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Abstract 

Spectral s ignatu res of Scots pine stands were determined i n Northern Finland 
both in laboratory and fie l d condit ions using a telespectroradiometer system. 
In the first part of the study, surface vegetation samp les were measured 
both in labo r ato ry and outdoo r s . The samples were taken from the ground -
and f i e ld layers of mature Scots pine stands. The object i ve was to study the 
impact of su rface l aye r on the spec tra l r ad iati on reflected from t imber 
stand. 

In the second part of the study the spect ra l signat ures of pine forests rep 
resenting one site type but var iable deve l opment c l asses were measured from 
a helicopter . The objective was to acqu ire spectral knowledge for numer i ca l 
timber type c l ass ifi cat ion . 

In the paper , the measur ing cond iti ons, techniques and the results ach i eved 
are reported . The resulting spectral s i gnatu res are exp ressed numerically 
and illustrated graphically. The stat ist i ca l sign ifi cances of the d iffer
ences between targets are also reported . 

1. Introduct ion 

Th e Laboratory of Land Use at the Techn ica l Research Centre of Finl and has 
part i c i pated in the wo r k of the WG9/Commission VI I in 1976 - 80 by perfo rming 
various stud ies on the spectra l signatures of timber stands . In the stud ies, 
helicopter has been used as a p l atfo rm for t e lespect rorad iometer measure
ments. Thi s approach has been chosen in orde r to record the integ rated spec
tral s i gnatures of timber stands consi st ing of various reflectance compo 
nents. 

In the study a t hand, t~e signatures were measured sepa rate l y for the f ie l d 
laye r s and canop ies of Scots pine stands grow ing in North-Finland . The ob
j ect ive was, first, to ana l yze the characteristic reflectance properties 
of the vegetat ive grou nd- and field l ayers of var ious forest s ite types. In 
th e canopy approach, the spectral s i gnatu res of pine stands representing 
one s ite type but var iab l e deve l opment classes were measured from a he l i
copter . 
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2 . Measur ing cond iti ons 

2 .1 Field layer approach 

In the field layer study, the surface analyzed cons i sted of the ground and 
f ield layer vegetat ion of four forest s i te types appear ing and defined for 
North-Finland: HMT , EMT, MCClT and ClT. Th e character i st i c spec ies of each 
s i te type are li sted i n Table 1. 

TAB LE 1. The ground and f ie l d vegetat ion spec ies cha racter i st i c to the for
est s i te types stud ied (Source: J. Lehto : Kaytannon metsatyyp it. Kirjayhty
ma , He l s i nk i, 1978.) 

Forest s ite type 

Hylocomium-Myrtillus 
Type (HMT) 

Empetrum-Myrtillus 
Type (EMT) 

Myrtillus-Calluna
Clad i na Type (MCC lT ) 

Cladina Type (ClT) 

Ground l ayer spec ies 

Hylocom i um sp lendens 
Pl eurozium Schreber i 
Cl adon ia rangiferina 
Nephroma arct i cum 

Cl adon ia s il vat i ca 
11 rangiferina 

Pleurozium Sch reber i 
Dicranum fuscescens 

Cladon ia silvat i ca 
II rang i fer ina 

Cladon ia alpestr i s 
Stereocaulon paschale 
Cladonia spp . 
Polytr i chum juniperinum 

1 1 p i 1 i fe r um 

Field layer spec ies 

Vacc i n ium myrt illus 
Vacc i n iu m v i t i s -i daea 
Empetrum n i grum 
Ledum pa l ust re 
Vacc iniu m ul i g inosum 
Linnaea boreal i s 

Empetrum n i grum 
Vacc inium myrt ill us 
Vacc iniu m v iti s -i daea 

Ca lluna vulgaris 
Empetrum nigrum 

From every s ite type, 40 samp les were chosen, carefu ll y detached, put in to 
boxes and transported to l aboratory for spectra l measurements . The geograph i
ca l locat ions of the samp l es were as fo ll ows : 

HMT 
EMT 
MCC 1T 
ClT 

26° 42 1 35 11 E/ 66° 19 1 25 11 N/ 260m A. S.L. 
25° 53' 23" E/66°58 ' 56" N/ 250m 11 

25° 44 1 51 11 E/66°56 ' 08" N/ 230m 11 

26° 03 ' 10" E/ 66° 15' 33" N/ 180 m 1 1 

The tree canopy cove rage in samp le s ites was 20 to 30 % in terms of c rown 
pro j ect ion . The samples were measured with a telespectroradiometer on July 
13 to 14, 1979 i n the laboratory and on August 1, 1979 outdoo rs under direct 
so l a r ill um inat ion . In the l aborato ry , the samp les were measured befo re and 
afte r irri gation . In the outdoor measu rements t he samp l es rep resented norma l 
mo i sture cond iti ons . 

