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Abstract

Measurabe ndcaios are needed o gaue the effeds dfmanegementadMies and
natural phenomena on for e sy Tomeathsneed he Bondcatos of
Fores S sarelly Prgedtisesig physdogcd g cadestodeepaFore g
Condiion Rating (FCR) system. An FCR system would dir edy suppatpr o=
pyeg For etResouc e AsssssmantPoy)ardreiordiniles eg, Qe
and indicaios) by pr ovding an understanding of ecosystem condiion. Futhermore
tsr odadd esssap essgneadiorindcaosihat can uppatoperaiond
faretmanegementand possie concans df susarnatdly atre ocalie el
Development of an FCR system nvolves interpr dyg  emoiely sensed spedd
nomaionwihtread ofgr ounchoesed assessmenisof sr ududandiundord
e haga)egesdiredardnm Arelyssdithisgoedidinommeion
may r evedindcansdhedharassawteragedtee oecesadages Qurat
e chaoMissind e conrdedBooany Ldess g ouncHoased field
assessments and aoguisiion of hyperspedral arbome deia o develop gadenis n
keygeddeaires tear  egpoodoaclddf gencesinphysology. Te et
pouksiyearpoge ssreakH emrarycor edorshaot ded exeiments
have been made between lesfbased specral r eldaneeand physdogcalsals
Gomyplation df aleafbesed spedral deisbese hes beenniisied. The detsbese shons
terlaedyeEskdap s esssaLs ssesmaddheredosongoedd
Er  esOharphysdogcdandsr uduameasr  esSuchastrbodendy,
smesddrestre addaea inex have aobeeninked pfor eddede
ssFdy,a biefsummary of aceboraihve pr gesadpr oposedr  essarch

Keywords:  hodeaosfresheshhypagedar emote sensing, physiclogy
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Introduction

Thegdite BondcansoFare ¢
SsrelyPr gatsbcbdpa Foet
Condiion Raling (FCR) sysembasedon
physidlogcal approednes o moniorfore g
hedhardsress Trsraigssemwl
advance our ably b qenicively evel e
treldrdsaisdfarfress Usg
Iemoiely sensed spedial deiaand o ounc-
besed physidogical measur emestepr g
sasbdsdyfreddasmasz=efo m
heghybressdr ebdheDanestzed
benchmark.

Development of an FCR system involves
aredyr emoiely sensed spedid
nomainog oundHoased assessmenis o,
reane ddg odudMy and
physidlogy.h L, avsdte
Speatra infomaion may r aedinansd
hedhaor  osalagediree goetesadagss,
futtsr emains o be shoan. Such indicators
aekoanbedntee physidogy and
have been gopled, foreane, basesste
undonal niegity of proiosynheicsysems
usngdorophyilor escence (Mohammed et
d19%) Bycafigtesersyde
measuresd  physologealcondion,
benchmaks ararange dfiore gstres
condions thet define the FCR scake may be
acheved

Treadyopr oikitansdiserd

physidlogical condlion can suppartiore 4
management dedsonsinar esahas

* addigted sty
pedies
* trfigar eas in need of management
adonand
* povdnganeatlywaming of dedning
[roclciy.
An FCR system could dir edysuppat

roindpdyeg For etResuc e

est management

(g Qiemardincans) by ovdnga
measured  cEnagedsdiY esteaosysem
condiion. Moreover, t isprggdaddr  esesa
[ressing nesd iorindcaios et cansuppat

Qpeaiond for est management and concems of
s elyatebabd

Toddne our dyedives inthe development
danFCRgydema PrgeaSakey
(Mohammed et al. 1997) was completed by a
e of goedaissnphysdogy andr emote
Sy Spoig s deemsa
tedicaladvsoy eamandahogt of
oooperans Thsr epotsummanizesistyesr
accompishmentsr  ebedbtergedday.
Acompismensoerthepastyearid ok
* condudingr

pedtelinches
* messuigtres

deateEsSIHYY
* aoguing hypergpediar emote sensing data

troughoutthe o OANg Seasnforfor e

the Algoma Region, and
. . er

claelqonlg QO0perhe

esarchbevdlseadesdkh

phechgardsrua
ouncHbased methods,

esachad

Hyperspectral Remote
Sensing

ThePr gdT eamcommissonedar  eoat
(Dendr onResour a2nesihc198 DasEs
teteddy, operaiorel godcaionsand
posdeSiaEgEs Dy r emoie senang for
monioing forestphy Sogedaodin A
andendtsr elevwestetio
deaimreedagessngr esHBdte
cayledr ebdanedrarow bandwidths
adwhnaicalsoedar eJashr equred
Iti sf at hisressmtetr emote sensing
patiomms wih hyperspecialr el
sedrarov spedia bends) capebiieswere
deemed necessaty.
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dsanr  eflectance between ‘healhy’ and
Y eu=dtr esshyevadingdangesin

