SARTEechniopes &prApplications
for Forestry

NestinSalepc{nestinssalepci@uijena.de),
Christian7hhiel

FriedrichSchillerUniversity/dena
Genmany

FRIEDRICH-SCHILLER-

UNIVERSITAT




Outline

|. Introduction
forest cover mapping, forest cover change mapping (deforestation, forest fires, wind
damage...

Il. Important forest parameters
0OA2Yl aaszr F2NBald KSAIKGZ F2NBadG aiNHzOU0 dzNX

lll. SAR for forest applicationsome basics
scattering in forests, penetration depths of signal in forests, linking SAR measures with
forest parameters

V. SAR techniques for forest applications

Backscatteanalysis

Interferometry. Phaseanalysist Coherenceanalysis
Polarimetry

Polarimetriclnterferometry

SARPolarimetrig Tomography

To To To Do Io

ESA PECS SAR Remote Sensing Course, September 2018, Sj&AaRigpplications for Forestry 2



Why Forest Observation?

A Forests cover approximately 33% of the 9 I NI Rafdh surface
(IENSEN2000

A Forestsplay an important role in the global carboncycle,sinceeachyear forests
absorb approximately 1/12 of the 9 I NJatihéspahericCQ stock (MALHIet al.,
2002

A Forestedecosystemsiccountfor app. 72%of the 9 | NXeffeStéal carbonstorage
(MALHIet al., 2002

A Therefore, Vegetation biomassis a larger global store of carbon than the
atmosphere(FAO2009

A Between1850and 2011 humanshavereleasedapp. 480Gt (480 BILLIONTONS!!!)
of CQ into the atmospherethrough fossilfuel burningand land use changeqe.g.
deforestationandfires) (GHASEMet al., 2011)




What canwecehserve?

- Forest Cover Mapping

Interferometric coherence Forest/nonforest map

GoogleEartimage Normalized backscatter

TanDEMX forest/nonforest map over Amazon forest

Martoneet al. (2018)




What canwecohserye?

- Forest Cover Mapping

GlobalTanDEMX forest/non-forestmap at 50m I 50m sampling




What can we observe?

ForestCover Chang®apping- Deforestation-
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Observeclearfelling (ALOS PALSAR, Multitemporal Composite, Siberia)




What canwecobsenve?

Forest Cover Change Mappingrorest Fires

Observe damage by forest fires (mid-August 2010, fires close to Moscow)
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Why do we need to-estimaiédoraesiibiomass?

A Forestbiomasscan be defined as the amount (mass)of dry organicmatter of plant
origin

A It isthe basicparameterfor characterizinghe distribution of carbonin the biosphere

A Forabetter understandingand quantificationof:

A the global carboncycle

A globalwarming

A terrestrialcarbonstocksand fluxesin forests
A terrestrialcarbonsourcesand sinks

A Information of forest biomassis needed to support sustainable forest resource
management




Main componentscobiomassdistribution

Stem(> 90%))

/ Brancheg< 10 %)
Above-ground o> Leaveq2-4 %)
(0]
/ (approx 80%) \ Undergrowth(?)
Phytomasq>90%) o\

Zoomasg<10 %) Below-ground

l.e. roots (ca. 20 %)
[After Mette et al., 2002]

Stem Biomass is strongly related to the commercially interesting biomass.

The major part of forest biomass is concentrated in the major trees. The contribution of minor trees (and hidd
biomass) to total biomass is rather low

Characterizing biomass using tree height will cove®3% of the vegetated earth and could directly characterize
80-90% of the aboveground biomass stock
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Field-measured biomass distributions for different sections (stem, bark, living and dead branches) of the tree for Scots pine and Norway spruce

Kankareet al. (2013)
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Forestibtomass

In Forestry,the biomasscalculation is basedon measurementsof trunk diameter and
height of samplepopulationsof trees

60t agihip “ (-AAENEAGQQ Qg
Biomasg, . [t/ha] is defined as aboveground woody of trunk and branches exceeding 7 cm diameter
"H'Hi ; {em] iIsthe mean diameter at breast height 1.3 m
L am] is the height of the tree
Z [g/cm3] Is the speciespecific wood density
l, ] Is a form factor (= 0-0.5, constant in a first order approximation)
Al Is the tree density (tree number per area unit)

