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6 km) MODIS (500 m)

MISR (275 m)
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MISR (Multi-angle Imaging Spectro-
Radiometer) instrument on Terra satellite.
MISR has nine cameras, each aimed at
a different angle to get stereo information
for every point on Earth.
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RAMIL1
DEFINITIONS
FAQs

FORMATS
ORGANISATION

Jarvselja RAMI testovaci plochy

evxeon ) JAC) 125 ) CRM ) CRM-L2SS/MORE ) RAaM

Poth: RAMI-IV : EXPERIMENTS : ACTUAL CANOPIES : JARVSELIA SUMMER PINESTAND

EXPERIMENTS | RESU MODELS | PARTICIPANTS | < A &M W &

RAMI-IV - EXPERIMENTS ¥

Jarvselja Pine Stand (Summer): HETO7_JPS_SUM

This pags pravides descriptions of the architectural, spactral and lumination rejatad properties of 3 124 year okt Pinus sylvestris stand located
3t SBF 18" 47.13" N 277 17" 48.23" E, Tha stand was inventariad in the summer 2007 by Andras Kuusk, Joal Kuusk, Mait Lang, T8nu LUk, Matt!
Mittus, Tit Nilcon, Milna Rautiainan, and Alo Eanm8a afthe Tartu Observatory, in TSravers, Estonia as weall a5 the Estonian University of Life
Sciances, Tartu, Estonia. Potential RAMI participants thus are to treat the Information presentad on this page 3 actudl Inventory cata’, that

ney SHould Idamtify/exaract those paramatens and Charactenistics that are reQuired 35 INDUt T0 thair Candpy reffectance modeis. In some
cases this may mean that simplifications have to be mada to the avaiiabie Informatian, ar, that parts ofthe avaliabie information cannat be - ar
have to be modifiad batore being - exploftad with 3 given radiative transfer modal, Whataver the caza may de, all potantial RAMI participants
should mimic the standard practices that they use when matching actual fisid measurements to the raguired sat{s) of Input parametars for
their modai{s). If this means that you nead more informatian than providad, plaase o not hasitate in contacting us. Last but not isast, %or
thoze 30 modais capable of maimaining architactural Soaiity down to the Individusl shoot and branch leve! a serias of ASCIL {text) fies

containing tha Cartasian coordinatas of various geometric primitives (triangies, sphares and Sylinders) and their transformations will be given.

In ordar to faciiitate the generation of the lSrvsalja Scots Pine (Summer) forest the infarmation on this page has baen subdivicad into four

dift=rent categories. For each ana af thesa categories the ralevant descriptions will be containad within a uniquely colourad text frame and can
b2 accassad by clicking an one of the four links dajow:

In case of aficulias Or MiSSing data on this page piease J0 NOT hasitate In COMTACTING us 50 that tha probiams may De resoivad as fast a5
passidle.
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REVIEWS REVIEWS

Lightweight unmanned aerial vehicles will
revolutionize spatial ecology

Karen Anderson” and Kevin ] Gaston

Ecologists require spatially explicit data to relate structure to function. To date, heavy reliance has been placed
on obtaining such data from remote-sensing instruments mounted on spacecraft or manned aircraft, although
the spatial and temporal resolutions of the data are often not suited to local-scale ecological investigations.
Recent technological innovations have led to an upsurge in the availability of unmanned aerial vehicles
(UAVs) - aircraft remotely operated from the ground - and there are now many lightweight UAVs on offer at
reasonable costs. Flying low and slow, UAVs offer ecologists new opportunities for scale-appropriate measure-
ments of ecological phenomena. Equipped with capable sensors, UAVs can deliver fine spatial resolution data
at temporal resolutions defined by the end user. Recent innovations in UAV platform design have been accom-
panied by improvements in navigation and the miniaturization of measurement technologies, allowing the
study of individual organisms and their spatiotemporal dynamics at close range.