Forest Research Information Paper

andmaybeadingsgyarnvaios
combination hestgigtetans
d edggeddimbesatr elfrkas

gedovadghsdesr omagnetic compar by aundthasedassessmensaf

ieckion Fortsarelss iabbesediches dier  adody avmheibg/s

ae commonly appied D o e te dr eatusdarar ar exx ch

ebcaneamiar espondng changesin éfats

pantvigour. Hence, developmerntdfr emotely

sersed spedie inclossinvalesr eHy

geEr  ebEreotr  edtotios Spectral Indices and
RedgspectaliTbesofr estaordin Features

eqresanudesandng otheef 5159

eaophysologAvaretss such as sees ree Cur et exarch adiesidce

aggardqperm_mqmdbdﬂnr corrdedBboany SLoks g ound-based

(feviewed in Tieiz and Howerth 1996). These fetlassessmers and aog N of

varties can confond e ey esnd hyperspectal aibome et develop

data because they cause varigblly among _ gedersinkey oecial el restetnigt

aesTakdtesese Aoheraspeds ar espordbadeldf genEsi

terssdbcr ebeqEdddeatEsD physoogy.  Theprogessheacthdtese

aherphysoogicaleatresin hestyar biescnestpns oikdinte

sresedsons B fedsofoommonsr 65FS floning dsaussn

suchascrougt rutient defency, e

damage and pests may be acute or dr at,

Tdel Suesdoditegedbddtee !

Herbaceous/Moss
Tree/Shrub Tree/Shrub [/Lichen

Evergreen Deciduous

Wetland/Aquatic

Balsam fir Basswood Bracken fern Broad-leaved arrowhead
Black spruce Black walnut Canada blue-joint grass Fragrant white water lily
Eastern hemlock Beech Fireweed Jewelweed

Eastern white pine Cottonwood Juniper haircap moss Lakebank sedge

Jack pine Green alder Large-leaved aster Marsh cinquefoil
Norway spruce Paper birch Monk's hood lichen Meadowsweet

Pitch pine Red maple Reindeer lichen Nodding bur-marigold
Red pine Red oak White clover Northern bog violet
White cedar Red raspberry Sweet gale

White spruce Silver maple

Striped maple
Sugar maple
Tamarack (larch)
Trembling aspen
Upland willow
White ash
Yellow birch

1 Common name nomenclature as per Newmaster et al. (1998).
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Spectral library persampevere  inegaed(egainime
10ms). Refledance measur ements were

Fundamental to undersianding the spectral [receded by a dak scan, andwere compared
[ropatesdirescarpesste taeetefoma Spectralon (Labsphere
development of a spedtal cetebese for sk Inc, North Suton, NH, USA) whie serdird
besedr  ebdare SQetdr deda bdEhpr @t ekreRomthe
havebeenadkedrAOrbpirt efeosroe cig AL sspedtalities and
assosedwihobrpe, a0, seged
development, season, and i essshae Some generdl fesiLres have beenfound o
asobeeneriied Fyurel Leiees csihgshpartundordlgr ajBeg
tyacal goediaiorhealhy samples dfalew hgherampiuce ntre infaredr ebdane
s legion in angiosperm comparedo

gymnosperm species. However, ank

Leafbesedr  efledtance wes measLred wiha e resdisiosssdr efledance auves may
UniSpecSpetdl ~ Analysis System/ beraf  tErtbskblddgEh
Reflecometer (PP Systems, Haver HMA oVl elspedeswinatndordlge ap.
USA), aperated with a palmiop PC. Leaves hahersLdes analyicalied iopesior
fromatkestSparswerendvolely el anes whithuize spisicaed
sapkdby peagnbalkefdp el algorithms, have shown moregy p——
Soe upvar - dyaededbatreqic sy e geds
helogen gt source and detedr. Hysas

Tdk2. Snmaydyedditbesatédares Hiaitrgreaesid odnte

Reirzozz0:53

Spectral indices and features Reference

R750/R550
R694/R760
R750/R700
(R800-R680)/(R800+R680)
(R734-R747)/(R715-R726)
(R734-R747)/(R715-R720)
(R531-R570)/(R531+R570)
R440/R690
R440/R740
Avg. reflectance at 700 nm

Derivative at 690/700 nm
(i.e. red edge region)

Integral at 400 to 700 nm

Gitelson and Merzylak 1996, Lichtenthaler et al. 1996a
Carter et al. 1996

Gitelson and Merzylak 1996, Lichtenthaler et al. 1996a
Lichtenthaler et al. 1996a

Vogelmann et al. 1993

Vogelmann et al. 1993

Gamon et al. 1997

Lichtenthaler et al. 1996b (used fluorescence ratio)
Lichtenthaler et al. 1996b (used fluorescence ratio)
Lichtenthaler et al. 1996a

