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Motivacia

Odlesnovanie z 13,4 miliénov ha (Mha) v roku 2001 na 25,3 Mha v roku 2021

* lesné poZziare postihujui najma lesy a sposobili tretinu vSetkych strat lesov v rokoch
2001 az 2019 (Tyukavina et al. 2022),

* odlesnovanie tropickych pralesov — takmer 50%, z toho primarne pralesy 1/6 z
celkového

Odhadnut rozsah disturbancie (poZiarov) éo najskér a sledovat jej vyvoj v €ase

Metddy a data dialkového prieskumu Zeme (DPZ) lepsia a rychlejsia lokalizacia r6znych
zmien

Multitempordlne pristupy, napr. analyza ¢asovych radov (Time Series — TS)
* systematické zachytenie a opis procesov narusenia a obnovy

21. storocie@ "éra big dat,,: velké mnoZstvo (nielen) volne dostupnych dat@ potreba
pouzivat nastroje, ktoré ich dokazu rychlo a efektivne spracovat

Spracovanie dat v cloudovych prostrediach, napr. Google Earth Engine (GEE)
* Data + vypoctova technika

Klasické pouzité data pre sledovanie poZiarov Opticé data
nevyhody — oblaky, dym z poZiaru

Radarové satelitné data
* prienik cez oblaky, hmlu, dym; snimanie defi/noc

Annual rates of global tree cover loss have risen since 2000
Gross tree cover loss by ecozone

@ Boreal @ Temperate @ Tropical Subtropical

FonesT WORLD RESOURCES INSTITUTE

Zdroj: https://research.wri.org/gfr/forest-extent-indicators/forest-loss#thow-much-tree-
cover-is-lost-in-tropical-versus-temperate-and-boreal-forests

2001

Zdroj: https://www.globalforestwatch.org/blog/data-and-research/trends-tree-loss-from-fires-unprecedented-
detail



https://www.globalforestwatch.org/blog/data-and-research/trends-tree-loss-from-fires-unprecedented-detail/
https://research.wri.org/gfr/forest-extent-indicators/forest-loss#how-much-tree-cover-is-lost-in-tropical-versus-temperate-and-boreal-forests
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Ciele

Vytvorit algoritmus pre polo-automaticku neriadenu detekciu poziarov pomocou
Sentinel-1 dat v GEE

Mapovanie vyvoja poZiaru (moznost vyuzitia vSetkych dostupnych akvizicii)
Vyhodnotit zmeny v ¢asovych radoch jednotlivych polarizacii a polarimetrickych indexov
Vyhodnotenie a vyber najvhodnejsich vstupnych radarovych parametrov/indexov

N3ajst najlepsie metddy pre- a post-processingu pre mapovanie spalenych oblasti s
pouzitim dat Sentinel-1 (speckle filtre, velkost kernel okien, minimalna mapovacia
jednotka - MMJ)

Overit presnost dosiahnutych vysledkov



Zaujmove uzemie

Tri najviac zasiahnuté oblasti v gréckych poziaroch
v Auguste 2021:

* Ostrov Evia
» Polostrov Attica
* Polostrov Peloponéz

Vyber Uzemi s najvacsimi spalenymi uzemiami na zaklade
European Forest Fires Information System (EFFIS)

Total burnt
Studyarea  Fire start Fire end area (ha) Main land cover types (%)

coniferous forest (31), mixed forest (21), agricultural areas
Evia 03.08.2021  11.08.2021 >51000 (16), transitional woodland-shrubland (10)

agricultural areas (62), mixed forest (13), transitional
Olympia 04.08.2021  12.08.2021 18400 woodland-shrubland (13), sclerophyllous vegetation (8)

sclerophyllous vegetation (49), coniferous forest (19),
Athens 16.08.2021  16.08.2021 10175 transitional woodland-shrubland (17), mixed forest (7)

Tabulka 1. Charakteristika zaujmovych uzemi
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Data