In the l aborato ry , the angle of ill um ination source was 45° and the pro
port ion of indirect ill um inat ion about 15 %. The tempe ratu re was 20°, and 
the distance between the samp le and inst ru ment was 90 em . The outdoor- con 
d iti ons of measurement s were as fol l ows : day August 1, 19 79 , hour 13. 00 to 
16. 00, sun e levat ion 35°, proportion of indirec t illuminat ion 13 %, d i stance 
between the target and inst ru ment 90 em . 
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The f i e ld of v iew of th e t e lespectro rad iomete r was 10° which co r responds to 
the IFOV-di ameter of 14 em at the t a rget . The wave le ngthbands used were a 
cont inuous set of 20 nm int e r va l s between 390 and 990 nanometers . 

The ref lect ion s t andard adopte d was a Baso 4- su rface with about 98 % re fle c
tion capabi li ty . I t was meas ured under the same condi t ions and spec i f icat ions 
as t he target it se lf. 

2 .2 Canopy approach 

In the forest canopy s tudy , the t a rge t s were chosen among the Scots p i ne 
stands grow ing on re lati ve l y dry minera l so il types in Ka inuu, Finland. The 
samp le sta nd s chose n rep resented the typ i ca l va ri ab ility of managed p ine 
s t ands accord i ng to stock ing , matu rity , stem s ize and density as we ll as the 
spec ies d istr i but ion of the f ie ld vegeta ti on. The locat ion of the s i te was 
29° 23 ' 50" E! 64° 17' 20" N. 

The condi t ions of telespectroradiometer measu rements were as fo ll ows : 

day June 29 and 30 , 1978 
hour 11 . 10 - 14.00 
sun e levat ion 41.5° to 45 . 5° 
sun az i muth 340° to 38° 
obse r va ti on angle 0° (ve r t i ca l ) 
measu ring height 100 m 

The instrume nt ha d a fi e l d of v i ew of 10° wh i ch cor responded to a d i amete r 
of 18 m at the target . Th e wavelength band o f 20 nm was var ied within the 
inte r va l of 390 t o 990 nanomete r s . 

The refl ec ti on standa rd used was made of white ca r dboa r d and sp read on the 
ground f or t he measurements . These we r e pe rfo rmed at the he i ght of 10 m due 
t o the size of the sta nda rd. The spect ral prope r t ies of the standard are 
ill ust rated in Fig. 1. 
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Fi gu re 1. Re l at i ve r esponse of the reflection standa rd used 
in the connect ion with Scots p ine canopy measu rements . 
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3. Measuring and analys i s techn iques 

3 .1 Te l espect rorad iomete r system 

The telespectroradiometer used in the study i s a 1 ight-weight system con 
s i st ing of convent iona l components , as illustrated in Fig. 2. The nominal 
spect ra l range of the detector is 400 to 1100 nm. The mot ion of the instan
taneous wavelength band i s implemented by stepp ing moto r. Th e resu lt s are 
digitized and recorded on C- cassette . Each measurement through the spect ral 
r ange takes about 15 seconds . 

MONOCHROMATOR DETECTOR RIID JOMETER 

OPTICS 

~ 
JOBIN ALPHAMETRJCS 
YVON ALPHAMETRJCS 

1020 RADIO-
20 IR PROBE Pll10 -

SE METER 

STEPPING 
MOTOR 

STEPPING CASSETTE 

MOTOR RECORDER 

POWER DRIVER 
SUPPLY 

SETT ING f1ANUIIL 
INPUT 

Fi gure 2 . Block diagram of the telespectroradiometer system 
used in the study . The system i s both AC - and DC
compa t i b 1 e . 