Horler et al. 1983, Gitelson et al. 1996




Ground-based andi)spedescarmposion hactin,
corrdedparbinsLdesatte Oraio

Assessments FeresReseerchee OFR)abar etum
werendudedniedadaibome
Treretbddnvestaininaar ey SESITENS,
physoogcd condionbaibamer ebae
thaaeg  ouncHoesed assessmentsofore i Biochemistry: Chlorophyll and
condion These assessmens canbe ether total carotenoids
qrudura orfuncional messuresd adn o _
Assummaizedin T 83 sw@measr & Chor qiyjr odugion - ntesnigars
poikad  etelndanidids st udmintetiare tealy
et o Wher essiundordl bochemicalpr et eadlydosanved o m
measure srekatpefomence anvigaur asan ouler speoe (Rudger 1997), Remote sensing
negaedleffectofphysoogcalaondion tednoueshaeter ere beenusdibdeed
Crageshnsg wdudmeasues oafregg, andeor  epespedel efoanedengesd
et emenf) canaksorelect perfomance dir giplooncentetons (Viesnetdl
1994 Ruoker1997). Ofpaobrinere dis
Seveneensiudy Seswere saHinte edsedondfoer esseddior ooyl
Agoma Region of Ontario in 1997 o conduct content when unfavourable envr onmental
oy ouncHoased assessments and to acqure aordionsr ehpatphysdgedes
hyperspectralimegety. Usgedgt (Caretd 1996) Crengesnkdfaoentf
renalsie,Gr omhand Y Edad dherpgmens(eg car oenal) ot at
Hardwood For  etHeh desware sHEdD [Ssezgecly esponse and may indcaie sre s
epresrtaeedi odoMy, i i)dedirg
60
— Black spruce
50 — — — White pine ) _________ ..... e
~~~~~~ Sugar maple /
— - - Haircap moss :
40 = — - Arrowhead / _______

% Reflectance
(0'8)
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|
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Fouel Bampesdr  eledane spediaiorsome Ortaio part petes
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Maple dedine siudy Inpicaions:
A ddywesiiaedboar gy emotely o Thearelssathyperspedar emote
sreeirebdanewhiesfdor op sHywitasontepoe
adcaxr  oenod concentraions measurednte elecance darges doseved atthe et
o Fartsinvespeion sapesto m adatecanqybd fohbesd
saEit  essmamlagedmgiecedeses nestpimare ayar ebed
wereakdjgporoteac . @nd tendrangesinr eledance may bean
canopyr  ebdaedkn diedhedbkrfyardtackmge
dedreadisprogr esin
Reaks
Corrded reaimenis na.corier
* Moderaieands  everemepedsdneplos plarzion
hedsgricanty bnerchior ophyland
G@oenod conoentrations then dd the low Biochemical analyses of o opyand
dedrepss(Tab4) Nodf erenesi @rotenods were performed on samples of
diorophylabartadior ophy/ thkgy  we( Pearmam (MBSP. )
croenod raics werefound essenwhere( Fhst s L.)adpk
j Prsbaiaan Lamb) stoddypes
. Pgrentr  eddmitekaesdr s gadhm iy m) R s
maple sands dassed as moderaie o savere . .
(etizer oty ugingeinand
OGedresgesstetteet eeswere more iEn shtzTere i
dresadtentetressntesaddessd ceEt | esai .
asbw dxte i Voo
Tde3. Bamssdsudadimrdmesare 0ft reecatingidfan Rite1%))
Structural Measures Information Acquired
e Mensurational ........c..coeiiiiiiiiii e height, diameter, basal area and volume
e Chlorophyll & Pigment ............cccoivviiiiiiiiieeinnnns level of photosynthetic material
Concentrations
e Leaf Area INndeX ......cccoovvviiiiiiiiiiiiniiiiiieeeei amount of leaf biomass
e CanoPYy STIUCLUIe .....couuiiiiiiieiiieeee e size, shape and density of crown
Functional Measures Information Acquired
e Spectral Reflectance ...........cccooovviiiiiiiinnnn, leaf pigment, biochemistry and structure
e Chlorophyll Fluorescence ...........cccceeeeiiiieennnnes photosynthetic capacity
e Stable Carbon ISOtope ........cccoevvvveeiiiieiieeenn. cumulative seasonal water stress
 Electrical Resistance ...........cccoovviieiiiiiinnennn. indirect measure of cambial layer width




Reaks

» Habiadeandr
causdgynicantr
cooarsiorsatheaur
jpdpreneedes(T

Implcaions:

* Stresscausad by herbiooke gopicaion wes
evtenththe pgment conceniraiions,
o esoenoe, and gpedidinoexvelies ad

o uwigr  eaments
LGOS
entand 1year d
adeSadFyre 2).

Lpessthetaten hypaspeddedire S

may be worth focusing upon in the canopy-
Lenetdos

* Resuswere  grbfotbcksr uceand
whie pre (dgia natshown).

Pramang spedidindeestretwere
deriedtetvere wdaarebedbdher

physidogical measures sthasdtr oo
to  escence and bochemisty. Theeare

BT abe 61orthe examples sugar mape
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(eg, “Qdwesae saeaddonabresk
down. The aoundance of siable istiopes can
nsomeisanoesheusedbasess
physoogca saLs Thesate soope o

abtn,  BCeaetenmaybeusdin
delermning s esshvegsEm

During photosynthesis CO
pansand converied o sugars. These
sugasand the cabon aioms they conanare
ber converted b aalulose and numerous
ather carbon-containing compounds in