Hlavné zameranie na volne dostupné data Copernicus:

* C-pasmové SAR Sentinel-1, multispektralne Sentinel-2,

Pomocné datasety:

Global Surface Water dataset

Globalne meteorologicky dataset (zrazky) — GPM
GEE v ¢lankoch Web of Science

. rok 2020: 473 i
w  rok 2021: 632

* Spracovanie a analyza ddt@ Cloudova platforma: primarne Google g Rok2022:803
Earth Engine (GEE) v JavaScripte;

» (Google Earth Engine

o 20 N
Jupyter ! 2010 2013
v

er of Journal Article:

Vyhodnotenie presnosti vysledkov — Jupyter Notebook v jazyku Python

Numb

20011 2012 200 2014 2015 2016 2017 2018 2019 2020

Year
Prebraté z Amani et. Al 2020 (M&j 2020) ¢



Metodika

NIR — SWIR

 Neriaden4 klasifikacia K-means NBR = Nr<swiz,,,
* s nastavenim 2 zhlukov dNBR = NBR ~ — NBR _
pre—fire post—fire

* Manhattanova vzdialenost — experimentalne zistené
* 10 000 ,trénovacich dat”

» Referencné data: Difference Normalized Burn Ratio Index (dINBR) z dat Sentinel-2
(dNBR > 0.440 = vysoka a stredne vysoka intenzita poziaru — fire severity — pod|a
USGS)

* 1:1 hodnotenie
* Fl-score, Celkova presnost (Overall Accuracy - OA), Omission Error (OE), Commission Error
(CE)

* Predspracovanie dat: bez speckle filtru, Lee, Refined Lee, Lee Sigma, Gamma
MAP
Kernel oknd: 3x3, 5x5, 7x7, 9x9, 11x11, 13x13, 15x15
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Metodika

e Vstupné pasma — multitemporalne pasma:

* ARVI

* ARFDI

* log-ratio
* K-map

* Median

e StdDev

4VH
RVI = 4VH( i
HH — HV VV - VH
RFDI = (HH+HV ) ~ (VV+VH
. B
lag—mttow = 10log10 6:‘_, :
log-ratio
Kmap = |———
0]

N N T
O'(i‘,,]) = \/Et=1(18 (i,3)—B(i,3))

N-1

) s ARVI = RVIpost — RVIpre

) — ARFDI = RFDIpost — RFDIpre



Vysledky — casoveé rady
* Prvy krok - monotemporalne indexy a polarizacie

* Jasne identifikovatelna zmena v ¢asovych radoch v radarovych polarimetrickych indexoch

* Malo jasna identifikacia zmeny vo VV polarizacii

5 i .
Fire started on 03.08.2021 . Fire started on 04.08.2021 Fire started on 16.08.2021
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Evia, n=198, 2021-08-06 04:31 Olympia, n= 330, 2021-08-05 04:39 Athens, n =260, 2021-08-06 04:31
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Vysledky
speckle filtre

ZlepSenie oproti stavu bez
speckle filtru (az 15% OE,
10 v F1)

Najlepsi speckle filter:

Lee Filter

Rozne vysledky pre kazdé
uzemie

Finalny vyber - prienik 3
najlepsich vysledkov

Najhorsi: GammaMAP,
pri Olympii mensi F1,0A
pri vacsich kernel oknach

Vysledky bez post-filtrov

| Evia | Olympia | Athens
Filter ~ Kernelsize|  F1/OA OE/CE F1/0A OE/CE F1/0A OE/CE

no filter - 57.57/64.9 49.49 /33.06(40.25/74.38 47.1/67.52 [38.88/62.39 50.7 /67.91
Refined Lee - 62.96 /70.93 42.61/30.28| 44.78 /73.5 34.13 / 66.08]46.56 / 68.85 44.08 / 60.12
3x3 | 64.13/71.99 41.84/28.55| 48.8/76.88 32.46/61.8 [48.79/70.5942.25/57.76

