie 2 LC databaz + >50% pokrytie korunou stromov

7 Vyskum do buducna — vysvetlenie kratkodobych variacii v ¢asovych radoch,
aplikdcia metddy pre dlhé ¢asové rady (detekcia disturbancii), pouzitie
presnejsSieho DTM, Corine High Resolution Layers, r6zne typy krajinného pokryvu,

_-V réznych geografickych podmienkach

25


https://code.earthengine.google.com/31f7f395ba64c7bc6bbe4e34eaf7d49c

Dakujem za pozornost!

Daniel Paluba
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