plants. Most cabon atoms in CO , Moeaues
aenépr  cosad6reur as( 20,
however,1  atdeayl00CO molecues

2

artsanaddiondl neura B,

, absabedby

The raio betnveen BCad “Chpat
Busepesadss d BOnbeusdd
deemneasresshisny forpanis When
Soraaae geEn(onsr  esdsEE)
ebively more “CQten =CQabs
baes  BC Qdifusesmore sowynar

e becaLeetresabr germaoeairvegit In
andeasenwhiepre. o tebod e o 2C
acdon e coneson o
Stable Carbon Isotope %ﬂ’ﬁfgm\?\m efm;gmmﬁmm C
Trewed  sebieisdopes shecomiga tepr  quoind 5C Q oonvetedosugar
powerful ool in understanding ecosystem rises Asarestdtesedf genesnC
fundion soopes dfaneementhae e absapionand convesn reraio of BCob
samenumberofpr - donshutckf gertaomc 2Chpatsuesauthasclbsecansae
mess. Some isoopes are ursebleardiher garerdd g essowerime (McNuly
treakdown pr  oduces redicedive energy and Siank 1995).
Takd.  Men(yavAgs)dir qharitber J0=g0aliogecy = og=0 ez g

mge( Acrsaccherum M. )f digef romHardwood For  edHtyds

Plot Decline Chlorophyll Carotenoids !
No. Status a&b !

35 moderate 3.37b 0.66 b

37 severe 3.81b 0.75b

39 low 5.92 a 1.07 a

1Units = mg/g dry mass. Means (n = 3 trees x 2 dates) followed by different letters within a column are

significantly different (P = 0.05).




—— Control
......... Herbicide

% Reflectance

'I | | | | |
300 400 500 600 700 800 900 1000 1100

Wavelength (nm)

Foue2 Hebideef  Bsongeddreblanenpkpe

Tak5. Hudatibfimtodbghkoatttadkdtah

fluresaegaddmesatmpayaed ren moe 1

Parameter Control Herbicide
Chlorophyll a&b? 235 a 1.22 b
Total carotenoids? 0.41 a 0.24 b
Fv/Fmax® 0.81 a 0.61 b
R750/R700 261 a 231 b
(R734-R747)/(R715-R720) 095 a 0.88 b
Tree height (cm) 259.6 a 251.6 a
Tree diameter (cm) 3.60 a 337 a
Foliar damage class* 1.00 b 295 a

! Herbicide was applied on July 16/97, physiology was evaluated on the current-season’s needles in mid-August, and morphology was
assessed on September 25/97. Note: (1) physiological measures were made on apparently healthy green foliage, and were used to test for
previsual indicators of eventual foliar browning, (2) relatively small differences in the spectral index values were indicative of damage.

2 All values are concentrations mg/g dry mass. Means (n=6) followed by the same letter within a column are not significantly different
(P =0.05).

3 Ratio of variable to maximal chlorophyll fluorescence; a measure of photosynthetic efficiency.
4 Damage classes: 1=0-25%, 2=26-50%, 3=51-75%, 4=76-100%
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Tde6. Smmaydpx  arfpbstesdyeddttesadtar egoetde S
Index Sugar Maple White Pine
R750/R550 Decrease
R694/R760 Increase Increase
R750/R700 Decrease Decrease
(R800-R680)/(R800+R680) Decrease
(R734-R747) | (R715-R726) Increase
(R531-R570) / (R531+R570) Decrease Decrease
Average R700 Increase Increase
R440/R690 Increase
W oodooreswere  adfom 15 Sugar Semedtresaesanaiede
mepetr  essateachdhe3mgdededne goundbesed edhngue forassessng ree
& evodydesabedasseere cordionbecausets g e equpments
moderate, orlow dedne Theaoreshave parisbe, andtmessresa physooged
been examined under a dissecing micr oscope [rapety thethes sucoessuly beenused o
tomeasure  tewdhdteamding, (655374 essaqy  dngovioour. However, SER
whichwl e ussdbrecorst uat sembesdl i safiededby seveddostetmusbe
aeagonh Threinr ementoores whenke aoounedforopropelynepre t
divided into annual wood inorements for measur emens Inpreiminay sudes, we
adasdd BCHohd “Cvalues may examned saverd fadors (Sem dameter, eH
noaear ebively hherdeyeedite s gowth rates, EemperatLre adearode
Basedond “Casadsr esscondionand isaiondeph) repoied o Bt Rhabe
gresshaycanber ecorsruoed Ths study we measured  sEmesditEressaeed
appr cachwlabwusblHaeseesrd sugar mepe fromthe same 15 rees sampled for
dressardindtefr estgong badkover Sale caboisagpestom eachof 3mape
trebdtessd R d BCardlyss dadreposbaedinte Algoma Region.
aendepseduibe 198 Thesedidesare descrioed below.
Stem Electrical Resistance Assessment of Faciors Af feding Sem
Thelsed izt e (R BedicalRessence
ozt egur  festemtestpdd Semekxitar esistance was measuredi
numer asstesmavay diee SPEES October and November in a mature sadd
Semdxdidr essance hesbeenusedasan ;
\ . U Sugar mape located near Mapie, Ontaro. A
roeordsy esshoekanddvgourn 0078 eesweresamped Teesvere
whie pre. Insuger meps, SER hes been sedbsampealy cedrange ofdemeters,
usedasagickiorhimngandoevalee rrgrgfom 11o45amdemeeratty et
decline symptoms.




hegh). Resislance measur ementswere  den
wgaShgomes). Thsingr umentusesa
pusedDCcur  etadgwesar eadngh