3.2 Fi e ld l ayer measu rements 

Du ring the field l aye r vegetation measu rements in the l abo rato ry , the samp les 
detached from the va ri ous s ite types were, one by one , illumina t ed with a 
l amp, as shown in Fig . 3 . Both the samp l es and the ref lect ion s t a ndard, one 
afte r anothe r, were placed under the opt i cs fo r recording their reflected 
rad iati on . 
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Figure 3. The ar r angement of the measu ring unit ( 1) and re
cord ing unit (2) of the telespectroradiometer system . 
The samp le o r reflection standa rd (3) was illumi
nated by a l amp (4) . 
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The same arrangement was used i n outdoo r measurements , on ly the ill um i nat ion 
was rece i ved from the sun . A to t al of 160 samp l es , 40 from each s i te type , 
was measu red in a random i zed o rder . 

3 . 3 Canopy measu reme nts 

When i mp lement i ng the reflected rad iation measurements of p i ne s t and canop ies , 
each samp l e p l ot was f irst spotted with the he l p of c ross ta r gets put i n the 
g round . The he li cop t e r w~ s then he l d above the p l ot (or standa r d) for 15 
seconds to a ll ow the record in g (F i g . 4) . The tota l numbe r of obse rvati ons 
was 80 . 
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Fi gu re 4. Imp l ementat ion of the spect ral measurements of t he 
fo rest stand canop i es and the re fl ect ion standa r d . 

3 . 4 Da t a ana l ys i s 

The data stored on cassettes was comp ut e r- processed by, f irst, pe r form in g 
the ca li bra ti on and rat i o i ng of the measu red va lues by 20 nm inte r va l s . The 
ref lectance facto r s were then ca l cul ated and sto red togethe r wi th t he co rre 
spond i ng ground truth data . The graphs of the obse r vat ions we re p lotted fo r 
sc reen i ng the ir qua li ty . 

Fin a ll y , the va ri ous stat ist i ca l analyses and tests of s i gn i f i ca nce were run, 
as ill ustrated in Fi g . 5 . The g raphs of the ref l ectance facto rs and ma j o r 
r esu lts of the ana l yses we re p lotted as we ll. 



4 . Results 
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Fi gure 5 . Bl ock d i ag ram of the p rep rocessing , stat i st i ca l 
ana l yses and p l ott i ng of the spectra l measu rements . 

4 . 1 Spectra l s i gnatures of the f i e l d l ayers of var i ous s i te types 

As a result of the f i e l d l aye r vegetat ion ana lys i s , t he graphs of spect ra l 
s i gnatures were p l o t te d fo r every s i te type and treatment . Fi g . 6 shows that 
the results were l arge l y i ndependent of the ill um i nat ion sou r ce and of the 
i rr i gat ion . The most i nte rest i ng wave length bands seem t o be red and ref l ec 
t i ve i nfrared . HMT - type assumes the l owest va l ues on red and h i ghest of a ll 
on i nf rared band . EMT- type f o ll ows l arge l y the same patte r n , whereas MCC lT
and ClT-types have hi gh and sepa rable s i gnat ures on red , and l ow mi xed 
va l ues on in f ra red . 
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Fi gure 6 . Graphs illustrating the spect ra l s i gnatu res of th P 
field l aye r vege ta t i on grow ing on the s ite types 
HMT, EMT, MCClT and ClT: (a) non irriga ted , (b) irri
gated samp les measu red i n the l abo rato ry , (c) non ir
rigated sampl es meas ured outdoo rs . 

The stat ist i ca l analys i s of the f ield l aye r s i gnatu res resu lted in the out 
come il lustrated in Fi g . 7. On the basis of the f i gure , MCClT and ClT indi
cate a relat i ve ly good sepa rab ili ty on the v i s i b le bands , and HMT i s ma r
g ina ll y sepa ra ble from EMT on the i nfr a red bands. The best way to sepa rate 
EMT f rom HMT seems to be , howeve r, to apply the rat io between the green and 
red ba nds . 
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Figure 7 . Spectral s igna t ures o f the field laye r s of the s i te 
t ypes HMT ( 1), EMT (2), MCClT (3) and ClT (4). The 
co lumns il lustrate the var i a ti on (s) about the mea n 
(x) for three v i s i ble li ght and two in f ra red bands . 

