10TH ADVANCED TRAINING COURSE:ON @esa

LAND REMOTE SENSING

Natural disturbances of forests : lecture
Oleg Antropov, VTT Technical Research Centre of Finland
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Overview

 Introduction

 SAR imaging sensors, data and processing

* Change detection approaches

 Demonstration use-cases
* mapping snow damaged forest using Sentinel-1 image time series
* mapping wind-thrown forest using Sentinel-1 image time series and auxiliary data
» Autochange in forest disturbance mapping using Sentinel-2 imagery

* Practical session: SNAP graph-based processing, stand-level feature calculation and SVM
classification using Python libraries.
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Types of forest disturbances

* Anthropogenic disturbances
» Forest management operations
« Slash and burn agriculture
« Small-scale collection of brunches

« Land cover/use type conversion

* Natural forest disturbances
» Forest fires (mapping of burned areas and active fire detection)

e Forest windthrows

* Insect damage

e Snow-damage

Further, we discuss primarily SAR and SAR+optical data based approaches in forest disturbance mapping
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SAR Iimage analysis as an inverse problem
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Basic exploitation of SAR images: 'backscattering coefficient
- - Values of s, are directly related to the scene properties : :
~ - Strong influence of acquisition geometry and frequency band on the response from targets

- Many different causes may produce the same s, value e. g Soil moisture, ground roughness
presence of small plants, etc. - : :

- Biophy5|cal parameter retrieval:
- by inverting forward scattenng models

- - statistical (empirical, semi- emplrlcal) relatlonshlp can be establlshed between SAR observables
and biophysical
. many. parameters for a single obsen/able
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Multiparametric SAR approaches

Different sensitivity to geometrical and electrophysical properties of illuminated targets

x Increasing parameter-space:

| Tomogrpy__| Multitemporal

*Multifrequency

Multi-sensor

*Multi angular
sInterferometric
*Multibaseline
*Multi-polarization
sVarious combinations
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Recent SAR sensors

- Sentinel-1A,B ALOS PALSAR wamiaare o
« RADARSAT-2 9 -
« ALOS-2 PALSAR-2

e TerraSAR-X TanDEM-X
» Cosmo-SkyMed

o |CEYE : i S ; e i . zsssb‘sldsnm Mmory | R 3
©JAXA, L-band, 2006-2011 ©CSA/MDA C band 2007 -now ©DLR, X-band, 2007-now

o Capella Space

Approaching:

e BIOMASS
 Rose-L
e TanDEM-L
 NISAR

©DLR, X-band, 2010-now
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Forest mapping with SAR

« SAR to forest biomass relationship
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Figure 1. Relationships between the radar backscattering coefficient (in dB m?/m?) and above-ground

Backscattering coemcient® (dB)

o

. . . hiomass (in tonnes/ha) observed at the Landes forest. The radar measurements are at L-band (wave-
Radar Slgnal Slgnal from S lgnal ﬁom length 25 cm) HY polarisation, P band (wavelength 70 cm) HV polarisation, and VHF band (wave-
length 3—15 m), HH polarisation.
from tree crown crown, trunks, crown, trunks
ground
. . . . Le Toan et al., Relating radar remote sensing of biomass to modelling
Ulaby and Long. Microwave Radar and Radiometric Remote Sensing, Artech House 2014

of forest carbon budgets, J. of Climatic Change, 2004.
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Forest mapping with SAR

* SAR to forest biomass relationship (boreal forest at L-band)
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Antropov et al., Polarimetric ALOS PALSAR Time Series in Mapping Biomass of Boreal Forests. Remote Sensing. 2017; 9(10):999.
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Forest mapping with SAR

* INSAR to forest biomass relationship (hemiboreal forest at X-band)
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A. Olesk et al., Interferometric SAR Coherence Models for Characterization of Hemiboreal Forests Using TanDEM-X Data, Remote Sensing 8.9 (2016), p. 700.
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Change detection (CD) approaches

* Simple considerations

* bi-temporal CD approaches are preferred over monotemporal (single image classification into
change/no-change classes)

» Post-classification CD is generally suboptimal
« Multitemporal CD approaches are preferred over all others

* No need to use exclusively EO sensor data (DEMs, weather data)

* Feasibility of approaches depends:
« Datatype (e.g., SAR, INSAR, Pol-InSAR, TomoSAR)
e Sensor wavelength
* Acquisition geometry
« Algorithmic approach and data continuity
e Quality of reference dataset

 Data costs and availability

+ THE EUROPEAN SPACE AGENCY




Algorithmic approaches to change detection

Feature calculation (pixel- or stand-level)
* sequence of measurements as independent features
e various ratios, moments

» time signal based features (to account for temporal dynamics)

Change implemented as

e Statistical hypothesis testing (e.g. distance between pdfs).
Can also deliver probabilistic information and change magnitude.

» Post-classification (post-retrieval) change detection.
Often needs auxiliary data and exhibits lower accuracy, however explicit information on class transitions.

» Classifier in binary or multiclass classification using “image time series” or “change signal” . Statistical post-
processing can be used to derive uncertainties.