Kooms. An impedance bridge with A C
aurertvesasotedr eabwee  tesare
with the Shigometer. However, the Shgomeer
BITE, ba, adessrbgecetente

To conductameasur emattekadsfom the
shigometer were atached 10 2, 3inch common
rebreaedibteree2anaoat 1rel
abovethe aherapr oxdmately 0 an above the
gound. The nelswere reeedibakare
tebakadibtexyemndteres
Ly g egerdphs O5anaaime b
amaximum depth of 5 am. Resistance readings
weredenaeay05mdh Twosesd

eadingswere  denfreatht endf  aat

Sksdtete e Arbakadrnerd

temperatureswere  recrdedireachree ¥

a themmocouple thermometer.
Resuls

Semedidr esidance of sugar mepewes
esedotedghdtedsr aksierdy
ntesem nerdiempaalre, s€m
dameter,  adaeeageigwihdtete e
Resance decreased eqponentigly winndl

depth. Depths of 4 am or moreyroouced stable
SERreadngsunaf  ededbyisaiondeph

The SER measured ey odespeoedat
a5andephwesineatyr 525000
temperature. Higher emperaireswere
asoceed wih bwer ressianoe veles Sem

ey essanewesaoneatyr 52500
treedamete, whr  gardameert eeshavg
bneresdicar ese\eLes

Aveageingwdhinthe auer5andeach
treewesusadasanindcar e recH
gonvhoniourdhetr eeRacHy onhrae
wesheatyr ebedo SER wihhghergr owth
s ger ting widkhs) assodaied wih oner
SERvales Radd gronhraewes asolneatly
edediodameerh gredtelr g, (0154

tresshed hghergronth raiestrenthe

Srelr,  yurgtessidEghete

younger reeswere being suppr essd
tssavstetheraddgronhdareches
moredaneBdoisaiar essae

than does diameter. Teordd, im
popukaion of uneven aged, dominant or co-
dominantrees where Upr essonwesnata

b,  tedkbgt esswaudbeless

vigoraus and have sower racil o owth,
eiginherebdiar essaneveles

than the younger,mare vr ast  exsThe
eHgy  owmh/SERr edirehospr coeblya
betermethod ofacoouning fornvariellly n

SER measur ements than dameter. We
ard.cetetesaar esheBa

ieesorelke indcaordhe aur ety owth
eedtet ecadsrdd ad  eoedby
diameter.

Implications

o Cor edosdainsteead
e onment fadorswih SER canbe
used to adiust SER values to a common
bessandimr  owetheacuaydSERasa
measured  sandoorddion Theaar e
o SERwihiecelgr owth rate suggests
thet this method may have vale as an
noardiee Voold

Assessment of tree vigourin maple
dednesands

SemeiAr esSancemeasr  ements
were catied outin September onthe same
meple dedne sies used for sieble cabon
Boope, bodhemica arelyss andr emote
FEgA  tdd1Saoryshdedres
weremeasuredd  eathdte3estEsTo
conductameasur  amert 2veicalyaged
resggr  odmaely 2 angpatwere sed
badgphd45an Ressanewes
measured usngalCDaubrangedgial
muiimeter (Vicr orig, mood 22-163. Tw 0
eadingswere  Henongpodeskssdte
samdaae teagaedte2r eadngs.
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@® MD35 (moderate decline)
MD37 (severe decline)
A MD39 (low decline)
24
A A
2 A A A
< 20+
g
= ] °
8 ° 0 2
° [
3§ 167 ° -
3 g
= 14 LN o
8 | o VN
© | [+ Y
2
" 8- Y
6 T T I [
0 10 20 30 40 50
Stem diameter (cm)
el Theresionghp betnveen semeldicalr essiance and dameter of sugar meple
tresshsandsiaied aslow, modkae arsevere cde
Resuls compeed Bern 1998 andwlprovicea
d redmeasured vourntesesancs
Fore3  sonsiMidtree SER These measur emerswlbeusedbevaliee
measureda3  ngkedadeses Ulete andreine SERasamearsdfraingsard
[revous siudy, thsdaiadoes natshowan cordion
oovousr  elationship between SER and
dameter. Thee wes honever,  arediogp Implicaiions
betnveen sand dedne sais and SER ress
ntelbwdedne send at Mapke Dedie * Trebdkddf aence n SER betweenthe
P EEdphaeiherasdia moderate and severe cedresemades
essaetentoseintheserswh hepgmentanelyss desorbed prevousl.
modeaearhhkees dfdsdne Thsshe Treresvely igh SERdoaredathe ow
everse ofwhetwe aniceted, btrmay be cedne sie when enperaLresvere
atifube D codker EmpeELres e cy demonsiies the imporance of eking
ofmeasur emetaPao. measur ements at comparable temperatLre
Thebdkofdovious off genenSER Leaf Area Index (LAI)
between the moderate and high dedine sies .
(l\/bdeDedePbs%aﬁSlg] ) Thrqgnﬂeha_re , e eaimx
srpesstethesesobared dth A subrkdesenimpoenqeny
. . aonrding physceland boogealpr
phyadogcdsals Treardyssdgr owth p  Crendtd Fa
igwdbsfom ~ norementoores wike rertcaopes Chenetal 19%)

10



example, LAl has been shoamnto be
Yiayar ebiedwih nutiertand
weeraeblynarierardher

faesshW  isconsh (Fassnadtand Gower
1997) Edimeies of LAlwere doenedond
q.dyssop ovide another measure of
faedstrudre, whchmaypr oevaleben
(32 getececg eorsebir edfaadin
Impr ovedesimaions of LAlakso

asthe Regonal HydroEooogical Smulation
Sysem, RHESSys (Band 19935, b) thetare
usedioamubepr oducivty and hydr
aaranged'geiE ks Suhamocdg