5x5 | 67.39/74.6 39.01/24.7 |52.25/78.58 28.18 / 58.94|55.01 / 75.09 37.22 / 51.04

7x7 | 68.02/75.25 38.86/23.37|53.55/79.46 27.43 /57.57[59.08 / 78.53 36.1/45.05

Lee Filter 9x9 | 68.59/75.39 37.57/23.91|53.82/79.74 27.64 /57.15|61.0/80.13 35.94 / 41.77
11x11 | 68.91/75.3 36.41/24.8 [53.29 / 79.36 27.84 / 57.76|61.59/ 80.52 35.62 / 40.97

13x13 | 68.96/75.07 35.67/25.69| 51.3/77.98 28.89/59.88(61.43 / 80.53 36.07 / 40.87

15x15 | 68.62/74.77 35.91/26.16|50.74 / 77.67 29.51/60.37]61.12 / 80.39 36.48 / 41.11

3x3 | 63.79/71.52 41.72/29.55| 48.51/77.1 33.85/61.7 [48.46 /70.53 42.89 / 57.91

5x5 | 66.52/73.68 39.27/26.48| 49.26/76.7 30.66/61.8 |54.1/74.89 39.0/51.39

7x7 | 66.98/74.1 38.97/25.79|49.53/76.73 30.02 / 61.67[56.58 / 76.33 36.43 / 49.03

Lee Sigma 9x9 | 66.94/73.98 38.78/26.15| 49.0/76.29 30.18/62.26|57.7/ 77.46 36.63 / 47.04
11x11 | 66.96/73.7 38.1/27.09 |48.53/76.18 31.15/62.53|57.66 / 77.57 37.06 / 46.81

13x13 | 66.82/73.36 37.68/27.99| 47.65/75.5 31.63/63.43|57.18/77.3 37.53/47.28

15x15 | 66.5/73.04 37.82/28.53|47.03/75.03 32.06 / 64.04|56.63 / 77.0438.22 / 47.73

3x3 | 62.11/70.25 43.35/31.27|46.87 /76.18 35.59 / 63.16[47.12 / 68.93 42.94 / 59.87

5x5 | 62.74/70.58 42.44/31.05|47.57 /77.44 37.27 / 61.69[45.08 / 70.37 49.86 / 59.05

7x7 | 61.88/70.08 43.59/31.48|46.21/76.68 38.59/62.95|50.97 / 72.7 41.51/54.83

GammaMAP  9x9 |60.93/69.59 44.9/31.86 |45.56/77.19 41.47/62.7 |50.53/71.6 40.23/56.24
11x11 | 60.13/69.15 45.94/32.25|45.11/77.25 42.7/62.8 [49.72 /71.3941.69 / 56.67

13x13 | 59.77/68.89 46.32/32.59|44.72 /76.96 42.87 / 63.26/48.81/ 71.06 43.13 / 57.25

15x15 | 60.0/68.59 45.28/33.6 |44.43 /77.07 43.81/63.26[48.21 /70.92 44.21 / 57.55




Vysledky:

Filters Evia Olympia Athens
Post- Speckle| F1/0A OE/CE F1/0A OE/CE F1/0A OE/CE

NO NO 57.57/64.9 49.49/33.06 40.25/74.38 47.1/67.52 38.88/62.39 50.7/67.91
0.5ha NO 61.1/71.87 53.16/12.17 55.59/86.98 50.06/37.32 49.13/77.99 56.19/44.08
NO YES 72.45/76.98 35.82/16.84 53.29/79.36 27.84/57.76 69.74/86.29 34.88/24.95

] [ \'4 /’ [
p O St_ k I a S I fl ka C n e fl I t re 0.5ha YES 75.36/79.71 35.09/10.18 63.89/86.26 25.27/44.21 68.61/85.33 34.91/27.46

