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ABSTRACT ;"
Equations were developed to predict the oven- dried
‘weight of the total crown; live crown. foliage, and '
| ‘roundwood diameter classes: 0.0-0.5, 0.5-1.0, 1. o -3.0,
3. 0 -5.0, 5. 0 -7.0 and 7. 0 10.0 cm for lodgepole pine (n= 27)

. and white spruce (n 24). Sampling occurred throughout

Alberta Canada Sampled tree diameters ranged from 5 cm
- to 50 cm for lodgepole p1ne and from 5 cm to 65 cm. for

- white spruce. The non- linear allometrio equation (y # a

' x ) best modeled the relationships when diameter at
breast height (1 3m height DBH) -was used as the
independent variable (X) Most values for the standard

"error of the estimate were calculated to be less than 40

‘percent of the mean - For theltotal orown, live crown gnd
roundwood diameters from 0.0- 3 0 cm, - most empirical r
values were greater "than 0. 80 | '

If large scale aerial photographs are available andr
.accurately interpreted these dependent weights can be
: predicted using the equation WEIGHT = a HEIGHTb X

g approximate CROWN WIDTH The approxtmate crown ‘width

(aCW) was measured by summing the. length of the branch

: which had the longest horizontal prOJection as seen from
‘ivbelow the stem(diameter and the length of the oppos1te
branch at the same whorl Based on SEE and R2 values,

'*ﬁj_this mode performs nearly as well as the DBH ased model

uggesting the feasibility of us1ng large scal aerial

photographs to predict biomass by most of these roundwood
| diameter classes ' T
.4" . o /,
v :
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1. GENERAL INTRODUCTION

" Fire management/Fecisionsjare,based;on'information“
~of how fuei, weather'and topoghaphy ior,specificjjand_'

units-Wiil affect plant growth and biomass accumulation.

Live and dead plant biomass in forest stands are commonly

" preferred to as forest fuel. Both fuel con itio's will

contribute to the spread and 1ntens1ty of a for t fine,n
‘aithough dead fuel usuai]y requ1res iess ‘energy to -
maintain fiamtng combustion

| - Fuel is usuaiiy stratified by its. vertical position ‘

‘(ground surface or aeriai) and by its condition (1ive or

" dead) (Brown and DaV1s 1973). The verttcai arrangement

directiy affects crown fire potentiai (Pyne 1984),

wou]d beﬁof immense vaiue 1n assess1ng fire hazard (Brown . |
'}and Dav1sf1973)~or evaiuating fuel management a]ternatives‘
 (Alexander 1987). Regardless of fts position in the fuel
‘-strata piant btomass is flammable and will contribute to -

’the spread and 1nteh£3ty of an ongoing fire.

, g A
/ F1re behav1or modeis have been deveioped which | ,
”'enabie foresters to predict how fires will behave under ' |
various conditions of fuei' wind, and slope (Rotherme] : fé*f/-

1983; Lawson et ai 1985) Yet, only the fuei variabie can *’-
be manipuiated or managed before a forest fire begins v |
Hence a iarge amountkcf research has b‘gn dedicated to' ;_"
finding ways of quantitying the weight of this materiai



 Johnson 1975 Sackett 1979). / |

fonce stand1ng 11ve fuels (Howard and Ward 1972) . The

Mathematical models (equatlons) ex1st for est1mat1ng'

‘the“weight of ground fue]s commonly}referred to as duff'

(McRae et al. 1979; WOodard and Martin 1980) These modeISI

,are usua]1y basedﬁpn regress1on re1at1onsh1ps between duff'
4-depth anq,we1ght Standard procedures are. ava11ab1e in
‘Canada for f1e1d samp11ng downed and dead roundwood

surface fuels (van Wagner 1965, 1968, 1982) A]so many
mode]s have ‘also been’ deve10ped wh1ch predict. the amount
of biomass in stand1ng live trees (K111 1967, 1968

Johnstone and Peterson 1980; Singh 1982, 1986 De11s1e
‘1986) These mode 1s are part1cu1ar11y valuabTe because

they a11ow managers to eas11y predict fuel 1oad1ngs when .~;h.'

deve]op1ng forest management plans. Knowledge of fue1 :

-

Lload1ng is necessary for deve1op1ng pre suppress1on .

. preparedness p1ans fuel man1pu1at1on plans pred1pt1on of

fire behav1or and effects assessment of f1re potentia1

,within 'high va1ues at r1sk‘ areas of a forest and" the

~eva1uation of s11v1cu1tura1 opt1ons (Roussopou]os and

Once trees have been fe]led— surface fue] 1oad1ngs

will dramatioally 1ncrease because of the depos1t1on of

_ weight of . th1s s1ash by nat1ona11y recogn1zed and accepted
}froundwood diameter classes can be measured us1ng w1de1y

| paccepted procedures deve1oped by van Wagner (1965 1968,
-1982) and McRae et g__ (1979) Yet, these procedures for ,i.

‘estimating s lash residue in cutblocks are extreme1y

A .
Fa



tedious and time.cdnsuming for. inventory crews (McRae et
 al. 1979). |

Therefore, the two objectives of Yhis study were:

‘(1)5 To eva1uate the re]at1onsh1p between the tota1
crown fue1 we1ght or 1nd1v1dua1 roundwood di ameter“ir"
c]ass fue] we1ghts us1ng tree stem character1stics

'vsuch as d1ameter at breast he1ght which is easi1y

and commcn1y.measured durtng ground fte}d surveys: ;

h‘(2); "Tdbeve1uete the're1ationship.hetween'the‘tctaf
: crown,fue1 wetght or 1nd1v1dua1 roundwood dtameterf
| c]ass fue] we1ghts uslng tree stem characteristics""
f_ suchgas total he1ght»and,approx1mate"crown width
"which'can,be interpreted frém’1argefsca1eaaerié1f”'"u
photcgraphs._ | | |
e ‘?\,_
S This- thes1s is composed of four chapters Chapter 1
1ntroduces the study area descrlbes the methods used in.
se]ect1ng sampIe trees, and out11nes the field and lab .
) procedures used Chapters 2 and 3 perta1n respectively, tc ;
the two obJect1ves 11sted above. Chapter 4 is a summary of
- all the,mater1a1 presented and inc]udes a sect1cn‘ |
out}ininé future reseerch neéds. o ‘.' ;

Y
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1.1 STUDY AREA

Samp11ng occurred w1th1n the ’Mixedwood sect ion’
and the 'Foothills sect1on of the Boreal Forest Region,
and w1th1n the" Suba1p1ne Forest. Reg1on (Rowe 1972). SampTef

'trees were se]ected from w1th1n the- foT]ow1ng prov1nc1a1

. forests: Footner Lake Grande Pra1r1e Lac La Blche

uIWh1tecourt Edson,. Rocky C]earwater and Bow Crow The
number of trees samp1ed by spec1es and 1ocat1on are shown '
in Figure 1. , ‘ |
C&/The phys1ography, so1ls and c]1mate of the study
area have been summarlzed 1n the Atlas of Alberta
.(Government of A]berta and the Un1vers1ty of A]berta o
-1969). Soils are genera]]y Grey Luvisols (Rowe 1972). fhe‘ E
" annual prec1pitat1on ranges from "360 mm to 610 mm (Stashko
-1971a) .. emperatures throughout the samp1e area vary from'
:11 oC to 17 oC during July and 1nformat1on perta1n1ng \\*
’blto other mean month]y temperatures between May to )
 September have been summar1zed by Stashko (1971b) Tnees
h‘within the samp]ed area. typtca11y exper1enced fewer than
120 frost- free days per year. The e001091ca1 cond1t1ons '

for the ecoreg1ons where samp11ng was conducted»have been

described.by(Strong and Leggat (1981).

