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Abstract

The visbIe ~ ,.., nfr8ed (NI~ (500-2400 IVn) epectra
and mechanical p.~-tjes of almost 1000 small cI88'-
wood ~I.. fran six softwood epeciea: Pinus taeda
L (k)bIoIy pW1e), PkXIs p8/u$tris, Mill (IongIeef pW1e),
Pinu8 e//iottll engem. (slash pine). Pinu8 ech;nata Mill.
(shorUeef pW1e), PtXIa pond8Iosa DougL ex Laws (pon-
derO88 ~, 81d Paec~ menz.iesIi (Mib.) F~
(Douglas fir) were m8asu'ed. Projection to Latent Struc.
t\n8 (PlS) modeIk1g showed 1hat the NIR spectra of
these softwoods could be U8ed to predict the mech8\ica1
properties of the cIeer-wood SM1)Ies. The correlation
coefllcients fCM' moat of these models w.- gr88t" U18n
0.80. All six softwood species were combined into one
data set n a PLS model was constructed u.t effec-
tively predicted the strength properties of any of the indi-
vidual softw~ RQJCIng the spectral range to
between 650 81d 1 050 rvn only ca.- a ~ decrease
in the quality of the models. Using this narrow 8pectral
range enables the ~ of 8nalIw, faster, lighter, Jesa
exp.'ISive spectromet.. the! could be used either ., the
field or for process control applications.

8itionof~nthephysicaJ~of~
(SVenSlon et 8l. 1997; Ber1hoId et aI. 1998; Svedaa 2000;
AIi et II. 2001).

Although most of the wak with NIR spectra8oopy hu
focused 00 the d18micaI composjtion of wood tX' u,.
~ of ~ . 8Om8 worj( has 8so be.1 dcx'8 00
wood ~ertI-. FtX' ex81'PI8. Hoffmeyer and Ped.-en
(1995) showed that NIR spectra could be I.8ed to pr8cict
the d«18ity, 81d COO1)r8S8icx1 end bending strw)Qth of
dry wood; ~ (1994) arxi SchWnleck et 81. (1999)
showed that NIR ip6o.i-'g-uacopy could be I.8ed to meM-
we the density of wood; 8'Id Tsuchlkawa .,d cowork..
(1992) showed that NIR ~ ~ be &88d to
~ u,. gr881 angle of wood. More recentty we have
demon8b'ated the use of NIR spectra taken from solid
wood to ~Ict u,. ~ ~. med18nk:aI
properties and microfibril angle (MFA) of Pinus t.-da L
~ ~) (KeIey et 81. 2002). V8Iy recently, NIR apec-
uuacopy - been ~ to ~Ict the mech81ic8I prop-
erti88 of PkJus tad/ar. (radiate pine) (Th~m and Med.
2001; SctWnIeck at aI. 2002), Larix d8ca.. Mil. (E18Oo
peen larch) (Gindl et 81. 2001) and Picea abies (Norway
8Pn.IC8) (Heuksaon et aI. 2001).

The goal of this work is to demcx\8trate u,. ~
of NIR for predicting the mechanic81 propeftIes of a num-
ber of diff.ent softwood species arxi to d61'M-~e u,.
genef8Jity of u,. models betw~ .pea.. The iT1)8Ct of
reducing the spectral range from 500-2400 00\ to 650-
1 050 00\, wtjch could ~ ttw '88 of kM-CO8t hand-
held NIR systems, Is also Investigated. The ability to po.-
dict u,. str8ngth and stiffn888 ~ of wood ~
be usefuf for selective breedi1g and silvlaJlt1.nl 8hxiiee.

Materials and methods

CoIectIonofwood..mPM

The ~ - gath.-d for -- <1ft.- 8t&d8 era the 88mping prot~ - not ~ for .. h~. The

ttv. PtIU. r..d8 ~ t8rV88ted from a 48-~-oId 8t81d

~ IIKW 8 COfi_-.;kiI-,aI JMnt8tion ~ WI h o-88tt

~.T ;1aJ For-' WI ~ Ark8n88. The P. f8CM I8d an

8ver8g8 cJamaW at br-.t height (dbh) of 42 cm 8M an 8Y8f8ga

~ ~ ~ m. The fiw PtMJ8 ~ Eng8kn. (8I8h ~ -
t8rv-.t8d from a nat\nl 8t81d WI h DeSoto N8ticMW Fo.-t