sysemmaypr  ovide another means of
demiginer enesageddr esponser
trescadin

dwood

ology

EsmaindLAlfom r emoie sensing
megayhesr  eceved consderabe atienion

Ihiad, Ruming et (1986) commernied et

LA ‘the sge varisblewhich may be
devediom remoepafonstretisof
gesestimportnce orqeniyng energy
and mass exchange by pant canopies over
landscapes”. However, tremessr  ementof
LA using remoie Sensing On 0pen GaNopies s
arr  enyuresdved because dfuncertanties

aound howto acoourtfor e f Bsd
undersiory on canopy v ebdance nseaddf
dirgonatoreassdepdions te

PantCanopy  Analyzer (PCA) (LAR2000, L
Cor, Inc Linodh, Nelrad@) wes usad o

[rovide amoredrect measur ementof LAL

The PCAI sa grouncHbased system that
deeasteperetaig df ieftatie
anges simuianeously, and hence measure S
thecanpy gpfadm tetsinveriedd
esimaie LAl (Chenand Chiar 19). For
arbsr ecartddeshy Crenetd (1997)
have shoan the need 10 assess canopy
‘dumpng’ and shootheede ratios O
opiicaly denve LAL Thswes notacoournied
frnte5presLdySesseaspediad
i umentto esimate ‘dumping” was nat
avalabe. For LAl assessmenss, 2PCA
i umentswere usedaewintesad

et

No. 142

adaxdherbanure rer ence
measur emensinte goen Thensandand

¥  ence measurements were merged
iogetherBerusngthe PCAp rogram
AeebcbbetediielA
Gventhelmied number dfpne pas (5)

sampedr  eabwlterestedotel?

mepe destaivwere asesal

Resuls

o Yyiatdf gasnted
werepresribetneentelbesof
[roducivity and dedine. Honever, e
dff @enceswere weadyoor  eddwha
ad fetddeemen( 2dosdad
O=Botepr odboMyardcedreses,
especiel.

* Trelevd dhvarellynLAl esmesaLred
bytead  tatdvaed)wes
drogycor  ebEdobesdr
addedre( 2 0% nbchirsbrees)
Sral, trebddvaetyerdsio
nr  essewinbnervalesof LAL

EdvelA

i

¢ The overdlmean LAl formape Ses
(F12wes411+ 019se (rex517ad
mn 285, wihtreaerege LAlonte
mepe dednesesand Gr omhandY @l
fisbarg413+023se ad410+039

se, respedivly.
Impicaions

* Understanding se diff
LAlardassodaed s chaietdly
may pr oideg  esrrejtnopossde
dff eeeshgedar esponse. For
exanpe seere cedresessadtoe
dharacterized by low producivy have
morevaetkLAl Trebddvaitly
may,t hedrgbean mpotartagpedin
dsemngdangesnior edfaodin
Applying this undersianding o spedial
IESpONSe patiems may pr oevaleben
eHod uuidieatresb add

physoagealiinion

gensshiemsd
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Canopy structure

Canopysr  uduresa crdasean
nanydesopiondfdarten onment
readrsisd ogycoupedothe

i ogpion scatieingandenissond
redaion(W  es1990) hid gy e
sarekred themostimporarntvariebe n
determining canopy r eboane (Tezad
Howerth 1997). Any per  odeddf
canopy cover and accompanying spectral
ieldanoewould coedhvely [

nocansdtr

genssn

orkgong
estaondiion; henoe, mesing

adHy gdctpdie hackin

edreesda owntanspar  encywl suppot
olgedives dentiied by the Canedien Cound
dRoresMVisEes(1990)pesessire 4
hegh

Toesimate canopy cover, o edrigues
weregyktia2gd qahaiA
dersometr (Lemmon 1956), and )
hemipheralarisheye phaogapty
etd, 1997) Tredersomeredhie
involves ooular estimates of canopy opening
wher eas, hemispherical phoiography applies
animage anayssappr oach. More
Seciec hempherical phoiographs were
wilendr edybaomped dscwihper
\ebdyeor earedoasd
e ceptance) measuredbyapr

(Fezr

fusenon
edetermined

Forest Research Information Paper

ot

nerdytr eshod using SgmaScan Pro
(Jerdd Scentic, Sen Reled CA) solnere
AsnlAlesimeion d17#dposhed

measur emerisaenduingiul iesf

eqansnin August and early September.
However, resbswlibearinaditel2

meple stes samped
Spherical Densiometer Resuls:

» Atouhsyicatsr vl df
wergpresatarosteragedse
[rocLciy, teeidgswererd
ar ebedop oducivy rankings. No
giatdf genceswere  gyarat
among maple dedine Ses.

* When comparisons of average canopy
openingwere  madewih adual
[roduciviy measures eoteledt
dameter,  andoendly) idngswere
it ak)

openngsiendedoinar easewih LAl
\aet/f 2=0@ad078nte
produoMy Sesardmgdededne ses
Iespedively—as expeced e the LAl
measures ussdarebessdongepfadors

aences

Tde7. SummaydPeasnPr  adar ddnaodEsbaenaeaeaqyqains @9
atepy  aldd/mesre s’ tdrdftdaregaty exdheftOB-addad)h6had
mgeG omh&Y aasR aldesdonnpa ates

Total Height (m)

Average Canopy
Opening? (%)

-0.9511
(-0.0035)

-0.7345
(0.0964)

Merchantable Regeneration
Density (saplings/ha)
-0.8728 -0.7909
(0.0232) (0.0610)

Note: Correlations (p£0.05) were not significant for basal area or volume.

lAverage productivity measures for primary working group in Growth and Yield permanent sample plots measured

between 1992-94.