. \:\
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Figure,1.1.1

\\ N

Locatlon of number of trees samp]ed by
species 1n A]berta Canada.

.(P=1odgepo1erp1ne, S=wh1te'sphd¢e).

AL
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1.2 METHODS

1. 2a SAMPLING DESIGN _
No attempt was made to cont1nuous1y samp]e all. DBH
c1asses throughout the comp]ete range of- dlameters common

- to both species 1n Ai::zta. The t1me reqUJred to replicate

. ) . . {
samples within all classes across the complete range of-

-dbh”s.found in Alberta prohibited such: an approach. Singh _
.bi(tQBS)'neported that vaﬁzation even among brairie |
.prov1nces was not large and that data from different
.prov1nces can be used to deve]op one pred1ct1ve equation
for entire reglons Instead samples were taken within
,each of f1ve ‘diameter c]asses (5-15 cm, 15- 25 cm,  25- 35
“om, 35-50 om, and 50- -65 em) (Table: 1. 2.1). The
'd1str1but1on of the data used in th1s study was. greatly"
affected by sample time eenstratnts. White spruce trees
T]argen than 30 cm nequined'more than enedday to’neasure’ |
fresh weight by roundwood diameter C1ass, Smaller trees
_wene sampied'wnen the fie1d time'renaining in any One ,‘—.
1forest was insufficient to comp]ete1y process a 1arge
tree. Hence the number of trees w1thin the five DBH
'ranges are not equal and a r1gorous test of variation
among five d1fferent forests with1n the prov1nce were

samp]esfwere co]]ected for each species is unava11ab1e;



Table 1.2:1 Distribution of samples by dbh class.

LODGEPOLE PINE
WHITE SPRUCE '

-~

oo DBH Classes .(cvm‘)

5-15. 15-25 25-35 35-50 50-65 Total



Se]ecting Stands

| Sample stands w1th Good site 1ndices as identified
h on Alberta Phase’ 3 Forest Inventory maps [S.1.= 18 metres
f(referenoe age 50 years at breast height) (Anon 1985)]

were the oniy stands se]ected 1n this study E However

vt.'after fe]ling and prooessing, five Todgepoie pine and one

;white spruce c]ear]y»did not grow at this rate These six.
;sampies may have contributed to the magnitude ‘of variation‘7
within a DBH c]ass but each is part of the popuiation of
-vinference ‘and shouid not be removed from the data set
select ing Trees
~ An dndividual tree with'approximatelynaverage stand
DBH was selected for sampiing if it:“(i)zwas dominant'or‘
'codominant in crown p031tion (2) was not open ‘grown or a
'wolf’ tree (3) was uniform in the crown shape, and (4)
showed no VlSlb]e s1gns of deformity as a result of
disease defoliation past fire scar or broken"top (Brown
1976). Oniy one or two trees were_selected from within any
~one stand. - | | | | )
. This se]ection criteria prov1des forest managers N
'w1th the '/ worst ‘case’ crown fuel weight condition to be
experienced in a forested area. No attempt was made to
’ random]y sample trees for the purpose of understanding the
magnitude of variation ‘within- the tdta1 population The
popuiation of inference wouid therefore be dominant crown

{'ciass trees without deformities growing in good

' stands.



10
A purely random sampling wouid prov1de average fuel
weight conditions of the crown and would therefore : B
;underestimate the crown: fuel hazard on good s1tes which
generally accumulaﬁe more biomass on the same s1ze tree;
Forest managers using average weights may predict a _’
surface fire with some torching of tree crowns (when: 1n3;

fact the fire behav1or may be a sustained crown f1re on~'

. more productive s1tes) Conversely, forest managers using B

worst case’ 'weights may pred1ct a sustained crown fire
"(when in fact the fire behav1or may be a surface fire with

"-some torch1ng of tree crowns on less productive s1tes) I \‘
:believe the latter scenario would be preferred by most
vforest managers Therefore, the scope of this study ‘was

‘ directed toward satisifying the need for worst case’

. crown fu l weights, by roundwood diameter classes of

'1nterest to the prov1n01al forest f1re agency

1.20 FIELb PROCEDURES
Tree Measurements - L .
Sample trees were selected and the follow1ng

measurements were recorded for each tree pPlOP to felltng )

(1) diameter at breast height (DBH 0.1 cm), (2) diameter"
~at base of live crown (+0 1 cm) and (3) approx1mate crown A

h ,width [by’ measuring the length of the branch which had the -
'.longest horizontal prOJection as seen from below + the "
. length of branch opposite to it on the same whorl + the
.'stem diameter ‘at this height] (+0 1 m) While these

sbranches were not always hortzontal each did not. dev1ate v;‘
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greatly from being perpendicui' ‘to the“stem; and 1 |
beiieve that this procedure is an approximate measure of
crown width astwould,be seen from above on an_aerial
pho-togpaph‘ : | . .
After fe]iing, the fo]]owing measurements were

recorded (4) stump diameter at 0. 3 m above ‘mean ground -

‘1eve1 (#0.1 cm), (5) height to iive crown (20.1 m),
(6) total tree height (+0 tm. o . /‘

'Weight Measurements

Sampie trees less than 15 cm DBH were fe]ied
directiy onto tarps then de]imbed Larger trees were _
§Qmeed and deiimbed to a 10 cm top before fe111ng (Brown -

76) Beginning at the base of the~sampie tree all live

fand dead branches were cut us1ng a hand ‘saw. One out of R
every fourth branch 1n sequence was -then pfaced on a _
separate tarp for further analysis. This subsample of both
dead (not supporting live foliage) and live (supporting
11ve foliage) roundwood was then stratified by the

'foliowing roundwood diameter classes.‘0.0v0.5 cmL,O.S-i.O

om, 1.0-3.0 cm, 3.0-5.0 cm and 5.0-7.0 cm (Van Wagner

" 1982). 'In'addition, roundwood between 7‘0 and 10.0 cm

.tgiameter was also weighed Both the stratified and a’_
remaining unstratified sampie of roundwood was weighed
(2 0.1 kg) using a portable spring scale. Resuits of this f
sampiing procedure and the effic1ency of . this method are
discussed in Appendix I.

For each tree f1ve randomiy selected fresh biomass '
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- samples within each roundwood diameter c1ass,for both ‘1live U

and dead wood were col]ected 1n sealed 1astic bags'of

'known weight ‘The remaini g tree b1omass greater than 10
cm dlameter was not weighe In a logging rat1on this
material wou1d be uti1lz “and hence would not(be left as .
.‘residue on the cutover 51te Left standlng, this mater1a1 |

t would not be consumed dur1ng the torch1ng of 1nd1v1dua1

¢
crowns tn‘a crown fire.