8OUth of H8tti88bu1g, Mi8li8~. Two of h ~ P. aIIotfl ~

~ fnIm a wwt ... ~aIy 2e ~ ~ age 81d tI8j M

-. ~ 8nd height, 188pectiva1y, of 20 cm aM 17 m. Ttvee

oth«P.eIiot1Jl_takanfromadry.8nd--80yMIW~

~ 81d tI8j ~ ~ 81d .-ght of 35 cm 81d 25 In, ~

~. The PtIU. pe/u8tri8. Mill. ~ngI88f pi18) and PrKJ8 8ChNf8

Eng8k11 (8tat688f pi1e) -- Iwv.t8d fnIm h ~ E ~ FcN8 ~ ~ LO&-.na. The p. "...,. - takan

from a conventional pl8ntat1on r8gime 8nd had M 8veraga dbh

81d~ot20cm81d27m.TheP.acI*I8t18jM~

Keywords: med18n1caJ Pfoperti88; new infrared; NIR;
softwoods.

Introduction

A wide variety of wood and peper properties, ~
chemical canpositIon and physical properti-, have
be81 ~ t8ing .,... W1frar8d (NI~ ~-t;-uacapy.
Some of the earlieet work focused on m88SUring the
d1emk:aJ COrT1)OSitIon of wood, pu~, and paper (BRett
81d Ganmm 1988; Wright et aI. 1900; Ma.- 1995;
Wallbacks et aI. 1995; Schimleck et al. 1996, 1997;
Sd1m1eck ~ M"d1eII1998; M8kav88f8 and AJ8:t 1998).
Later work ~ changes in the chemaI ~
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NIR m...&nment8

The NIR 8n8'y8i8 i8 .1MC;.-~ ~ d8I8iI ~ n i8 q
bri8ny ;;-.iev."vd ~ (K8II8y 8t 81. 2002). The NIR ~
WeI8 an made ~ 8n ~ Spectral D8Ya. (ASD) ~
Spectr 8t wav*-vf;".. ~ 500-2400 rvn u8Ig the
d.rMIIt P8'8m8tef8. A .. optic prd)8 on.1t8d at 8 right 8'IgI8
to VIe ~ ~ ~ I88d ~ ~ the i-*ct.-~ ~
Ira. A piece of conmeIC~ micfaporQI8 T~ ~ ~ . the
wt*- i.'-~ n.-i8l The ~ - I~ with 8
DC ~ ori8ntad 8t 30" 8boV8 the .~ n dgn8d ~ p8r-
~ wIUI the ~ ui8 of the --. FOI' ~ ~
30 ~ ~ coI8ct8d and 8wraged nto 8 lingle IP8CVum
and fO4I IPCtr8 -- coII8ct8d for ~ 1M 4 --
aged Ipactra coIl8ct8d -- 8~ to JMOvid8 a IIngI8 1peC-
1n8n that Me I88d to ~ the "~--jc8 8trwIgIh of the
Individual 88mPe. The NIR Ipactra of the dllf..m 8Oftwood8
-- ~ at cIw.- ~ - 8 v;- --"7 ~. bI.'- ..
of the ~ fn)m OM IpeCIea weIW ~ at ~ time.

..E
r

1.5 an

~t
~

~ 1 Sct...,.1Ie of u. ~ I88d to ~ the b8ncIng
.."pea.

dbh Ind height of 25 cm 81d 20 m, ,.P8Cti¥8Iy. T-. ~t-
.. ii" iii-'l ~.) Fr..:o (DougIu tW) ~ Nne PkxI8 POrI-
d8n)I8 Dougi. ex law. I;;;v;-,d.,~ ~ ~ cut mn
0VW'-st0ck8d M8ndI 8t -- dff8M II'- ~ h ~~
Mount8lrw of ~ C)8gDn. H of the -- -- 8t I888t
40 ~ okt fItIrn .-tInIy ~- "'."'Inn8I8g8d"'" The
P. menzJMii averaged 2& cm ~ ~ h R ponderOM --
8g8d30cm~