Front Ecol Enwiron 2013; 11(3): 138-146, doi:10.1890/120150 (published online 18 Mar 2013)

Remnte»sensing techniques have transformed ecological
research by providing both spatial and temporal per-
spectives on ecological phenomena that would otherwise
be difficult to study (eg Kerr and Ostrovsky 2003; Running
etal. 2004; Vierling et al. 2008). In particular, a strong focus
has been placed on the use of data obtained from space-
bome remote-sensing instruments because these provide
regional- to global-scale observations and repeat time-
series sampling of ecological indicators (eg Gould 2000).
The main limitation of most of the research-focused satel-
lite missions is the mismatch between the pixel resolution
of many regional-extent sensors (eg Landsat [spatial resolu-

tinm A WVl fa tha MAadaenia B acaliban Tonamine Soomien.

range of new (largely commercially operated) satellite sen-
sors have become operational over the past decade, offer-
ing data at finer than 10-m spatial resolution with more
responsive capabilities (eg Quickbird, IKONOS, GeoEye-
1, OrbView-3, WorldView-2). Such data are usetul for eco-
logical studies (Fretwell et al. 2012), but there remain three
operational constraints: (1) a high cost per scene; (1) suit-
able repeat times are often only possible if oblique view
angles are used, distorting geometric and radiometric pixel
properties; and (3) cloud contamination, which can
obscure features of interest (Loarie et al. 2007). Imaging
sensors on board civilian aircraft platforms may also be

woeads thaca ram emarida oes crnlacarmeanrinka dakn S
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Listy

-rozdéleni ahli listovi (the leaf angle distribution - LAD) je jednim z
hlavnich parametrii ovliviujicich spektralni odrazivost a charakter sireni
svétla/zareni skrz vegetaci

-navzdory svému vyznamu ale ziistava jednim z nejméné prostudovanych
parametrii/vstupl v modelech spektralni odrazivosti diky relativni
obtiZznosti méreni Ghlu listovi v terénu — obzvlasté pak stromii

15



Méreni pomoci dig. fotoaparatu
(leveled digital camera approach)

Tower

~ Leaf inclination angle

Loaf length axis
Viow direction of camera
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Ryu et al., 2010, AFM 16



Mereni pomoci dig. fa

d MG1s3spc ¥ W W W

2592x1944 pixels; RGE; 19MB

V ¢ Image) i i . n ab @@u {
.‘ File Edit Image Process Analyze Plugins Window Help i
O|o|z|o|< & Z =l ¢

Angle tool

d MG1s538pc ¢+ W W

75071844 pixels, RGE; 19ME

File Edit Image Process Analyze Plugins Window Help
OlQ|z|of= 4|+ |N|A| | O|A|®px|sw| § | 4 |8~

X=1654, y=640, value=158,166,143

File Edit Font
| |Angle |Length |
26,565 64.846

fotoaparatu

=] & |

~ leaf inclination angle

leaf surface
normal

\] 45 80

Chestnut (Castanea)
0.2 -

0.1

17

Ryu et al., 2010, AFM; Pisek et al., 2011, TREES, Pisek et al., 2013, AFM; Raabe et al., 2015, AFM



Je mozné m

Raabe et al., 2015, AFM
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erit uhly listovi

kdykoliv/kdekoliv?
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Je mozné merit uhly listovi
kdykoliv/kdekoliv?

) 1 = :

DJI Phantom 3 Professional
4K camera with 3-axis gimbal
94 deg. recti-linear lens
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Je mozné merit uhly listovi
kdykoliv/kdekoliv?
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30. Cervna, 2015, Toravere,
Estonsko
Betula pendula, Alnus incana,
Aesculus hippocastanum
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Pivodni RAW Opraveny JPEG (opravené prostoroveé zkresleni)
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0.2 A

01

0.2 A

01

02 A

0.l 4

species

Aesculus hippocastanum

Betula pendula

Alnus incana

Vysledky

Aesculus hippocastanum

control UAY
n mean standev dewWit n mean standev
175 36.91 15.22 plagiophile 186 35.28 16.34 plagiophile
141 53.81 16.47 spherical 244 56.26 18.63 spherical
142 22.98 17.04 planophile 128 23.48 12.67 planophile
i LDP
IFAY 1
—— LDOP_beta
UAV_beta 09 +=_
0.8 4
0.7 -~
0.6 A
D I
=05 {~"-=--===
D
0.4 { =——— Aesculus h. (DLP)
03 4-—~-- Aesculus h. (UAV)
' —— Betula pendula (DLP)
0.2 9 ---- Betula pendula (UAV)
0.1 A Alnus incana (DLP)
- — - - Alnus incana (UAY)
D I 1 1 1 I I 1 1

