Towardgeliable vegetation monitorinig the relictarcto-alpine tundra of theY NJ 2 Mt&8.:0 S
development of a methodology based on UAV retitiporal data
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Starting points

A Tundra ecosystems (alpine treeless) belonghtomost valuable
natural phenomena worldwide

A Biotopes above théreeline are very sensitivaéo various types of
SYGANRYYSYyialt FTIFrOG2NER oX Of A
A Current problems addressed within the project:

A Expansion o€alamagrostisillosa Moliniacaeruleaand
Deschampsiaaespitosanto the Nardus strictestands

A Dwarf pine expansion

A Changes can be relatively fast in these areasrafiable
monitoringis very important

A Earth observatior a potentially powerful tool for the
monitoring (objectivenessrepeatability, data from an
extensive area in one momenseveral times during seasoqv

A Close collaboration of botanists agdoinformatics



Goals

A To evaluate and compare potenti@dvantages vs. drawbacks)
of different typesof remote sensing datémultispectral,
hyperspectal, LIDAR) for accurate mapping of tundra
vegetation cover

A To test theaccuracy of different classification methofgsxel
and objectbased) for different types of vegetation and
different types of data

A To monitor the changes over 5 yegseasonal, inteannual)c
implications for management (type of management vs. zone
without human interference)

~ Ve ~ ~ Ve

A To propose aeliable methodologyfor tundra vegetation
monitoring on the species levelising R%lata from drone

A To implement the methodologiyn the NP monitoring practice




Study area; easterntundra - researchplots within the Eastern Tundra
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(acidophilousalpine grasslands, species poor stands
dominated bymatgrass; Nardus strictareedgrass; Calamagrostivillosa
and purple mooigrass; Molinia caerulea Norway SprucePiceaabieg

(fine grain mosaic dominated by watmir grass Avenella
flexuosamoss layer, close alpine grasslands, alpine heathlamdal|
shrubs, stone seaboulderscreg
(boreal ombrotrophic ralsed bog, hummocks, moss

layer and hoIIowsdwarf sses, lal :
specie S - asses, Vaccinium

heathlands, small sprlngs mosses, dwarf pine, subalpine demduous shrubs




Researclsetup

A Four research plotwith different types of vegetation
A Eachplot extent: 100R100 m

A Dronedata acquisition: 4 times in the seasgmid of June,
July, August, September)

A Multispectral (MS), Hyperspectral (HS) and LiDAR data
A MS and HS dataixel size: 3 cm

A Spectral resolution:
MS data3/5/8 bands HS dat&70bands

A Lidar data scanning density: ca 900 pt$/m
A 4 years of field monitoring

A 5 years of methods testinand results
evaluation/comparison




Usedinstruments

A Drone: DJMatrice 600 Pro(price: 6400 EUR
A Gmbal Ronin (HS camera)
A IMU and GNSS (positional accuracy ca 5 m)

1. MS cameraMicasenseRedEdge a T HScamerag¢ HeadwallNano-Hypersped LIDARRIEGIminiVUX1UAV
Spectral bandsBlue, green, red, red edge, neal (enablesvegetationhealth evaluation)
IR¢ multispectralscanner(MSS) A Compact & lightweight (1.55 kg / 3l
A Pushbroomscanner A 360cfield of view
A 640 pixels A Multiple target capabilityg up to 5 target
Price: 6000 EUR A lens 17 mm (possible also 12 mm a 23 mnf)  echoes per laser shot
A 270 bands (398,784 nm1 001,84 nm, A Scan speed up to 100 scans/sec
2. RGB camer&ony A7 ILGE 24,3Mpx; lens spectral sampling 2,24 nm) A Measurement rate 100,000
VoigtlanderColorc Skopar21 mm A Radiometric resolution: 12bit measurements/sec
£
= %
Price: 920 EUR + 520 EUR Price 40,000EUR Price: 72000 EUR




Used methodg UAVdata acquisition

A Scanning from &eight of about 50 60 m above the ground
(constant for] dzchgfgy. Nlbuka ™ LIANISOS ) Ay A O

A At the areakar” LJag tS¥a¥rieadescending flight
trajectory according to the terrain configuratigfinal y
altitude also about 50 m above the ground) 4 g