Projection to latent atnICtures (PLS) ~

In this atIRy, no 8pectr8I ..,-ep.-OCe88WIg t~ - I88d.
A ~ ~ of ~te an8IY8i8 C81 be 101m
eIMWhere ~- 800 ~ 1991; ~n8t. 8t 81. 1M).
~ ~ .. ~-1...".OIC: I8i1g U~ --
&ion 7.6 (CAMO, Cor..-, OR) 8Ottw8r8. AI of the .-Ala pr8-
~ '- - ~ ~ PlS-2 -'y8ia, ~ 8indl.-)ully
~ both MOR 81d MOE. A PLS-2 type of en8'y8I8 ..
uMd ,.theMOR81dMOEof~a-~..~
COfT8Iated (Taeha~ et 81. 1998). To .x..,~~oAte to!' lie I8ve
.;: ~ WI h ~ Y81.. of h MaE 81d MaR. fwy
were ~~ by the Irw.r8e of th8k' 8t8nd.a ~ ,;x The
~ ... corwtn-=t8d with an X-n.Irtx of 8Ittw 180 ~
(500-2400 nm) ~ 40 poInt8 (650-1050 nm). All of the PI..S m0d-
ele -- bM8d ~ 4 to 8 f8Ctor8. The con8iatk)rw to!' mo8t d
the modele oo~ MW been Inproved by adding ~ .tn
Y8ri8I8. W h ~ of ... ~ .. ~ to m-
imze ~ with owrfttting.

~ lie ~ 88t8 t.W dtfwn *-, the c.--tk)n
rnodeI8 (CALB) were conetnJct8d baed on on.-h8If to two-
1t*d8 ~ I8I8ct8d ~ F<M' the I8IV8r ~ 88t8,
e.g., all IOftwooda, aD lOuIh8rn pI~, P. eIkIttI, and P. ~,
~ IWf d the ~ -- ~ to cc.-an.:t the CAI.B mod-
eIa. In the cue of the an.ll« date 8818, P. peAMn, Po ec'*-1a,
Po pc: oa, 81d P. ff ;zj8JJ ~ ttWda d h ~ ...
~ to CCfWtna the CAI.B modele. AI of the CALB modeIa
- corwtn-=t8d I881g U ~ -L ~ 81d ...
1891; V8nd8ginateet 81.1998).

The CJ8Iity of . ~ ~ C81 be ~ WI 88ver8I
-va: two convnon ~, ..~ and RMSEP (M8rt8IW and
N888 1 ~1; y.,-.:J.g.-'" at 81. 1998). .. ~ In th8 ~ The
,..V8kJ8 . 8 ~ of h 8tr8ngth of h corr-.tIon d h
~ 800 ~ ~ F<M' 8 t ~~ ~
such - wood, r~ of 0.85 and 8bow - g ty ~-
-.d good. The RMSEP . . ~ of h ~ ~,
~ kt h w*- of h ~ m888I..-n.1t.

Results and discussion

Measuring mech.nic81 proP8f1i88

The sample ~ method i8 ~ WI ~ 1. In the
cae of _I the ~ ~. a 0.3 m long 8(i8k8 - cut every
5 m along the ~ ~ ~ or ftw di8k8 fItXn .v.y trM.
8B08d8" ~xknateIy 2.5 an wide 81d 0.3 m long, - cut
fItXn the 8c18k8 ~"1t6I-.c: on the ~ The ~ -.. then
planed to a &181 ~ of ~ 1.5 an. ~ ~
contBIrWng thfM gIOwth r81g8 -- than cut fItXn ~ II~.

The~~~~-~ongrowth
ringa 2, 5, 9. 16,25, and 48. For ~ 88Inpiea the ~ In the
r8Ci8 ~ .jap6. : on the wktth of the growth rW'G8. The
final dlmelWkJn8 of the beOOing 88mpIea -- 20 cm WI the Ion-
~ ~ 1.5 an WIthe ~ ~ ala 2-
3.5 cm In the radial dif8Clion. Cera W88 taken to "':'-~,.-- any
8iopeofgrBlWlthe~

In the C8M of the P; pond8fOA and P; menzJe8I, the 0.3 m
~ ~8 - cut fItXn ~ '-I and at 5 or 10 m.
The bo8JdI ware cut 1YOm the dill< n planed to 1.8 cm tNck-
~ n. ~ ~~~theplh81dthan2an~
pies -- taken at --.y spacad Intervala from the pith to the
berk to ~ 8 ~ ~ fItXn ~ cIak. The ~
~ ~ 20 cm i1 the longitudinal <traction, 1.5 cm In the
t81gWIr.I ~ 81d 2 an lithe radW ~ n--
aIow growing tI888 end the bending ~ contained between
4 n 7 growth rW1g8.

n. P; t88d8, P; P81U8tri8. ~ P; ~,. ..~ -- oven
«*i8d at 1 ~, wt1h the P; ;;-,.,-,z;..:. P; iXio -"'-0.. n P. eIiot-
II ~ -- ai'-GI8d. AI of the ~ ~ reconditioned
to 12" moiatIn ~ ~ to t.q.