:1 2c LABORATORY PROCEDURES _

' The f1ve fresh moisture content samp]es for each
diame"r class were we1ghed (+ 0.01 g) us1ng a top load1ng'
balance p1aced 1n paper bags of - known. we1ght and
'1 oven- dried at 70 oC in a portab\e oven to constant-
weight (Moir and Franc1s 1972) Fresh roundwood samples
‘with 11ve fo]iage attached were a1so oven- dr1ed us1ng
:_these procedures After dry1ng, the follage was separated
from the twigs by hand and the separate we1ghts of fo11age‘

. and branchwood were recorded Oven—dr1ed welghts were -

determined usin@ the foHowmg two formu\as

(Fw -0DW) / ODW = 100 o

MC =
DW= FW / (1+MC/100) R €3
where: MC = moisture COntent (percent)p'»'
FW = fresh weight (kg) |

','.OODW'-\oven drled weight (kg)
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2 LODGEPOLE PINE AND WHITE SPRUCE CROWN FUEL WEIGHTS
PREDICTED FROM FROM DIAMETER AT BREAST HEIGHT

2 1 INTRODUCTION

Standing Tive biomass is recognized as potentiai
»fuei in forest stands (Brown and DaVis 1973) Many authors'
have presented equations or tables which predict ‘standing
."biomass for most tree spec1es in A]berta (K111 1967, 1968;
B Stanek and’ State 1978 dohnstone and Peterson 1980 Singh
| 1982 1986; Delisie 1986) K\yariety of independent |
| variabies have. been used for this purpose typicaiiy'
basa1 stem diameter diameter at breast height (DBH), and
total height Upfortunately, except for Delisle (1986) e
A most of these authors have not attempted to predict fuei
weights by the roundwood diameter ciasses now desired by :
forest fire agenoies in Canada .and Deiisie s equations
| "only pertain to juvenile trees < 3 m in height N
v The obJeotive of this study was to deveiop equationsﬁ;
'that would predict..the total crown fuei weight Tive . 'n
‘orown fuei weight foiiage weight or individual roundwood,“

_ diameter ciass fuel weights for mature iodgepoie pine

-(Pinus contorta Loudon var. atlfoij Engeim ). and white Lo

Y“spruce (Picea giauca (Moench) Voss var g] 1jggg (S
‘Brown) Sarg. ) N

_—--—-,--—-—--‘_---—-------------—---— --------------------

1. Moss (1983) is the botanical authority for this work
| ' -7 |
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2.2 METHODS
Oven-dr ied weight of the'total crbwn,‘1iveNCrown,

11ve fo11age and. 1nd1v1dua1 roundwood d1ameter class

: components of the total crown were the dependent var1ab1es

~ evaluated. An 1n1t1a1 screen1ng ‘of the corre]at1on between

all these we1ghts and all the 1ndependent varJables
measured was comp1eted us1ng an SPSSx package (Nie’. 1983)
DBH was se]ected as the pr1mary var1ab1e because

(1) 1t had reasonab1e corre1at1on w1th the dependent

) ;var1ab1es determ1ned in . thls study and h1stor1ca11y DBH

maccounts for most of the tota1 var1at1on in. many b1omass
stud1es of different spec1es (Stanek and State 1978), (2)[
it is eas11y and accurately measured in the field, and (3)
it is & var1ab1e cons1stent1y saaned in many forest
'1nventorles (Anon 1985) Mu1t1p1e 11near regress1on
-equat1ons descr1b1ng the re]at1onsh1p of tota1 crown'
weight, live crown welght or individual roundwood c]ass
we1ghts were. deve loped and tested for a variety ‘of .
.1ndependent variablies 1nc1ud1ng DBH, DBH2; and DBH3.
Non- linear mode]s were a1so evaluated using BMDP
_1nterat1ve non ‘1inear 1east squares packages (Dxxon and
Brown 1979) to derive pred1ct1ve aliometric (Y =,a X )

: equations and two DBH based growth funothns'{,Anf‘
- 2

emp1rica1 r value [1- (SSres1dua1/SStota1)] (Steel and -

| .Torr1e 1980), was ca]culated to 1nd1rect1y measure the

¥

qua]ity of each non 11near equation. The standard error

» of the est1mate and a re31duals p]ot were used d1rect1y
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2.3 RESULTS

The strong ?e]attonshtp between total crown fuel
we1ght 11ve crown fuel wetght or fue] wetdht by roundwood
d1ameter c]ass and DBH has been rev1ewed by Stanek and
State (1978). “Strong 11near~corre1at1on between roundwood
' d1ameter class fuel we1ghts has also been demonstrated for
stem d1ameter-at the base of the Tive crown total he1ght
and crown w1dth Th1s matr1x is dtsplayed in Appendix II
.The curvilinear a1lometr1c model Y = a DBHb was selected |
‘4as the model that best fit the d1str1but1on of the data
for total crown welght Jive ‘crown wetght fo]iage we1ght
‘ and fuel we1ght by roundwood d1ameter classes.

B he equat1on. the r2 va1ue the standard error of
the esttmate (SEE), the mean of pred1cted Y, and ‘the SEE
as percent of that mean (SEE%) for . each al]ometr1c
relationship are presented in Tab1e 2.3.1 for 1odgepo]e
. p1ne and in Table 2.3.2 for white spruce crown weights

2
The r va1ues for each of the DBH to dependent

weight re]at1onsh1p eva]uated ranged from 0.88 to 0.05 forh

1odgepo1e p1ne and from 0.88 to 0 69 for whtte spruce.

"~ Most equat1ons have r2 values greater than 0.80 and the
poorer Tinear re1at1onsh1ps between predlcted and observed
values are usually associated with 1arger roundwood
diametes_c1asses. Corresponding SEE'va]ues were about 30

‘epercent of each mean. Predictive weight regression curves

for total crown total live crown, foliage 'and individual

roundwood dtameter classes 0.0-0.5 cm, 0.5-1.0 cm, 1.0-3.0
cm, 3.0-5.0 cm, and 5.0-7.0 cm are presented in Appendix

i,’,:
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I11 for 1odgepo1e pine, and Append1x 1V for wh1te spruce
The 7.0~ 10 0 cm c]ass roundwood was composed of on]y
. stemwood and a mean of 3. 3 kg for 1odg pole pine or 3.6 kg .
 for. wh1te spruce is presented as the bes t estimate of th1sv
' mater1a1 because of the Tack of observat1ons wh1ch |
‘ cons1sted of both stemwood and branchwood and no

> s
~»~Q\rv111near d1str1but10n of the data was therefore '

evident.




| | | 21
TABLE 2.3.1 Lodgepo1e pine equations for estimatin

oven-dried crown weight components (kg from
diameter at breaSt he1ght (DBH cm) .

allometric - |
. _ coefficients(x*) 2 _
WEIGHT = - a b. n . r SEE . Y SEE% .

T;\XL CROWN ~ 0.1744 1.8127 27 0.88 20.8

/~,\?\\\\\ LIVE CROWN  0.1669 1.7020 27 0.82 15.8 50.6 31.2

0.0525 1.6057 27 . 0.83 3.3 11.4 28.8

0.0533 “1.8052 27 0.88 6.2 23.0 27.0
0.5-1.0 om  0.1369 1.3553 27 0.68 5.6 = 12.3 45.6
1.0-3.0 om  0.1140 1.6047 27 0.88 8.9 '23.9 37.3

. 3.0-5.0 cm - -usé the mean value if DBH < 25 cm: 1.0

P : > . .
6.95E-047 2.8488 14 0.60 11.1 20.0 55.4
5.0-7.0 cm  use the mean value if DBH < 35 cm: 1.7
2.15E-08 5.2771 8 0.05 10.9 8.7 125.5

7.0-10.0 cm ' use the mean value: | L 3.3

- Where:, ‘ .
(x)  Equation in the form: WEIGHT = a DBHb'

‘SEE Standard error of the est1mate (kg)

Y. Mean of the est1mated and observed weight (kg)

. B
'SEE%  SEE expressed as percent of the mean. - /

S

/

-

-y
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TABLE 2.3.2  White spruce equations for estimating the
: oven-dried crown weight components (kg) from
diameter at breast height (DBH; cm).. ‘ :

8.