0

10 20 30 40 50 60 7O 80 90

View zenith angle(degrees)
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13. srpna, 2015, Monongahela National

Forest, Central Appalachian Mountains,
West Virginia, USA

Acer rubrum, Quercus rubra

ey » Tk - & ""‘:"“;.‘--i"' £ o e 15 4 “v.,_v
3DRobotics Y6 hexacopter outfitted with a gimbal-
mounted Canon Powershot S110 compact camera




Vvsledky

control UAY

species n mean standev dewit n mean standev

Aesculus hippocastanum 175 36.91 15.22 plagiophile 186 35.28 16.34 plagiophile
Betulo pendulo 141 53.81 16.47 spherical 244 56.26 18.63 spherical
Alnus incana 142 22.98 17.04 planophile 128 23.48 12.67 planophile
Acer rubrum 74 24.81 11.76 planophile 74 24,15 11.06 planophile
Quercus rubra 62 23.56 13.66 planophile 62 21.87 14.45 planophile

Acer rubrum
02 A

0.1 4

\

02

o1

¥] 45

Quercus rubra

50
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Vvsledky

control UAY

species n mean standev dewit n mean standev
Aesculus hippocastanum 175 36.91 15.22 plagiophile 186 35.28 16.34 plagiophile
Betulo pendula 141 53.81 16.47 spherical 244 56.26 18.63 spherical
Alnus incana 142 22.98 17.04 planophile 128 23.48 12.67 planophile
Acer rubrum 74 24.81 11.76 planophile 74 24.15 11.06 planophile
Quercus rubra B2 23.56 13.66 planophile b2 21.87 14.45 planophile
A B :

0.9 0.9 -

0.8 0.8 -_\-ax

0.7 0.7 1 ha

0.6 0.6 -
< 05 S 05 A
o o

0.4 Aesculus h. (CON) 0.4 1 “

- = = = Aesculus h. (UAV) o
0.3 4 0.3 A
Betula pendula (CON) Acer rubrum (CON) ~—
0.2 1 - - - - Betula pendula (UAV) 0.2 1 - = = = Acerrubrum (UAV)
0.1 - Alnus incana (CON) 0.1 - Quercus rubra (CON)
0 ===~ Alnus incana (UAV) 0 Quercus rubra (UAV)
| I | | | 1 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90

View zenith angle(degrees) View zenith angle(degrees)



Vvsledky

control UAN
species n mean standev dewit n mean standev
Aesculus hippocastanum 175 36.91 15.22 plagiophile 186 35.28 16.34 plagiophile
Betulo pendulo 141 53.81 16.47 spherical 244 56.26 18.63 spherical
Alnus incana 142 22.98 17.04 planophile 128 23.48 12.67 planophile
Acer rubrum 74 24.81 11.76 planophile 74 24,15 11.06 planophile
x| 62 2356 1366  planophile 62 2187 1445  planophile
‘General Details |Pre~.r1uus Versionsl
Property | Value | al :"r Aesculus hippocastanum
Saturation Maormal N_betz
Sharpness Mormal _betz | Acer rubrum
White balance Auto = 021
Photometric interpretation \
Digital zoom o1 4
EXIF version 0230 | |
GPS o I I N
Latitude 58; 15; 58.07350000000Q,., Quercus rubra
Longitude 5. 97: 55,8528999999981 -y 0.2 1
il
File I 1
Mame DII_0563.JPG ana
Item type JPEG image E_IU
Folder path D:'\Jan tree leavesipirch...
Date created 712015 11:53 AM
Date modified 712015 11:20 AM = -
Remove Properties and Personal Information
Ok I Cancel | Al |
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Na co davat pozor?

Kamera z GoPro Hero 2 UAV (zde nepouzita!)