Stifr.-s. or moOAw of 8Ia8tIcIty (MOE). ~ ~tknata
atrangIh. or ~w of ~ (MOR), of cI88/' wood ~
~ ~ i1 tt poi1t ~ accordng to ASTM atan-
~ (ASTM 1999). AI of the ~ ~ brQI(., with the k3ad
apf)ied 8g8irwt their racial '-. AI '-t8 ~ corduct8d with
en I~ 5600, and the MOR ~ MOE -- ~ with
ntron.. M«In Ioftwara. ~ th8t txoke at . vI8U8I defect
-- uckKje(j fR)m the 818J)'8ea.

NIR 8pectre

Representative spectra data collected from P. menziesii,
P. pMIStris end P. eIIiottii he8/twoods are shown i1 Figu'e
2. The spectra all have similar spectral features with small
diff88'lce& i1 intMSity. Many of the NIR peeks have been
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~ 2 &.m.y of PLS-2 ~ per8In8ter8. The .x., K... i»6o-:'oi:ii.~ b' the .:er.ak ~ (r CALB) n the ~-edctic;..
model (r TEST), 81d the nofmIIiz8d RMSEP (RMSEP divided by the 8wr8g8 MOE or MOR for that gfOI4) or apeci88).

MOE (tAPa) MOR(MPa)

AlSFWD
r(CAlB)
r(TEST)
Norm.RMSEP

PC-I PC-4 PC-3 PC-4 PC-5
0.88
0.88
1A

PC-'
0.87

0.87
17

PC-5
0.81
0.81
23

PC-6
0.83
0.84
22

AlSP
r(CALB)
r(TES1}
Norm. RMSEP

PC-3 PC-4
0.86
0.86
18

PC-4
0.82
0.83
22

PC-5
0.84
0.85
-.n

PC-8
0.88
0.87
10

PC-3 PC-5
0.88'
o.aa
17

PC-8
0.80
0.-
17

P.e801li
r(CAlB)
r{TES1)
~~

PC-3
0.84
0.85
20

PC-4
0..
0.8
17

PC-5
0.88
~
17

pc-a PC-3
0.85
0.-
18

PC-4
0.00
0.-
18

pc-a
o.«J
O.«J
18

PC-I

P.p0nd8t088
r(CALB)
r(TEST)
~.RMseP

PC-3 PC-.
0.85
0.82
~

PC-5
0.87
0.84
~

pc-a
0.87
0.84
32

PC-3 PC-4
0.88
0.84
21

PC-!
o.~
0.-
17

PC-I
0.80
G.8
18

~ P'OP«1i88 of the sampi- used WI this study
.. 1 O~ to 20% below the published vakJes (Green et
... 19Q9); how8Y8'. the rank ader of the diff-n soft-
woods caT98POnds to data plbllshed In the Wood Hand-
book (Grest et aI. 1999). The differences in the average
va.. fa" MOE and MOO .. likely due to the i\cI\.I8icx\
of a large proportion of juvenile wood k1 the samples
~ fa" this study. As expected, P. echin8ta and P; pan-
detosa 818 gen.aJ1y weak« than the other softwoods
studied. The av.-age values fa" the P. eIIIotti 8an1)Ie8
~ i1 this study are slightly lower than expected.

Table 2 shows the r-values and RMSEP for the CALB
a'xi TEST sets fa' the models based on ~ of spe-
cies and several of the indlvOJai apeciee. Table 2 also
shows the effects of varying the nurrv- of latent veria-
~ on the qu&ity of the models. The Btn v8i8bIes
contain ch8n1cal or physical rnonnation that i. used to
predict the med181IcaJ P")perti8a of the a8nPie8.
Increuk1g the nt6nb« of latent variables ~ the
model but wIU also Mease the risk of overfitting the
data. The ~Its WI T8b18 2 8tK1W that fa' the qle spe-
cies models, e.g., P; e/liottil and P; ponderosa. there ie
little benefit to ~ ~ than 4-5 latent varieles. In