S

allometric - :
' - coefficients(x*) )
WEIGHT o a b : '

TOTAL CROWN - 0.0181 2.4896 23 - 0.88 60.8 186.4 32.7

e

'1LIVE gRow&'  0;0732 1.9961 23 0588 34.4 120.0 28.7

CFOLIAGE ”6.6373 ,1.1457 23 0.69 14.7 138.5  38.2

0.0-0.5-am 0.0869 1.8938 23 0.85 27.3  $9fs 30.4
0.5-1.0 cm  0.0304 1;7481jA23".0.83 5.7 i8,1 31.3
1.0-3.0 cm  0.0150 21929 23 0.82 18.9 47.9 39.5

3.0-5.0 cm  use the mean value if DBH < 28 cm: 0}7'5-“,
| 7.21E-09 5.7425 15 0.81 22.8 38.3 59.4

5:0-7.0 cm  use the mean value: | f 2.0

 7.0-10;0 cm  use the méan;value: - \* o . 3.6 )

Where: S -
b

(*)  Equation in the form: WEIGHT =-'a DBH"

SEE  Standard errdrfofjthé estimate (kg).
v Mean of the estimated and observed weight .(kg):
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2.4 DISCUSSION | '

A noniinear'modei with'untransformed unweignted
“data.was used to determine the coefficients for each
equation Some: equations presented had increas1ng error
variance “or a few observations on a residuals p]ot
(differences between the actual and the predicted va]ues)
were more 1soiated from their predicted vaiues HOWever a
| weighting scheme to make the var iance 1ess unequai was not
| performed-because a weighting technique may reduce a
model’s ability to be used'for accurate'predictive
© purposes for 1ts entire DBH range (Comerford and Leaff
1982a, 1982b) ~and may resuit in only a siight reduction
in. the standard error of estimate (A]ban and Laidiy 1982) .
* A weighted least-squares method_of regresston‘ana1y31s has.
been shown.to be usefui-forvreducing heteroscedasticity‘
(inequality of variances’among samples) in torest tree.v
biomass studies (Schreuder and Swank 1971, 1973) Thisﬁ
procedure has a tendency to provide a better fit for the
smaller, less variable 51zed_trees and to " force' a poorer.
Cfit tor.iarger, more variabie sized trees, Comerford and -
| Leaff (1982a, 1982b) suggested this‘characteristic’would'.
produce undes1rab1e equation coeff1c1ents 1f accurate '
-predictions of larger trees are aiso requ1red In studies
.of Juvenilewtrees; a weighted predictive equation will
1 generally estimate smaller tree biomass With'higner.v

accuracy»than'tneaunweighted regressiondeQUation (Smith et
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- al. 1986) however, they predtcted negattve we1ghts for |
unmerchantable (< 10 cm) boles of. spruce trees >25 cm DBH
with a weighted equatton and demonstrated that an
unweighted equatton prov1ded much greater pred1ct1ve
'accuracy of fo]1age and roundwood in the c]ass 2 5 to 7. 6
cm for trees >18 cm DBH | R

The a11ometrlc mode1 (Y =>a'DBHb)'Was selected
because each equatlon for total crown we1ght live crown
weight, follage weight, or roundwood class we1ght prov1ded

10910a1 pred1cted values over the entire: range of DBH

_stud1ed and the plots of res1duals and SEE were

asonable ‘As w1th a11 non 11near systems, an exact
s1gn1f1cance test. of each coeff1c1ent ‘can not be completed J
-in the same manor as 11near systems A log/log _
transformat1on was not comp1eted because the stat1st1cs
,generated from these coeff1c1ents are un1que to the 11near
transformed equat1on and can not. be app11ed to the
“non-1inear system and (2) 1ogar1thm1c b1as is created
tdurtng retransform1ng back to arlthmetlc un1ts wh1ch
resu1ts 1n a systemattc under esttmat1on of weight (Zar
1968) unless efforts are made to. correct for this error.
(Baskerv111e 1972) . S . S ';."
| » ' Every mode 1 evaluated fa11ed to prov1de reasonable o
'.pred1ctions for the roundwood d1ameter classes: 3. 0 5. 0
,_;cm, 5.0- 7 0 cm and 7.0-10. 0 cm. This is perhaps because
on]y the largest’ trees of each spe01es had any branchwood
in. these classes. Therefore the allometric equat1ons

| cou]d not . be used to adequate1y predict the welght of
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~fuels in these d1ameter c]asses The observed weights were
not d1str1buted in a curv111near pattern for the entire
range of tree sizes. For sma]]er trees.vblomass in these
classes came only fﬁom small amounts of bolé or stem
materia] The mean wetght of each roundwood class shou]d
'therefore be used as the best ava11able estimate of
weight. For example, the 1 1odgepo1e ptneltrees,<25v¢m -
DBH had oh]y stem.mater al in the 3.0-5. b‘cm roundwdod
vclass and a constant of 1.0 kg was the mean observed
we1g?t. However, for the 14 p1ne trees >25 cm DBH, the.
 3.0-5}Q‘cm rOundwpod»class'was composed of‘stemwood and
brandthOd'and.éisepanate allometric equation was used to
'predipt’the curvi]ineér’he1aticnship of the observed
roundwood diameter class weight'for these larger trees.

RS
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3. LODGEPOLE PINE AND WHITE SPRUCE CROWN,FUELJWEIGHTS
PREDICTED FROM HEIGHT AND APPROXIMATE CROWN WIDTH

3.1 INTRODUCTION |
Foliage weight, individual Roundwood diameter size

class weights, and 1ive}croWn weigﬁt_aﬁe_components of
iﬁterest in the tota1.crowh weight of individual standing
Tive trées. Know1edge.ofAthesé components is essential in
forest fire research and‘ih develéping fuel and fire -
behavibr pﬁediétioﬁ models in foresfry; Tree species;
height, diameter, $to¢king.fVolume and biomass
information of sténds dé1iheatéd‘on aeria1;photognaphs_
dUring/the'couhse of‘typicaT forest inventories.have
genera]]y been acquired from grouhd p10tsﬁ Eduatidﬁs‘or'
'mode1s to estimate biomass of forest frees:and
undergrowth shrubs are pro]iferating (Stgnek}and_State.

1978) . Some eyuations deriveq From‘sing1e locations are

‘used for interpréting intensiVe stand dynamics (Barney et:

ﬂglé'1978)WWhi1e'othEn'equations derived'frbm broader data

bases are used in Stbategic-étudies:of exténsivelareés

(Alban and Laidly 1982). | | |
Tree diameter at breast‘héight (DBH), or stem basal

area are often used asrthé phimary indepéndent variables -

‘when crown fqé1 Weight equations are developed from
‘gnouhd-plot.data.}For»Tihear or;nonrlinear‘equations, DBH:
will usually account forfmoréfsaMpling‘Vériétiqh than any
other stem variable measured.vBrowh (1976) had some

20

N



, 30
' success with us1ng\helght as a s1ngle 1ndependent

" . variable in predicting live crown we1ghts of 1odgepo]e

~ pine. Young and Carpenter (1967) a1so ‘had success with
-using height in f1tt1ng component ‘weights of red spruce
trees in Ma1ne However Gary (1976) had poor success in
"'pred1ct1ng needle and branchwood weights of 1odgepo1e
pine when height or crown width was usedras the — A
independent variab]e.ugquations_not dependent on DBH as
'thevprimary independent variable seem best suited to
juyeni1e trees or understoryvspecies;‘