2QOcular estimates of overstory density from a 24-grid spherical densimeter measured at a height of 1.3 m (n=16).
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» Overal mean canopy opening (%) for the
meedes (F12)wes874+0911
(mex 1406andnmn 453, wihan
average opening onthe maple dedine
posadG owhandY  eidessd740+
(Bead9B+H173xr epdively.

Hemispherical Photography Resuls:

o Yyiatdf geesnper cent canopy
openngwerey  e\tar  osstelged
procdLdvy sesand meple dedne plos
buttheseindngswere nagiay
ar ebdop odudyardedre
rarkings

* The measuredper cent canopy opening for
teG omhandY Edposwes
SepecyVeog esetiod EdelA
t 2=0R)add senoniner oeplance
{ 2=089) parameters deived by the LiCor
PantCanopy ~ Analyzer. However,
percent canopy apening on maple dedne
poswes oy snicanly aorebied
 2=082)othe meaaureddise nont
e oglane

+ Unlike average canopy opening estimates
derived by the spherical densomeer,
iataredmae
[roducivy measures
dameter,  addendy)were
hemisphenical photos.

* Overal mean canopy opening (%6) for the
meeses (F12)wes 123+011
(mex 2306andmin 753, wihan
average opening onthe maple dedine
posadG  owhandY eidesdllz+
04l ead130+HNDer

Implicaions:

photography bath pr ovkeesimaesdf
farest canopy openings. However,
dvewscedf gentbetwveentese
o tedioues (30 RAVCSTSYIS O

s.e

the

fasoadd
egtehent
naevoantor

s.e

tettl

esechel.
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* Hemispheical photography may pr

* o eased knowledge of canopy s

lespeciva). Based onthese desin
deepi s tefinddiiED

tesssrd Bswiheqkistebk
dar  ebionbeteenhetnochioves

« Alhochthe densomeir siedicaly

photography pr ovdes a pemmanentr
odcagya  diEedreadidn
Chagesniore &S truduid condioncan
bemoniored  owrire haddiona
doimege prosoesanaedve

efreedir etaodiorsuilete

exrd

ovka
eddyneparsedardebtelr

Cor Plant Canopy Aralyzer gventhe
photography estimates of canopy opening
and parameters, such as LAl and dff
o oeplance @ measure of
igtabsopin) Thesefdngsare
arssertwihted fisddeseg
Rered 1997)

i
canoy

udure
may pr oeveLekenr edgyedd
Eoorse peiemns oo edaodors For
exampe, T dk7ldaestecredn

between canopy str udLreand procioMy,
whichmay alsor eehdf gasn
gedr  egoee Paiiraeinn

ey eddadgeiatiuesw

e be meade in developing an FCR
sysem
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Airborne Hyperspectral

Imagery

lesdlion daia. The CAS sersrsapusht
troomimegertetadedscllaintevide

andnear ffred waveenghr  egons (4009850
mgr ovokes goediel dspersndt

nooming quical sgres over he et

targe whaseHresd ind512pes

acshed  ‘sasxriEddew. Treged
©esoliion dependsonar 02 72 Teclels

Ly ragestom 05010m Thesersor
gedr  esolionsnomialy 25mwih
288gedddamssa 18minenes
Argeretd 199 Thesensrgaiaiesina
numberofuser  -saledable modes, which
sample the CCD nup o 283 spedid danels
adSR2yepEsapesh S
Mode,imegaysdianedatilged
elind52gedpesarostedH

swath. Channel wavelengths and bandwidths

aeqperpy ogrammabe for up o 19 bands.
In SeaaMoe | imecpysgeeaedaail
geddr  esdliond288dhamestr

nomely ypio ok dr edorsaocsste
3B snath.

Flight details

Daaaousionmissorsorte
Bondcaos Pr gewere

1 Mapping Mission . The CAS coniiguration
for the study stes wes Spetial Mode, Medum
Resoluion Imaging Spear areeea
MERIS saiglie sensor) banoset, wih 512
cosstackpxeswin 17-dharme spedd
iesouion and 16-unsgned bis readometric
esouion ThediLdeaoe g oundlevd
(AGLhwasar  ound 1800 m (depending on sie
ebvaion) wihaninegaionimed27ms,

QigagEEr eslina2x2mThe
sensrpichwes 0 ° fedfrteate
mesn

14
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2 BF edoralRefedanoeMesn Tre
CAS aoniguraion for e Sudy seswes he
Spedral Mode EspecA05 bandset, wih 72
demesgpeddr esolution and 16-unsigned
bsredometicresdlin Tre A G L wes
about 2800 m (dependng onthe sie
ebvaion)wihaninegaionime d 72ms,
oMyagEEr elind3x5m Sasx
pchwesO  ° fedf)adD O gexchdyse
provoe amulrange L.

3 TiastMssin A tansedwesioan

arsste Algoma Region (from Bright Lake
to Wakomata Lake and westwardbTurkey

Lakes) using the Spedtral Mode Espec 406
bendsetwiha coniguaionsmiaro et

Insummary,3  campagswere  undertaken
1907 (e yealy AuyH iealy

mid Sepermber and ¥ mid October)

aoure hypargpedd inomaionortne
proeasidysesuagie CASL haddim
bdoanyciafreachsLdy e atansst

(650100 km) wes foamn acr aste  Algoma
Regm A complete summary of imagery and
PtdesssaetnteW orld Wik

W bat: hiplenaphysyalkucaHio
Current Research Efforts

Thedegreed  whthigddaivedgedd

indioes can be doserved inthe above-canopy

ieflecance imegarywl need car dl
examinaion Asouined by Zarm (18,
andyssidossetacediom Spedrd