the case of the moct.- 1hat ... b88ed on ~ of spe-
cies, e.g., all softwoods and all 8OOthem pk1e8, rnOfe
latw vnbIe8 may be needed to ~ . good model.
The model for all the softwoods ~ meuure the ~
icaI and phy8icaI rnormatk)n that Ie related to medwlicaJ
P't)pertIe8 but It ~ also .~ for . mae het..
ogeneoua set of samples. Thus, the model fa' all the
softwoods ~ 6 latent v8i8b188 to effectively 1:1'8-
diet medlanical prop«tie8. The model for the ~ of
~ ~ only requN 5 latw v8r1ab188. which
W1dicatee that these 88npIe8 818 relativelyhcx nogeneoue.
The large nurrber of samples and relatively wide range
of physical P't)pertIe8 ~ in the aI 8CXJthem ~
group also tends to reduce the oomber of latent variables
needed fa' a good model.

A ..m)8fy of the r-v8kJ88 81d namalized RMSEP fa'
both MOE and MOR of all the sample seta are shown in
Table 3. With the exception of the MaE predictions fa'
P. taeda m P. echJnata the r-values 818 all above 0.80.
These r-valuee we ~Ie to tOOse reported by Hoff-
meyer n Pedersen (1995), TtuTVn m Medw (2001)
but lower than those reported by Gindl et 81. (2001) and
Sd1mI8ck et 81. (2002). although these other at\des

T8IIe 3 &.mI8ry of corr-.tion ~::'~-A (r) 8Id nOfm8Iz8d RMSEP tar the wttNn groupe « wIttW1 8p8Ci88 ..-ecIctici,-. of MOE
and MOR. The nlmber of latent v8r11bI- UHd in 1he CAL8 InOdeI8 are shown In perenth8M8.

Mae (MPa) MOR (MPa)

:-~"~
RMSEP

~
RMSEP

ALLSFWD(6)
ALL SP (5)
R ..,. (4)
Rf88c8l5)
R p8u8~ (5)
R ~ (4)
P;POIwJ.O88(S)
R ecJI;,.ta (5)

0.84
0.87
o.
0.78
0.01
0.83
0.84
0.80

22
20
17
20
19
10
30
31

0.87
0.88
0-
0.84
0.85
0.80
0.88
0.82

17
17
11
13
22
13
17
14
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'i ~ 11XKK)
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01 ~ . . . .
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0
0 5(MX) 1CXXX> 15000

MeMInd MOE (MPa)

2(MXM)

B ""; .' . """

-1 .'

B
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! 150-

I! 100.

jZ

:5
"i

il
~~
!~0.-
a:z
0
~

...,a.180

100

50
S)

.ay

0 so 100 150
~ MOR (Mpa)

0 200
0 50 100 150

~r8d MOE (~)

200

~ I ~ 8Mt ~~ ~ ~ 8Mt (8) MOR for
the to" 8outhem pi~ (ALL 8p). The 8aId 8)'nmoI8 IndIc8te the
CAI.B_8r.tth8~~~th8TESTMl

FigIn 4 ~ end FncIct8d (AI MOE .m (B) MOR frx ~I
Iix IOftwooda (ALl SFWD). The IoIId IymboI8 Wldica. the CALB

aat81dthe~aynmcM~theTEST...

used PLS-1 models end more latent variabIe8 ., their
predictions. Both of these considerations will increase
the quaIty of UM ~ The low revalue for the ~
echin8ta is lAtely due to the relatively small san1)Ie size
that results in a low. quality model. The relatively poor
correlation between UM m-.nd and precict8d MaR
for UM ~ taeda set is BUrprising ~ this is a relatively
large set of samples, and the correlation coefficient for
MOO is ., h with UM oIh.- 8P8cie8. T ~ 3 aI8o shows
that based on either r-vaJ~ or the normalized RMSEp,
NIR spectra can be used to predict MOR bett. than
MaE. This Is ~ ~ MOE is o--8Ily thO4.V1t
to be strongly linked to MFA, ~ity. fiber orientation,
and wood ~itlon (Tsehaye et aI. 1998), while even
., ~ cI88' 88r1)I. MOR Ia ~ ~ by
small undetectable defects. NIR is sensitive to MFA (Kel-
ley at aI. 2002). density (HOffmeyw and p~ 1995;
~I et aI. 2001; Sd'IinIeck et aI. 2002). fi)er ~
(Tsudlikawa et aI. 1992). and the ~1CaI ~
of wood (Sd1inleck et aI. 1997; Kelley et aI. 2002), how-
8V8' It is not ~ that NIR atndd be 881Sitive to very
small defects.