‘ The measurementlof independent variables during
ground f1e1d surveys have become 1ncrea31ngly expens1ve
A method or regresSIOn equatlon us1ng conventional photo
'1nterpreted independent var1ab1es which cou]d prov1de
crown: fuel weight est1mates would be of 1mmense va]ue
For. examp1e Sayn W1ttgenste1n and A]dred (1967)
constructed tree’ volume tables from conventlona1
var1ab1es measured on 1arge sca]e aer1a1 photographs

(LSP) Large -scale aer1a1 photography used in Canada '

".; espe01a11y for 1nventorying tree vo]ume has deve10ped

quick]y since first reported in 1961 (Hal1l gt al. 1985)
ZThis method ﬁhs}been‘used extensively in forest';nventory
'programs (Lowe 1980) The interpretation'of 1arge-soa1e
1: 1200 black and white aer1a1 photographs prov*ded data
which was successfu11y used as a subsamp]e and enhanced

. broad- based strateg1c p1ann1ng (A1berta 1985) If scale
-band tilt are measured when photographtng, large-scale

- photo measurements of.tree height are no more and no less
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accurate‘than conventional field}measurementS'of standing“
‘Tive trees (litus and Morgan 1985) . Parker'etvgl ‘(1988)'
‘also suggested photo measured tree hewght at a scale of
‘1 1250 may be ‘substituted for ground- measured values with
A.no loss of accuracy, but hor izontal crown rad1us measured
in the field corresponded less successfully to the same
lengths measured on'photographs;FMorton et él. (1988)
~ observed that the accuracy of photo-measured tree crown
}areas viewed from aboVe-ls veryvdifficult'to test
becausei the crown area‘can not be_as-easily:defined.or'
'measured from beneath the same'tree However, Aldred and
Sayn- Wittgenstein (1972) concluded. that the 1nacCurac1es.
between photo- measured and ground méasured crown | _
"dimensions were not serious prov1ded photo measurements
“were repl1 ated.

@ldr and Sayn W1ttgenste1n’972) and Aldred and
Lowe (*G38) eterm1ned that- tree height was the single
most‘powerful and eas1ly measured primary 1ndependent
‘variable on LSP for estimating stem ,.diamet-er and stem
;volume. They also suggested that estlmates may be
improved‘by including a‘measure,of;horizontal‘crown size
‘(crown‘radius crown width or-crown area) . or'a crowding
- factor. He1ght and _crown w1dth have been used in some
"models for pred1ct1ng stem volume or DBH in Br1t1sh ‘
Columb1a (Bradatsch 1980) | _

Apart from tlmber lnventory purposes LSP s with
controlled scale have been employed in surveys of logging

res1due and surface fuels measurements (Kirby and Hall “_°‘-
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1979) _regenerat ion appraisal (But]er 1983 Ha11. 1984),
tree damage assessment (Murtha 1983), forestry -
- engineering, and deve]opment of growth s1mu1at1on models
(Befort 1986) all thhout reference to ground measurement
'd(N1e1son et al. 1979, lBradatsch et al. 1981) Alemdag
(1986) had reasonab]e success u31ng measurements from
. aerial photographs w1th'an-average scale of 1:1150 to
*estlmate weights of the whole- tree,,the stem component
fand the total live crown of. 1nd1v1dua1 wh1te birch and
‘.ftremb11ng aspen trees. : Co \;;h' _ o ,m;h*
~ “ G1ven the success of these . prev1ous studies and
w1th accurate 1nterpretat1on of 1nd1v1dua1 tree
\d1men510ns or stand characterlstlcs us1ng ava11ab1e
large scale photographs, the obJect1ve of this study was
to determine if ground -measured live crown length, '
approximate crown w1dth total he1ght and stand density
"would prquct tota1 crown fue] we1ghts fo]1age welghts ,
and the weights of- 1ndiv1dua1 roundwood d1ameter classes
: .for mature 1odgepo1e p1ne (P1nus contorta Loundon var.
a;1fo]1a Engelm ). and wh1te spruce (P1cea g]auca
Q(Moench)hyoss vartvalbert1ana (s. quwn) Sarg. )
' ' T _ B
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Moss (1983) is the botamcéﬂ author1ty used.
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7;3.2 ME THODS

The total crown, live crown, foiiage“’and-‘
roundwood diameter class components of the tota] crown
10.0-0.5 cm 0. 5 1. 0 cm 1. 0-3.0 cm 3 0-5.0 cm, 5.0-7. 0'_
cm (Van. Wagner 1982) and 7.0-10.0 cm] were the‘
d'oven dr1ed [70 C (Moir and Francis 1972)] dependent
fue] we1ghts eva1uated in this study The data source is .
the same set evaluated in the-pnev1ous DBH relatlonsh1p
[1odgepo1e pine (n= 27) and white spruce (n= 23)1 These
we1ghts ‘were regressed aga1nst 1ndependent var1ab1es of
() approx1mate crown.w;dthl (2) live crown length and .
(3) total height. Multiple linear regression SPSSX |
oéckages'(Nie 1983), were used‘to eVaiuate 1ogice1
comb1nat1ons of these variables in mode1s reviewed by

Stanek and State,(1978) Non 11near BMDP regress1on

packages (Dixon and Brown 1979) were used to der1ve
“pred1ct1ve a11ometr1c equat1ons in the form
WEIGHT = a HEIGHTb ‘and, IR ,
WEIGHT = a HEIGgTb x approximate CROWN WIDTH . v

The emp1r1ca1 R value [1- (SSres1dua1/SStota])]/
-(Steel and Torrie 1980) was-calculatedrto est1mate\the
ad ! : ) .

‘quality’ of each non-linear equation. The stahdard error

of the estimate was calculated directly from;the ,
non-linear regression and thereforeq_provides a more
direct‘measurement of ’qUa]ity"in non-linear regression’

procedures. A res1dua1s plot was a1so used to eva1uate

the d1fferent equations

it N lo B S fﬂl'
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3.3 RESULTS
| The equation,’ the emp1r1caT R2, the standard'
error of the esttmate (SEE) ‘the mean of the pred1cted

‘we1ght (Y) and the SEE as a percent of each -mean (SEE%)
for the relatlonsh1p of the var ious component we1ghts to
1ndependent var1ab1es se]ected are presented in Table
33_1” to Table 3.3.4. | |

" The non-linear aTTometr1c modeT w1th he1ght as a

"s1ng1e 1ndependent var1ab1e (WEIGHT= a HEIGHTb) was

_ regreSSed against totaT crown we1ght lTive crown we1ght

-and roundwood class component we1ghts The different |
equat1ons had R2 values that ranged from 0. 14 to 0. 70

for TOdgepoTe pine and from 0. 27 to 0.62" for wh1te

spruce. The correspond1ng SEE% ranged from 41.7 to 159. 1
for TodgepoTe pine and from 41 7 to 152 4 for wh1te

spruce.