The productofd  Z (— "HHi ) is also calledbasal area
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Forestibiomass
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Although no remote sensing technique allows a direct measurement of biomass
we can still derive estimations of biomass :

A the sensitivity of the backscatteto the biomass
A the sensitivity of interferometric coherencéo the forest volume, hence biomass

A estimation offorest heightwith SAR data
forest height plays an important role for . i w7 A
estimationof forest volume & aboveground biomass! | / ’ b P
-Allometricrelations between biomass & forest height' &




Forestsstiucture

Forest structure implies thkeorizontal and vertical variability of the tree distribution

( Close to nature \

In situ data
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(a)-(b) Pauli representation dhe tomogram W|thCapon and withhe Compressiv&ensing.
(c}H(f) Examples of inventory plots (50x50 m) with different structures, as represented
with field, LIDAR anfiomoSARata.

[Telloet al.,

2015]




Outline

|. Introduction
forest cover mapping, forest cover change mapping (deforestation, forest fires, wind

damage...

ll. Important forest parameters
OA2Yl daazy FT2NBald KSAIKGZ F2NBaG aidNHzOG dzNJ

lll. SAR for forest applicationsome basics

scattering in forests, penetration depths of signal in forests, linking SAR measures with
forest parameters

V. SAR techniques for forest applications

Backscatteanalysis

Interferometry. Phaseanalysist Coherenceanalysis
Polarimetry

Polarimetriclnterferometry

SARPolarimetrig Tomography

To To To Do Io

ESA PECS SAR Remote Sensing Course, September 2018, Sj@ARiadpplications for Forestry



Scatteringrmeehanismis forest ‘. | ““

single
bounce

———

A - Whena wavereflectsoff only onetargetandreturnsto the instrumentthis isknownas
direct scattering(or & a A § A tiz$.0l8sbacurswhenthe wavehits a target that is at an
orientation suchthat the waveis returneddirectly to the radar

Fig.: Global Biomass (aftefeTTeet al.,2002).
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Scatiefingrmeehanisms forest - . . -“ -

single multiple
bounce scattering

———

B - Cases of more than two bounces are known as multiple scattering and occur frequently
in environments such as dense forest canopies between trunks, branches, and twigs.

Fig.: Global Biomass (aftefeTTeet al.,2002).
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Scattefingrmethanismis forest . ‘ A

double

multiple
bounce

scattering

C- If the wavereflectsoff two surfacesbefore returningto the instrument, suchasoften
arisesin urban areasbetween ground and wall, or in forests between ground and tree
trunksor betweentrunksandtwigs,thisistermed& R 2 dad2fd3/ O S €

Fig.: Global Biomass (aftefeTTeet al.,2002).
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X band L band P band VHF

Austrian pine A=3cm A=27cm A=70cm A>3m

4 (LeToan 2001)
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Penetration of SARisignéito forests

" ERS Tandem © E!

Fig.: ERS Tandemi§énd) JERS-fland) intensity
image (size 50 km by 100 kghyckmAanet al., 2000).




R

w Small dynamic range w Medium dynamic range

w Variable response to water w Stable respons® water
w Variable response to opemeas w Possible to identify agricultural
fields

Fig.:Different wavelengths in biomass estimation and coherghedoanet al., 2001).
ESA PECS SAR Remote




Why forest @bsenationwithsSSAR?

ﬁ(
compared to optical remote sensing data or-Bitu measurements L

\

Higher spatial coverage
Higher temporal resolution (repeat cycle e.g. 11 days)

Y Remotely sensed data therefore can be used to fill spatial,
attributional, and temporal gaps in forest inventory data

\

=7 Contactless
Y Detection of unknown regions

=7 Retrospective analysis
(archived SAR data since 1991 (but not globally))

7 Microwaves enable a weatheand illuminatiorindependent imaging
process




Challenges of SAfRata in forestobsenvaiion

R4

=7 Limitations in applicability of RS data for AGB estimation are related to

A Backscatter saturation, especially in mature forests with complex stand
structure

A In rugged or mountainous regions, topography can affect vegetation
reflectance and influence relationships between backscattering values
and AGB\ topographic correction is necessary

A Complex interactions of SAR signal

=7 Satellite approaches to estimate biomass are still inqguerational state

[FAO, 2009¢GHASEMEL al.,2011]
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Backsecaite raaabﬂsisiszocé&rd