~ 4a shows a plot of the ~ MOE V88US
the MOE predicted tn.11 the NIR spectra ~ the Pl5-
2 models for all of the six softwoods treated as a group.
Fvn 4b shows a smlar plot for MaR. WNIe ~ is
some acatt. ., the data, it is cIeer that ~ is stra1g
COIT8Iation between the measured mechanical propetties

end h mechanical pop.-tie8 predicted w~ NIR Ipec-
trosc~y. It is important to note that although the PCA
~ ~ed h fact that there .. ~ differ-
ences b«W8811he six different 8Oftwooda. the , of
this PLS-2 show that these chemical diff«encea do not
~ data frtm aM six softwoods from b81g used to
PfodUC8 one model for predicting med18nical ~.
The r-v8kJeS for both the CAlB 8nd TEST 8et8 .. very
Una. (Table 2). The spectra end ~ ~
data i1 the TEST set w.. not ~ ., CXIn8tructk1g u.
origNi PlS-2 model and thus the resutta from the TEST
set C81 be viewed - . prediction of the medwjcaJ
prop«tI88 of ~known 8an1)I- of h six ditfw81t soft-
woods from their N I R IpeCtra.

FigIn Sa and b show the ~ fa' MOE and MOR
frtm ainjl8' PLS-2 models for all the ~ pinee
treated as a group. AQU\, the r-vakleS for both u. CALB
81d TEST sets .. V8Y a8ni1ar (Teble 2). The med'I8nicaJ
strength valu. of the TEST set predicted from the NIR
spectra 818 highly COI'I'8lated with the m888l.nd strength
vakJ88. Comper8d to the set of aI six 8oftwoods. the
eouthwn pines are viewed as . relatively homogenous
~. In addition, the quality of h ~ictive models
based 00 the IOUthem pines eIone (ALL SP) is 8mIar to
those based on the entn set of softwoods, ndlcating
that h models for ell 8Oftwood8 (ALL SFWD) .. quite
~

Both sets of MOE/MOR data show a slight decrease
., the quality of the ~ for the ~lvktual b.1dw,g
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T-..' &.m8y of ~,*D-, ~:;-,.;i8I~ tor ~ \81g a ~ IP8Ctr8I ,... 1'- rur*- of I88t WlWlleI88d ~ the
CALB ~8 .,. ahown In ~.

MOR ~P8)
500-2400rvn

~ (MPa)
650-1~ I'm

MOE (MPa)

500-2400rvn
~(MP8)

660-1050 rm
~

0.87
0.88
0.88
Q.84
0.85
0.80
0.-
o.~

HSFWD(8)
All SP (5)
P..-ortI(4)
P.~~
P.p8u8trt8(5)
P. fr.-"'" ~)

P.;x..-g.~(5)
P.8d*.-(5)

0.84
0.87
o.
0.78
0.91
0.83
0.84
0.88

0.78

0.81

0.88

0.78

o.~

0.78

0.74

0..

0.82
0.85
o.
0.78
o.
0..
0.74
0.73

the six dff8r8nt speciee. Using PlS modeIng, the NIR
spectra of these softwoods could be used to predict the
mech81icaI jX"~-tIe& of the dear-wood ~. The
r-vakJea for most of u,... ~ were greet.. u." 0.85.
The RMSEP for moat of the models was about 20% of
the ful rwIge of rnedw1IcaI v8kJ88 for the ~.

Ev., though there wwe abtJe spectral d~
between the six species, all of the samples could be
~ nto ~ PLS ~ f1at could 8ffect;..eIy pr.-
cict the strength ~ of any of the ~ soft -
woods. The r-values for most of these predictions were
~0.80.

The CALB model ca1t8W1i1g all six softwoods per-
formed least well for ~lctIng the properties of P. m8n-
ziesJi, wItit is l.-t 8imIw to the othw five pk188 used
k1 the CALB model.

The original CALB models were consbucted using 8
full apectraI rBnge between 500 rm ~ 2400 rm.
~ the spec1r8I rqe to betW881 500 rm and
1050 nm caused a slight decrease In the quaHty of the
models, howeY«, this dea8888 of the r-vakJea by 0.05
was mk1Or' considwW1g the advantages of using a
reduced spectral range. These advantages i1clude the
sbiIty to L88 . m.d1 8n8Ier, faster, ~ter, lea 8XP81-
sive specu...,..1.-1hat coukt be used either i1 the field
or for process control.
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