Two ra ti os of the s i gnatu res (green/red , i nfrared/ 
red) are a l so s hown to illust ra te t he i mprovements 
i n spect ral sepa rability among s i te types . 

The potent i a l sepa rabili ty among t he site t ypes referre d to i n Fi g . 7 was 
analyzed mo re thorough l y by app ly i ng t he Man n-Whi tney U- test fo r pa i rw i se 
d ifferences . The te s t res ults a re s umma rized i n Fi g . 8. As the fi gu re shows, 
i t i s rela tively easy to f i nd wavelength bands that would p rovide a good 
sepa rability among the t ypes . I n pa rti cu l ar, the va ri ous r a ti os of spec tral 
ban ds show hi gh s i gnificances fo r the pa irwi se differences . 
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Refl. factors by nanometer intervals Ratios I 
R t R R ! R R R(550) R(51J-590) t R(730-790) R(810-990) s I ~ r 410-490 1 510-590 610-690 ! 730-790 810-990 R(660) R(610 - 690) ~ R(610-630) R(610 - 690) I 

HI1T- EMT - XXX - XXX XX XXX XXX XXX XXX : 
HI1T-MCC1T XXX XXX XXX XXX XXX XXX XXX XXX XXX 

HI!T- C1T XXX X XXX XXX XXX XXX XXX XXX XXX 

EHT-MCC1T XXX - XXX XXX XXX XXX XXX XXX XXX 

EMT-ClT XXX XXX XXX XXX XXX XXX XXX XXX XXX 

;!CC1T-C1T XXX XXX XXX - X XXX XXX XXX XXX 

Fi gure 8 . Pa i rwise separab ili ty of the s i te types fo r va ri ous 
wave le ngth bands and t he ir rat ios . The s i gni f i ca nces 
of d i fferences obta i ned by Mann-Wh i t ney U- tes t a re 
expressed as fo ll ows : xxx/h i gh ly s i gn i f i cant (0 , 1 %) , 
xx/s i gn i f i cant ( 1 %), x/a l most s i gni f i ca nt (5 %) . 

4.2 Spectra l s ignatu res of the Scots p i ne stand ca nop ies 

The spectra l s i gnatures of p ine stands were ana lyzed in o rder to eva luate the 
spectral effect of stock i ng c l ass , t imber vo l ume and bas a l a rea . The ma j o r 
resu l ts are summar i zed i n Fi g . 9 , 10 and 11. 

The average spectra l s i gnatu res of the f i ve stock i ng c lasses stud ied a re 
ill ustrated i n Fi g . 9 . The c lear cut a reas a re sepa rab le f rom othe r c lasses , 
particular l y on the red wavelength band . The d i ffe re nces betwee n o the r 
c l asses are sma ll er, yet s i gn i f i cant on ce r ta i n bands as shown by Fi g . 10 . 
Hi gh l y s i gnif i cant differences between seed li ng stands and othe r c l asses 
appear on t he g reen , red and nea r in f ra red bands . The yo ung th i nn in g stands 
d i ffe r from mature th i nn i ng stands on the 700 to 800 nm- band and f rom matu re 
stands , i n add i t ion, on 500 to 600 nm- band . The max i mum sepa rab ili ty betwee n 
t he nea r ly mature stand and mature stand i s ach ieved on the bands 540 to 580 
a nd 600 nm , a l though the dif ferences are not h i gh l y s i gn i f i cant. 
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F. i gu re 9 . Graphs ill us trat i ng the ave rage spect ra l s i gnatu res 
o f p ine stan ds i n f i ve s t ock i ng c l asses : ... c lea r 
cut , .... - .... - seed ling stand ( 16 obs . ) , ..... th in-
n in g stand (20 obs . ) , ---- nea rl y matu re ( 18) , and 

mature stand (22) . 
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Fi gure 10. Pa irwi se sepa rab ility of the stock ing c l asses of 
pine sta nd s as a function of spectra l wavelength 
bands (Man n-Wh itney U-test) . 