ebtanedwleesednadad

aresewh i Edmessr ements and
Booainy sLdes Bampes ofapicalindoes

abtained using CASlimagery are shownin

Foue 4

Aninepr ediondfspedtd paiems shoan
nFoureds rotpossteuntiter
iessarchisaonolced hpatioL i, sats
at CREST echad YakUnvesywlbe

evalaing the poeniialy coniounding ef 513
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Low

Image A: NDVI for Maple Decline Site 39 and the Image B: NDVI for Maple Decline Site 37 and the
surrounding area surrounding area

Image C: PRI for Maple Decline Site 39 and the Image D: PRI for Maple Decline Site 37 and the
surrounding area surrounding area
et
1€
vitt
Figure 4. Examples of spectral indices, which include the Normalized Difference Vegetation Index (NDVI ne

(Rouse et al. 1974)) and the Photochemical Reflectance Index (PRI (Gamon et al. 1997)), currently being
investigated. Imagery obtained July 30, 1997 using the Compact Airborne Spectrographic Imager (spectral mode
Espec405 bandset, with 72 spectral channels and a 3 x 5 m resolution) for Maple Decline Sites 39 and 37 (rated
as low and severe decline, respectively (McLaughlin and Kinch 1997)).
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dhier erdr  efledance and udersiny
efectnce. Subsaguerntr esadd s
foous on developng emote sensing methods
thetpami qperaiond use df goedidinioes

naibane monioing (B0-100 km tansect
poesyadiorseessos Tre

vigour - assiesigdfcandicae bornocaos,

andihe corespondng gpedial incloes I

srayoted fdsdispates agp seesm
canopy dosure adgudddaacess
wlaobenestpd Reslsditee
exad  adisswier

ret2yeas

epoiedoerte

Cooperative Research/
Partnerships

Anoveniew dfexsingand pr oposed
adieswEgr emoesasgiorir eshegh
gucaiswestebassdatomdr eview
by Dendron  Resource  Suveys(1998) et
gaedfamtsr eviewvwes bereicin
deviegapraed siaiegy tetwoLd
complementexisting ef fosardidariyaress
equingresearch (Mahammed etal. 1997).
Furthermore  ,t hergpaticeriiedepaiee
wihnOniaiotretuimeiely ediothe
formeindfaadeboaheressarch
partnership between OFRI's physiology team
adag apdremoessraggeiesa
CRES&h Thisaosbaaionhespr ovided
corstkabke berels ndudng
¢ tearedidsdlmMe

(CRESTehbsaure fundngto develop

spedral indioes using above-canopy

hypaspeddimegay; adicddgedven

auyigr  encesrdgbasessire g

condior

o sooesdlpr G oposalsubmited o
NASAby JonMier(CREST  ehfr
aralyzing aibome imegaty 1o separae
overstory and undersiory in bor edgEaEs
g cHesasared uderteBoe  d
Ecosystem-Atmosphere  Study (BOREAS)-a

16
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lages=k nererdnidievih
d red rebacentspr gdad

* paidpeningisegcpamg wihte
CanadianSpace  Agency,o  dedp
hyperspedra spacebome techndoges.

Supparing our adeboaive efb rs s
Tednicad Adisay T eamandvaious
coperans Whoseexpaise spansr esac h
poky, andapeaions Treberelsdits
kroedthased suppatis demonstaied nthe
floning

¢ Dr. John Gamon, Research SEH
Caliiomia Siate Universy has a common
e estindevegpng physologealy
iebvartindoes whchheskedip
dsassos o agaduse suoert
conouding studes a OFRL Inaddiion, Dr.
Gamon was awar ded a BOREAS follow-on
oject by NASAn odbboaionwinddm
Miler CREST  edbregaeseed
lemote sensing data sefs and develop
pramagindeesaior etardintdae
ebartbarefosnOran

* Dr.JoenLuter, aremoerag e
with the Canadian For eSS
Newioundand, wi ocdeboraienar emote
sersng sty bausng onjpckpe
budwomin E. B. Eddy's hadingsin
Centrad Ontavio. M. BenNds E B By,
wiaputtsr esachby  oenfying
SUiete stoy siesandsuppyng ok e
budworm egg survey data. The r eakd
et ovcehesdnedda
b davelopan FCR syseminjpck preand
ad Fameasbasestenlemed
faestmanagement pradices onjeck pre
bucworm suscepibity.

s Apragdr  gposabythe Booogea Land
CesamnP ogram (OMNR) and the
BondcaosPr gl eamtbaddd esan
expressed need by Ontaro Parks o develop
amonitoing and assessmentsysemin
pals



Next Steps

Toadvancethepr ethaomigyeaste

Frdject Stategy (Vichemmed etal 1997)
auresashed i tetind ks henesdi:

ndudnghoseuagr emote sensing

* ssessgindcansirhedhyadsr
sands

* analyzing sampiing appr cechesand spetel
Iesouion

 aqiigandaydadouse
condiions, ad

egadesgEms )i rremoie senang.

As previously mentioned, cokborative
eforts and saeniic acvencemenis by ahers
w Uherapothesenescs tsako
lecognized thet developmentofafore
codionraling sysemrenuresa
éithaouingthe besshe nomeion
necessaty 1o evaluaie natura and induced
\aenhsbdedidossoarime
hdnteedtisstenssdbtasy
Iesuls o the stence communy,
manegers, and polcy acuisors.

f oeg
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