Canon PowerShot A610 (pouzity fotak pro ovéreni vysledki)

28
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Shart communication
Measuring leaf angle distribution in broadleaf canopies using UAVs @ _—
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unperemed serial velices WV could be esed o measre LAD, we dinectly comzarnd LA bosed
memurrmene. of leaf angle apaim thowe made fram comeetions brevled dyptal photographn. tdie

Eryseerdc froam: tovwrers, Ladlers, buel oy, o proies. Wi waed twn diferest LAY nd camara myeeres, ard Sund
— tzat hath syutrrea provided s gicalynimiar okt t= cae cormeentional meassremests of LAL o free
s A cormnon becadieaf trew species of Exrops and Morth, Amarica. b, addition b cvercoming challamge of

LAY sevzase sepelation s plziieg LNy wethin soeples feee cinapiey, e spmremess pateneal
ey of thin method should identsfy, minimxe, and cormect for any imape Sixortion ofects ceabed by
iz LAY el coreery mtern With thewn conuiderations i mingd, our renks indicxie that LAYy canbe
wird i meramre LAD = virually amy broadleal ermi savirommene, which opem the new possbality for
risiining scmis, spmcies- st nkertion on He warisblity of LA Herragh i s sk brosd

emetzrmentad gradiers.

0 2015 Blwrwier BN AN rigisis rewerved.

1. Introduction

The k=l angle distribugion [LADY] & 3 key parameter in models
us=ful for mnderstanding the forest canopy poosses of photo-
synthes, svapotranspiration, mdiation ramsmission, and spacral
reflectance [Warmen Wikon, 1955 Lemeur and Blad, 1974: Mymeni
etal, 1981 Asner, 098], Yet, despae the sirong seredivity of mamy
of these ‘madeds bo variabdliy in LAD, the difioalty in mezaring
LAD ofen cawses it in be one of the most poorty comsirainesd modsl
parameters (see &g Olinger, 30111 mproving methodologies For
mezuring LAD is this emsential for athancing scological undar-
stamding of itx role wilhin the baophysical intercion of sunlght
and the forest Canopy.

Rerently, Ryu e al. (2010] introduced 2 robust and affordabis
method that allows reproducible mezurements of keal incing-
tion angles based on digital photograply. The method has shown
potential to overcome memyof the shomcomings of other LAD mez-
SUNEmEnt technigques [ Fisel o al, 3011 Fou et a1, 2014). However,
simoe only 2 small fraction of the soological varabdiby in forests @n

* i Tel: +1
- ot addrax e ol Areds [RE McNeTL
! jaint Pyl pehoriin

01 0 ot 2015 1 2350
R DT AN 5 Bharvie Y. AR righta ey |

-automatizace identifikace listli a méreni uhlu

-jehlicnany?

b measurad from towers, poles, Bdder, and other comentional
platfonms, the remaining challenge s how o collect these photo-
graphic [Eal angle mezmmements for the namaining LIl of ramobs
Torest cannpes.

Rerent iechnological inmovations have |5d [ an upsumge in
the Fvadability of mnpersoned 2erial velides (LWMVs] - inoal
remaotely operated Bom the ground - and there 2 now many
Eghtweight UAVs awailble at reasonable oosts. Specifically for
small, multi-rotor UANE, recent SmnNovations in power syst=me,
s=ll-leveling pimbal designs, stabilired Night, and lightweght cam-
eras mow alow for the study of individual organisms and their
spatiotemporal tynamics at cose range [Anderson and Caston,
201 3L Crucially for forest canopy research, thess small musls-rotor
1M could serve 2 portable canopy reEarch towers they ans
potentially small and nimile anmegh (o pist throughoe 2 omm-
e v imens ional forest cno py enviromment, 20w hile tking
hagh-resokation, amd level photographs of indiyidl] Iree oW

In this short comemunication, we ssek to test the potential of
somall mmeadti-robor LWWS (0 serve 25 2 platform for measaning leaf
angles using the leveled digital photograply method, Specifically,
W use bweo diflenent LAY and men systene b measre leaf
angles, a5 wellas estimate the LAD and C-fanctions of Bive broadieal
{ree SpeTiEs common b Bsmpe and North Amersc. ARer disrssing
SOME imparant comsideratsons fr minimiang emors cased by

am
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Vedouci prace
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Hlavni je zapal/nadseni, az pak je kvalifikace/inteligence

Too many Ph.D.s are creatively stillborn, with their
personal research ending more or less with their
doctoral dissertations.

Very often ambition and entrepreneurial drive, in
combination, beat brilliance.
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Disturb Nature and see if she reveals a secret.