The impact of t imbe r vo lume (V) a nd basa l a rea (G) on the spectra l reflec
tance f acto r was ana l yzed sepa rate l y f rom s t ock ing c lass . In a stepw i se re 
g ress ion ana lys i s , the volume or basa l a rea o r the ir transfo rmat ion was 
chosen for indepe ndent variables. Basa l a rea represented the stand dens i ty 
in the analysis. 

Th e ma in resu l ts of the ana l ys i s a re s umma ri zed in Tab le 2. The effect of 
t i mbe r vo lume i s conce nt rated on the a reen ba nd, where a l so the R2 of the 
mode l i s highest. On the blue and red bands, t he basa l a rea (dens i ty) i s s i g
nificantly better indepe nd ent va ri ab le than vo lu me . In the in fra red region, 
the best independent va ri ab les a re V and V·G. The peak o f the exp l anat ion 
power of mode l (0 . 7) appea rs on band 730 t o 790 nm . The va lue of i nfrared 
bands as dependent va ri ab les i s reduced by the fact that the spectra l d i f -
ferences between tree spec ies a re l a r ge . 

TABLE 2 . Ti mbe r vo l ume (V) and basa l a rea (G) as the exp l a ining facto rs of 
the spect r a l s i gnatu re of stand . 

R(J..) R2 lndep . va ri ab les in the ord~r 
of exp l ana ti on powe r 

390 - 510 nm 0 . 35 - 0 .50 G, G2 , v2 
510 - 550 nm 0 . 50 - 0 . 60 v , v * G' G2 
550 - 570 nm 0 . 60 V, v * Gi v 
570 - 650 nm 0 . 55 G' G2 v 
650 - 690 0 . 55 G, 2 ' nm G 
710 - 990 nm 0. 40 - 0. 70 v, v * G 



The i mpact of f i e l d l aye r vegetat i on on the spectral s i gnat ure of the whole 
t i mbe r stand was a l so stud ied i n the ca nopy app roach . The p rob lem i s of i n
terest , espec ial ly , i n s i te type i nte rp retat ion f rom va ri ous imager i es . Fi g . 
11 ill ustrates the spect r a l pa r t i al co r re l a ti ons of the area p ropo r t ions of 
f i e l d l ayer spec i es to the ref lectance factor va l ues . The effect of t i mbe r 
volume was e li mi nated . One can conclude f rom the f igu re that the abundance 
o f Vacc ini um my r t ill us in the f i e l d laye r correlates negat i ve l y to the re 
f l ectance factor values of 600 to 700 nm- band . Empet r um n ig r um has a sim i la r 
effect on t he va l ues of i nf rared bands . Bush i n the f i e l d l ayer correlates 
pos i t i vely to the ref lectance facto r va l ues on bl ue and g reen ba nds . In sum
ma ry , the ana lys i s of pa r t i al co rrelat i ons seems to g i ve info rmat ion on the 
backg round component of t he spectral s i gnature of t i mbe r s t and . 
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11. Co r relat ion of the area propo r t ions of f i e l d l aye r 
spec i es to the spectra l s i gnatu re of Scots p i ne stand . 

5. Conclus ions 

On the basis of the spect r a l s i gnatu re stud i es performed i n the cond i t ions of 
North - Fi nland us i ng the f i e l d l ayer and canopy approaches , the fo ll ow i ng con 
clus ions seem just i f i ed : 1) The f i eld vegetat ion of Scots p i ne stands i s 
spectrally character ist i c to each s i te type stud i ed , and thus a l lows fo r mul t i
spectra l i nterpretat ion of s i te types from remote l y sensed data . 2) The co r re 
l at ion of the spectral ref lectance facto r of stand to the t i mbe r vo l ume , 
stock i ng c l ass and basa l area is h i gh enough to enab l e the i nterpretat ion of 
var ious stand cha racte ri st i cs f rom mu l t i specrtra l image ry . 

In part i cula r, the green waveleng t h band looks most 'in fo rmat i ve for the eva lu
at ion of stand t imber vo lume and stocking c l ass . One can , fina ll y , hypothe
s i ze that the i nterpretat ion of stand t i mbe r volume cou l d be done , l argely , 
on Landsat - band 4 , and the i nterp retat ion of s i te type on bands 5 , 6 and 7. 
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