"The.non-Tinear'aTTometrTc'nodeT with both height

. and crown Nldth as 1ndependent var1ab1es (WEIGHT- a

. b.
'LHEIGHT ‘X CROWN' WIDTH )--was aTso regressed agalnst

crown component we1ghts TotaT crown and T]Ve crown
2

regress1ons prov1, h\gher R vaTues for both
2

Todgepo]e p1ne and white spruce than R va1ues of the
Kweights of individua roundwood- diameter cTasses when

-us1ng muTtipTe 11near equattons or non- linear equat1ons
The d1fferent equations had R vaTues that ranged from ,
0. 30 to 0 85 for Todgepo]e p1ne and. from 0. 66 to 0. 90 for 1
"white spruce The correspond1ng SEE% ranged‘from 29.6 to

144 3 for the pine and from 30 0 to 58.7 for the spruce



TABLE 3.3.1 Lodgepole pine equat1ons for estimatin

the
oven-dried crown weight components (kg) from
"~ height (H; m) (n= 27) '
‘ allometric
- coefficients(*) 2 P
WEIGHT - - a b r . SEE ¥ SEE%
bbbt itk Attt Sty AR
TOTAL CROWN  0.2489  1.8921 - 0.65 35.4 77.1 45.9
LIVE CROWN 0.3216 1.6723 0.54 25.1 50.6 49.6 .
FOLIAGE 0.0672  1.6939 0.58 5.1 11.4 44.9
0.0-0.5om  0.0551  1.9870  0.70 9.6 -23.0 41.7
0.5-1.0 em  0.1407  1.4847  0.48 6.6 12.3 54.1
1.0-3.0 om 0.0869  1.8571  0.65 11.4 23.9 47.8
3.0-5.0 cm 0.0035  2.6422  0.42 11.8 10.8 109.1
 5.0-7.0 om  0.0059  2.1136  0.14 6.0 3.7 159.1

7.0-10.0 cm use the observed‘meanaweight value: 3.3

Where: _ e
' b
(*) Equatlon in the form: WEIGHT= a HEIGHT

| SEE Standard error of the estimfite (kg).

7 Mean of the predlcted and observed we1ghts (kg) ..

'.SEE% SEE expressed as a percent of the mean Y

e
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TABLE 3 3. 2 White spruce equat i
oven-dried crown wei

' WEIGHT

ons for estimating the
ght components (kg) from

he1ght (H; m) (n= 23)

allometric

36

------—-- .--_—--------------—-—------------ -----------------

* TOTAL CROWN

~ LIVE CROWN

FOLTAGE

0.0-0.5 cm

1.0-3.0 cm

e3.Q;5.0 cm -
5.0f7.0‘cm

7;0-10,0 cm

where:

' use

use -

SEE Standard error of the est1mate (kg) .

coeffic1ents(*) .2

a b r SEE
.0759 2;;958 0.52 115.8
.0883 . 2.2185 0.60 60.2
2400 ‘1.5799_ | 'Q.éz 16.0
10960 'é;{078> ’oieq 44.:8
o134 2.21241 ' _9.62 '8,3'
.0234 ‘2}3457 0.53" 30.2
.00002 a.2657 0.27 385
the obsehvedymean Weighf ya1ue}
tﬁe obseryedvmean‘weigh;lva1ue;

L e T b
(x) Equation 1in the form: WEIGHT- a>HEIGHT-

"69.
; 18;
47.
_25;
| .

3.

Y _ Mean of the pred1cted and observed we1ghts (kg)

, SEE% SEE expressed as a percent of the mean Y.

1 50.2

41.7

50.0
46.0
63.0

152.4



TABLE 3.3.3

WEIGHT

" TOTAL CROWN
“LIVE CROWN
FOLIAGE -

'0.0-0.5 cm

""0{5-1.0‘cmv_-
1.0-3.0 om

| 3.0-5.0.cm H

5.0-7.0 om

7.0-10.0 cm

. Where:

37

Lodgepo]e pine equations for estimatin the.

~oven-dried crown weight components (kg) from

height (H; m) and approximate ¢rown width
(aCW; m) (n= 27) : : .

~allometric .
coefficients(*) 2

- e e Gm Em em e e G Mm Em R Em e G A e e G SN N R e M G e e Gn EE G e G M W vk Sm S o e oEe o G

10.4589 1.2371 0.9536 0.85 24.0 77.1  31.1
0.8473 0.8015 1.1615 0.84 15.0 50.6 29.6

0.1537 - 1.0263 0.8461 0.78 3.8 11.4 | 33.4

 0.0754 1.5752 0.6507. 0.80 7.9 23.0 34.5

0.3135 0.8873 0.7183 0.5 6.0 12.3 48.9 .
0.1476 1.4209 0.5644 0.71 10.5 23.8  44.0

0.0110 1.2667 2.0331 0.78 7.5 10.8 . 69.3

©3.2077 -0.5419 0.8817 0.30 5.3 3.7 144.3

use the observed mean weight: value: 3.3

(%) Equat1on in the form:

b - | ' C o

frWEIGHT- a HEIGHT X approximate CROWN WIDTH

 SEE  Standard error of the estimate (kg)

Y ,;'ﬂMean of the predicted and observed weights (kg).

SEE% SEE expressed as a percent of the mean Y.
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TABLE 3.3.4 White spruce equations forg¢estimating the
A oven-dried crown weight components:(kg) from
\ . height (H; m) and approximate crown width
' {aCW; m) (n=23).
" allometric. '
: - coefficients(x*) 2 e
WEIGHT . a b S C R SEE Y = SEE%

TOTAL CROWN  1.5301 0.3954 2.1983 0.87 62.9 186.4 33.8
LIVE CROWN - 0.7440 0.8631 1.4554 0.84 39.6 1120;0- 33.0
FOLIAGE ~ 0.4316 1.1686 0.4874 0.66 15.5 38.5 40.3
0.0-0.5 cm -  0.6376 0.8300 1.4396 0.82 30.5 89.6 34.0
0.5-1.0 cm  0.1194 0.9312 1.2824 0.85 < 5.4 18.1 30.0
1.0-3.0'cm  0.4691 0.4741 1.9606 0.83 18.5 47.9 38.5
SN R -
©%.3.0-5.0 cm . 0.0656 -3.0726 9.1345 0.0 14.8. 25.2 58.7

p

L/

5.0-7.0 cm  use the observed mean weight value: 2}0_

7.0-10.0 cm use the observedvmeah;weight value: 3.6

‘Where: '
(*) Equation in the form: "

b

L L o c
WEIGHT= a HEIGHT X approximate CROWN WIDTH

SEE Stahdatd'erﬁor'bf the estimate (kg).

=i

. Mean of the predicted and observed weights {(kg).
 SEE% SEE expressed asﬁé percent of the mean Y.
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3.4 DISCUSSION .
The results of this study show that varlables suchv
as he1ght and approx1mate crown width,. wh1ch can be
interpreted from LSP can provide estimates of total
crown fuel_welght, live. crown fuel weight and 1nd1vldual_
diameter roundwood class weights from 0.0 - 5.0 cm. - Such
est1mates derived from these var1ables will provlde "_<\,«/f'.
1nformat1on needed for broad fire hazard mapptng of
'domlnant trees espe01ally in 1naccess1ble areas
Measurement of the l1ve crown length is generally
9more d\ff1cult to 1nterprete on aer1al photos because 1t
1s often obscured by the maximum crown w1dth which is
above the po1nt of the start of the live crown. Tbis live'
crown length varlable was therefore ellmlnated from
- analysis. The correlat1on of this and other 1ndependent
'i,variables to the dependent welghts are listed ‘in Appendix
' The allometrio mode 1 wlth‘helght and'apprOXimate
crown w1dth as lgdependent variables In’the form: o
. _C L ,

WEIGHT- a HEIGHT x approx1mate CROWN WIDTH
2

"l‘prov1ded-reasonable R values when compared to the7

‘;DBH based model prev1ously evaluated Reasonable SEE
‘values and plotted res1duals (d1fference between ‘the
~actual and the predlcted value) over this range of tree
size for elther spec1es were also provided by this