* Najlepsi post-klasifikacny filter: 10 ha

o ZlepSenie oproti NoSpeckle a NoPost

o Skok medzi2haa5havCE

* 5ha-kompromis medzi MMJ a odstrdnenim
speckle

1ha YES 75.88/80.09 34.94/8.99 67.18/88.01 24.51/39.48 70.5/86.49 34.78/23.29
2ha YES 76.31/80.32 34.84/7.95 70.33/89.51 23.62/34.84 72.34/87.56 34.72/18.89
S5ha YES 76.85/80.6 34.7/6.63 73.63/90.96 22.66/29.74 73.85/88.37 34.75/14.94
10ha YES 76.91/80.54 34.98/5.89 74.96/91.49 22.45/27.46 74.84/88.7 33.95/13.65

a) dNBR with 5 ha PF b) no SF & no PF applied c) no PF & 11x11 Lee SF

d) no SF & 0.5 ha PF e) 11x11 Lee SF & 1 ha PF f) 11x11 Lee SF & 5 ha PF

0 5 10 km

I burned area

|




Vysledky — vyvoj poziarov




Mozny vplyv zrazok

- ; Accumulated precipitation 12 h. before the SAR A )
Classification result on 6.8.2021 16:23 acquisition (11.8.2021 17:00-12.8.2021 05:00) Classification result on 12.8.2021 04:30

ClassClassification result on 12.8.2021 16:24
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GEE funkcia - Sentinel-1 Burned Area Mapping
Toolbox (S1BAM)

 3-krokovy subor nastrojov/funkcii v STBAM_processing_chain

* Bude k dispozicii pre Siroku verejnost B Step1_Input_data_preprocessing
* Dokumentdcia na GitHub: https://github.com/palubad b Step2_Burnt_area_classification
® Importovatel'né funkcia v GEE . Slep?} Sta“SUCS&GlF

* Ktokolvek moze opatovne pouzit, upravit alebo vylepsit

Fungovanie:

1. Nastavenie oblasti zaujmu (AOI), datumu, speckle filtra, velkosti kernel okna filtru,
pouZzitia polarizacnych pasiem (iba VV, VH alebo VSETKO)

* Vystup: predspracovany subor snimok pre vybrana oblast a ¢as + polygdn AOI

2. Pouzitie polygdnu AOI + vstupnych udajov na klasifikaciu, nastavenie velkosti post-
klasifikacného filtru

* Vystup: klasifikované snimky pre vybrané datumy z prvého kroku
3. Poutzite klasifikovany vysledok na vytvorenie Statistiky a animacie GIF
* Vystup: Statistiky a GIF animacia

15


https://github.com/palubad

Kroky do buducna

®Hibgie preskumat vplyv zrazok
* Preskimat dalSie mozné vplyvy, ktoré ovplyvnuju ziskané vysledky, ako
napriklad miestny uhol dopadu, charakteristiky terénu.

* Porovnanie s presnymi Land cover datasetmi (mieste datasety, ESA World
Cover?) @ analyza citlivosti SAR dat pri monitorovani spalenych oblasti.

* Skumanie korelacie medzi zistenymi siélen{/mi plochami a hodnotami dNBR
lepSie pochopit vztah medzi vysledkami ziskanymi pomocou SAR a
optickymi indexami.

* Zvaiit testovanie réznych metdd agregacie vstupnych dat na nizsie
priestoroveé rozliSenie, ako to navrhli Belenguer-Plomer at al. 2020

* Odoslanie ¢lanku na recenzie do odborného €asopisu ©



Dakujem za pozornost!

Daniel Paluba
palubad@natur.cuni.cz

Tato prezentace a studie byly vytvoreny s finan¢ni podporou grantu poskytnutého GA UK ¢. 412722
_Hodnoceni disturbanci a obnovy lesa pomoci radarovych a optickych druzicovych dat v Cesku”.