P2 i

A Each area was flown sequentiallypiarallel flight lines : 5 R

:‘ |

A forward overlap of 85% arsidelap70%

Zajmoveé lokality f

A Calibration panelgground control pointg; GCP) for
radiometric calibration and geometric transformation used
black and white chessboard cm placedn the corners
of the areaandfurther 5 insidethe plot (for HS data)

Flighttrajectories

Calibration panel (GGP



Used methodg field vegetation mapping

A Training and validation vegetation data collectedoby colleagues from ~ Vegetationmapfor. Nt t meagodzldt

o o

the Botanical Institute on the same datesthe data fromthe drones
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A TrimbleGeoExploreGeoXHs000 or TrimbléSeoExploreGGeoXH008
GPS used

A Positional accuracy-5 cm

A Collector for ArcGIS with orthophoto from UAS (taken several days
before the vegetation data collection)

A Record a point in the center of vegetation patch and create a buffer
around it

A Manual correctiorof the collected polygons position in GIS based on
the orthophoto (small polygons not used in case of uncertain
localization)

Outputs:

1. Classification legen(wo levels: generat 15 categories, detaileq 50
categories)

2. Training and validation polygo882 polygong, ca 1/3 for used for

training and 2/3 for validation, total area 590°)m - R

. T [——
3. Vegetation map for each area [T




Description

stands dominated by Avenella flexuosa, minimal cover of other species (mainly Anthoxanthum alpinum, Cx bigelowii andiber®%up

Classification legend

bahno _|histosol, dry peatland water holes

stands dominated by Avenella flexuosa, high cover of other species (mainly Anthoxanthum alpinum, Cx bigelowii and herbs) Block fields and anthropogenic areas Pinus mugo scrub

bet individual or a group of Betula sp.
bor \Vaccinium myrtillus stand, shrubby vegetation
L. brus \Vaccinium vitisdaea stand, shrubby vegetace
Typ Descrlptlon ca stand dominated by Calamagrostis arundinacea, minimal cover of other species (up to 10%)
cetr Cetraria islandica stand
1 BOUIderscreeand artiﬁCiaI Surfaces cv stand dominated by Calamagrostis villosa, minimal cover of other species (up to 10%)
cxbig stand dominated by Carex bigelowii
2 Nor\Nay spruce stands cxlim __|Carex limosa stand with histosol .
desch [stand dominated by Deschampsia cespitosa, minimal cover of other species (up to 10%) Nardus sticta stands Species-rich vegetation with high cover
3 dwarf pine lerang _[stand dominated by Eriophorum angustifolium with histosol " g
lervag  |stand dominated by Eriophorum vaginatum
4 subalpine Vaccinium vegetation hup _|Huperzia selago stand
jerab individual or a group of Sorbus aucuparia
5 C|Osed su ba|pine grass'ands junc stand dominated by Juncus filiformis, minimal cover of other species (up to 10%)
klec Pinus mugo stand
5a N ard us Stri Cta klen individual or a group of Acer pseudoplatanus
lis lichens (mainly Cladonia sp.)
5b SpeCieS riCh Stands Wlth abundance Of diCOtS listhace |deciduous trees, see description for details
juz Luzula luzuloides stand Calamagrostis villosa stands Molinia caeruela stands
6 subalpine tall grasslands prech_mosses
mokvskalwet outcrops covered by mosses
. . mol stand dominated by Molinia caerulea, minimal cover of other species (up to 10%)
Ga Calamag rOStlS V|”05a nard stand dominated by Nardus stricta, minimal cover of other species (up to 10%)
L. niva [tall-forb vegetation
6b MO“nIa CaerUIGa ras Sphagnum sp. stand
i A rostr stand dominated by Carex rostrata with histosol
6¢C Deschampsia cespitosa scip__|stand dominated by Scirpus sylvaticus
skala__|rock outcrop
7 Su balpine talfforb graSSIa.ndS smrk__|individual or a group of Picea abies
sut blosckfields, mostly bare, with lichens
8 alpine heathlands ten fine grain mosaic of Trichophorum cespitosum, Eriophorum vaginatum and Nardus stricta
ltrich stand dominated by Trichophorum cespitosum, minimal cover of other species (up to 10%)
9 Wetlands and mires aculig |Vaccinium uliginosum stand, shrubby vegetation
oda water
10 open Water rba individual or a group of Salix sp.
res Calluna vulgaris stand, shrubby vegetation
11 Wind_exposed alpine graSSIandS yfuk  |mosaic of rocks, bare soil, mosses and vegetation, \&iqubsed alpine grassland
smes __|see detail description
12 individuals or small groups of trees pram_vegetation of subalpine springs
sw Swertia perennis stand, vegetation of subalpine springs