» Deep learning classification or change-detection can be done.
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Algorithmic approaches to change detection

Supervised approaches
 Random forests,

e SVMs,

 maximum likelihood

« kNN (ikNN)

» logistic regression
Non-supervised approaches
« K-means,

* iso-data,

» physics-based indicators, e.qg., “radiometric contrast”

Weakly supervised approaches
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Sampling and accuracy assessment

Sampling is critical is model training and accuracy assessment.
o Sampling design — non-stratified (simple) and stratified approaches
 Random sampling
e systematic sampling
Thematic accuracy assessment based on confusion matrix
Accuracy measures
» User’s and producer’s accuracies
 F-1 score

 Cohen’s kappa
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Recent developments in forest change mapping

Windthrow in Central Europe

Change in harvested forest area
2016-2018 versus 2004-2015 (%)

100 200 . . .
(from ref. ) Forest mapping difficulties:

* Interpretation/attribution of change

* Possible over/underestimation of change
based on EO data quality

 Heavy weight on EO value-added products

* Lack of reference data

0

Bark beetle in Czech Republic

Il Windthrow events 2016-2018

Sample-based reference data provide the
primary reliable source for area change
estimation

Pine pm::essmnary rnoth |n Spain

Volume of trees killed (m? = 1,000)
Cumulative 2016-2018
2.6-321
321773
77.3-126.7
126.7-250.6
250.6-402.5
402.5-983.6
983.6-3,349.2

[ I I

Insect damage (%)
Average 2016-2018
[1<25% WE>25% Europe after 2015. Nature 583, 72—77 (2020).

e Palahi, M., Valbuena, R., Senf, C. et al. Concerns about reported
harvests in European forests. Nature 592, E15-E17 (2021)

e Ceccherini, G. et al. Abrupt increase in harvested forest area over

Areas identified as natural disturbances.
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Data issues: mosaicking @esa

Rosenqvist et al., An overview of t 100 m JERS-1 SAR mosaic over Europe (1997/98).
Boreal Forest Mapping (GBFM) project, IGARSS 2004, ©IEEE (incomplete draft). GBFM © JAXA/JRC/JPL
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Data issues: seasonal variation

Rough Surface
N R
NG

,_w,.r A

2006/11/11

R

2009/05/19

2007/0514
©JAXA and METI, 2006-2009

200711114

PoISAR RGB composite, PoISAR RGB composite,
Kuortane, Finland, Kuortane, Finland,
November 2007 May 2008

Antropov O, Rauste Y, Hame T, Praks J. Polarimetric ALOS PALSAR Time Series in Mapping Biomass of

Antropov et al., Volume scattering modeling in PoISAR decompositions: Study of ALOS
PALSAR over boreal forest, IEEE Trans. Geoscience Remote Sensing, 2011, ©IEEE Boreal Forests. Remote Sensing. 2017; 9(10):999.
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SAR data " flattening”

Map » Range Doppler
Geometry Geometry
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Topology of radar geometry

Normalization areas for SAR backscatter

Small et al., Flattening gamma: Radiometric terrain correction for SAR imagery, IEEE Trans. Geoscience Remote Sensing, 2011, ©IEEE
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SAR data " flattening”

S S

ENVISAT ASAR Wide Swath VV Image acquired on 2008.09.10 of Vancouver Island and southwestern British Columbia, Canada—SRTM3 IDHM used
for terrain-geocoding and radiometric corrections. (a) Local contributing area A~ (image simulation), (b) '}‘% GTC, (c) JR,DR LIM NORLIM, (d) ')-g, RTC.

Small et al., Flattening gamma: Radiometric terrain correction for SAR imagery, IEEE Trans. Geoscience Remote Sensing, 2011, ©IEEE
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Demonstration Use-cases
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Snow damage mapping: Introduction

Objective: to test the usability of Sentinel-1
observations in forest damage localization and
severity assessment

 Test site, Kainuu, Finland

* In collaboration with Aalto university and
Bitcomp

 Finnish Forest Centre data

« Background, serious snow damages late
December 2107

Challenges:
The severity varies continuously

Imaging conditions, the temperature, snow,
m9isture, vary and affect backscattering

A B 'TC D M [: Tomppo, E.; Antropov, O.; Praks, J. Boreal Forest Snow Damage Mapping

Aalto University Using Multi-Temporal Sentinel-1 Data. Remote Sens. 2019, 11, 384.

+ THE EUROPEAN SPACE AGENCY




Snow damage mapping: Study area, SAR and reference data @esa

List of Sentinel-1 scenes
Image Date Mode Polarization
1 12 November 2017 w VV,VH
2 24 November 2017 w VV,VH
3 6 December 2017 W VV,VH
4 18 December 2017 W VV,VH
5 30 December 2017 I VvV, VH
6 11 January 2018 W VV, VH
7 23 January 2018 w VV,VH
8 4 February 2018 Iy VV,VH
9 16 February 2018 I VvV, VH
10 28 February 2018 W VV,VH
11 12 March 2018 W VV,VH
12 24 March 2018 W VvV, VH

Reference data

Sanitary cutting reports were available from the
Finnish Forest Centre (Metsdkeskus, 2018), along with
MS-NFI data from Natural Resources Institute Finland
(Luke, 2018 for sampling non-damaged stands.

Training and testing dataset: a sample of 929 damaged
forest stands and a sample of intact forest stands.

Multitemporal composite of Sentinel-1 images (green-VH,
red-VV). Red polygons denote sanitary cutting reports

from Forest Centre (Metsékeskus,2018). 40 km x 80 km, images: ©ESA, ©Google Earth
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