ARTICLE INFD AEBSTRACT

Leaf anggler diirak {LAD i an affectimy the bicpiyecal mbrsction of wen-

. . . e 13 ko 2005 N ity i L [rom-n ™
Almost anything, no matter how unsophisticated, can e i ke e o ey e

Acrmpie 11 Decrrsber 2015 upewmed syl veide (LAY could be esed o measure LAD, we Sirecily comzared 1AW boaed

yield discoveries publishable in scientific journals. - oo b Sy e e e S N e

From towers, laZden, huilding: o polm. W =eed bwn diferest UAY aad cymera onterss, and found
Dudal

tiat berth mynteres provided sexs iy similar ol to B comerntional meawsremest of LAL o free
B ew romemen brzadieaf tree szecin of Szrope and Morts Ameriza b sddition to verczmeny challempn <f
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1. Introduction

Thee leall angle distribaugion [LADY] & a key parameter in models
useful for wnderstanding the forest @nopy processes of photo-
syTihesis, evapot madiation t oL, and speiral
reflectance [#Wamen Wikon, 1355 Lemeur and Blad, 1974 Myneni
etal, 1580: Asner, 10598]. Yei, despie the strong zersidivity of mamy
of these ‘medels bo variabdity in LAL, the dilioadty in measaring
LAD oftem caweses it o be one of the most poorty comsirzined model
parameters (see e g Olinger, 20111 mproving methodokogies for
mezsuring LAD i this essential for advancing ecological under-
stamding of it rode wikhin the bsophysicl interaction of sunkght
and the Erest @ENogY.

Recently, Fyu et al. (2010] introduced 2 robust and affordalie
methodd thai allows reproducible mesurements of eal incling-
tion angles based on digital phoiography. The method has shown
pobential to overcome memy of the shorcomings of other LAD mea-
SUTEment bechniques (Fisel et al, 201 1: Zou et al, 20141 However,
simce only 3 small fraction of the scological varabdity in forests can
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e measured from towers, poles, Gdders, and other comventional
platforms, the remaining challenge & how to collect these photo-
Fraphic leal angle measmements for the remaining til, or remote
Toaest camnpies.

Recent iechnologecal inmovations have Ied b an opsurge in
the avadability of wnpersoned aerial webides (IMAVS] - il
remetely operated Srom the ground - and There e now mRmy
bghtweight UAVs awailible at reascnable oosts. Specificlly for
small, multi-rotor UAYS, recent @novations in power sysbems,
sell-leweling pimibal desigs, stabilired Night, amd lhweght com-
eras mow alow Tor the study of individual orgamisms and their
sptiotemporal ynamics ab cose range [Anderson and Gaston,
013 Crucially for forest cancpy ressarch, these small maalli-rotor
1S could serve & portable @Enopy TesEarch towers: they are
pebentially small and nimble enosgh (o pict threughne 3 oom-
plex e il forest @nopy allwhile taking
hagh-sresohation, amd level photographs of indiyidul tree crowis.

In this short comemuniciEon, we ssek bo test the potential of
small moealbi-robor LAAW'S o serve as 2 platdorm for measaring leal
angles using the leveled digital photograpiy method. Specifically,
We e bwe dilflerent LAY and Gmen sysems o measre el
angies, a5 wellas estimate the LAD and G-fanct ions of five broadleal
IPEE SpECiEs Common bo Eavope and Morth America. ARer diarussing
SOME important comsiderations for minimEing emors cased by
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Méjte za kamarada/kamaradku matematika/statistika

It is far easier for scientists to acquire needed
collaboration from mathematicians and statisticians
than it is for mathematicians and statisticians to find
scientists able to make use of their equations.

For every scientist, whether researcher, technologist,
or teacher, of whatever competence in mathematics,
there exists a discipline in science for which that level
of mathematical competence is enough to achieve
excellence.
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Anderson-Darling test (Anderson and Darling, 1952)
- test statistic of the sum of squares of the differences between the distribution of
sample and a given probability distribution function, with a weight function that

emphasizes discrepancies in both tails
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Poznejte svlij obor/téma do posledni mrté

Fortune favours only the prepared mind. Louis
Pasteur, 1854

Na konci své dizertace by jste o daném tématu méli
veédét vice, nez Vas vedouci prace.