~ non-linear model

The R values and SEE values of the single
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variab]e mode1 (WEIGHT- a HEIGHTb) were inferior to the
 model- which included an estimate of crown width.. This
conforms to suggest1ons made by Aldred and
Sayn- thtgenste1n (1972) and Aldred and Lowe (1978) that
estimates may be: 1mproved by 1nc]ud1ng a measure of
-.hor1zonta1 crown size or a crowding factor
Predict1on of roundwood component we1ghts for the
\5.0-7,0_om class by the.equat1ons"presented is not |
reoOmmended'for very large lodgepole pine trees with
abproximate crown widths greater than'7.4 metres. ' These
vpredictive va1desvunderestimated‘the observed weight of
.roundwood in th1s diameter class on the few trees which
vhad crown width measurements greater than 7.4 metres by'
as much as a factor of four. The reason for this is that
a crown Wldth greater than 7.4 metres wou1d requ1re
unusua11y long, 1arge ‘and heavy branch stubs 1n this s1ze
class to supporb branches wh1ch may be 1onger than 3 5
metres. The R va1ues and SEE% va]ues were also i
1nferior to other roundwood d1ameter class equat1ons!

' The 7 0-10. 0 cm class. cons1sts of a. length of ’
stemwood w1th a mean welght of 3 3. kg for 1odgepo1e o1ne h

and 3.6 kg for white spruce for a]] trees stud1ed It was
'therefore extremely d1fficu1t to pred1ct thls 7 0- 10 0 cm .
oIass weight with any comb1nat10n of var1ab1es because of

gthe lack . of observatIOns of woody mater1a1 in the fdrm of

o stemwood and branchwood

The measurement standards for thts project for C

height (+0 1 m) and approximate crown width (+0 1 m)

B
j



exceed the ab111t1es of photogrammetry personnel
prepar1ng 1:15, 000 Phase 111 Forest Inventory Maps in
Alberta (Alberta 1985). A 1arqe -scale photography system

~would be necessary for this precision; Spencenr (1984)

suggested erown'width was a difficult variable to define’:

and}to measure with an. LSP system because some forest

‘tree species have irregu]ar crown shapes. Cﬁown area is a

w1de1y used alternat1ve measure of horizontal crown size
and can a]so be determ1ned quickly and’conststent1y on
LSP’s ‘but crown area can not- be eas11y measured from the
ground (Morton»gi al. 1988). Crown asymmetry tends_to,
exaggerate ahrestimate of grouhd-heasured crown radius as
the distance from the centre of the bole to the max imum -
overhead projection of the base of the crow%‘(Panker et

al. 1988). Sayn-Wittgenstein (1978) describes the crown

~ of white spruce as dense and symetrical, and the crown of.

lodgepole pine as short and narrow with regular

branéhihg Theoretica11y,pthis observation of regu]ar

B crown shape for both species and the cr1ter1a used to

‘pre- se1ect trees: w1th unlform crown shape in- th1s study
suggests that a measurement of crown width crown radius

‘or crown area wou1d prov1de reasonable est1mates of

hor1zonta1 crown size for these two species However, for -

other spec1es crown area may ‘be the only variab1e easily

and accurate]y‘measured on-large-scale photoghaphs. &

41
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4. CONCLUSIONS AND RECOMMENDATIONS

The ab111ty to predict of crown fuel we1ghts will
prov1de forest managers with a tool for eva]uating
potential fire behavior and w1]J,senve as a pre1im1nary
estimate of surface slash fae1vloadings-cneated by
logging. Fde] weight equations,wene developed for .

1odgepe1e bine and white spruce trees growing in_a
:'var1ety of ecoreg1ons in Alberta. . |

- Equat1ons were deve]oped so that field measurements
of DBH for a s1ngle tree cou]d be used to predict the
weights of total crown, 11ve crown, fo]iage and six
lroundwood d1ameter classes (0.0- 0 5 cm, 0.5-1.0 cm, °
1.0-3.0 cm, 3. 0 5.0 cm, 5 0-7.0 cm and 7.0- 10 0 cm) which -
'are of 1nterest ‘to most forest fire agenc%es in Canada
The simple a]]ometr1cgmode1 of WEIGHT = a DBHb ‘prov ided
sens1b1e pred1ct1ve values, SEE, and-residua1‘plots\oven
theventire range of ‘tree sizes sampjed,in real _ h |
"untransformed-units..The empirical R?;[1-Ssibesidua]/ss
totall values fdr tne models of most interest ;0>forest
’ managers ranged from 0.68 to 0.88 .

The ab111ty of this DBH-based model to predlct'
individual roundwood d1ameter fuel weights of 3.0-5.0 cm"
and 5.0-7.0 cm diminished because there was ]esszﬂgmber;
of trees with both branchwood and stemwood in these
classes. 0n1y the 1argest of the trees samp,

‘branchwood in those classes and a11 otherl
47
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trées had only a single piece of-stemwoodiin these
> cTasses The weight of th1s mater1a1 in smaller trees
| /exh1b1ts no curv111near relat1onsh1p to increasing DBH.
#?_ §rHence\' 1t was determ1ned that for trees with a DBH of
| less ‘than 25 cm, the mean vaTue for any one speo1f1c |
'cTass should be used. For Targer trees (225 cm, dbh) - the
' aTTometrlc equat1on 'Y = a DBH should be used.
~ Two non T1near mode]s prov1ded the pred1ct1ve
edu/t1ons for total crown we1ghts’and component roundwood
'welghts from individual tree measurements read11y
;ava11abTe on Targe -scale aer1a1 photographs A model
based onTy on total helght in the form: Y = a Hb was
1nfer1or to a modeT which 1nc]uded an estimate of crown
size. However, the accuracy of horlzontaT crown size
measurementsvinterpretated from aerial photographs.has

not be as fully tested as total he1ght Therefore this

)

,a‘_model caq prov1de weight estjmates in s1tuatlons were the

accuracy of horlzontal crown ‘size is quest1onab1e
| The model of the fomm*" WEIGHT = a HEIGHTb X
._approx1mate CROWN WIDTa had emp1rlca1 R2 values from
K 0.59 to 0.87 for the roundwood d1ameter o]asses of most
1nterest to foresb mZnagers These pred1ct1ve equattons
~in real un1ts pﬁgutded smm11ar R2 vaTues and has
,Tperformed neargy as weTT based on SEE values when
o compared téwthe DBH-based modeT These equat1ons could be
used fgréwmght est1mates if access1b111ty is limited or
if: Targe -scale aer1a1 photographs of areas of interest

are available to supp]ement some ground inventories.

T
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The qua11ty of these models general1y decreased

3

when est1mat1ng the larger roundwood dlameter fuel '

weights The emp1r1ca1 R values %for Y = a DBH and“
. C [ L
Y- = a HEIGHT§ X approx1mate CROWN - WIDEH ) wou]d L e

PR

decrease from greater than 0.80 for the 0 0- -0.5 cm cﬂass
down to va]ues 1ess than 0. 50 for the 5 0- 7 0 cm c]ass

ang correspond1ng SEE% values were much h1gher for the

-3.0- 5 0 cm and 5 0 -7.0 cm d1ameter c]asses Stnce'

mstand1ng 1rve tree materlﬁl larger than f1ve cm in

o
YA

d1ameter wou ld rare]y be consumed during the torch1ng of -

—1nd1v1dua1 crowns in a crown f1re the pred1ct1on of - the -

1arger d1ameter class we1ghts is of 1ess 1mportance than

: the accurate predtctlon of the sma]]er dtameter flash

fue]s.