rasros _|stand of Sphagnum sp. with significant coveDedserarotundifolia




Used methodg classification of vegetation

Classification legend for individual areas

A Dataprepocessingradiometrig geometrig

CNft f[[dz6YNMtHT LIA1S [YF NI U LX&A
A Resamplingpixel size 9 cm, HS data: 54 bands meadow NI OStbhglet Yebrrie
afs af bar_esoiVmud bor
A Detailed legendiccording tathe categories present in individual areas Y _ afs exiim ca
cxbig bor erang desch
: L _ . : desch desch
A Supervised classification using field training vegetation data mejc Dews;fpine J-eur;'?g 3;3;‘r?pine
nard lis dwarf pine list
Piceaabies nard mol mokvskal
MS (from both cameraRGB, MSS; RGBMS = RGB}BI®BHS datthe same blockfields | nard mol
thods: Callunavulgaris | rostr nard
me ’ vyfuk Piceaabies niva
1.  Pixelbased methodsMaximum likelihood MLC Support Vector Machine :?.Zh E:ZQSW
SVM(SW ENVI and ArcGIS), Random FeRRE{(SW For ArcGIS) trichcesp rasrost
vaculig Scirp
2.  Object based classificatiefOBIA:Support Vector Machine or Random water Piceaabies
Callunavulgaris | blockfields

forest classifier (SW ENafl e-Cognition)

Callunavulgaris

A Imagedrom each date and data typdassified (1) separately and also (2) in
multitemporal composite= images (all bands) from all dates were merged and#
classified as one image (32 bands for RGBMS data and 216 bands for HS da
for eachresearchplot),

A Variousmultitemopral combinations




A 1/3 used for training and 2/3 for validatiq802 polygons, total area 5,9012m

A Random sample pointgenerated within the validation polygossratified according the summarized
area of training + validation data

A Number of validation points for each mosaic: 3,6alculated based on reliability of validation accuracy

on 2% |eVQi=oody, G.M. Sample size determination for image classification accuracy assessment and conpads&emote
Sens2009,30, 5273;5291)

A Minimal number of pointdor 1 category50

o

Pointsgenerated in the center of pixels

A Minimal distance between the points: 13 ¢mo points were generated in neighboring pixels)

A Standard methods for classification accuracy assessment used:
A Overall accuracy (OA)share of correctly classified pixels the total number of pixels

A Kappa index compares the result of the classification with the classification created by a random
process of classifying pixels into individual classes, 1 means a perfect match and O represents a
purely random result

Measures foindividual categories accuracy evaluation
At N2 RdzO S NI a c¢thepibbaNility@hat adefeterice class is classified correctly

Al aSNRa | Gadhempidbabdity that a pixel in the classification actually represents this
reference (field) class

(Jensen, R.Hntroductory Digital Image ProcessingRAmote Sensing Perspective. 2005, Pearson Prentice Hall)




Results; Competitivespecies; seasonathangesn phenology
SeasonaRGBM$n

Nardusstricta (NS Molinia caerulea(MC)




Result Example®f the acquireddata

TruecolorRGB TruecolorHS FalsecolorHS

June

5 64 Vg

Deschmpsmespltosa

August




Results; Classificatiomutputs
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Vegetaéni mapa lokality Bila louka 2019
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BOtANChE data: | Mibeoed & T Knerov. © 207 Satancky ceti AV CH
Nasitnace: L Corvena © 2000 P UK

. ch il pefn gt LAV 2 VI, VI & VAGOTS, © 2500 405 Uk
metode Masfiace o anrna e b (WA C)
watacricov) syshes: 5-IT5K

Ta0avatel: 5ot KNP
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LIDAK pomrani UAV
v fedinnt projebt: L Mipkows, B LK

Vegetacéni mapa lokality Luéni hora 2019

botanicka data: J. Wfieroud & T Kinerovs © 2019 Botanis Gstav AV CR
Assifikace: J Milerovs © 2020 Botanicky Gatav AV CR

pofizenjch UAV V1, VIL VIIL IX2019, © 2620 Spriva KRNAP
‘metoda kiasifikace: masimum lkeshoad (MEC)
‘soutadnicovy systém: SUTSK