Vyuzijte ¢as, dokud nemate déti... ;)
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- de Wit (1965) types

Zajimejte se o to, co zrovna neni popularni ©

.........

ata

March away from the sound of the guns. Observe the 0.6
fray from the distance, and while you are at it,
consider making your own fray.
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In the search for scientific discoveries, every problem

is an opportunity. The more difficult the problem, the P( 8) L e— G(H)LQ/COSH

greater the likely importance of its solution.
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Intercomparison of clumping index estimates from POLDER, MODIS,
& and MISR satellite data over reference sites

Jan Pisek **, Ajit Govind ", Stefan K. Arndt <, Darren Hocking®, Timothy J. Wardlaw®, Hongliang Fang,
Giorgio Matteucci, Bernard Longdoz"
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A senior researcher from Estonia’s Tartu Observatory recently travelled to Australia to utilise TERN's ::“HT" :’”"'“’"f :"""‘ ;“J;‘""'“h A Deredopment, GRO Box 207 Hotert 1 2001 Ausoa

% s i ekt 5 restry Tasmania, Division of Research and Developmen o it Tasmania ustralia
rer:eerrch facilities and enable the completion of z global study on the remote sensing of vegetation HIRELS, atkuns of Cobgaehie lrces wnd Niturel hesourods Resals CAS Beflbg 100101, e
structure. i "

fcerche, Instituce of Agro-Environmental and Forest Bology, Rome, Italy
9 B B )t P INRA, UMR Ecologie et Ecophysiologie Fores tiéres, UMR1137, Champenoux F-54280, France
TERN's research facilties are drawing international scientists from all around the world, including from Estonia

where Jan Pisek works as a senior research fellow at Tartu Observatory. Jan conducts research on the
remote sensing of vegetation and how we can better utilise technology to monitor and measure ecological
changes in the landscape.

ARTICLE INFO ABSTRACT

Specifically, Jan is working to improve the
accuracy of remotely sensed measurements
of vegetation foliage distribution or ‘clumping’.
Vegetation clumping in forest canopies is
important as it affects how sunlight is
distributed within canopies and influences

Clumping index is the measure of foliage grouping relative to a random distribution of leaves in spaq
is a key structural parameter of plant canopies that influences canopy radiation regimes and con
canopy and other land The Difference et
Hotspot and Darkspot (NDHD ) index has been previously used to retrieve global clumping index
from POLarization and Directionality of the Earth's Reflectances (POLDER) data at ~6 km resol
and the flectance Distribution Function (BRDF) product from Moderate Resol

Accepted 19 November 2014

Keywords:
e erote sencine Imaging Spectroradiometer (MODIS) at 500 m resolution. Most recently the algorithm was also app)
thtusyﬂm:xs and other >mD°ﬂﬂ:‘ ) m‘“s‘;‘“h“ remote sensing with Multi-angle Imaging SpectroRadiometer (MISR) data at 275 m resolution over selected areas. In
3“:'5""["05%9'5 interactions such as water MoDIS study for the first time we characterized and compared the three products over a set of sites represen
ancicarhon e FOLDER dwerse biomes and different canopy structures. The products were also directly validated with
Jan recently travelled to Australia to utiise the Vegetation clumping index tu vertical profiles and available seasonal trajectories of clumping index over several sites. We d
y Hotspot cmtrated that the versiel distribuion of lsge and especilly the e of understory need 1 be &

research facilities offered by

x facilty and Australian

rkand conduct research into
vegetation clumping measurements in
Australian forests. Alongside local scientists,
Jan conducted research using OzFlux’s flux
towers at the Victorian Dry _ucar. c(
SuperSite and the Warra Tall £
Supe! s part of a global prn)sct to
characterise and compare three different

into account while validating foliage clumping products from remote sensing products with values

sured in the field. Satellite measurements responded to the structural effects near the top of canogy

while ground measurements may be biased by the lower vegetation layers. Additionally, caution shd

be taken regarding the misclassification in land cover maps as their errors can propagate into the fol SRS
«clumping maps. Our results indicate that MODIS data and MISR data, with 275 m in particular, can

vide good quality clumping index estimates at spatial scales pertinent for modeling local carbon

energy fluxes.
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Zavist a nejistota patri mezi hlavni motory védeckého pokroku

It won’t hurt if you have a dose of them also.
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Etika ve vedeée

Cim vice budete citovat jiné, tim vétsi je $ance, e
nékdo bude citovat také Vas.
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