Future Research Needs . |
(1.) Resu]ts presented in this’ study prov1de the. l'J
prov1nc1a1 forest f1re agency w1th simp]e equations for
predict ing crown fuel we1ght bomponents of standtng live
10dgepo1e pine and white'spruceatrees Weight'estimates
within the same roundwood dlameter c1asses for other

timber types wou]d pronde know1edge for deve10p1ng
extens1ve fue] hazard mapp1ng or pred1cting f1re behaVior'
and effects. A stand1ng 11Ve 1nventory would also provide
pre11m1nary know]edge for si1v1cu1tura1 options or fue]

man1pu1at10n plans prior to logging. The d1str1bution of -

'the weight in the Smallest d1ameter class by position in:

the tree crown would‘a]so enhance modellingffor fire
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‘behavior pred1ct1on because know]edge of crown bu]k

density (kg/m ) is required to evaluate crown1ng

.potential. Intu1t1ve1y, the bu]k-dens1ty of any crown is

less near the ground and would increase towards a more -

- dense tree top.-

(2.) . The s1ash fuel we ight added to a s1te after 1ogg1ng
can be extreme]y var1ab1e for var1ous t imber types
harvest1ng and process1ng types or summer and winter

harvest1ng per1ods Stem breakage of Juven11e trees and

"~ harvested mature trees will add to the post ~harvest

o surface fuel load1ng Know1edge of these 1nteract1ons -

wou]d 1mprove fuel man1pu1at1on plans based on slash

weight. However, we1ght and its distribution on a cutover

is necessary in any fuel management plan wh1ch requ1res

an est1mate of fue] cont1nu1ty

(3.) Knowledge of moisture content var1at1ons by season,

‘tree spec1es tree d1mens1ons ‘or roundwood diameter

classes could be app11ed to eva1uat1ng (a) crowning

_potent1a1 and fuel hazard or (b) fueI management

a]ternat1ves Also, over-sampling to determ1ne the .
moisture content of fresh mater1a1 is expens1ve and
time- consuming F1e1d costs, equ1pment costé and 1ab time
could be reduced if reasonab1e sampling intensities could
be 1dentif1ed or 10wered for any roundwood d1ameter .

class
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Regression functions of@&ree b1omass on 1ndependent
variables are typica]]y est1mated from samples thtrees
'se1ected from a forest popu]at1on of 1nterest ‘dhce .
se]ected their biomass mustﬂbe measured d1rect1y if
possib]e or est1mated by subsamgg1ng otherwise. If the
biomass is expressed a5 dry welght direct measurement is
extremely expens1ve and t1me consum1ng for- 1arge tree .

omponents Subsamp11ng for ‘moisture content has proven
‘suff1c1ent1y precise to est1mate the oven- dr1ed blomass ‘
1 of any tree component and is a W1de1y accepted practical
procedure Subsamp11ng to evaluate the we1ght of each
tree component or roundwood d1ameter class is 1essv
» accepted Some authors (S1ngh 1982) have strat1f1ed every
branch 1nto roundwood dlameter classes. Othér authors
(Brown 1976) have visually divided crowns. into two oh"
' three horlzontal live sectlons and one dead sect1on |
- weighed each crown sectlon selected one or two branches
wh1chgappeared average in size from each_sect1on, ‘then.
strat1fied-this'subsample”of branches intO'roundwood
diameter cTasses Two branches from four sections (or

etght total branches) rough1y equates to stratifying

every fourth branch from immature trees. Subsamp11ng

every fourth branch was therefore se]ected as the

standard procedure for alt trees evaluated 1n ‘this study
| A paired t-test dertved from one way analys1s of

'varﬁance was used_to test the total freshywe1ght of every

fourth branch (subsample of branches to be stratified
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into roundwgod»diameter'ciassesi’ baired against |
one-quater of the tota1 fresh weight from a11 branches
from each tree studied. The calgégated ’t’ statistic of
0.86 supports the concius10n/o4 no s1gnificant |
differenoes between the subsample weight of every fourth
‘branch and 1/4 of the total weight of aiTKbranches, at
the probabihty level of 0.01 %. N

"e This method of subsampiing every fourth branch
therefore ‘seems appropriate in addition 'to being very
cost efficient. There was no requ1remqpt to vig y
_determine different sections of the iive crown or tof
subJeotiveiy determine branches for stratifying from»
within each crown section Subsampiing every fourth .
branch aiiowed enough time for two people to process,
lodgepole pine trees as iargeigg 50 cm DBH 1n Just one
day. The.fresh total_crown weight of a white spruce ‘tree
with an 85 cm DBH was determined to be over 2000 kg,
.subsampling every fourth branch aiiowed two peopie to
“process it in oniy four days.  Without subsampling, this
' same tree wou ld have taken about two weeks to compieteiy
stratify More than 12‘nonths time would have been \
»requ1red to dupiicate the field portion of this study if
<subsamp]1ng was not undertaken or far fewer observations
wou]d have been avaiiabie to deve]op equations that wouid
"accurateiy predict: the total crown fuel weight, live

: . . : <
crown fuel weight, foliage weight, or individual

{
\

" roundwood diameter class fueivweights. \

-
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_ APPENDIX II .

<ot

"‘

CORRELATION.QF‘INDEPENDENTAAND DEPENDENT VARIABLES
FOR LODGEPOLE PINE AND WHITE SPRUCE.

54
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LEGEND L o )

. DEPENDENT VARIABLES

- DST Diametef (cm) at'Stump Height (0.3 m)

DBH Diameter (cm)lat Breast Height (1.3 m)
DLC Diameter (cm) at base of 1ivé'crown '

 H" Tbta1 Height (m) | 4 g
HLC < Total Height (m) tdbase of: live crown _
ACWV ggCroWn Width (m) [length of branch with ma;ihum.crbwh ‘

- , radius + length of opposite branch at same

' height + stem diameter at same height]

,CL Length of live crown (m)

AGE Total age of tree (yr)

BA Basal Area of stand ‘(m2/ha)

DENSITY Density.of stand (#stems/ha)
CROWN COMPONENT WEIGHTS

TOTAL Total weight of'cfown (kg)

LIVE Total weight of live crowh (kg)

Fdnziés Total weight of live foliage (kg)

TOH.Avweight of 0.0;075 cm roundwood'diameten class (kg)
TH1 Wéight of 0.5-1.0 cm roundwood diameter class (kg)
T13  Weight of 1.0-3.0 cm roundwood diameter class fkg)
T35 Weight of 3.0-5.0 om roundwood diameter.class (kg)
T57 Weight of 5.0-7.0 om roundwood diameter class (Kg)
T710 Weight of 7.0-10.0 cm roundwood’diémeter cléss (kg)
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~ * APPENDIX I1I

]

* ' WEIGHT EQUATIONS FOR LODGEPOLE PINE FUELS BASED ON DBH.
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0. B. WEIGHT (kg) |
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SEE=20.8

g

LODGEPOLE PINE
FUEL CLASS: TOTAL CROWN

n =27 i_ . N .'

r’=088

1.813
Y=0.174 X

L - 1 [ L

g

‘&
S T
DBH (em) -

FUEL CLASS: LIVE CROWN

n =27 Ra

v r?2:0.82

SEE=15.8 | LIS




0. D. WEIGHT (kg
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SEE=33 ‘
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