2adavatel: Spritva KRNAP

2Zhotovital: PIF UK

Mapa wyholena v rama projekty CZ.05.4 27/0.00.0(17_0780009044, veleiné zakazky & 72019

LIDAR senzord UAV
law fodital projektu: L Kupkov, PIF UK

Vegetaéni mapa lokality Upské raselinisté 2019

i

=

‘botanicks data: J. Wileroud & T Kinarous, © 2019 Botanicky datav AV CR
Msaifiace: 5. Miterovd, © 2020 Sotanicky Gatav A CR

ST

pofizench LAV 2 V1, VIL VIIL IX2019. © 2020 Spriva KRNAP
metoca kiasifikacs:

maxmum Ikethood (M.C)
‘soutadnicovy systém: S-JTSK

‘Zadavatel: Speirva KRNAP.
‘2hotovital: PIF UK

Mapa vytolena v réec projektu CZ.05.4 27/0.00.0(S7_OT2I0009044, vefeiné zakizky & B2019
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LIDAR senzor UAY
hilaves fosital projektu: L. Kupkavd, PIF UK




Resultg; ClassificatiooutputsY Y | NJ & ¢ darijieS <2t

Vegetaéni mapa lokality kar Upské jamy 2019
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Results; Overallaccuracyg. Nt + méadodz| |

UAV HS data UAV MS data
Parameters
Temporal MLC RF OBIA SVM MLC RF OBIA SVM
resolution
Mono-temporal OA 87.4 90.1 91.5 83.6 90.4 94.0
month July July August July July July
OBIA
parameters 50, 90, 5 20, 60, 5
July, August OA 91.1 93.7 94.6 92.6 92.7 95.9
OBIA
parameters 20, 60, 5 20, 60,5
June, July, OA 92.7 93.7 95.6 93.8 92.6 95.3
August
OBIA
parameters 50, 90, 5 20, 60, 5




Comparison of OAs for UAV mdaemporal and
multi-temporal data using MLC, RF, and OBIA SVN\
classifiers
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Best Fiscore achieved fandividualspecies
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Best FEscore (in %)
s'::cl)-re Data ((:r?]r(?r:)tij:)e Classifier
Species

94.7

NS MS 7,8 OBIA
99.4

CcVv MS 6,7,8 OBIA
99.2

MC MS 7,8 OBIA
96.3

DC HS 6,7,8 OBIA
59.0

AF MS 7,8 OBIA
45.6

CB HS 6,7,8 OBIA

Species abbreviation®S- Nardus stricta, CYCalamagrostis
villosa MC- Molinia caerulea DG Deschampsiaespitosa
AF- Avenellaflexuosa CB- Carexbigelowi



Changaletectionc proposedmethodology

The developed methodology takes into account the following key
monitoring parameters:

Avery high classification reliability (repeatability)
Ahigh spatial resolution (capturing changes)
Aeasy feasibility (sustainability)

Aaffordability (sustainability)



Monitoringof changeg; proposedmethodology

A Priority species
A Levelof smallplots - 8 plotsin easterntundra and 8 in western

A New datafor eachplot oncea 5years Priority species
A UAV RGBMS datadombinationwith aerialimages(dwarf _ ,
pine, Piceaabies), spatialresolution9 cm i el e i e
A 2 datesof UAV dataacquisititong July and August Pinus mugo stand
A Botanicalmappingin the first year (training and validation con comneed By Erophorun ongus ol wih hatose,

data) blockfields, mostly bare, with lichens

A Ensemblaneth OdSC combinationof MLC and R FS(QH pt in R) stand dominated by Colomagrostis villosa, minimal cover of other species (up to 10%)

stand dominated by Molinia caerulea, minimal cover of other species (up to 10%)

0)
A ACCU raCWVer 80 /0 stand dominated by Nardus stricta, minimal cover of other species (up to 10%)

stand dominated by Deschampsia cespitosa, minimal cover of other species (up to 10%)

individual or a group of Picea abies

Changaletection (methodologywill be published

A statistical (quantitative, nosspatial)- the result gives only
overall information about the gain and loss for each class

A spatial ¢ the result also gives information about where the
change occurred

A Manual Actionplan, training



Finalmap outputof changedetection
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