0,05
- Correlationbetween SAR 50,04
data and stenvolume- o
N 0,03
:

0,02

Stem volume vs. backscatter (HV)
(05aug2007y 12.5 m data

v = 0,00011x + 0,022300
R% = 0,64579

a0 50 100 150 200 250 300 350

stem volume [m®/hal
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Satiuration mwﬁlk&m:mm

=7 Saturationmeansthe SARresponselevelsoffs, i.e. the slopeof the
regressionine approachzera

—~ Biomasss not longer predictablefrom the signal

N Saturation

Intensity

v

Amount of “stuff” (AGB)
[after WOODHOUYE
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Saturation jpraldlemiineBackseatterranalysis

P-band HV backscatter {dB)

Regression analysis of radar backscatter with forest AGB.

-10
-12
-14
-16
-18
-20
=22 * Maine, USA i
¢ Landes, France
1 * Remningstorp, Sweden
=24 - 4 Guaviare, Colombia H
¢ Queensland, Australia
= Regression
26 ] ] 1 ] ] T I
0 50 100 150 200 250 300 350 400

Above-ground biomass (t.ha"']

SATURATIORROBLEM

Fig: Regression analysis of
radar backscatterwith forest
AGB P-band HV
backscattering coefficient
plotted against AGB from

experimentsconductedat five
different forests The green
points with  error bars
representthe meanvalue and
standarddeviationof all points
falling within a biomassbin of
+/- 10 tons/ha. The line is a
regressiorcurveappliedto the
full dataset Thecorresponding
RMSE in biomass is 51.6
tons/ha and the coefficient of
determination r2 = 0.67
(Credis LEToAN in ESA2008).




Saturation mmﬂll&miinmn

Thesaturationleveldependson:

Wavelength(i.e. different bands,suchasC,L,P)
Polarization(HV,HHand V)
Objectcharacteristic§vegetationstandstructureand groundconditions)
Incidenceangle

Availabletime series(numberof images)

N Saturation

Intensity
O

S
-~

Amount of “stuff” (AGB) [after WoODHOUJE
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Backscatterc time series=analysis

24.0ct 2016

SEN4AREDD SensorPleiades Location: Central Mexicdlemperate forests
without filter : with EMD filter
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- Forest EMD filter: Filtein time domain & preservepatial

Agriculture resolution[Cremer, 2018
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SARInterferometry (INSAR makesuseof the phase
difference between two complex valued images
from different view angle,i.e. forming baseline,so
that topographyof the areacanbe imaged

., e

topography

] reference datum
B : baseline r, & ry: range distance for the respective acquisitions
B, : perpendicular baseline Ar : range difference

6, : look angle

SAR interferometry imaging geometry
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Interferometric phase

Interferometric Phase is composed of many
different phase terms

I
Sensor
altitude |

nadir! | reference datum

In the absence of deformation, or removal of phase due to deformation &#Hath and
compensation of phase due simosphericahrtefacts digital surface models can be estimated.

{l} ID'[DDOQ ra Dh Y
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Interferometric phase

ERS SAiage
Bachy China
approx 100 knm? 80 km
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Interferometric phase

Interferometric phase
Bachy China
approx 100 km? 80 km E, oK 0
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A phase unwrappingequired!
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Interferometric phase

INSARDEM
Bachy China
approx 100 km? 80 km
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Interferometric phasezanalysisiolbierests
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Interferometric phaseaanalysissfolbierests ‘

Trees acquired auperhighresolution (Xband)

et

3Drepresentation of an interferometric SAR acquisition
of the Karlsruhd?alace [Reighe&Roessing2008]
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SAR inteffesometyy InSARphase

Interferometric phaseis the phase difference of two SAR images

Interferometric coherences the crosscorrelation coefficient of the SAR image pair estimated ove
a small window.
Coherencebetween both SAR images giveformation about

A SARmage similarity

A the interferometricphase nois&ontent

S1: Image 1, S2: Image 2

(3‘251 *) Thecoherence value ranges frofn(the
Y= ” * interferometric phase is just noiy¢o 1
Vs K29 %) i
=" (complete absence of phase noise)

~ ESA PECS SAR Remote Sensing Course, September 2018, Sj@ARiaApplications for Forestry



